
B io te c h n o lo g y  ​U n it​ O v e rv ie w  

D is c la im e r​: T h e  c h a rts  in c lu d e d  in  th is  u n it m a k e  o n e  s e t o f c o n n e c tio n s  b e tw e e n  th e  le s s o n s  o u tlin e d  
in  th e  u n it a n d  th e  N G S S  p e rfo rm a n c e  e x p e c ta tio n s . O th e r v a lid  c o n n e c tio n s  a re  lik e ly ; h o w e v e r, s p a c e  

a n d  tim e  re s tric tio n s  p re v e n t u s  fro m  lis tin g  a ll p o s s ib ilitie s .  
 

T h is  h ig h  s c h o o l u n it o n  B io te c h n o lo g y  e x p o s e s  s tu d e n ts  to  s e v e ra l m e th o d s  a n d  

te c h n iq u e s  o f a rtific ia l s e le c tio n  a n d  g e n e tic  m o d ific a tio n  a s  a p p lie d  in  a g ric u ltu re . T h e  S c ie n c e  

a n d  E n g in e e rin g  P ra c tic e s  c o v e re d  in  th e s e  le s s o n s  in c lu d e : ​C o n s tru c tin g  E x p la n a tio n s  a n d  

D e s ig n in g  S o lu tio n s ​, ​A s k in g  Q u e s tio n s  a n d  D e fin in g  P ro b le m s ​, ​D e v e lo p in g  a n d  U s in g  

M o d e ls ​, ​A n a ly z in g  a n d  In te rp re tin g  D a ta  ​a n d ​ E n g a g in g  in  A rg u m e n t fro m  E v id e n c e ​ in  

o rd e r to  e x p la in  th e  n a tu re  o f s c ie n c e  a n d  m a k e  d e c is io n s  a b o u t im p o rta n t is s u e s  in  th e  

p ra c tic e  o f s c ie n c e . 

M u c h  o f th is  u n it c e n te rs  a ro u n d  th e  N a tu re  o f S c ie n c e . T h e s e  fo u r a s p e c ts  a re  c lo s e ly  

a lig n e d  w ith  th e  p ra c tic e s :  

S c ie n tific  In v e s tig a tio n s  U s e  a  V a rie ty  o f M e th o d s   
S c ie n tific  K n o w le d g e  is  B a s e d  o n  E m p iric a l E v id e n c e   
S c ie n tific  K n o w le d g e  is  O p e n  to  R e v is io n  in  L ig h t o f N e w  E v id e n c e   
S c ie n tific  M o d e ls , L a w s , M e c h a n is m s , a n d  T h e o rie s  E x p la in  N a tu ra l P h e n o m e n a  

W h ile  th e s e  fo u r a re  m o re  c lo s e ly  a lig n e d  w ith  c ro s s c u ttin g  c o n c e p ts : 

S c ie n c e  is  a  W a y  o f K n o w in g   
S c ie n tific  K n o w le d g e  A s s u m e s  a n  O rd e r a n d  C o n s is te n c y  in  N a tu ra l S y s te m s   
S c ie n c e  is  a  H u m a n  E n d e a v o r  
S c ie n c e  A d d re s s e s  Q u e s tio n s  A b o u t th e  N a tu ra l a n d  M a te ria l W o rld  

L e s s o n  1  ​S e le c tiv e  B re e d in g  v s  G e n e tic  M o d ific a tio n ​ ​in tro d u c e s  th e  p h e n o m e n a  o f th e  

u n it th ro u g h  a  b ig  q u e s tio n , ​W h a t a re  G M O S  a n d  w h y  a re  w e  a fra id  o f th e m ? ​ ​th e n  

e n c o u ra g e s  s tu d e n ts  to  b e g in  to  c o m p a re  tw o  te c h n iq u e s  u s e d  in  m o d e rn  a g ric u ltu re , 

C o n s tru c tin g  E x p la n a tio n s  o f e a c h  a n d  d e te rm in in g  th e  a d v a n ta g e s  a n d  d is a d v a n ta g e s  o f 

e a c h . L e s s o n  2  ​D N A  E x tra c tio n  ​in tro d u c e s  s tu d e n ts  to  th e  p ro c e s s  o f d e v e lo p in g  a  p ro to c o l, 

w ith  e a c h  g ro u p  d e s ig n in g  th e ir o w n  m e th o d  fo r e x tra c tin g  D N A  fro m  w h o le  k e rn e l c o rn , th e n  
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p re s e n tin g  th e ir p ro to c o l to  th e  la b  c o h o rt w ith  a n  e x p la n a tio n  o f th e ir c h o ic e s . S tu d e n ts  le a rn  

th e  im p o rta n c e  o f m a k in g  s tro n g  a rg u m e n ts  in  s c ie n c e  a s  th e y  u s e  e v id e n c e  a n d  re a s o n in g  to  

s u p p o rt th e ir c la im s . T h e y  a ls o  c o m m u n ic a te , c o lla b o ra te , a n d  s k e p tic a lly  e v a lu a te  e a c h  

o th e r’s  c la im s . L e s s o n  3  ​D N A  S e n te n c e s ​ a s k s  s tu d e n ts  to  C o n s tru c t a n  E x p la n a tio n  fo r 

tra n s c rip tio n  a n d  tra n s la tio n  in  th e  s y n th e s is  o f p ro te in s  fro m  D N A  u s in g  w o rd s  fo r s e n te n c e s  

a s  a  m o d e l. L e s s o n  4  ​P u n n e tt S q u a re s ​ u tiliz e s  a  tra d itio n a l p re d ic tio n  to o l to  c o m p a re  to  th e  

a c tu a l o u tc o m e  o f a  tra it, th e re b y  A s k in g  Q u e s tio n s  a n d  D e fin in g  P ro b le m s  o f th is ​ ​m e th o d  o f 

p re d ic tin g  o ffs p rin g  o u tc o m e s . L e s s o n  5  ​M o v in g  G e n e s ​ a s k s  s tu d e n ts  to  p u t th e  s te p s  o f 

g e n e tic  m o d ific a tio n  in  th e  p ro p e r o rd e r a n d  e n c o u ra g e s  C o n s tru c tin g  E x p la n a tio n s  fo r th e ir 

c h o ic e  o f o rd e r. 

L e s s o n  6 A  ​P la s m id  M o d e lin g ​, a s k s  s tu d e n ts  to  m a k e  a  m o d e l o f a  p la s m id  to  m im ic  th e  

a c tu a l p ro c e s s  o f d e v e lo p in g  a  p la s m id  w ith  a  g e n e  o f in te re s t. 6 B  ​P ip e ttin g  S k ills ​ a n d  6 C  ​P la n t 

T is s u e  C u ltu re ​, a re  s k ills -b a s e d  le s s o n s  th a t g iv e  s tu d e n ts  a n  o p p o rtu n ity  to  p ra c tic e  th e  s k ills  

th e y  n e e d  to  b e  s u c c e s s fu l in  c o m p le tin g  th e  n e x t tw o  le s s o n s . 6 D  ​T ra n s fo rm  B a c te ria ​ a n d  

L e s s o n  7  ​G re e n  F lu o re s c e n t P ro te in  (G F P ) P u rific a tio n  L a b ​ a re  k its  fro m  B io R a d  E x p lo re r™  

a n d  a llo w  s tu d e n ts  to  ​A n a ly z e  a n d  In te rp re t D a ta  a n d  E n g a g e  in  A rg u m e n t fro m  E v id e n c e ​ to  

s u p p o rt th e ir c o n c lu s io n s . L e s s o n  8  ​G M O  S p e e d  D a tin g ​ h e lp s  s tu d e n ts  to  d e te rm in e  w h ic h  

g e n e tic  m o d ific a tio n s  h a v e  b e e n  m a d e  a n d  h o w  th e  d o n o r a n d  re c ip ie n t a re  m a tc h e d  to  c re a te  

th e  g e n e tic  m o d ific a tio n .  

B io te c h n o lo g y  is  a  s e t o f te c h n iq u e s  th a t h a v e  b e e n  d e v e lo p e d  to  h e lp  im p ro v e  

m e d ic in e , a g ric u ltu re  a n d  fu e l p ro d u c tio n . T a k in g  n a tu ra l tra its  o f o rg a n is m s  a n d  s e le c tin g  fo r 

th e m  h a s  b e e n  a  m e th o d  u s e d  fo r c e n tu rie s  (a .k .a . s e le c tiv e  b re e d in g  o r a rtific ia l s e le c tio n ). 

N e w  to o ls  h a v e  b e e n  d is c o v e re d  in  th e  p a s t 3 0  y e a rs  th a t h a v e  c h a n g e d  th e  w a y  s c ie n tis ts  c a n  

m a n ip u la te  a  s p e c ie s  a n d  h a v e  s p e d  u p  th e  p ro c e s s , m a k in g  it m u c h  m o re  p re c is e . 
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S c ie n c e  a n d  E n g in e e rin g  P ra c tic e s  
 
L e s s o n  1 : S e le c tiv e  B re e d in g  v s  G e n e tic  
M o d ific a tio n  
C o n s tru c tin g  E x p la n a tio n s  a n d  
D e s ig n in g  S o lu tio n s  
 
L e s s o n  2 : D N A  E x tra c tio n  
C o n s tru c tin g  E x p la n a tio n s  a n d  
D e s ig n in g  S o lu tio n s  
 
L e s s o n  3 : D N A  S e n te n c e s  
C o n s tru c tin g  E x p la n a tio n s  a n d  
D e s ig n in g  S o lu tio n s  
 
L e s s o n  4 : P u n n e tt S q u a re s  
A s k in g  Q u e s tio n s  a n d  D e fin in g  
P ro b le m s  
 
L e s s o n  5 : M o v in g  G e n e s  
C o n s tru c tin g  E x p la n a tio n s  a n d  
D e s ig n in g  S o lu tio n s  
 
 
 
 
 
 
 
 

L e s s o n  6 A : P la s m id  M o d e lin g  
D e v e lo p in g  a n d  U s in g  M o d e ls  
C o n s tru c tin g  E x p la n a tio n s  a n d  
D e s ig n in g  S o lu tio n s  
 
L e s s o n  6 B : P ip e ttin g  P ra c tic e  
A s k in g  Q u e s tio n s  a n d  D e fin in g  
P ro b le m s  
 
L e s s o n  6 C : P la n t T is s u e  C u ltu re  
D e v e lo p in g  a n d  U s in g  M o d e ls  
 
L e s s o n  6 D : T ra n s fo rm  B a c te ria  
A s k in g  Q u e s tio n s  a n d  D e fin in g  
P ro b le m s  
A n a ly z in g  a n d  In te rp re tin g  D a ta  
 
L e s s o n  7 : G F P  P u rific a tio n  L a b  
C o n s tru c tin g  E x p la n a tio n s  a n d  
D e s ig n in g  S o lu tio n s  
 
L e s s o n  8 : G M O  S p e e d  D a tin g  
C o n s tru c tin g  E x p la n a tio n s  a n d  
D e s ig n in g  S o lu tio n s  
 
 
 
 

R e fe re n c e s  
A d e e , E ., R o o z e b o o m , K ., B a lb o a , G ., S c h le g e l, A . a n d  C ia m p itti, I. ​(2 0 1 6 ).  

“D ro u g h t-T o le ra n t C o rn  H y b rid s  Y ie ld  M o re  in  D ro u g h t-S tre s s e d  E n v iro n m e n ts   
w ith  N o  P e n a lty  in  N o n -s tre s s e d  E n v iro n m e n ts ” ​F ro n tie rs  in  P la n t S c ie n c e ​.  
h ttp s ://w w w .fro n tie rs in .o rg /a rtic le s /1 0 .3 3 8 9 /fp ls .2 0 1 6 .0 1 5 3 4 /fu ll  

 

A m e ric a n  P h y to p a th o lo g ic a l S o c ie ty . (n .d .). ​P la n t T is s u e  C u ltu re ​ [P d f]. 

h ttp s ://w w w .a p s n e t.o rg /e d c e n te r/K -1 2 /T e a c h e rs G u id e /P la n tB io te c h n o lo g y /D o c u m e n ts /P l

a n tT is s u e C u ltu re .p d f  
 

B a u e r, S c o tt (2 0 0 9 ). W e s te rn  c o rn  ro o tw o rm  R e trie v e d  o n  M a rc h  2 2 , 2 0 1 9  fro m   

h ttp s ://c o m m o n s .w ik im e d ia .o rg /w ik i/F ile :D ia b ro tic a _ v irg ife ra _ v irg ife ra _ la rv a e .jp g   

(O rig in a lly  p h o to g ra p h e d  2 0 0 9 , J u n e  8 ) 

 

B io T e c h G u ru . (2 0 1 4 , F e b ru a ry  1 5 ). ​P ro te in  P u rific a tio n  G F P ​. [V id e o  file ] R e trie v e d  fro m   

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = V k d U 2 R ry F O M  
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https://www.frontiersin.org/articles/10.3389/fpls.2016.01534/full
https://www.apsnet.org/edcenter/K-12/TeachersGuide/PlantBiotechnology/Documents/PlantTissueCulture.pdf
https://www.apsnet.org/edcenter/K-12/TeachersGuide/PlantBiotechnology/Documents/PlantTissueCulture.pdf
https://commons.wikimedia.org/wiki/File:Diabrotica_virgifera_virgifera_larvae.jpg
https://www.youtube.com/watch?v=VkdU2RryFOM


 
B io te c h n o lo g y  E x p lo re r​T M ​ G re e n  F lu o re s c e n t P ro te in  (G F P ) P u rific a tio n  K it In s tru c tio n  M a n u a l.  

(n .d .). R e trie v e d  fro m  ​h ttp ://w w w .b io -ra d .c o m /w e b ro o t/w e b /p d f/ls e /lite ra tu re /4 0 0 6 0 9 9 .p d f  
 
B io te c h n o lo g y  E x p lo re r™  p G L O ™  B a c te ria l T ra n s fo rm a tio n  K it. (n .d .). R e trie v e d  fro m   

h ttp ://w w w .b io -ra d .c o m /w e b ro o t/w e b /p d f/ls e /lite ra tu re /1 6 6 0 0 3 3 .p d f 

 
B ro a d c a s t B io lo g y  (2 0 1 5 , A p ril 2 ). ​B a s ic  T e c h n iq u e s  in  M ic ro b io lo g y  - S te rile  filtra tio n  ​[V id e o  file ]  

R e trie v e d  fro m  ​h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = v c x y 6 F p fS u w  

 

C e ll E x p lo ra tio n . (2 0 1 5 , O c to b e r 7 ). ​F a n ta s tic  D N A ! E x tra c tio n  S te p s ​ [V id e o  file ] R e trie v e d  fro m   

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = v p X s W a U rc J s   

 

C h o w n in g , J . T ., W u , R ., B rin k e m a , C ., C ro c k e r, W . D ., B a s s , K ., &  L a z e rte , D . (2 0 1 9 , 
F e b ru a ry ).  

“A  n e w  tw is t o n  D N A  e x tra c tio n .” ​T h e  S c ie n c e  T e a c h e r​. 
 

D e k a lb  A s g ro w  D e lta p in e . (2 0 1 3 , J u n e  1 8 ). ​D E K A L B ®  B re e d in g  H Q : S e e d  C h ip p in g  

T e c h n o lo g y   

[V id e o  file ] R e trie v e d  fro m   

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = g C b 9 T S p u x U U & lis t= P L -4 u b lK 0 D tz 7 3 k H b rffk k g G x jW

h tV 0 d Ir 

 

F e n tre s s , S . (2 0 0 5 ). C o b s  o f c o rn . R e trie v e d  o n  M a rc h  2 2 , 2 0 1 9  fro m   

h ttp s ://c o m m o n s .w ik im e d ia .o rg /w /in d e x .p h p ? c u rid = 3 4 8 9 1 0 ​ (O rig in a lly  p h o to g ra p h e d   

2 0 0 5 , S e p te m b e r 3 0 ) 

 

G M O  S p e e d  D a tin g  ​© O C R ​:  

h ttp ://w w w .o c r.o rg .u k /q u a lific a tio n s /a s -a -le v e lg c e -b io lo g y -a -h 0 2 0 -h 4 2 0 -fro m -2 0 1 5 /d e liv e r

y -g u id e /Im a g e s /1 2 3 -2 4 1 4 2 0 -le -d a tin g -g a m e -le a rn e r-a c tiv ity -v 1 .d o c  

 

H H M I B io in te ra c tiv e . (2 0 1 9 .) ​C R IS P R -C a s  9 : M e c h a n is m s  a n d  A p p lic a tio n s ​ R e trie v e d  fro m   

h ttp s ://w w w .h h m i.o rg /b io in te ra c tiv e /c ris p r-c a s -9 -m e c h a n is m -a p p lic a tio n s  

 

H H M I B io in te ra c tiv e ​.​ (2 0 1 5 , M a rc h  4 ).​ P o p p e d  S e c re t: T h e  M y s te rio u s  O rig in  o f C o rn ​ [V id e o  file ]  

R e trie v e d  fro m  ​h ttp s ://w w w .h h m i.o rg /b io in te ra c tiv e /p o p p e d -s e c re t-m y s te rio u s -o rig in -c o rn  

 

H u tc h in s o n , F . (n .d .). ​T e a c h e r G u id e  P ro to c o l D e s ig n : C o m m u n ic a tio n  &  C o lla b o ra tio n  in   

R e s e a rc h ​[P d f]. S c ie n c e  E d u c a tio n  P a rtn e rs h ip . 

h ttp s ://lib g u id e s .fre d h u tc h .o rg /ld .p h p ? c o n te n t_ id = 4 4 1 1 3 6 6 5   
 

K h a n  A c a d e m y . (n .d .). “In d e p e n d e n t A s s o rtm e n t” R e trie v e d  o n  M a rc h  2 2 , 2 0 1 9  fro m :  

h ttp s ://w w w .k h a n a c a d e m y .o rg /s c ie n c e /h ig h -s c h o o l-b io lo g y /h s -c la s s ic a l-g e n e tic s /h s -in tro  

d u c tio n -to -h e re d ity /a /th e -la w -o f-in d e p e n d e n t-a s s o rtm e n t  
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http://www.bio-rad.com/webroot/web/pdf/lse/literature/4006099.pdf
http://www.bio-rad.com/webroot/web/pdf/lse/literature/1660033.pdf
https://www.youtube.com/watch?v=vcxy6FpfSuw
https://www.youtube.com/watch?v=vpXsWaUrcJs
https://www.youtube.com/watch?v=gCb9TSpuxUU&list=PL-4ublK0Dtz73kHbrffkkgGxjWhtV0dIr
https://www.youtube.com/watch?v=gCb9TSpuxUU&list=PL-4ublK0Dtz73kHbrffkkgGxjWhtV0dIr
https://commons.wikimedia.org/w/index.php?curid=348910
http://www.ocr.org.uk/qualifications/as-a-levelgce-biology-a-h020-h420-from-2015/delivery-guide/Images/123-241420-le-dating-game-learner-activity-v1.doc
http://www.ocr.org.uk/qualifications/as-a-levelgce-biology-a-h020-h420-from-2015/delivery-guide/Images/123-241420-le-dating-game-learner-activity-v1.doc
https://www.hhmi.org/biointeractive/crispr-cas-9-mechanism-applications
https://www.hhmi.org/biointeractive/popped-secret-mysterious-origin-corn
https://libguides.fredhutch.org/ld.php?content_id=44113665
https://www.khanacademy.org/science/high-school-biology/hs-classical-genetics/hs-introduction-to-heredity/a/the-law-of-independent-assortment
https://www.khanacademy.org/science/high-school-biology/hs-classical-genetics/hs-introduction-to-heredity/a/the-law-of-independent-assortment


 

M a h a ld o tc o m . (2 0 1 1 , J a n u a ry  1 4 ).​ L e a rn  B io lo g y : H o w  to  D ra w  a  P u n n e tt S q u a re   ​[V id e o  file ]  

R e trie v e d  fro m  ​h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = p rk H K jfU m M s   

 
M ic ro b io lo g y  S o c ie ty  (2 0 1 6 , A u g u s t 9 ). ​W h a t is  C R IS P R -C a s ? ​ ​[V id e o  file ] R e trie v e d  fro m   

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = 5 2 jO E P z h p z c & t= 2 s   
 

 

M IT K 1 2 V id e o s  (2 0 1 2 , M a rc h  9 ). ​G e n e tic  E n g in e e rin g   ​[V id e o  file ] R e trie v e d  fro m   

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = n fC 6 8 9 E lU V k  

 
M r W o lf B io lo g y . (2 0 1 6 , J a n u a ry  3 ).​ G F P  P u rific a tio n .​ [V id e o  file ] R e trie v e d  fro m   

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = H 7 w v 1 h p fc _ M  

 

N o v a  F ro n tlin e . (2 0 0 1 ). E n g in e e r a  C ro p : T ra n s g e n ic  M a n ip u la tio n  R e trie v e d  fro m   

h ttp ://w w w .p b s .o rg /w g b h /h a rv e s t/e n g in e e r/tra n s g e n .h tm l  

 

O K G a rd e n in g C la s s ic s . (2 0 1 4 , D e c e m b e r 9 ). ​T is s u e  C u ltu re  P ro p a g a tio n : C la s s  1 0 1 ​ [V id e o  file ] 

R e trie v e d  fro m  ​h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = q D O G rE h U e 8 A  
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F e e d  th e  W o rld  - H S  B io te c h n o lo g y  U n it S to ry lin e  

P h e n o m e n o n : B io te c h n o lo g y  is  a  s e t o f te c h n iq u e s  th a t h a v e  b e e n  d e v e lo p e d  to  h e lp  im p ro v e  m e d ic in e , a g ric u ltu re  a n d  fu e l p ro d u c tio n . T a k in g  
n a tu ra l tra its  o f o rg a n is m s  a n d  s e le c tin g  fo r th e m  h a s  b e e n  a  m e th o d  u s e d  fo r c e n tu rie s  (a .k .a . s e le c tiv e  b re e d in g  o r a rtific ia l s e le c tio n ). N e w  to o ls  
h a v e  b e e n  d is c o v e re d  in  th e  p a s t 3 0  y e a rs  th a t h a v e  c h a n g e d  th e  w a y  s c ie n tis ts  c a n  m a n ip u la te  a  s p e c ie s  a n d  h a v e  s p e d  u p  th e  p ro c e s s , m a k in g  

it m u c h  m o re  p re c is e . T h is  u n it p re s e n ts  th e  o v e ra rc h in g  q u e s tio n : ​W h a t a re  G M O S  a n d  w h y  a re  w e  a fra id  o f th e m ? ​ th e n  ​h e lp s  s tu d e n ts  

d is c o v e r s e v e ra l o f th e  s k ills  a n d  s o m e  o f th e  te c h n iq u e s  b e in g  u s e d  in  b io te c h n o lo g y , re la te d  to  a g ric u ltu re . 

L e s s o n / 
F o c u s  Q u e s tio n  

W h a t a re  G M O S  a n d  w h y  a re  
w e  a fra id  o f th e m ?  

O v e rv ie w  W h a t s h o u ld  s tu d e n ts  b e  a b le  
to  e x p la in ?  

H o w  d o e s  th is  a d d  to  th e ir 
e x p la n a to ry  m o d e l?  

 

L e s s o n  1  S e le c tiv e  B re e d in g  v s  
G e n e tic  M o d ific a tio n   
 
“W h a t a re  th e  a d v a n ta g e s  o f 

s e le c tiv e  b re e d in g ?  H o w  d o e s  

s e le c tiv e  b re e d in g  d iffe r fro m  

g e n e tic  m o d ific a tio n ? ” 

S tu d e n ts  m o d e l s e le c tiv e  
b re e d in g  to  a c h ie v e  a  m o d e l 
o ffs p rin g . 
 
B ra in s to rm  q u e s tio n s  to  d riv e  
in v e s tig a tio n s . 

S e le c tiv e  b re e d in g  is  b e tte r th a n  

ra n d o m  c ro s s in g . 

S e le c tiv e  b re e d in g  is  d o n e  b y  

p la n t b re e d e rs  to  a c h ie v e  s p e c ific  

tra its  in  o ffs p rin g .  

S o m e  tra its  a re  c o n tro lle d  b y  

m u ltip le  g e n e s . 

S e le c tiv e  b re e d in g  h a s  b e e n  d o n e  

fo r m u ltip le  c e n tu rie s .  

T e c h n o lo g y  h a s  a d v a n c e d  to  

a llo w  p la n t b re e d e rs  to  b e  m u c h  

m o re  p re c is e . 

L e s s o n  2  
D N A  E x tra c tio n  
 
“H o w  m ig h t w e  s e e  th e  ra w  

m a te ria l o f life , D N A ? ​” 

S tu d e n ts  c re a te  th e ir o w n  
p ro to c o l to  e x tra c t D N A  fro m  c o rn . 

D N A  c a n  b e  e x tra c te d  fro m  c o rn  
o r o th e r p la n ts , h o w  to  d o  it, a n d  
s c ie n tis ts  w o rk  to g e th e r to  c re a te  
p ro to c o ls  to  fo llo w . 

D N A  is  p re s e n t in  a ll liv in g  th in g s , 
a n d  c a n  b e  e x tra c te d . H o w e v e r, 
th e re  is  m o re  to  th e  s to ry ! 

L e s s o n  3  
D N A  S e n te n c e s  
 
“H o w  a re  p ro te in s  c o d e d  fo r b y  
D N A ? ” 

S tu d e n ts  tra n s la te  a n d  tra n s c rib e  

D N A  to  m o d e l p ro te in  

“s e n te n c e s .” 

D N A  c o m m u n ic a te s  tra its  b y  
c o d in g  fo r p ro te in s .​ D N A  w o rk s  to  
p ro d u c e  v is ib le  tra its  th ro u g h  
tra n s c rip tio n  a n d  tra n s la tio n  (m a y  
u s e  th is  a c tiv ity  a s  fo rm a tiv e  
a s s e s s m e n t to  a s s e s s  s tu d e n t 
u n d e rs ta n d in g  o f D N A ). 
 
 

P ie c e s  o f D N A  th a t a re  

tra n s c rib e d  a n d  tra n s la te d  

d e te rm in e  th e  tra its  (p ro te in s ) in  

liv in g  th in g s . 

Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.DRAFT



 

L e s s o n  4  
P u n n e tt s q u a re s  
 
“W h y  d o  s c ie n tis ts  u s e  
b io te c h n o lo g y ?  W h a t a re  th e  
a d v a n ta g e s ? ” 

S tu d e n ts  u s e  a  m o d e l to  le a rn  
a b o u t P u n n e tt s q u a re s , th e n  
c o m p le te  P u n n e tt s q u a re s  o f 
c ro s s e s  to  s h o w  p re d ic ta b ility  in  
b re e d in g . 

T h e re  a re  lim ita tio n s  o f 
c o n v e n tio n a l b re e d in g . 
(​T ra d itio n a l b re e d in g  ta k e s  m o re  
tim e  a n d  re s u lts  a re  n o t a lw a y s  
s p e c ific  to  th e  tra its  d e s ire d .) 

T ra d itio n a l te c h n iq u e s  h a v e  s o m e  

d is a d v a n ta g e s . 

L e s s o n  5   
M o v in g  G e n e s  
 
“W h a t a re  th e  s te p s  in  g e n e tic  
m o d ific a tio n ? ” 

S tu d e n ts  s e q u e n c e  a rra n g e  c a rd s  
in  o rd e r to  o u tlin e  o f th e  s te p s  o f 
g e n e tic  m o d ific a tio n . 

S c ie n tis ts  u s e  v a rio u s  to o ls  to  
h e lp  s e q u e n c e  D N A , is o la te  th e  
g e n e  o f in te re s t, re m o v e  th a t 
g e n e , c o p y  th e  g e n e  a n d  in s e rt it 
in to  th e  D N A  to  tra n s fo rm  th e  
ta rg e t s p e c ie s . 

N e w  to o ls  a n d  te c h n iq u e s  c a n  

h e lp  o v e rc o m e  th e  d is a d v a n ta g e s  

o f tra d itio n a l s e le c tiv e  b re e d in g  

m e th o d s . 

L e s s o n  6 A  (th e  n e x t 4  le s s o n s  
a d d re s s  o n e  s e t o f 
p e rfo rm a n c e  e x p e c ta tio n s  a n d  
s h o u ld  b e  d o n e  in  th is  
s e q u e n c e ) 
P la s m id  M o d e lin g  
 
“H o w  d o e s  g e n e tic  m o d ific a tio n  

w o rk ?  H o w  d o e s  D N A  w o rk  in  

b a c te ria ?  H o w  m ig h t w e  u s e  th a t 

to  a id  in  g e n e tic  m o d ific a tio n ? ” 

S tu d e n ts  m o d e l a  p la s m id  w ith  a  
g e n e  o f in te re s t a n d  a  w a y  to  
s e le c t to  d e te rm in e  if th e  p la s m id  
w a s  a d d e d  to  b a c te ria . 

H o w  D N A  in  th e  fo rm  o f p la s m id s  
d e te rm in e  th e  tra its  o f th e  
b a c te ria . B y  u s in g  th e s e  
p la s m id s , b a c te ria  c a n  b e  
m o d ifie d  e a s ily . 

S tu d e n ts  s e e  th a t D N A  c a n  b e  

m o d e le d  a n d  s h o w  m o d ific a tio n s  

e a s ily . 

L e s s o n  6 B  
P ip e ttin g  s k ills  
 
“​H o w  m ig h t w e  d e v e lo p  a n d  

p ra c tic e  o u r m ic ro p ip e ttin g  s k ills ?  

W h y  is  m ic ro p ip e ttin g  im p o rta n t? ​” 

 

 

S tu d e n ts  c re a te  p a tte rn s  u s in g  
m ic ro p ip e tte rs  a n d  c h e c k  th e ir 
a c c u ra c y  b y  c h e c k in g  th e ir re s u lts  
th ro u g h  m a s s . 

.A c c u ra c y  is  im p o rta n t w h e n  
m e a s u rin g  s m a ll a m o u n ts . 

M ic ro lite rs  o f m a te ria l a re  a ll th a t 

a re  n e e d e d  w h e n  w o rk in g  o n  th e  

c e llu la r le v e l. 
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L e s s o n  6 C  
P la n t tis s u e  c u ltu re  
 
“H o w  m ig h t w e  c re a te  a  s te rile  

g ro w in g  e n v iro n m e n t?  H o w  

im p o rta n t is  a  s te rile  

e n v iro n m e n t?  H o w  is  a  p la n t 

c lo n e  p ro d u c e d ? ” 

S tu d e n ts  p ra c tic e  p la n t tis s u e  

c u ltu rin g  in  s te rile  e n v iro n m e n ts . 

P la n t tis s u e  c u ltu rin g  is  a  

b re e d in g  te c h n iq u e  th a t c a n  b e  

u s e d  to  p ro p a g a te  p la n ts  fro m  

tra d itio n a l m e th o d s  a n d  m o re  

te c h n o lo g ic a l m e th o d s .. 

H o w  c a n  w e  m a in ta in  a  s te rile  

e n v iro n m e n t a n d  p re v e n t 

c o n ta m in a tio n  o f re s u lts ?  

 

T h is  te c h n iq u e  w a s  u s e d  to  g ro w  

re s is ta n t ra in b o w  p a p a y a  o n c e  

m o d ifie d  w ith  a  rin g s p o t v iru s  

p ro te in  g e n e . 

L e s s o n  6 D  
T ra n s fo rm  B a c te ria  B io R a d  
p G L O ™  L a b  
“H o w  c a n  w e  g e n e tic a lly  m o d ify  

b a c te ria ?  W h a t a re  th e  re s u lts  o f 

g e n e  in s e rtio n ? ” 

S tu d e n ts  “tra n s fo rm ” b a c te ria  to  

g lo w  in  U V  lig h t.  

D N A  g e ts  m o v e d  fro m  o n e  

o rg a n is m  to  a n o th e r th ro u g h  

g e n e tic  e n g in e e rin g . 

 

S tu d e n ts  a n a ly z e  th e ir re s u lts  to  

d e te rm in e  if th e y  tra n s fo rm e d  

b a c te ria  a n d  e x p la in  h o w  th e  

p ro c e s s  w o rk e d . 

L e s s o n  7  
G re e n  F lu o re s c e n t P ro te in  
(G F P ) P u rific a tio n  L a b  (B io R a d ) 
 
“H o w  c a n  p ro te in s  b e  p u rifie d ?  
W h a t is  th e  m e c h a n is m  u s e d  in  
b io te c h n o lo g y  to  e x tra c t 
p ro te in s  o f in te re s t? ” 

S tu d e n ts  e x tra c t p ro te in  fro m  

b a c te ria  th e y  c re a te d  in  th e  

p re v io u s  la b . (fro m  ​B io R a d  

p G L O ™  L a b ​.) H o w  d o  w e  k n o w  

th a t th e  p ro te in  is  w h a t c a u s e s  

th e  tra it?  

E x te n s io n  o f p G L O  la b . S tu d e n ts  

o b s e rv e  th a t th e  p ro te in  is  v is ib le  

in  U V  lig h t. 

T h is  m e th o d  is  u s e d  to  e x tra c t 

in s u lin  fro m  b a c te ria  th a t m a k e  it. 

L e s s o n  8  
G M O  S p e e d  D a tin g  
 
“W h a t d o  y o u  k n o w  a b o u t 
G M O s ? ” 

S tu d e n ts  m a tc h  th e ir 

re c ip ie n t/d o n o r c a rd  to  a n o th e r’s  

c a rd  th a t e x p la in s  w h y  th e  

o rg a n is m  m ig h t h a v e  b e e n  

m o d ifie d  a n d  h o w .  

W h ic h  o rg a n is m s  h a v e  b e e n  

g e n e tic a lly  m o d ifie d  a n d  fo r w h a t 

re a s o n s . 

G M O s  h a v e  b e e n  c re a te d  fo r a  

v a rie ty  o f re a s o n s . 
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B io te c h n o lo g y  P re -/P o s t-T e s t 
C h o o s e  th e  b e s t a n s w e r 

 

1 . D N A  e x tra c tio n  u s e s  th e  _ _ _ _ _ _ _ _ _ _  p ro p e rtie s  o f c e ll p a rts  a n d  th e  _ _ _ _ _ _ _ _ _ _ _  

p ro p e rtie s  o f c o m m o n  h o u s e h o ld  m a te ria ls  to  b re a k  d o w n  th e  c e ll a n d  a llo w  th e  D N A  to  

c lu m p  to g e th e r. 

a . p h y s ic a l/c h e m ic a l 

b . b io lo g ic a l/c h e m ic a l 

c . c h e m ic a l/b io lo g ic a l 

d . c h e m ic a l/p h y s ic a l 

 

2 . D N A  tra n s c rip tio n  a n d  tra n s la tio n  re s u lts  in  th e  fo rm a tio n  o f: 

a . A m in o  a c id s  fro m  p ro te in s  

b . m R N A  a n d  tR N A  

c . P ro te in s  fro m  a m in o  a c id s  

d . N e w  c e lls  

 

3 . P u n n e tt s q u a re s  a re  u s e d  to  

a . P re d ic t o ffs p rin g  ra tio s  fro m  p a re n t c ro s s e s  

b . D e te rm in e  th e  d o m in a n c e  o f a  g e n e   

c . C re a te  n e w  g e n o ty p e s  

d . S h o w  re c e s s iv e n e s s  

 

4 . A  p la s m id  is : 

a . O n ly  h u m a n -m a d e  a n d  in s e rte d  in  b a c te ria  

b . A  p ie c e  o f th e  c e ll m e m b ra n e  

c . A  to o l u s e d  in  s e le c tiv e  b re e d in g  

d . A  c irc u la r p ie c e  o f D N A  th a t o c c u rs  n a tu ra lly  in  b a c te ria  

 

5 . M ic ro p ip e ttin g  d e s c rib e s  th e  p ro c e s s  o f: 

a . T ra n s fe rrin g  la rg e  a m o u n ts  o f liq u id . 

b . M o v in g  g e n e s  fro m  o rg a n is m  to  o rg a n is m . 

c . M e a s u rin g  a n d  tra n s fe rrin g  v e ry  s m a ll a m o u n ts  o f liq u id . 

d . C h a n g in g  p h a s e s  o f a   s u b s ta n c e  fro m  s o lid  to  liq u id . 

 

6 . W h ic h  o f th e  fo llo w in g  o c c u rre d  d u e  to  a  g e n e tic  tra n s fo rm a tio n  w h e re  a  g e n e  w a s  

tra n s fe rre d  fro m  o n e  o rg a n is m  to  a n o th e r o rg a n is m  p e rfo rm e d  b y  h u m a n s ?  

a . R e s is ta n c e  o f p a p a y a  to  rin g s p o t v iru s  

b . G ro w th  o f s q u a re  w a te rm e lo n s  

c . J e lly fis h  a b ility  to  flu o re s c e  in  U V  lig h t 

d . R e s is ta n c e  o f b a c te ria  to  a n tib io tic s  
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7 . G re e n  F lu o re s c e n t P ro te in  c a n  b e  p u rifie d  a n d  re m o v e d  fro m  th e  b a c te ria  th a t p ro d u c e  it 

ju s t lik e : 

a . A n tib io tic s  

b . A n tid e p re s s a n ts  

c . S tim u la n ts  

d . In s u lin  

 

C o m p le te  th e  s e n te n c e s  b e lo w …  

 

8 . S e le c tiv e  b re e d in g  is  a  p ro c e s s  o f b re e d in g  w h e re : 

 

 

9 . G e n e tic  m o d ific a tio n  d iffe rs  fro m  s e le c tiv e  b re e d in g  in  th a t: 

 

 

1 0 . A  p ro to c o l is : 

 

 

1 1 . S te rile  e n v iro n m e n ts  a re  c ritic a l to  p la n t tis s u e  c u ltu re  s in c e : 
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B io te c h n o lo g y  P re -/P o s t-T e s t - A n s w e rs  
C h o o s e  th e  b e s t a n s w e r 

 

1 . D N A  e x tra c tio n  u s e s  th e  _ _ _ _ _ _ _ _ _ _  p ro p e rtie s  o f c e ll p a rts  a n d  th e  _ _ _ _ _ _ _ _ _ _ _  

p ro p e rtie s  o f c o m m o n  h o u s e h o ld  m a te ria ls  to  b re a k  d o w n  th e  c e ll a n d  a llo w  th e  D N A  to  

c lu m p  to g e th e r. 

a . p h y s ic a l/c h e m ic a l 

b . b io lo g ic a l/c h e m ic a l 

c . c h e m ic a l/b io lo g ic a l 

d . c h e m ic a l/p h y s ic a l 

 

2 . D N A  tra n s c rip tio n  a n d  tra n s la tio n  re s u lts  in  th e  fo rm a tio n  o f: 

a . A m in o  a c id s  fro m  p ro te in s  

b . m R N A  a n d  tR N A  

c . P ro te in s  fro m  a m in o  a c id s  

d . N e w  c e lls  

 

3 . P u n n e tt s q u a re s  a re  u s e d  to  

a . P re d ic t o ffs p rin g  ra tio s  fro m  p a re n t c ro s s e s  

b . D e te rm in e  th e  d o m in a n c e  o f a  g e n e   

c . C re a te  n e w  g e n o ty p e s  

d . S h o w  re c e s s iv e n e s s  

 

4 . A  p la s m id  is : 

a . O n ly  h u m a n -m a d e  a n d  in s e rte d  in  b a c te ria  

b . A  p ie c e  o f th e  c e ll m e m b ra n e  

c . A  to o l u s e d  in  s e le c tiv e  b re e d in g  

d . A  c irc u la r p ie c e  o f D N A  th a t o c c u rs  n a tu ra lly  in  b a c te ria  

 

5 . M ic ro p ip e ttin g  d e s c rib e s  th e  p ro c e s s  o f: 

a . T ra n s fe rrin g  la rg e  a m o u n ts  o f liq u id . 

b . M o v in g  g e n e s  fro m  o rg a n is m  to  o rg a n is m . 

c . M e a s u rin g  a n d  tra n s fe rrin g  v e ry  s m a ll a m o u n ts  o f liq u id . 

d . C h a n g in g  p h a s e s  o f a   s u b s ta n c e  fro m  s o lid  to  liq u id . 

 

6 . W h ic h  o f th e  fo llo w in g  o c c u rre d  d u e  to  a  g e n e tic  tra n s fo rm a tio n  w h e re  a  g e n e  w a s  

tra n s fe rre d  fro m  o n e  o rg a n is m  to  a n o th e r o rg a n is m  p e rfo rm e d  b y  h u m a n s ?  

a . R e s is ta n c e  o f p a p a y a  to  rin g s p o t v iru s  

b . G ro w th  o f s q u a re  w a te rm e lo n s  

c . J e lly fis h  a b ility  to  flu o re s c e  in  U V  lig h t 

d . R e s is ta n c e  o f b a c te ria  to  a n tib io tic s  
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7 . G re e n  F lu o re s c e n t P ro te in  c a n  b e  p u rifie d  a n d  re m o v e d  fro m  th e  b a c te ria  th a t p ro d u c e  it 

ju s t lik e : 

a . A n tib io tic s  

b . A n tid e p re s s a n ts  

c . S tim u la n ts  

d . In s u lin  

 

C o m p le te  th e  s e n te n c e s  b e lo w …  

 

8 . S e le c tiv e  b re e d in g  is  a  p ro c e s s  o f b re e d in g  w h e re : 

- O rg a n is m s  o f th e  s a m e  s p e c ie s  (o r th o s e  th a t c a n  m a te  i.e . d o n k e y  a n d  h o rs e s  to  g e t 

m u le s ) w ith  th e  p re fe rre d  tra its  a re  c ro s s e d . 

 

9 . G e n e tic  m o d ific a tio n  d iffe rs  fro m  s e le c tiv e  b re e d in g  in  th a t: 

- O n ly  th e  s p e c ific  g e n e s  fo r a  tra it a re  is o la te d , a n d  a d d e d  to  a  n e w  o rg a n is m . 

 

1 0 . A  p ro to c o l is : 

- A  s p e c ific  p ro c e d u re  u s e d  to  a c c o m p lis h  a  c e rta in  o u tc o m e  (i.e . “re c ip e ” fo r a  p ro c e s s  to  

re m o v e  D N A  fro m  c o rn ) 

 

1 1 . S te rile  e n v iro n m e n ts  a re  c ritic a l to  p la n t tis s u e  c u ltu re  s in c e : 

- G ro w in g  p la n t tis s u e  c a n  b e  e a s ily  o v e rc o m e  b y  fu n g i o r p a th o g e n s  
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B io te c h n o lo g y  U n it V o c a b u la ry  

 

L e s s o n  1  

G e n e tic s ​ - a  b ra n c h  o f b io lo g y  th a t d e a ls  w ith  th e  h e re d ity  a n d  v a ria tio n  o f o rg a n is m s . 

T ra its ​ - a n  in h e rite d  c h a ra c te ris tic . 

D ro u g h t​ - la c k  o f ra in  o r m o is tu re  

M e io s is ​ - th e  p ro c e s s  o f c h ro m o s o m a l m ix in g  th a t o c c u rs  w h e n  o rg a n is m s  c re a te  g a m e te s  fo r 

re p ro d u c tio n  

G e n e tic  m o d ific a tio n ​ - th e  p ro c e s s  o f c h a n g in g  g e n e s  e ith e r th ro u g h  m u ta tio n  o r s e le c tiv e  

b re e d in g ; c a n  b e  n a tu ra l, h u m a n -d riv e n  b y  s e le c tin g  fo r c e rta in  tra its  o r e n g in e e re d  b y  a d d in g  a  

g e n e  fo r a  tra it fro m  a  s p e c ific  o rg a n is m . 

 

L e s s o n  2   

P ro to c o l​ - a  d e ta ile d  p la n  o f a  s c ie n tific  o r m e d ic a l e x p e rim e n t, tre a tm e n t, o r p ro c e d u re . 

E x tra c tio n ​ - th e  a c t o r p ro c e s s  o f re m o v in g  s o m e th in g . 

 

L e s s o n  3  

D N A  -​ d e o x y rib o n u c le ic  a c id   

m R N A ​ - m e s s e n g e r R N A  

tR N A ​ -  tra n s fe r R N A  

C R IS P R ​ - ​is  a  fa m ily  o f ​D N A ​ s e q u e n c e s  fo u n d  w ith in  th e  ​g e n o m e s ​ o f ​p ro k a ry o tic ​ o rg a n is m s  

s u c h  a s  b a c te ria  a n d  ​a rc h a e a  

T ra n s c rip tio n ​ - w h e n  u s e d  to  re fe r to  g e n e  e x p re s s io n , it is  th e  p ro c e s s  o f m a k in g  a  

c o m p le m e n ta ry  s tra n d  o f m R N A  to  D N A  

T ra n s la tio n ​ - m R N A  is  d e c o d e d  to  d e te rm in e  a n  a m in o  a c id  s e q u e n c e  to  s y n th e s iz e  a  p ro te in  

 

L e s s o n  4  

P h e n o ty p e ​ - o b s e rv a b le  tra its  o f a n  o rg a n is m  

G e n o ty p e ​ - s e t o f g e n e s  in  a n  o rg a n is m  

A lle le s ​ - d iffe re n t fo rm s  o f a  g e n e  (i.e . a  g e n e  fo r s m o o th  s e e d  c o a t is  a n  a lle le  fo r s e e d  c o a t, s o  

is  a  g e n e  fo r w rin k le d  s e e d  c o a t) 

H o m o z y g o u s ​ - a  g e n o ty p e  in  w h ic h  b o th  g e n e s  (o n e  fro m  e a c h  p a re n t) is  th e  s a m e  a lle le  

H e te ro z y g o u s ​ - a  g e n o ty p e  in  w h ic h  b o th  g e n e s  a re  d iffe re n t a lle le s  

D o m in a n t​ - a  g e n e  th a t w h e n  p re s e n t its  tra it w ill b e  e x p re s s e d  in  th e  o ffs p rin g  

R e c e s s iv e ​ - b o th  a lle le s  fo r th e  tra it m u s t b e  p re s e n t fo r th e  tra it to  b e  e x p re s s e d  

M o n o h y b rid  c ro s s ​ - a  c ro s s  b e tw e e n  tw o  o rg a n is m s  w h e re  o n ly  o n e  tra it o f in te re s t is  

p re d ic te d  

D ih y b rid  c ro s s ​ - a  c ro s s  b e tw e e n  tw o  o rg a n is m s  in  w h ic h  tw o  tra its  th a t a re  o n  tw o  d iffe re n t 

c h ro m o s o m e s  a re  p re d ic te d  

 

L e s s o n  5  

P la s m id  v e c to r​ - c irc u la r s tra n d  o f D N A  th a t is  fo u n d  in  b a c te ria  th a t m a k e s  m a n y  c o p ie s  o f 

g e n e s  
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G e n e  o f in te re s ​t - fo re ig n  (tra n s g e n ic ) D N A  th a t c o d e s  fo r a  d e s ira b le  tra it 

H e a t s h o c k ​ - a  te c h n iq u e  w h e re  a  b a c te riu m  is  h e ld  o n  ic e , th e n  im m e rs e d  in  a  h e a te d  s o lu tio n  

to  o p e n  u p  p o re s  in  th e  c e ll m e m b ra n e  th a t a llo w  p la s m id  v e c to rs  to  e n te r, th e n  re tu rn e d  to  ic e  

P ro m o te r​ - re g io n  o f D N A  th a t in itia te s  tra n s c rip tio n  o f a  p a rtic u la r g e n e  

R e s tric tio n  e n z y m e s ​ - p ro te in s  p ro d u c e d  b y  b a c te ria  th a t c le a v e  o r c u t D N A  a t s p e c ific  s ite s  

a lo n g  th e  m o le c u le  

 

L e s s o n  6 A  

P la s m id ​ - a n  e x tra c h ro m o s o m a l rin g  o f D N A  e s p e c ia lly  o f b a c te ria  th a t re p lic a te s  

a u to n o m o u s ly . 

N u c le o tid e s ​ - a n y  o f s e v e ra l c o m p o u n d s  th a t c o n s is t o f a  rib o s e  o r d e o x y rib o s e  s u g a r jo in e d  to  

a  p u rin e  o r p y rim id in e  b a s e  a n d  a  p h o s p h a te  g ro u p  a n d  th a t a re  th e  b a s ic  s tru c tu ra l u n its  o f 

n u c le ic ​ a c id s  (s u c h  a s  R N A  a n d  D N A ).  

 

L e s s o n  6 B  

M ic ro p ip e ttin g ​ - M ic ro p ip e tte s  a re  th e  ty p e  o f ​a ir d is p la c e m e n t p ip e tte s ​ th a t a re  u s e d  to  

tra n s fe r s m a ll q u a n titie s  o f s o lu tio n s  m e a s u re d  in  m ic ro lite rs , 1 0 0 0  µ l (m ic ro lite rs ) e q u a ls  1  m l 

(m illilite r) a n d  is  th e  m a x im u m  a m o u n t th a t is  c o m m o n ly  d is p e n s e d  w ith  m ic ro p ip e tte s . 

 

L e s s o n  6 C  

P la n t tis s u e ​ - A  m a tu re  v a s c u la r p la n t (a n y  p la n t o th e r th a n  m o s s e s  a n d  liv e rw o rts ), c o n ta in s  

s e v e ra l ty p e s  o f d iffe re n tia te d  c e lls . T h e s e  a re  g ro u p e d  to g e th e r in  tis s u e s . 

T is s u e  c u ltu re ​ - g ro w th  o f tis s u e s  o r c e lls  in  a n  a rtific ia l m e d iu m  s e p a ra te  fro m  a n  o rg a n is m  

ty p ic a lly  in  a  liq u id  o r s e m i-s o lid  a g a r, a ls o  c a lle d  ​n u trie n t m e d iu m . 

E x p la n t ​- a  s a m p le  fro m  a  p la n t th a t w ill g ro w  a n d  d iffe re n tia te  in to  a  n e w  p la n t 

A s e p tic  te c h n iq u e ​ - a  s e t o f s p e c ific  p ra c tic e s  a n d  p ro c e d u re s  p e rfo rm e d  to  m a k e  e q u ip m e n t 

a n d  a re a s  fre e  fro m  a ll m ic ro o rg a n is m s  a n d  to  m a in ta in  th a t s te rility  

 

L e s s o n  6 D  

S e le c tiv e  b re e d in g  ​- th e  p ro c e s s  o f m o d ify in g  th e  c h a ra c te ris tic s  o f liv in g  th in g s , e s p e c ia lly  to  

e n h a n c e  o n e  o r m o re  d e s ira b le  tra its  b y  s e le c tio n  in  b re e d in g  c o n tro lle d  b y  h u m a n s  

 

L e s s o n  7  

H y d ro p h o b ic  in te ra c tio n  c o lu m n  c h ro m a to g ra p h y ​ - a  s e p a ra tio n  te c h n iq u e  th a t u s e s  th e  

p ro p e rtie s  o f h y d ro p h o b ic ity  to  s e p a ra te  p ro te in s  fro m  o n e  a n o th e r. 

L y s e ​ - to  c a u s e  d is s o lu tio n  o r d e s tru c tio n  o f c e lls  

S u p e rn a ta n t​ - th e  liq u id  ly in g  a b o v e  a  re s id u e  a fte r c e n trifu g a tio n  

H y d ro p h o b ic ​ - h y d ro p h o b ic  m o le c u le s  re p e l w a te r 

H y d ro p h ilic ​ - h y d ro p h ilic  m o le c u le s  m ix  e a s ily  w ith  w a te r 

 

L e s s o n  8  

D o n o r​ - T h e  o rg a n is m  in  w h ic h  a  g e n e  o f in te re s t is  fo u n d  

R e c ip ie n t​ - ​T h e  o rg a n is m  th a t re c e iv e s  th e  g e n e  o f in te re s t 
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L e s s o n  1  

S e le c tiv e  B re e d in g  v s  G e n e tic  M o d ific a tio n  - T e a c h e r 
F o c u s  Q u e s tio n s :​ W h a t a re  th e  a d v a n ta g e s  o f s e le c tiv e  b re e d in g ?  H o w  d o e s  s e le c tiv e  b re e d in g  

d iffe r fro m  g e n e tic  m o d ific a tio n ?  

L e a rn in g  T a rg e t:​ S tu d e n ts  m o d e l s e le c tiv e  b re e d in g  a n d  e v a lu a te  th e  s tre n g th s  a n d  

w e a k n e s s e s . 

V o c a b u la ry : g e n e tic s , tra it, d ro u g h t, m e io s is , g e n e tic  m o d ific a tio n  

 

H S -L S 1 : F ro m  M o le c u le s  to  O rg a n is m s : S tru c tu re s  a n d  P ro c e s s e s  

H S -E S S 3 : E a rth  a n d  ​H u m a n A cti vit y  

P e rfo rm a n c e  E x p e c ta tio n  C o n n e c tio n s  to  A c tiv ity  

H S -L S 1 -1 .​ C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  
e v id e n c e  fo r h o w  th e  s tru c tu re  o f D N A  
d e te rm in e s  th e  s tru c tu re  o f p ro te in s  w h ic h  
c a rry  o u t th e  e s s e n tia l fu n c tio n s  o f life  th ro u g h  
s y s te m s  o f s p e c ia liz e d  c e lls .  
 
H S -E S S 3 -4 .​ E v a lu a te  o r re fin e  a  
te c h n o lo g ic a l s o lu tio n  th a t re d u c e s  im p a c ts  o f 
h u m a n  a c tiv itie s  o n  n a tu ra l s y s te m s .  

S tu d e n ts  a re  g iv e n  th re e  tra its  o f c o rn . T h e y  

a re  c h a lle n g e d  to  m a k e  th e  m o s t d ro u g h t 

re s is ta n t c o rn . D N A  c o d e s  fo r th e  tra its  th a t 

h e lp  c o rn  to  b e  d ro u g h t re s is ta n t. T h e y  

c o n s tru c t a n  e x p la n a tio n  o f th e  b e s t w a y  to  

o b ta in  o ffs p rin g  w ith  th e  d ro u g h t-re s is ta n t 

c o rn  tra its . 

 

S tu d e n ts  e v a lu a te  th e  m e th o d  o f s e le c tiv e  

b re e d in g .  

S c ie n c e  &  E n g in e e rin g  P ra c tic e   

C o n s tru c tin g  E x p la n a tio n s  a n d  D e s ig n in g  

S o lu tio n s   

● C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  

v a lid  a n d  re lia b le  e v id e n c e  o b ta in e d  

fro m  a  v a rie ty  o f s o u rc e s  (in c lu d in g  

s tu d e n ts ’ o w n  in v e s tig a tio n s , m o d e ls , 

th e o rie s , s im u la tio n s , p e e r re v ie w ) 

a n d  th e  a s s u m p tio n  th a t th e o rie s  a n d  

la w s  th a t d e s c rib e  th e  n a tu ra l w o rld  

o p e ra te  to d a y  a s  th e y  d id  in  th e  p a s t 

a n d  w ill c o n tin u e  to  d o  s o  in  th e  

fu tu re . 

 

S tu d e n ts  e x p la in  th e  p ro c e s s  th e y  fo llo w e d  in  

th e  a c tiv ity , th e n  d e s c rib e  a n o th e r m e th o d  th a t 

m a y  b e  m o re  p re c is e  (g e n e tic  m o d ific a tio n ). 

D is c ip lin a ry  C o re  Id e a   

L S 1 .A : S tru c tu re  a n d  F u n c tio n   
● A ll c e lls  c o n ta in  g e n e tic  in fo rm a tio n  in  

th e  fo rm  o f D N A  m o le c u le s . G e n e s  
a re  re g io n s  in  th e  D N A  th a t c o n ta in  

S tu d e n ts  re a liz e  th a t th e re  a re  m a n y  tra its  a n d  

c h ro m o s o m e s  th a t a re  in v o lv e d  in  th is  

p a rtic u la r c h a ra c te ris tic  (d ro u g h t re s is ta n c e ). 

T h e y  a re  e n c o u ra g e d  to  d e te rm in e  h o w  th e  
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th e  in s tru c tio n s  th a t c o d e  fo r th e  
fo rm a tio n  o f p ro te in s , w h ic h  c a rry  o u t 
m o s t o f th e  w o rk  o f c e lls .  

E S S 3 .C : H u m a n  Im p a c ts  o n  E a rth  S y s te m s  
● S c ie n tis ts  a n d  e n g in e e rs  c a n  m a k e  

m a jo r c o n trib u tio n s  b y  d e v e lo p in g  
te c h n o lo g ie s  th a t p ro d u c e  le s s  
p o llu tio n  a n d  w a s te  a n d  th a t p re c lu d e  
e c o s y s te m  d e g ra d a tio n .  

p ro c e s s  o f m e io s is  m a y  im p a c t p la n t b re e d in g  

a n d  e ffic ie n c y  o f o b ta in in g  th e  d e s ire d  tra its . 

 

S tu d e n ts  s e e  w h y  G M O  c ro p s  h a v e  b e e n  

m o d ifie d  a n d  g a in  a  b e tte r u n d e rs ta n d in g  o f 

th e  p ro c e s s . 

C ro s s  C u ttin g  C o n c e p t  

S tru c tu re  a n d  F u n c tio n   
● In v e s tig a tin g  o r d e s ig n in g  n e w  

s y s te m s  o r s tru c tu re s  re q u ire s  a  
d e ta ile d  e x a m in a tio n  o f th e  p ro p e rtie s  
o f d iffe re n t m a te ria ls , th e  s tru c tu re s  o f 
d iffe re n t c o m p o n e n ts , a n d  
c o n n e c tio n s  o f c o m p o n e n ts  to  re v e a l 
its  fu n c tio n  a n d /o r s o lv e  a  p ro b le m . 

S ta b ility  a n d  C h a n g e  
● F e e d b a c k  (n e g a tiv e  o r p o s itiv e ) c a n  

s ta b iliz e  o r d e s ta b iliz e  a  s y s te m . 
In flu e n c e  o f S c ie n c e , E n g in e e rin g , a n d  
T e c h n o lo g y  o n  S o c ie ty  a n d  th e  N a tu ra l 
W o rld  

● E n g in e e rs  c o n tin u o u s ly  m o d ify  th e s e  
te c h n o lo g ic a l s y s te m s  b y  a p p ly in g  
s c ie n tific  k n o w le d g e  a n d  e n g in e e rin g  
d e s ig n  p ra c tic e s  to  in c re a s e  b e n e fits  
w h ile  d e c re a s in g  c o s ts  a n d  ris k s .  

S tu d e n ts  a re  a s k e d  to  c o n s id e r th e  c o s ts  a n d  

b e n e fits  o f th e  m o d ific a tio n s . 

*S tu d e n t h a n d o u t in fo rm a tio n  is  in d ic a te d  in  lig h t g ra y  p rin t. A n s w e r k e y s  a re  im b e d d e d  in  th e  

s tu d e n t h a n d o u t s e c tio n . 

 

T e a c h e r B a c k g ro u n d  

H u m a n s  h a v e  b e e n  s e le c tiv e ly  b re e d in g  a n im a ls  a n d  p la n ts  fo r th o u s a n d s  o f y e a rs , c h o o s in g  

th e  o n e s  w ith  th e  m o s t fa v o ra b le  c h a ra c te ris tic s  a n d  b re e d in g  th e m  to  a c h ie v e  a m a z in g  re s u lts . 

L o o k  a ro u n d  a t th e  v a rio u s  d o g  b re e d s  th a t h a v e  re s u lte d  fro m  d o m e s tic a tin g  w o lv e s  o r​ ​w a tc h  

th e  v id e o  ​P o p p e d  S e c re t: T h e  M y s te rio u s  O rig in  o f C o rn ​ a t 

h ttp s ://w w w .h h m i.o rg /b io in te ra c tiv e /p o p p e d -s e c re t-m y s te rio u s -o rig in -c o rn ​. ​U p  u n til th e  la te  

1 9 7 0 ’s , th a t w a s  th e  o n ly  w a y  to  g e t d e s ire d  tra its , b u t m a n y  o th e r tra its  c o m e  a lo n g  d u e  to  th e  

s o rtin g  o f c h ro m o s o m e s  a n d  c ro s s in g  o v e r th a t ta k e s  p la c e  d u rin g  m e io s is  d u rin g  s e x u a l 

re p ro d u c tio n . P la n t b re e d e rs  h a v e  b e e n  a b le  to  o v e rc o m e  s o m e  o f th e s e  o b s ta c le s  b y  u s in g  

g e n e tic  m o d ific a tio n  to  im p ro v e  c ro p  c h a ra c te ris tic s , m a k in g  th e m  in s e c t re s is ta n t, h e rb ic id e  

re s is ta n t, le s s  p ro n e  to  e n z y m a tic  b ro w n in g , d is e a s e  re s is ta n t o r p ro v id e  th e m  w ith  a  h e a lth  

b e n e fit. 
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T h e  le s s o n , ​S e le c tiv e  B re e d in g  v s  G e n e tic  M o d ific a tio n ​, a n d  th e  a c c o m p a n y in g  s lid e  d e c k , 

le a d s  s tu d e n ts  th ro u g h  a  m o d e lin g  a c tiv ity  to  a llo w  th e m  to  s e e  h o w  try in g  to  g e t a  s p e c ific  s e t 

o f tra its  is  n o t a s  e a s y  a s  it s e e m s , e v e n  w h e n  th e y  a re  a llo w e d  to  s e le c t fo r th e  tra its  b y  

c h o o s in g  th e  o ffs p rin g  th e y  w a n t to  c ro s s . 

 

M a te ria ls  

*S ta rb u rs t®  c a n d ie s  R e d , Y e llo w  a n d  P in k  - th e s e  h a v e  n o  a lle rg e n s  a n d  a re  in d iv id u a lly  

w ra p p e d  - 3  p e r s tu d e n t 

O p a q u e  c u p s  (fo a m  c u p s  o r c o lo re d  p la s tic  th a t s tu d e n ts  c a n n o t s e e  th ro u g h ) - 1  p e r e v e ry  2  

s tu d e n ts  

S lid e  d e c k  

E le c tro n ic  d e v ic e  fo r re s e a rc h in g  in fo rm a tio n  

*E a c h  c a n d y  re p re s e n ts  a  tra it o r p h e n o ty p e . T h is  a c tiv ity  d o e s  n o t in te n d  to  m o d e l a lle le  

c o m b in a tio n s . 

 

P rio r k n o w le d g e  

In  o rd e r to  s u c c e s s fu lly  u n d e rs ta n d  th is  a c tiv ity , s tu d e n ts  n e e d  to  h a v e  s o m e  b a c k g ro u n d  in  th e  

p ro c e s s  o f m e io s is  a n d  a  g e n e ra l fa m ilia rity  w ith  th e  id e a  o f s e le c tiv e  b re e d in g . A d d itio n a l 

m a te ria l c a n  b e  s u p p le m e n te d  b y  s h o w in g  L e s s o n  1  E n v iro n m e n t o r G e n e tic s  s lid e  d e c k  fro m  

th e  m id d le  s c h o o l B io te c h n o lo g y  u n it.  

 

S tu d e n t H a n d o u t 

T h e  p u rp o s e  o f th is  a c tiv ity  is  to  s im u la te  s e le c tiv e  b re e d in g  a s  it is  a c c o m p lis h e d  b y  p la n t 

s c ie n tis ts . T h e  S ta rb u rs t®  c a n d ie s  in  th e  c u p  re p re s e n t d iffe re n t tra its  th a t a re  d e s ira b le  in  c o rn  

to  p ro v id e  d ro u g h t re s is ta n c e . A  ​s tro n g  ro o t s y s te m ​ is  im p o rta n t to  d ro u g h t re s is ta n c e  s in c e  

s tro n g  ro o ts  s u p p o rt a  h e a lth y  s te m  a n d  p la n t a n d  m a k e  it e a s ie r fo r w a te r a n d  n u trie n ts  to  e n te r 

th e  p la n t. ​S e e d lin g  d is e a s e  re s is ta n c e ​ w ill a d d  to  d ro u g h t 

re s is ta n c e  if th e  c o rn  h a s  s o m e  n a tu ra l im m u n ity  to  fu n g i, 

b a c te ria , n e m a to d e s  a n d  ro o t fe e d in g  in s e c ts . O n e  o f th e  ro o t 

fe e d in g  in s e c ts  is  c a lle d  ro o tw o rm , w h ic h  b e c o m e s  a  b e e tle  a s  

a n  a d u lt. T h e  la rv a e  fe e d  o n  th e  ro o ts  d u rin g  th e  e a rly  p a rt o f th e  

g ro w in g  s e a s o n . If th e  c o rn  h a s  ​ro o tw o rm  re s is ta n c e ​, it is  m o re  

lik e ly  to  s u rv iv e  d ro u g h t a s  w e ll. 

htt p s:// c o m m o n s. wi ki m e di a. or g/ wi ki/ Fil e: Di a br oti c a _ vir gif er a _ vir gif er a _l ar v a e.j p g   
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St u d e nt H a n d o ut  

 

1 . Y o u  h a v e  th re e  S ta rb u rs t®  c a n d ie s . W h ic h  c h a ra c te ris tic s  d o e s  y o u r c o rn  p la n t h a v e ?  

C irc le  th e  c o m b in a tio n  o f tra its  y o u  h a v e . 

 

R  R  R  R  R  R  P  P  P  Y  

R  R  Y  R  P  P  P  Y  P  Y  

R  Y  Y  P  P  Y  Y  Y  P  Y  

S tro n g  
ro o t 
s y s te m  

S tro n g  
ro o t 
s y s te m  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  

R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  
 

R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  
 

R o o t- 
w o rm  
re s is - 
ta n c e  

S e e d lin g  
d is e a s e s  
re s is ta n c e  

2 . C o m b in e  y o u r S ta rb u rs t®  w ith  th o s e  o f s o m e o n e  e ls e  a t y o u r ta b le . P la c e  y o u r s ix  tra its  

in  th e  c u p .  

3 . S h a k e  th e  c u p . 

4 . D ra w  o u t th re e  S ta rb u rs t®  (tra its ). T h is  re p re s e n ts  th e  o ffs p rin g  fro m  y o u r c ro s s . 

5 . W h ic h  c h a ra c te ris tic s  d o e s  y o u r n e w  c o rn  p la n t h a v e ?  C irc le  th e  c o m b in a tio n  o f tra its  

y o u  h a v e . 

 

R  R  R  R  R  R  P  P  P  Y  

R  R  Y  R  P  P  P  Y  P  Y  

R  Y  Y  P  P  Y  Y  Y  P  Y  

S tro n g  
ro o t 
s y s te m  

S tro n g  
ro o t 
s y s te m  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  

R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  
 

R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  
 

R o o t- 
w o rm  
re s is - 
ta n c e  

S e e d lin g  
d is e a s e s  
re s is ta n c e  
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6 . S e le c t a n o th e r c o rn  p la n t a t y o u r ta b le  th a t h a s  s o m e  o r a ll o f th e  d e s ire d  tra its . C ro s s  

y o u r p la n t w ith  th a t p la n t b y  re p e a tin g  s te p s  2 -4 . H o w  m a n y  o ffs p rin g  in  th e  c la s s , h a v e  

a ll th re e  o f th e  d e s ire d  tra its ?  (R e p o rt a s  th e  n u m b e r th a t d o  o u t o f th e  to ta l p o s s ib le .) 

- T h e re  w ill b e  le s s  th a n  1 0 0 %  th a t h a v e  a ll th re e  o f th e  d e s ire d  tra its  (u n le s s  th e y  c h o o s e  

w h ile  lo o k in g ). 

 

7 . W h y  d id n ’t c h o o s in g  th e  p a re n ts  re s u lt in  a ll o f th e  o ffs p rin g  h a v in g  th e  d e s ire d  tra its ?  

- T h e re  w ill b e  s ix  c a n d ie s  in  th e  c u p s  a n d  th e  p ro b a b ility  o f d ra w in g  o u t o n e  o f e a c h  c o lo r 

w ill b e  d e te rm in e d  b y  th e  n u m b e r o f e a c h  c o lo r a n d  th e  m ix in g  th a t w ill ta k e  p la c e . 

 

8 . H o w  d o e s  m e io s is  a ffe c t th e  o u tc o m e ?  W h a t a re  th e  lim ita tio n s  o f th is  m o d e l?  

- M e io s is  a llo w s  fo r d iffe re n t c h ro m o s o m e s  fro m  th e  p a re n ts  to  e n d  u p  in  d iffe re n t 

g a m e te s , o n e  fro m  e a c h  p a re n t, b u t n o t a ll g a m e te s  w ill h a v e  a ll th e  s a m e  in fo rm a tio n . 

U n le s s  th e  p a re n ts  a re  g e n e tic a lly  id e n tic a l, th e  o ffs p rin g  w ill s h o w  s o m e  tra its  fro m  b o th  

p a re n ts .  

- T h is  m o d e l d o e s  n o t a llo w  fo r th e  s e p a ra tio n  o f th e s e  tra its  to  s h o w  u p  o n  s e p a ra te  

c h ro m o s o m e s  (i.e . th e  c o lo rs  re p re s e n t d iffe re n t tra its , b u t th e s e  tra its  a re  o n  d iffe re n t 

c h ro m o s o m e s  o r a re  in flu e n c e d  b y  m u ltip le  g e n e s . T h e  c a n d ie s  d o  n o t re p re s e n t g e n e s , 

ju s t th e  re s u ltin g  tra its . 

 

9 . H o w  m ig h t p la n t b re e d e rs  o v e rc o m e  th e s e  o b s ta c le s ?  

- R e s e a rc h  o n  w h ic h  g e n e s  in flu e n c e  th e s e  tra its  c a n  b e  d o n e . S c ie n tis ts  m a y  b e  a b le  to  

is o la te  w h ic h  g e n e s  a n d  m o d ify  th e  g e n e s  th ro u g h  g e n e  e d itin g  (C R IS P R ) o r th e y  m a y  

fin d  th e  tra it in  d iffe re n t s p e c ie s , is o la te  a n d  tra n s fe r th o s e  g e n e s  to  p la n ts  to  g iv e  th e m  

th e  tra its  to  m a k e  th e m  d ro u g h t re s is ta n t. 

 

1 0 . H o w  m u c h  m ig h t it c o s t (in  d o lla rs  a n d  tim e ) to  m a k e  th e s e  m o d ific a tio n s ?  W h a t a re  th e  

e n v iro n m e n ta l c o s ts  a n d  b e n e fits ?  

- E c o n o m ic  a n d  tim e : O n  a v e ra g e , G M O s  ta k e  1 3  y e a rs  a n d  $ 1 3 0  m illio n  o f re s e a rc h  a n d  

d e v e lo p m e n t b e fo re  c o m in g  to  m a rk e t​. S e e  m o re  in fo  a b o u t th e  c o s ts  a t: 

h ttp s ://g m o a n s w e rs .c o m /a s k /w h a t-a v e ra g e -c o s t-a s s o c ia te d -re s e a rc h -p ro d u c tio n -a n d -te s

tin g -s in g le -g e n e tic a lly -m o d ifie d ​.  

- E n v iro n m e n ta l c o s ts  a re : 1 ) a  m o n o c ro p  w ith  th e  s a m e  g e n e tic  m o d ific a tio n s  c a n  b e  

m o re  s u s c e p tib le  to  a  d is e a s e  d u e  to  th e  la c k  o f g e n e tic  d iv e rs ity  in  th e  c ro p , 2 ) s o m e  

w e e d s  in  fie ld s  h a v e  b e c o m e  re s is ta n t to  th e  u s e  o f h e rb ic id e s  a fte r m a n y  y e a rs  o f u s e  

o f th a t h e rb ic id e , 3 ) s o m e  c ro p s  th a t d o  n o t h a v e  re s is ta n c e  to  a n  h e rb ic id e  m a y  b e  

h a rm e d  if th e  h e rb ic id e  is  u s e d  in  a n  a d ja c e n t fie ld . 

- B e n e fits : 1 ) th e  a m o u n t a n d  c o n c e n tra tio n  o f h a rm fu l h e rb ic id e s  h a s  d e c re a s e d , 2 ) th e  

a m o u n t o f h a rm fu l in s e c tic id e s  is  g re a tly  re d u c e d  s in c e  th e  p la n ts  m a k e  th e ir o w n  

in s e c tic id e , 3 ) s o m e  c ro p s  a re  d is e a s e  re s is ta n t w h ic h  s a v e d  th e  in d u s try  o f ra in b o w  

p a p a y a  (re s e a rc h  p a p a y a  a n d  rin g s p o t v iru s ), a n d  is  a ls o  u s e d  in  p o ta to e s  a n d  z u c c h in i, 

4 ) h e a lth  b e n e fits  h a v e  b e e n  a d d e d  to  s o m e  p la n ts , s u c h  a s , h ig h  o le ic  o il fro m  
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s o y b e a n s  is  m o re  s im ila r to  o liv e  o il, b u t s till h a v e  th e  a b ility  to  fry  fo r lo n g e r p e rio d s  w ith  

le s s  re s id u e  th a n  re g u la r s o y b e a n  o il (s o y b e a n  o il is  s o ld  a s  v e g e ta b le  o il). 

 

D iffe re n tia tio n  

O th e r w a y s  to  c o n n e c t w ith  s tu d e n ts  w ith  v a rio u s  n e e d s : 

i. ​L o c a l c o m m u n ity ​: s tu d e n ts  m a y  in v e s tig a te  lo c a l p la n ts  th a t re s is t d ro u g h t fo r 

a d d itio n a l te s tin g . 

ii. ​S tu d e n ts  w ith  s p e c ia l n e e d s  (la n g u a g e /re a d in g /a u d ito ry /v is u a l)​: s tu d e n ts  m a y  

p la n t d iffe re n t s e e d s  a n d  w a te r w ith  v a rio u s  a m o u n ts  to  d e te rm in e  th e  c h a ra c te ris tic s  

th a t le a d  to  d ro u g h t re s is ta n c e . 

iii. ​E x tra  s u p p o rt​: S tu d e n ts  m ig h t re a d : “P io n e e r R e s e a rc h  to  D e v e lo p  D ro u g h t-to le ra n t 

C o rn  H y b rid s ” 

h ttp s ://w w w .p io n e e r.c o m /C M R o o t/P io n e e r/U S /p ro d u c ts /s e e d _ tra it_ te c h n o lo g y /s e e _ th e _

d iffe re n c e /c o rn _ d ro u g h t.p d f​  o r  

“D ro u g h t-T o le ra n t C o rn  H y b rid s  Y ie ld  M o re  in  D ro u g h t-S tre s s e d  E n v iro n m e n ts  w ith  N o  

P e n a lty  in  N o n -s tre s s e d  E n v iro n m e n ts ” 
h ttp s ://w w w .fro n tie rs in .o rg /a rtic le s /1 0 .3 3 8 9 /fp ls .2 0 1 6 .0 1 5 3 4 /fu ll  

iv . ​E x te n s io n s ​: S tu d e n ts  c a n  re s e a rc h  th e  d e v e lo p m e n t o f c o rn  b y  v ie w in g : ​P o p p e d  

S e c re t: T h e  M y s te rio u s  O rig in  o f C o rn ​ fro m  H H M I B io in te ra c tiv e : 

h ttp s ://w w w .h h m i.o rg /b io in te ra c tiv e /p o p p e d -s e c re t-m y s te rio u s -o rig in -c o rn ​ to  d e te rm in e  

h o w  c o rn  m ig h t b e  b re d  to  b e  m o re  d ro u g h t re s is ta n t. 

 

R u b ric  fo r A s s e s s m e n t 

H S -L S 1 -1 .​ C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  e v id e n c e  fo r h o w  th e  s tru c tu re  o f D N A  
d e te rm in e s  th e  s tru c tu re  o f p ro te in s  w h ic h  c a rry  o u t th e  e s s e n tia l fu n c tio n s  o f life  th ro u g h  
s y s te m s  o f s p e c ia liz e d  c e lls .  
 
H S -E S S 3 -4 .​ E v a lu a te  o r re fin e  a  te c h n o lo g ic a l s o lu tio n  th a t re d u c e s  im p a c ts  o f h u m a n  
a c tiv itie s  o n  n a tu ra l s y s te m s .  

S k ill D e v e lo p in g  S a tis fa c to ry  E x e m p la ry  

C o n s tru c t a n  
e x p la n a tio n  o f 
s e le c tiv e  b re e d in g  

S tu d e n t c a n  d e s c rib e  
th e  a c tiv ity  b u t d o e s  
n o t m a k e  a  
c o n n e c tio n  to  
s e le c tiv e  b re e d in g . 

S tu d e n t c a n  d e s c rib e  
th e  a c tiv ity  a n d  
e x p la in  h o w  it 
c o n n e c ts  to  s e le c tiv e  
b re e d in g  

S tu d e n t c a n  d e s c rib e  
th e  a c tiv ity  a n d  
e x p la in  h o w  it 
c o n n e c ts  to  s e le c tiv e  
b re e d in g . S tu d e n t 
c a n  d e s c rib e  
lim ita tio n s  w ith in  th e  
s im u la tio n . 

E v a lu a te  o r re fin e  a  
te c h n o lo g ic a l s o lu tio n  
to  re d u c e  th e  im p a c t 
o f h u m a n  a c tiv itie s  o n  
n a tu ra l s y s te m s . 

S tu d e n t c a n  e x p la in  
th a t g e n e tic  
m o d ific a tio n  is  a  
te c h n o lo g ic a l 

S tu d e n t c a n  e x p la in  
h o w  g e n e tic  
m o d ific a tio n  is  a  
te c h n o lo g ic a l 

S tu d e n t c a n  e x p la in  
h o w  g e n e tic  
m o d ific a tio n  is  a  
te c h n o lo g ic a l 

Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.DRAFT

https://www.pioneer.com/CMRoot/Pioneer/US/products/seed_trait_technology/see_the_difference/corn_drought.pdf
https://www.pioneer.com/CMRoot/Pioneer/US/products/seed_trait_technology/see_the_difference/corn_drought.pdf
https://www.frontiersin.org/articles/10.3389/fpls.2016.01534/full
https://www.hhmi.org/biointeractive/popped-secret-mysterious-origin-corn


a d v a n c e  b u t c a n n o t 
d e s c rib e  th e  
a d v a n ta g e s  o v e r 
s e le c tiv e  b re e d in g  
n o r th e  im p a c t e ith e r 
h a s  o n  n a tu ra l 
s y s te m s . 

a d v a n c e  o v e r 
s e le c tiv e  b re e d in g  
a n d  d e s c rib e  th e  
im p a c t o f g e n e tic  
m o d ific a tio n  o n  
n a tu ra l s y s te m s .  

a d v a n c e  o v e r 
s e le c tiv e  b re e d in g , 
d e s c rib e  th e  c o s ts  
a n d  b e n e fits  o f 
g e n e tic  m o d ific a tio n  
a n d  th e  im p a c t o f 
g e n e tic  m o d ific a tio n  
o n  n a tu ra l s y s te m s . 

 

R u b ric  fo r S tu d e n t S e lf-A s s e s s m e n t 

S k ill D e s c rip tio n  Y e s  N o  

C o n s tru c tin g  
E x p la n a tio n s  

I c o n s tru c te d  a n  e x p la n a tio n  o f 
th e  s e le c tiv e  b re e d in g  p ro c e s s  
a n d  th e  o b s ta c le s  to  it. 

  

E v a lu a te  o r re fin e  
a  te c h n o lo g ic a l 
s o lu tio n  to  re d u c e  
th e  im p a c t o f 
h u m a n  a c tiv itie s  
o n  n a tu ra l 
s y s te m s . 

I c a n  lis t th e  c o s ts  (b o th  
e c o n o m ic  a n d  tim e ) a n d  b e n e fits  
o f g e n e tic  m o d ific a tio n  
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S el e cti v e Br e e di n g v s 
G e n eti c M o difi c ati o n
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C a s e St u d y

● A c c or di n g t o Pi o n e er, t h e yi el d l o s s d u e t o dr o u g ht r a n g e s fr o m 4 0 – 8 0 

b u/ a cr e i n N e br a s k a, wit h hi g h er r a n g e s i n t h e w e st.

● E c o n o mi c eff e ct s of dr o u g ht c a n b e u p t o $ 9 billi o n i n a dr o u g ht y e ar.

● E c o n o mi c i m p a ct s m a y i n cl u d e f ar m er s w h o l o s e m o n e y b e c a u s e dr o u g ht 

d e str o y e d or l o w er e d t h e yi el d of t h eir cr o p s.

● T h e s e e c o n o mi c i m p a ct s c a n b e b ot h dir e ct, s u c h a s d e cr e a s e s i n c or n 

pr o d u cti o n, a n d i n dir e ct, a s s e e n b y i n cr e a s e s i n t h e pri c e of a ni m al f e e d.

● T h e tr ait s t h at will h el p r e d u c e t h e eff e ct s of dr o u g ht i n c or n i n cl u d e: a str o n g 

r o ot s y st e m, r e si st a n c e t o r o ot w or m, a n d r e si st a n c e t o s e e dli n g di s e a s e s.

Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.DRAFT



S el e cti v e Br e e di n g A cti vit y

● Y o u h a v e t hr e e St ar b ur st ® c a n di e s. T h e s e c a n di e s r e pr e s e nt t h e tr ait s t h at 

d et er mi n e r e si st a n c e t o dr o u g ht.

● St a c k y o ur t hr e e St ar b ur st ® a n d d et er mi n e y o ur tr ait c o m bi n ati o n s u si n g t h e 

f oll o wi n g k e y...

● R e d f or str o n g r o ot s y st e m

● Pi n k f or r o ot w or m r e si st a n c e

● Y ell o w f or s e e dli n g di s e a s e s r e si st a n c e  
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T a bl e of tr ait s f or dr o u g ht r e si st a n c e

M a k e n ot e of w h at c h ar a ct eri sti c s y o ur pl a nt h a s.

R R R R R R P P P Y

R R Y R P P P Y P Y

R Y Y P P Y Y Y P Y

Str o n g 
r o ot 
s y st e m

Str o n g 
r o ot 
s y st e m

S e e dli n g 
di s e a s e s 
r e si st a n c e

Str o n g 
r o ot 
s y st e m

S e e dli n g 
di s e a s e s 
r e si st a n c e

Str o n g r o ot 
s y st e m

R o ot w or m 
r e si st a n c e

Str o n g 
r o ot 
s y st e m

R o ot w or m 
r e si st a n c e

Str o n g 
r o ot 
s y st e m

R o ot w or m 
r e si st a n c e

S e e dli n g 
di s e a s e s 
r e si st a n c e

R o ot w or m 
r e si st a n c e

S e e dli n g 
di s e a s e s 
r e si st a n c e

R o ot w or m 
r e si st a n c e

S e e dli n g 
di s e a s e s 
r e si st a n c e

R o ot-
w or m 
r e si s- 
t a n c e

S e e dli n g 
di s e a s e s 
r e si st a n c e
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Fi n d a n ot h er p er s o n at y o ur t a bl e a n d c o m bi n e 

y o ur St ar b ur st ®

● Pl a c e y o ur si x tr ait s i n t h e c u p

● S h a k e t h e c u p

● Dr a w o ut t hr e e St ar b ur st ® (tr ait s)

● T hi s r e pr e s e nt s t h e off s pri n g fr o m y o ur cr o s s 
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T a bl e of tr ait s f or dr o u g ht r e si st a n c e

W h at c h ar a ct eri sti c s d o e s y o ur off s pri n g h a v e ?

R R R R R R P P P Y

R R Y R P P P Y P Y

R Y Y P P Y Y Y P Y

Str o n g 
r o ot 
s y st e m

Str o n g 
r o ot 
s y st e m

S e e dli n g 
di s e a s e s 
r e si st a n c e

Str o n g 
r o ot 
s y st e m

S e e dli n g 
di s e a s e s 
r e si st a n c e

Str o n g r o ot 
s y st e m

R o ot w or m 
r e si st a n c e

Str o n g 
r o ot 
s y st e m

R o ot w or m 
r e si st a n c e

Str o n g 
r o ot 
s y st e m

R o ot w or m 
r e si st a n c e

S e e dli n g 
di s e a s e s 
r e si st a n c e

R o ot w or m 
r e si st a n c e

S e e dli n g 
di s e a s e s 
r e si st a n c e

R o ot w or m 
r e si st a n c e

S e e dli n g 
di s e a s e s 
r e si st a n c e

R o ot-
w or m 
r e si s- 
t a n c e

S e e dli n g 
di s e a s e s 
r e si st a n c e
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C h o o s e a n ot h er p er s o n t o cr o s s pl a nt s wit h.

● Pl a nt br e e d er s d o n ot r el y o n r a n d o m c o m bi n ati o n s t o s e e w h at h a p p e n s.

● Fi n d a n ot h er pl a nt wit h tr ait s t h at y o u w o ul d li k e. P ut t h e tr ait s i n t h e c u p a n d 

s e e w h at t h e off s pri n g r e s ult s ar e. 

● H o w m a n y pl a nt s r e s ult wit h all of t h e d e sir e d tr ait s ?

● H o w mi g ht pl a nt br e e d er s i n cr e a s e t h e c h a n c e s t h e y will g et t h e d e sir e d tr ait s 

i n t h eir off s pri n g ?
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R efl e cti o n

● H o w di d t h e off s pri n g fr o m y o ur cr o s s diff er fr o m t h e “ p ar e nt s” ?

● W h at tr ait s di d y o ur off s pri n g h a v e ?

● T h e fir st pr o c e s s w e u s e d i s r a n d o m a n d t h e off s pri n g ar e n ot e a sil y 

pr e di ct a bl e. H o w e v er, s ci e nti st s c a n s el e ct f or tr ait s t h e y d e sir e a n d t h er e ar e 

pr e di ct a bl e r e s ult s, b ut t h e r ati o s of off s pri n g r ar el y pr o d u c e 1 0 0 % of t h e tr ait s 

d e sir e d e a c h ti m e. T h e s e c o n d ti m e, w e w er e m or e s el e cti v e... di d all of t h e 

off s pri n g h a v e t h e d e sir e d tr ait s ?

● S e e d r e s e ar c h er s c a n s el e cti v el y br e e d f or r e si st a n c e. 

● H o w l o n g mi g ht it t a k e t o g et t h e d e sir e d tr ait s ?
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If it w er e o nl y t h at e a s y...

● T h e s e tr ait s ( dr o u g ht r e si st a n c e) ar e c o ntr oll e d b y m a n y g e n e s o n diff er e nt 

ar e a s of s e v er al c hr o m o s o m e s.

● H o w mi g ht t h e pr o c e s s of m ei o si s aff e ct t h e br e e di n g of diff er e nt pl a nt s t o 

cr e at e t h e tr ait s d e sir e d ?

● H o w mi g ht pl a nt br e e d er s o v er c o m e t h e s e o b st a cl e s ?

● H o w m u c h mi g ht it c o st ( e c o n o mi c all y a n d ti m e) t o m a k e t h e s e m o difi c ati o n s ? 

W h at ar e t h e e n vir o n m e nt al c o st s a n d b e n efit s ?
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W hi c h cr o p s ar e G M O i n t h e U nit e d St at e s ? ( O nl y 1 0!)

● C or n (fi el d a n d s w e et)

● Alf alf a

● C a n ol a

● C ott o n

● S o y b e a n s

● S u g ar b e et s

● R ai n b o w P a p a y a

● P ot at o e s

● S u m m er s q u a s h ( z u c c hi ni)

● Ar cti c A p pl e s 
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W h at ar e t h e m o difi c ati o n s ?

● C or n (fi el d a n d s w e et) - dr o u g ht a n d h er bi ci d e t ol er a n c e; i n s e ct r e si st a n c e

● Alf alf a - h er bi ci d e t ol er a n c e

● C a n ol a - h er bi ci d e t ol er a n c e

● C ott o n - h er bi ci d e t ol er a n c e a n d i n s e ct r e si st a n c e

● S o y b e a n s - h er bi ci d e t ol er a n c e a n d i n s e ct r e si st a n c e; h e alt h b e n efit

● S u g ar b e et s - h er bi ci d e t ol er a n c e

● R ai n b o w P a p a y a - di s e a s e r e si st a n c e

● P ot at o e s - i n s e ct a n d di s e a s e r e si st a n c e; r e d u c e f o o d w a st e

● S u m m er s q u a s h ( z u c c hi ni) - di s e a s e r e si st a n c e

● Ar cti c A p pl e s - r e d u c e f o o d w a st e
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C o st s a n d b e n efit s...

W h at ar e t h e c o st s of m a ki n g t h e s e g e n eti c m o difi c ati o n s ( b ot h e c o n o mi c a n d 

e n vir o n m e nt al) ?

W h at ar e t h e b e n efit s of t h e s e g e n eti c m o difi c ati o n s ?
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L e s s o n  1  

S e le c tiv e  B re e d in g  v s  G e n e tic  M o d ific a tio n  
F o c u s  Q u e s tio n s :​ ​W h a t a re  th e  a d v a n ta g e s  o f s e le c tiv e  b re e d in g ?  H o w  d o e s  s e le c tiv e  b re e d in g  d iffe r 

fro m  g e n e tic  m o d ific a tio n ?  

V o c a b u la ry : g e n e tic s , tra it, d ro u g h t, m e io s is , g e n e tic  m o d ific a tio n  

 

T h e  p u rp o s e  o f th is  a c tiv ity  is  to  s im u la te  s e le c tiv e  b re e d in g  a s  it is  a c c o m p lis h e d  b y  p la n t s c ie n tis ts . 

T h e  S ta rb u rs t®  c a n d ie s  in  th e  c u p  re p re s e n t d iffe re n t tra its  th a t a re  d e s ira b le  in  c o rn  to  p ro v id e  d ro u g h t 

re s is ta n c e . A  ​s tro n g  ro o t s y s te m ​ is  im p o rta n t to  d ro u g h t 

re s is ta n c e  s in c e  s tro n g  ro o ts  s u p p o rt a  h e a lth y  s te m  a n d  p la n t 

a n d  m a k e  it e a s ie r fo r w a te r a n d  n u trie n ts  to  e n te r th e  p la n t. 

S e e d lin g  d is e a s e  re s is ta n c e ​ w ill a d d  to  d ro u g h t re s is ta n c e  if th e  

c o rn  h a s  s o m e  n a tu ra l im m u n ity  to  fu n g i, b a c te ria , n e m a to d e s  

a n d  ro o t fe e d in g  in s e c ts . O n e  o f th e  ro o t fe e d in g  in s e c ts  is  c a lle d  

ro o tw o rm , w h ic h  b e c o m e s  a  b e e tle  a s  a n  a d u lt. T h e  la rv a e  fe e d  

o n  th e  ro o ts  d u rin g  th e  e a rly  p a rt o f th e  g ro w in g  s e a s o n . If th e  

c o rn  h a s  ​ro o tw o rm  re s is ta n c e ​, it is  m o re  lik e ly  to  s u rv iv e  d ro u g h t 

a s  w e ll. 
htt p s:// c o m m o n s. wi ki m e di a. or g/ wi ki/ Fil e: Di a br oti c a _ vir gif er a _ vir gif er a _l ar v a e.j p g   

 

1 . Y o u  h a v e  th re e  S ta rb u rs t®  c a n d ie s . W h ic h  c h a ra c te ris tic s  d o e s  y o u r c o rn  p la n t h a v e ?  C irc le  th e  

c o m b in a tio n  o f tra its  y o u  h a v e . 

 

R  R  R  R  R  R  P  P  P  Y  

R  R  Y  R  P  P  P  Y  P  Y  

R  Y  Y  P  P  Y  Y  Y  P  Y  

S tro n g  
ro o t 
s y s te m  

S tro n g  
ro o t 
s y s te m  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  

R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  
 

R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  
 

R o o t- 
w o rm  
re s is - 
ta n c e  

S e e d lin g  
d is e a s e s  
re s is ta n c e  
 

2 . C o m b in e  y o u r S ta rb u rs t®  w ith  th o s e  o f s o m e o n e  e ls e  a t y o u r ta b le . P la c e  y o u r s ix  tra its  in  th e  

c u p .  

3 . S h a k e  th e  c u p . 

4 . D ra w  o u t th re e  S ta rb u rs t®  (tra its ). T h is  re p re s e n ts  th e  o ffs p rin g  fro m  y o u r c ro s s . 

5. W h ic h  c h a ra c te ris tic s  d o e s  y o u r n e w  c o rn  p la n t h a v e ?  C irc le  th e  c o m b in a tio n  o f tra its  y o u  h a v e ​. 
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R  R  R  R  R  R  P  P  P  Y  

R  R  Y  R  P  P  P  Y  P  Y  

R  Y  Y  P  P  Y  Y  Y  P  Y  
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d is e a s e s  
re s is ta n c e  

S tro n g  
ro o t 
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S e e d lin g  
d is e a s e s  
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S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  

S tro n g  
ro o t 
s y s te m  
 
R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  

R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  
 

R o o tw o rm  
re s is ta n c e  
 
S e e d lin g  
d is e a s e s  
re s is ta n c e  
 

R o o t- 
w o rm  
re s is - 
ta n c e  

S e e d lin g  
d is e a s e s  
re s is ta n c e  

 

6 . S e le c t a n o th e r c o rn  p la n t a t y o u r ta b le  th a t h a s  s o m e  o r a ll o f th e  d e s ire d  tra its . C ro s s  y o u r p la n t 

w ith  th a t p la n t b y  re p e a tin g  s te p s  2 -4 . H o w  m a n y  o ffs p rin g  in  th e  c la s s , h a v e  a ll th re e  o f th e  

d e s ire d  tra its ?  (R e p o rt a s  th e  n u m b e r th a t d o  o u t o f th e  to ta l p o s s ib le .) 

 

 

 

7 . W h y  d id n ’t c h o o s in g  th e  p a re n ts  re s u lt in  a ll o f th e  o ffs p rin g  h a v in g  th e  d e s ire d  tra its ?  

 

 

8 . H o w  d o e s  m e io s is  a ffe c t th e  o u tc o m e ?  W h a t a re  th e  lim ita tio n s  o f th is  m o d e l?  

 

 

 

9 . H o w  m ig h t p la n t b re e d e rs  o v e rc o m e  th e s e  o b s ta c le s ?  

 

 

 

1 0 . H o w  m u c h  m ig h t it c o s t (in  d o lla rs  a n d  tim e ) to  m a k e  th e s e  m o d ific a tio n s ?  W h a t a re  th e  

e n v iro n m e n ta l c o s ts  a n d  b e n e fits ?  
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R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill D e s c rip tio n  Y e s  N o  

C o n s tru c tin g  
E x p la n a tio n s  

I c o n s tru c te d  a n  e x p la n a tio n  o f th e  
s e le c tiv e  b re e d in g  p ro c e s s  a n d  th e  
o b s ta c le s  to  it. 

  

E v a lu a te  o r re fin e  a  
te c h n o lo g ic a l 
s o lu tio n  to  re d u c e  
th e  im p a c t o f h u m a n  
a c tiv itie s  o n  n a tu ra l 
s y s te m s . 

I c a n  lis t th e  c o s ts  (b o th  e c o n o m ic  
a n d  tim e ) a n d  b e n e fits  o f g e n e tic  
m o d ific a tio n  
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L e s s o n  2  

D N A  E x tra c tio n  - T e a c h e r 
F o c u s  Q u e s tio n :​ ​H o w  m ig h t w e  e x tra c t th e  ra w  m a te ria l o f life , D N A ?  

L e a rn in g  T a rg e t: ​S tu d e n ts  d e v e lo p  a  p ro to c o l (u n ifo rm  a c c e p te d  m e th o d ) to  e x tra c t D N A  fro m  

c o rn . 

V o c a b u la ry : ​p ro to c o l, e x tra c tio n  

 

T h is  a c tiv ity  is  a d a p te d  fro m : 
C h o w n in g , J . T ., W u , R ., B rin k e m a , C ., C ro c k e r, W . D ., B a s s , K ., &  L a z e rte , D . (2 0 1 9 , F e b ru a ry ). A  n e w  
tw is t o n  D N A  e x tra c tio n . ​T h e  S c ie n c e  T e a c h e r​.  
A n d  c a n  b e  fo u n d  h e re : 
h ttp s ://lib g u id e s .fre d h u tc h .o rg /S E P /s e p /d n a ? _ g a = 2 .3 8 6 5 9 8 7 5 .1 6 0 2 6 6 6 7 1 5 .1 5 5 0 2 6 4 6 6 5 -1 8 3 7 7 3 0 5 8 5 .1 5

5 0 2 6 4 6 6 5   

 

H S -L S 1 : F ro m  M o le c u le s  to  O rg a n is m s : S tru c tu re s  a n d  P ro c e s s e s  

P e rfo rm a n c e  E x p e c ta tio n  C o n n e c tio n s  to  A c tiv ity  

H S -L S 1 -1 ​. C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  
e v id e n c e  fo r h o w  th e  s tru c tu re  o f D N A  
d e te rm in e s  th e  s tru c tu re  o f p ro te in s  w h ic h  
c a rry  o u t th e  e s s e n tia l fu n c tio n s  o f life  th ro u g h  
s y s te m s  o f s p e c ia liz e d  c e lls . 

T h is  a c tiv ity  is  o n e  s te p  to w a rd  th e  

a c c o m p lis h m e n t o f th is  p e rfo rm a n c e  

e x p e c ta tio n . M a k in g  D N A  v is ib le  h e lp s  

s tu d e n ts  to  b e g in  to  ​c o n s tru c t th e  

e x p la n a tio n . 

S c ie n c e  &  E n g in e e rin g  P ra c tic e  

C o n s tru c tin g  E x p la n a tio n s  a n d  D e s ig n in g  

S o lu tio n s   

● C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  

v a lid  a n d  re lia b le  e v id e n c e  o b ta in e d  

fro m  a  v a rie ty  o f s o u rc e s  (in c lu d in g  

s tu d e n ts ’ o w n  in v e s tig a tio n s , m o d e ls , 

th e o rie s , s im u la tio n s , p e e r re v ie w ) 

a n d  th e  a s s u m p tio n  th a t th e o rie s  a n d  

la w s  th a t d e s c rib e  th e  n a tu ra l w o rld  

o p e ra te  to d a y  a s  th e y  d id  in  th e  p a s t 

a n d  w ill c o n tin u e  to  d o  s o  in  th e  

fu tu re . 

S tu d e n ts  d e s ig n  th e ir o w n  s o lu tio n s  to  

a d d re s s  th e  p ro b le m  o f h o w  to  e x tra c t D N A  

fro m  c e lls . T h e y  th e n  p la n  a n d  c a rry  o u t a n  

in v e s tig a tio n  b a s e d  o n  th e ir e x p e rim e n ta l 

d e s ig n s . A fte rw a rd s , th e y  c o n s tru c t c la im s  

fo r th e  re s u lts  th e y  o b s e rv e  b a s e d  o n  

e v id e n c e  fro m  th e ir re s u lts . T h e y  

c o m m u n ic a te  in fo rm a tio n  a b o u t th e ir fin d in g s  

w ith  o th e r te a m s  in  a  c la s s ro o m  “la b  

m e e tin g ” d is c u s s io n  w h e re  s tu d e n ts  

re s p e c tfu lly  q u e s tio n  a n d  c ritiq u e  e a c h  

o th e r’s  d e s ig n s . F in a lly , s tu d e n ts  

c o lla b o ra tiv e ly  a rg u e  fo r h o w  th e  p ro to c o l 

c o u ld  b e s t b e  re d e s ig n e d , b a s e d  o n  

e v id e n c e  fro m  c la s s  d a ta . 

D is c ip lin a ry  C o re  Id e a  
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L S 1 .A : S tru c tu re  a n d  F u n c tio n   
● A ll c e lls  c o n ta in  g e n e tic  in fo rm a tio n  in  

th e  fo rm  o f D N A  m o le c u le s . G e n e s  
a re  re g io n s  in  th e  D N A  th a t c o n ta in  
th e  in s tru c tio n s  th a t c o d e  fo r th e  
fo rm a tio n  o f p ro te in s , w h ic h  c a rry  o u t 
m o s t o f th e  w o rk  o f c e lls .  

T h is  a c tiv ity  re in fo rc e s  th a t D N A  is  lo c a te d  in  

c e lls  a n d  is  s e q u e s te re d /p ro te c te d  w ith in  th e  

n u c le u s . 

C ro s s  C u ttin g  C o n c e p t  

S tru c tu re  a n d  F u n c tio n   
● In v e s tig a tin g  o r d e s ig n in g  n e w  

s y s te m s  o r s tru c tu re s  re q u ire s  a  
d e ta ile d  e x a m in a tio n  o f th e  p ro p e rtie s  
o f d iffe re n t m a te ria ls , th e  s tru c tu re s  o f 
d iffe re n t c o m p o n e n ts , a n d  
c o n n e c tio n s  o f c o m p o n e n ts  to  re v e a l 
its  fu n c tio n  a n d /o r s o lv e  a  p ro b le m . 

S tu d e n ts  b a s e  th e ir s o lu tio n s  to  th e  p ro b le m  

p o s e d  in  th e  a c tiv ity  o n  th e  p ro p e rtie s  o f 

d iffe re n t m a te ria ls  m a d e  a v a ila b le  fo r u s e  in  

th e ir p ro to c o ls  a n d  th e ir p o te n tia l e ffe c ts  o n  

th e  s tru c tu re s  a n d  fu n c tio n s  o f c e llu la r 

c o m p o n e n ts . 

*S tu d e n t h a n d o u t in fo rm a tio n  is  in d ic a te d  in  lig h t g ra y  p rin t. A n s w e r k e y s  a re  im b e d d e d  in  th e  

s tu d e n t h a n d o u t s e c tio n . 

 

T e a c h e r B a c k g ro u n d  

T h is  a c tiv ity  a llo w s  s tu d e n ts  to  p ra c tic e  c re a tin g  a  p ro to c o l to  e x tra c t D N A  fro m  c o rn . A  p ro to c o l, 

o r e s ta b lis h e d  p ro c e d u re , is  im p o rta n t to  a s s u re  re p lic a tio n  a n d  h ig h  q u a lity  re s u lts . P ro to c o ls  

c o n s is t o f d e ta ile d  s te p -b y -s te p  in s tru c tio n s . A  c u rre n t p ro to c o l m a y  b e  re v is e d  if a n d  w h e n  n e w  

te c h n o lo g y  o r m a te ria ls  b e c o m e  a v a ila b le . D iffe re n t la b s  re s e a rc h in g  th e  s a m e  th in g  m a y  u s e  

d iffe re n t p ro to c o ls  b a s e d  o n  th e  e q u ip m e n t a n d  re s o u rc e s  a v a ila b le .  

 

P rio r K n o w le d g e  

In  o rd e r to  s u c c e s s fu lly  c o m p le te  th is  a c tiv ity , s tu d e n ts  s h o u ld  k n o w : 

● A n  o rg a n is m ’s  D N A  is  w ith in  th e  n u c le i o f its  c e lls . 

● D N A  c a n  b e  e x tra c te d  fro m  c e lls  u s in g  m e c h a n ic a l a n d  c h e m ic a l m e a n s . K n o w le d g e  o f 

th e  p ro p e rtie s  o f c e ll c o m p o n e n ts  a s  w e ll a s  th e  c o m p o s itio n  o f m a te ria ls  u s e d  in  th e  

e x tra c tio n  c a n  h e lp  in  d e v e lo p in g  a n  e ffe c tiv e  p ro c e d u re . 

● C o m m u n ic a tio n , c o lla b o ra tio n , a n d  s k e p tic is m  a re  e s s e n tia l to  th e  s c ie n tific  re s e a rc h  

p ro c e s s . 

● It is  im p o rta n t to  b a c k  c la im s  w ith  e v id e n c e  a n d  re a s o n in g , a n d  to  u s e  e v id e n c e  a n d  

re a s o n in g  to  e v a lu a te  th e  c la im s  o f o th e rs . 

S tu d e n ts  w ill b e  a b le  to : 

● A c tiv e ly  p a rtic ip a te  in  a  c la s s  d is c u s s io n  e v a lu a tin g  th e  v a rie d  m e th o d s  a n d  re s u lts  o f 

c la s s  a p p ro a c h e s . 

● M a k e  c la im s  a n d  s u p p o rt th e m  w ith  e v id e n c e  a n d  re a s o n in g .  

● C ritic a lly  a n d  re s p e c tfu lly  e v a lu a te  th e  c la im s  o f o th e rs . 

● R e v is e  m e th o d s  in  lig h t o f g ro u p  d is c u s s io n .  
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S u g g e s te d  tim in g  

A llo w  2  p e rio d s  fo r s tu d e n ts  to  d e te rm in e  p ro to c o l fo r th e ir o w n  la b  g ro u p  a n d  to  c a rry  it o u t 

A llo w  1  p e rio d  to  ru n  la b  m e e tin g  

A llo w  1  p e rio d  to  re d e s ig n  p ro to c o l 

A llo w  1  p e rio d  fo r e v a lu a tio n /a s s e s s m e n t 

 

M a te ria ls  

R e s o u rc e  C a rd s  - 1  s e t p e r g ro u p  p rin te d  fro n t to  b a c k  s o  d e s c rip tio n s  a re  o n  th e  b a c k  o f e a c h   

c a rd  

S tu d e n t h a n d o u t 

C o m m u n ic a tio n /C o lla b o ra tio n  C h e c k -In  

L a b  M e e tin g  D a ta  S h e e t P o s t-A s s e s s m e n t  

“B a g -In -A -B a g ” C e ll M o d e l - 1  fo r th e  c la s s  

C a rd b o a rd  b o x  =  p la n t c e ll w a ll 

L a rg e  p a p e r b a g  =  c e ll m e m b ra n e  

S h re d d e d  p la s tic  b a g s  (fille r) =  c y to p la s m  

S m a lle r p a p e r b a g  =  n u c le u s  

Y a rn  =  D N A   

T e s t tu b e  o f e x tra c te d  c o rn  D N A  

F o r p ro to c o l te s tin g  

G a u z e  (filte r) F u n n e ls  

1 5  m l te s t tu b e s   

P la s tic  b a g s   

C o rn  (fre s h  o r fro z e n ) 

V e g e ta b le  o il  

B a k in g  s o d a  

S a lt 

V in e g a r 

W a te r 

S u g a r 

E th a n o l (re frig e ra te d )  

B e a k e rs  

G ra d u a te d  c y lin d e r  

M e a t te n d e riz e r  

 

T e a c h e r P re p a ra tio n  

S te p -b y -s te p  g u id e lin e s  a re  in c lu d e d  o n  th e  s tu d e n t s h e e t to  a llo w  s tu d e n ts  s o m e  s tru c tu re  fo r 

th e  d e v e lo p m e n t o f th e ir p ro to c o ls  w ith in  th e ir g ro u p s . 

1 . M a k e  c o p ie s  a s  d e s c rib e d  in  th e  M a te ria ls  s e c tio n . 

2 . S e t u p  a n  a re a  in  th e  c la s s ro o m  th a t s tu d e n ts  c a n  a c c e s s  th e  d iffe re n t re s o u rc e s  a n d  

m e a s u rin g  to o ls  fo r D N A  e x tra c tio n . 

3 . M a k e  th e  “B a g -In -A -B a g ” c e ll m o d e l. 
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4 . P e rfo rm  a  D N A  e x tra c tio n  fro m  c o rn  to  u s e  a s  th e  in v e s tig a tiv e  p h e n o m e n o n  fo r th e  

c la s s , u s in g  th e  p ro c e d u re  b e lo w :  

5 . M a k e  th e  D N A  E x tra c tio n  B u ffe r b y  m ix in g  th e  fo llo w in g  in g re d ie n ts : 

a . 1 0  m l d is h w a s h in g  s o a p  

b . 9 0  m l w a te r  

c . 1 .5  g  s a lt  

d . P in c h  m e a t te n d e riz e r  

6 . P la c e  a  c u p  o f c a n n e d  o r fro z e n  w h o le  c o rn  in  a  p la s tic  b a g g ie  a n d  m a s h  it in to  a  p u lp . 

7 . A d d  1 0  m l D N A  E x tra c tio n  B u ffe r to  th e  b a g . C a re fu lly  m ix  th e  c o n te n ts . A v o id  b u b b le s .  

8 . P la c e  a  g a u z e -lin e d  fu n n e l o n  to p  o f a  1 5  m l c o lle c tio n  tu b e  a n d  p o u r th e  c o n te n ts  o f th e  

b a g  th ro u g h  th e  filte r. T ry  to  c o lle c t 3  m l o f th e  c o rn  m ix tu re .  

9 . S lo w ly  a d d  5  m l o f c o ld  e th a n o l to  th e  liq u id  a lo n g  th e  s id e  o f th e  tu b e  to  c re a te  a  la y e r o f 

e th a n o l o n  to p  o f th e  c o rn  m ix tu re . 

1 0 . T h e  c o rn  D N A  s h o u ld  p re c ip ita te  o u t o f s o lu tio n  in to  th e  e th a n o l.  

 

In  th is  le s s o n , s tu d e n ts  a re  ta s k e d  w ith  c re a tin g  a  p ro to c o l fo r e x tra c tin g  D N A  fro m  c o rn . T h e  

s tu d e n ts  w ill h a v e  to  c o lla b o ra te  w ith in  th e ir te a m s  fo r th e  in itia l d e s ig n . R e s o u rc e  C a rd s  s h o w  

th e  m a te ria ls  a v a ila b le  a n d  th e ir p ro p e rtie s . S o m e  m a te ria ls  a re  d e c o y s  lik e  b a k in g  s o d a  a n d  

v in e g a r, w h ile  o th e rs  a re  c o m m o n ly  fo u n d  in  D IY  D N A  e x tra c tio n  p ro to c o ls . S tu d e n ts  w ill n e e d  

to  c re a te  s te p s  u s in g  th e ir c o lle c tiv e  k n o w le d g e  a b o u t c e lls  a n d  D N A .  

 

F o r a d d itio n a l d e ta ils  a n d  d a y  b y  d a y  in s tru c tio n s , s p e c ific a lly  h o w  to  fa c ilita te  th e  p ro to c o l 

d e v e lo p m e n t a n d  d is c u s s io n  s e s s io n s  s e e :  

h ttp s ://lib g u id e s .fre d h u tc h .o rg /ld .p h p ? c o n te n t_ id = 4 4 1 1 3 6 6 5   

 

S tu d e n t H a n d o u t 

A s  a  m e m b e r o f th e  la b , y o u  w ill b e  e x p e c te d  to  c lo s e ly  c o lla b o ra te  w ith  th e  o th e r m e m b e rs  o f 

y o u r la b . W o rk in g  w ith  o th e rs  is  e s s e n tia l to  im p ro v in g  th e  q u a lity  o f th e  s c ie n c e  d o n e  b y  th e  

g ro u p . Y o u r la b  h a s  b e e n  d iv id e d  in to  w o rk in g  te a m s . 

U s e  y o u r te a m ’s  k n o w le d g e  a b o u t c e lls  a n d  D N A  to  c o lla b o ra te  o n  a  p ro to c o l d e s ig n .  

1 . U s e  y o u r te a m ’s  k n o w le d g e  a b o u t c e lls  a n d  D N A  to  c o lla b o ra te  o n  a  p ro to c o l d e s ig n . 

a ) D e v e lo p  y o u r o w n  p ro to c o l fo r is o la tin g  D N A  fro m  w h o le  c o rn .  

In c lu d e  d e ta ils  a b o u t y o u r u s e  o f: 

e q u ip m e n t,  

tim e s ,  

a m o u n ts , a n d   

te m p e ra tu re s . 

b ) T ry  o u t y o u r p ro to c o l a n d  c o lle c t d a ta  o n  y o u r s u c c e s s . 

 

2 . P re s e n t y o u r te a m ’s  fin d in g s  d u rin g  th e  la b  m e e tin g .  

L a b  m e e tin g s  a re  fo c u s e d  o n  th re e  m a in  c o n c e p ts :  

• C o m m u n ic a tio n  –  s h a rin g  y o u r in fo rm a tio n  w ith  o th e rs .  

• C o lla b o ra tio n  –  w o rk in g  to g e th e r w ith  o th e rs  to w a rd s  a  g o a l.  
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• S k e p tic is m  –  e v a lu a tin g  in fo rm a tio n  c ritic a lly  a n d  lo o k in g  fo r e v id e n c e  a n d  re a s o n in g  

b e h in d s  c la im s .  

B y  u s in g  c o m m u n ic a tio n , c o lla b o ra tio n , a n d  s k e p tic is m , th e  la b  w ill u s e  th e  k n o w le d g e  g a in e d  

fro m  a ll th e  te a m s ’ re s u lts  to  d e v e lo p  a n d  te s t a  fin a l p ro to c o l. 

 

D iffe re n tia tio n  

O th e r w a y s  to  c o n n e c t w ith  s tu d e n ts  w ith  v a rio u s  n e e d s : 

i. ​L o c a l c o m m u n ity ​: S tu d e n ts  m a y  v is it a  lo c a l p la n t p a th o lo g y  o r u n iv e rs ity  la b , o r in v ite  

a  te c h n ic ia n  fro m  th e  la b , to  d is c o v e r h o w  th e y  d o  d ia g n o s tic  o r s p e c ific  la b  te s ts  a n d  

h o w  th e  m e th o d  th e y  u s e  w a s  d e c id e d . 

ii. ​S tu d e n ts  w ith  s p e c ia l n e e d s  (la n g u a g e /re a d in g /a u d ito ry /v is u a l)​: S tu d e n ts  m a y  

p a rtic ip a te  in  th e  a c tiv ity  in  a  n u m b e r o f w a y s : c h o o s in g  th e  re a g e n ts  to  u s e , d e te rm in in g  

th e  q u a n tity  a n d  th e  te m p e ra tu re  re q u ire m e n ts , g a th e rin g  m a te ria ls  o n c e  d e c id e d  u p o n , 

m e a s u rin g  th e  a m o u n ts , p re p a rin g  th e  D N A  b y  c ru s h in g  th e  c o rn , e tc . 

iii. ​E x tra  s u p p o rt​: If s tu d e n ts  a re  s tru g g lin g , th e y  m a y  w a tc h  ​F a n ta s tic  D N A ! E x tra c tio n  

S te p s ​ a t ​h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = v p X s W a U rc J s   

iv . ​E x te n s io n s ​: S tu d e n ts  c a n  try  to  e x tra c t D N A  fro m  o th e r fru its  o r v e g e ta b le s , o r try  to  

e x tra c t m o re  D N A  b y  in c re a s in g  th e  a m o u n ts  o f s e le c te d  m a te ria ls . 

 

R u b ric  fo r A s s e s s m e n t 

S k ill D e v e lo p in g  S a tis fa c to ry  E x e m p la ry  

C o n s tru c t a n  
e x p la n a tio n  
e x tra c tin g  D N A  

S tu d e n t c a n  d e s c rib e  
th e  a c tiv ity  b u t d o e s  
n o t m a k e  
c o n n e c tio n s  to  th e  
m e c h a n ic s  o f 
e x tra c tin g  D N A . 

S tu d e n t c a n  d e s c rib e  
th e  a c tiv ity  a n d  
e x p la in  h o w  m a te ria ls  
u s e d  h e lp e d  to  
e x tra c t th e  D N A .  

S tu d e n t c a n  d e s c rib e  
th e  a c tiv ity  a n d  
e x p la in  h o w  m a te ria ls  
u s e d  h e lp e d  to  
e x tra c t D N A , a n d  
u s e s  th e  m e th o d  o n  
v a rio u s  o rg a n is m s  
w ith  s u c c e s s . 

C o m m u n ic a tio n  
u s in g  e v id e n c e  

S tu d e n t s h a re d  n o  
id e a s  o r fe w  id e a s  
w ith  th e  g ro u p  
p ro v id in g  little  to  n o  
e v id e n c e  fo r th e m , 
a n d  h a d  d iffic u lty  w ith  
th e  e x tra c tio n  
p ro to c o l. 

S tu d e n t s h a re d  id e a s  
w ith  th e  g ro u p  
s u p p o rte d  b y  
e v id e n c e  a n d  
c o n trib u te d  to  th e  
d e v e lo p m e n t o f th e  
p ro to c o l. 

S tu d e n t s h a re d  id e a s  
s u p p o rte d  b y  
e v id e n c e , lis te n e d  to  
s h a re d  id e a s  a n d  
h e lp e d  to  e v a lu a te  to  
fo c u s  th e  a c tio n s  o f 
th e  g ro u p  to  d e v e lo p  
th e  p ro to c o l. 
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R u b ric s  fo r S e lf-A s s e s s m e n t 

 

C o m m u n ic a tio n /C o lla b o ra tio n  C h e c k -in  

Y o u r C u rre n t A b ility  to  C o m m u n ic a te  U s in g  E v id e n c e  –  in d ic a te  b y  p u ttin g  a n  X  o n  th e  

lin e   

a . R a tin g  S c a le : M y  c u rre n t a b ility  to  c o m m u n ic a te  u s in g  e v id e n c e  w h e n  ta lk in g  in  m y  la b  g ro u p .  

 

1  -------------------------5 -----------------------1 0  1  =  v e ry  lo w , 1 0  =  v e ry  h ig h   

 

b . R a tin g  S c a le : M y  c u rre n t a b ility  to  c o m m u n ic a te  u s in g  e v id e n c e  w h e n  ta lk in g  in  la rg e  c la s s   

 

“la b  m e e tin g ”. 1  -------------------------5 -----------------------1 0  1  =  v e ry  lo w , 1 0  =  v e ry  h ig h   

 

c . W h a t is  o n e  w a y  in  w h ic h  y o u  im p ro v e d  in  y o u r a b ility  to  p a rtic ip a te  in  a  c la s s  d is c u s s io n ?  B e  

s p e c ific . G iv e  a n  e x a m p le  fro m  th e  la b  g ro u p  w o rk  o r m e e tin g  if p o s s ib le . 

 

 

I w o u ld  ra te  o u r c o lla b o ra tio n  a s :      N o n -e x is te n t           O K            V e ry  G o o d  

T h e  re a s o n  fo r m y  ra tin g  is : 

O n e  im p ro v e m e n t I w o u ld  s u g g e s t in  o rd e r to  im p ro v e  o u r c o m m u n ic a tio n  a n d  c o lla b o ra tio n  
is :  
 
 

 

F in a l A s s e s s m e n t 

S k ill Y e s  N o  

E v e ry o n e  h a d  a  c h a n c e  to  
p a rtic ip a te  e q u a lly  in  o u r 
d is c u s s io n .  

  

E v e ry o n e  lis te n e d  w e ll to  
c o n trib u tio n s .  

  

S o m e o n e  in  o u r g ro u p  to o k  
o v e r.  

  

I “k e p t u p ” a n d  u n d e rs to o d  w h a t 
o u r g ro u p  w a s  d o in g  a n d  w h y . 

  

W e  d iv id e d  u p  th e  w o rk  fa irly .    
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p H:

D E S C RI P TI O N:

F U N C TI O N:

T Y P E O F M O L E C U L E:

6 -8 ( sli g htl y 
al k ali n e)

Di s h w a s hi n g s o a p i s oft e n a li q ui d  t h at 
i s a d d e d t o w at er t o ai d i n w a s hi n g 
di s h e s  or  ot h er  m at eri al s.

R e m o v e s gr e a s e (li pi ds)  a n d di sr u pt s 
t h e c o n n e cti o n s  ( b o n ds)  b et w e e n  f at 
m ol e c ul e s .

s urf a ct a nt — all o ws h y dr o p h o bi c  ( w at er 
h ati n g) m ol e c ul e s t o b e br o k e n  a p art 

p H:

D E S C RI P TI O N:

F U N C TI O N:

T Y P E O F M O L E C U L E:

6 -8 ( sli g htl y 
al k ali n e)

M e at t e n d eri z er i s a s oli d, s e a s o ni n g 
li k e c o m p o u n d  a d d e d  t o m e at t o m a k e 
it m or e t e n d er. T h e a cti v e i n gr e di e nt  i s 
p a p ai n.

M e at t e n d eri z er i nt er a ct s wit h t h e 
pr ot ei n s,   br e a ki n g  t h e m d o w n  s o t h e 
m e at b e c o m e s s oft er a n d e a si er t o 
c h e w/ di g e st. 

p a p ai n — a n e n z y m e d eri v e d  fr o m 
p a p a y a  f u n cti o n all y  di g e st s  pr ot ei n s 

p H:

D E S C RI P TI O N:

F U N C TI O N:

T Y P E O F M O L E C U L E:

n e utr al

Tri gl y c eri d e s  ar e t h e m ai n 
c o m p o n e nt of m ost f o o d f at s a n d oil s. 
A tri gl y c eri d e  i s c o m p os e d  of gl y c er ol 
a n d t hr e e f att y a ci ds. 

A s si st s i n h e at tr a n sf er i n c o o ki n g.   A d d 
fl a v or a n d t e xt ur e 

n o n -p ol ar,   c o v al e nt  b o n ds,   li pi d

p H:

D E S C RI P TI O N:

F U N C TI O N:

T Y P E O F M O L E C U L E:

7 -8 ( m ostl y 
n e utr al)

S alt w at er i s w at er c o nt ai ni n g  s alt 
( N a Cl). T h e s alt di s s o ci at e s i nt o c h ar g e d 
s o di u m ( N a +) a n d c hl ori n e ( Cl -)  i o n s.

S alt i n w at er all o ws fr e e N a a n d Cl i o n s 
t o e a sil y i nt er a ct wit h p ol ar m ol e c ul e s. 
I n s alt s ol uti o n s, p ol ar m ol e c ul e s c a n 
f or m cl u m ps.

I o ni c  c o m p o u n ds

p H:

D E S C RI P TI O N:

F U N C TI O N:

T Y P E O F M O L E C U L E:

n e utr al

S u cr os e i s a di s a c c h ari d e, m e a ni n g it i s 
m a d e of si m pl e s u g ar s j oi n e d  t o g et h er.  
It i s 5 0 % gl u c os e  a n d 5 0 % fr u ct os e. 

S u cr os e i s a n at ur all y o c c urri n g  s u g ar 
( c ar b o h y dr at e)  It i s f o u n d pri m aril y i n 
pl a nt s,  w h er e  it  s er v e s a s a  w a y  t o st or e 
e n er g y. It i s u s u all y f o u n d i n r o ot s, fr uit s 
a n d n e ct ar s.  A ni m al s o bt ai n s u cr os e b y 
f e e di n g o n pl a nt s.

p ol ar,   c o v al e nt  b o n ds,   c ar b o h y dr at e 
( di s a c c h ari d e)

p H:

D E S C RI P TI O N:

F U N C TI O N:

T Y P E O F M O L E C U L E:

7 (i d e al, 
n e utr al)

A p ol ar m ol e c ul e m a d e of h y dr o g e n 
a n d o x y g e n, p arti ci p at e s  i n h y dr o g e n 
b o n di n g,   i m p ort a nt  f or all  lif e 

W at er  a ct s a s a s ol v e nt,   all o w  s alt s t o 
di s s ol v e  a n d pr o vi di n g  a  p H  b uff er i n 
c h e mi c al r e a cti o n s.

p ol ar,   c o v al e nt  b o n ds,   h y dr o g e n  b o n ds

DI S H W A S HI N G DI S H W A S HI N G 
S O A PS O A P

M E A T M E A T 
T E N D E RI Z E RT E N D E RI Z E R

OI LOI LS A L TS A L TS U G A RS U G A R

W A T E RW A T E R

p H:

D E S C RI P TI O N:

F U N C TI O N:

T Y P E O F M O L E C U L E:

9 ( al k ali n e)

B a ki n g s o d a i s a s alt c o m p os e d  of 
s o di u m i o n s a n d bi c ar b o n at e i o n s. It i s a 
w hit e  s oli d  t h at i s u s u all y  a fi n e p o w d er.  
It h a s a sli g htl y  s alt y, al k ali n e t a st e.

B a ki n g s o d a i s a w ell -k n o w n  c o o ki n g 
i n gr e di e nt  u s e d t o r ai s e s o d a br e a ds, 
c o o ki e s  a n d c a k e s. I n a d diti o n, it h a s 
wi d e  r a n g e of  a p pli c ati o n s,   i n cl u di n g 
cl e a ni n g, d e o d ori zi n g,  m ai nt ai ni n g p H, 
a n d fir e e xti n g ui s hi n g. 

i o ni c, a c h e mi c al s alt

B A KI N G S O D AB A KI N G S O D A

p H:

D E S C RI P TI O N:

F U N C TI O N:

T Y P E O F M O L E C U L E:

~ 2. 4 ( a ci di c)

Vi n e g ar  i s  a li q ui d  t h at i s pr o d u c e d fr o m 
t h e f er m e nt ati o n of et h a n ol i nt o a c eti c 
a ci d. T h e f er m e nt ati o n i s c arri e d o ut b y 
b a ct eri a.  Vi n e g ar  c o n si st s  of a c eti c 
a ci d ( C H 3 C O O H),  w at er a n d tr a c e 
a m o u nt s of ot h er c h e mi c al s. 

A c o o ki n g  i n gr e di e nt  al s o u s e d f or 
pi c kli n g 

P ol ar, c o v al e nt  b o n ds

VI N E G A RVI N E G A Rp H:

D E S C RI P TI O N:

F U N C TI O N:

T Y P E O F M O L E C U L E:

N/ A

A t y p e  of p a p er or cl ot h t h at oft e n h as v er y 
s m all p or es ( o p e ni n gs) or a fi n e m es h.

Filt er s ar e u s e d t o c oll e ct l ar g e pi e c e  of 
m at eri al s or d e bri s  t h at c a n b e f o u n d i n 
li q ui ds— s e p ar ati n g  l ar g e pi e c e s fr o m 
s m all pi e c e s — l etti n g  s m all pi e c e s 
t hr o u g h t h e filt er w hil e  l ar g e pi e c e s  st a y 
o n t o p of t h e filt er.

N/ A

FI L T E RFI L T E R
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p H:

D E S C RI P TI O N:

F U N C TI O N:

T Y P E O F M O L E C U L E:

7. 3 3 ( m ostl y 
n e utr al)

Al c o h ol — et h a n ol — i s  a s m all m ol e c ul e 
wit h  a r e a cti v e  O  H  ( h y dr o x yl)  gr o u p 
pr e s e nt.

Et h a n ol d o e s n ot i nt er a ct wit h D N A a n d 
will  all o w  t h e D N A t o  r e si st  i nt er a cti o n 
wit h  w at er.  D N A  cl u m ps  t o g et h er  i n  t h e 
pr e s e n c e  of  et h a n ol.  

p ol ar,   c o v al e nt  b o n ds  ( O  H)

A L C O H O L A L C O H O L 
( E T H A N O L)( E T H A N O L)

p H:

D E S C RI P TI O N:

F U N C TI O N:

T Y P E O F M O L E C U L E:

3. 5 ( a ci di c)

Pi n e a p pl e  pl a nt s c o nt ai n br o m el ai n.  
Br o m el ai n i s a 
pr ot e ol yti c e n z y m e ( a n e n z y m e t h at 
di g e st s  pr ot ei n s)  f o u n d  i n 
fr e s h pi n e a p pl e.  

Br o m el ai n i s o n e of t h e m ost p o p ul ar 
e n z y m e s u s e d t o br e a k d o w n  pr ot ei n s 
i n f o o d it e m s, li k e g el ati n a n d m e at. 

Pr ot ei n, p e pti d e

PI N E A P P L EPI N E A P P L E
J UI C E J UI C E 
( B R O M E L AI N)( B R O M E L AI N)
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L e s s o n  2  

D N A  E x tra c tio n  
F o c u s  Q u e s tio n :​ H o w  m ig h t w e  s e e  th e  ra w  m a te ria l o f life , D N A ?  

V o c a b u la ry : ​p ro to c o l, e x tra c tio n  

 

B a c k g ro u n d  

P ro to c o ls ​ a re  e s ta b lis h e d  p ro c e d u re s  a d o p te d  b y  a  la b  o r g ro u p  o f la b s  fo r p ro d u c in g  q u a lity  

re s u lts  th a t c a n  b e  re p lic a te d  b y  o th e rs . T h e s e  d e ta ile d  s te p -b y -s te p  in s tru c tio n s  in s u re  th a t 

s c ie n tis ts  a re  d o in g  a ll th e  a c tio n s  n e c e s s a ry  to  g e t g o o d  re s u lts . P ro to c o ls  a re  c o n s ta n tly  

e v o lv in g  b a s e d  o n  n e w  te c h n o lo g y  a n d /o r s c ie n tific  d is c o v e rie s . D iffe re n t la b s  re s e a rc h in g  th e  

s a m e  th in g  m a y  u s e  d iffe re n t p ro to c o ls  b a s e d  o n  th e  e q u ip m e n t a n d  re s o u rc e s  a v a ila b le .  

 

A s  a  m e m b e r o f a  w ith in  y o u r la b , y o u  w ill b e  e x p e c te d  to  c lo s e ly  c o lla b o ra te  w ith  th e  o th e r 

m e m b e rs  o f y o u r te a m . W o rk in g  w ith  o th e rs  is  e s s e n tia l to  im p ro v in g  th e  q u a lity  o f th e  s c ie n c e  

d o n e  b y  th e  g ro u p . Y o u r la b  h a s  b e e n  d iv id e d  in to  w o rk in g  te a m s . 

1 . U s e  y o u r te a m ’s  k n o w le d g e  a b o u t c e lls  a n d  D N A  to  c o lla b o ra te  o n  a  p ro to c o l d e s ig n . 

a ) D e v e lo p  y o u r o w n  p ro to c o l fo r is o la tin g  D N A  fro m  w h o le  c o rn .  

In c lu d e  d e ta ils  a b o u t y o u r u s e  o f e q u ip m e n t,  

tim e s ,  

a m o u n ts , a n d   

te m p e ra tu re s . 

b ) T ry  o u t y o u r p ro to c o l a n d  c o lle c t d a ta  o n  y o u r s u c c e s s . 

 

2 . P re s e n t y o u r te a m ’s  fin d in g s  d u rin g  th e  la b  m e e tin g .  

L a b  m e e tin g s  a re  fo c u s e d  o n  th re e  m a in  c o n c e p ts :  

• C o m m u n ic a tio n  –  s h a rin g  y o u r in fo rm a tio n  w ith  o th e rs .  

• C o lla b o ra tio n  –  w o rk in g  to g e th e r w ith  o th e rs  to w a rd s  a  g o a l.  

• S k e p tic is m  –  e v a lu a tin g  in fo rm a tio n  c ritic a lly  a n d  lo o k in g  fo r e v id e n c e  a n d  re a s o n in g  

b e h in d  c la im s .  

B y  u s in g  c o m m u n ic a tio n , c o lla b o ra tio n , a n d  s k e p tic is m , th e  la b  w ill u s e  th e  k n o w le d g e  g a in e d  

fro m  a ll th e  te a m s ’ re s u lts  to  d e v e lo p  a n d  te s t a  fin a l p ro to c o l. 

 

D e v e lo p  a n d  te s t y o u r p ro to c o l 

1 . In  y o u r la b  n o te b o o k , re c o rd  a n y  in fo rm a tio n  a b o u t c e lls  a n d  D N A  th a t m ig h t b e  im p o rta n t 

k n o w  w h e n  e x tra c tin g  D N A .  

2 . R e c o rd  th e  q u e s tio n : “H o w  c a n  w e  u s e  c o lla b o ra tio n  to  fig u re  o u t h o w  to  g e t D N A  o u t o f 

c e lls ? ”  

3 . C o lla b o ra te  w ith  y o u r te a m  to  d e te rm in e  w h a t re s o u rc e s  y o u  w ill n e e d  a n d  h o w /in  w h a t o rd e r 

y o u  w ill u s e  th e m .  

4 . O n c e  a ll m e m b e rs  o f y o u r te a m  h a v e  a g re e d  o n  a  m e th o d , re c o rd  y o u r p la n n e d  p ro to c o l.  

5 . Y o u r te a c h e r w ill s ig n  o ff o n  y o u r in itia l p ro to c o l c o n firm in g  th a t a ll m e m b e rs  o f y o u r te a m  

a g re e .  

Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.DRAFT



6 . F ill o u t th e  C o m m u n ic a tio n /C o lla b o ra tio n  C h e c k -In  b e fo re  y o u  b e g in  te s tin g . 

7 . O b ta in  a ll th e  m a te ria ls  y o u  n e e d . W o rk  th ro u g h  y o u r in itia l p ro to c o l fo r th e  re s t o f th e  c la s s  

tim e . W rite  n o te s  o n  a n y  c h a n g e s , o b s e rv a tio n s , o r c la rific a tio n s  in  y o u r la b  n o te b o o k .  

8 . O n c e  fin is h e d , re c o rd  y o u r re s u lts . D o  y o u  b e lie v e  th a t y o u  e x tra c te d  D N A ?  If s o , w h a t d o e s  it 

lo o k  lik e ?  If n o t, w h y  d o  y o u  th in k  y o u  d id  n o t g e t it?   

9 . L a b e l y o u r te s t tu b e  w ith  y o u r g ro u p  n a m e  a n d  d a te . S to re  in  th e  re frig e ra to r. K e e p  y o u r 

re s u lts  to  c o m p a re  w ith  th e  o th e r g ro u p s ’ re s u lts  d u rin g  th e  n e x t m e e tin g .  

1 0 . F o r h o m e w o rk , c o n s id e r c h a n g e s  y o u  w o u ld  m a k e  to  y o u r p ro to c o l a n d  w h y  y o u  w o u ld  

m a k e  th o s e  c h a n g e s . 

 

L a b  M e e tin g  

P re p a re  a n  in fo rm a l p re s e n ta tio n  o f y o u r fin d in g s  d u rin g  th e  la b  m e e tin g . C o m m u n ic a te  a  

s u m m a ry  o f y o u r p ro to c o l a n d  h o w  w e ll y o u r m e th o d  o f e x tra c tio n  w o rk e d  o u t. In  y o u r g ro u p , 

d is c u s s  th e  fo llo w in g  q u e s tio n s  a n d  re c o rd  y o u r a n s w e rs  in  y o u r la b  n o te b o o k :  

a . W h a t w a s  y o u r p ro to c o l?   

b . W h a t c a n  y o u  c o n c lu d e  a b o u t th e  e ffe c tiv e n e s s  o f y o u r m e th o d ?  (c la im )  

c . H o w  d o  y o u r re s u lts  s u p p o rt y o u r c o n c lu s io n  a n d  w h y ?  (e v id e n c e  a n d  re a s o n in g )  

d . W h a t w o rk e d  w ith  y o u r p ro to c o l?  W h a t d id  n o t?   

2 . A ll m e m b e rs  o f y o u r la b  te a m  m u s t ta k e  p a rt in  th e  p re s e n ta tio n  o f y o u r p ro to c o l a n d  fin d in g s .  

3 . A fte r e a c h  p re s e n ta tio n , b e  p re p a re d  to  a s k  c la rify in g  q u e s tio n s  o f th e  p re s e n tin g  te a m .  

4 . A s  e a c h  te a m  p re s e n ts  th e ir fin d in g s , c o n s id e r w h e th e r th e  te a m  u s e d  a  “s c ie n tific ” a p p ro a c h  

to  d e v e lo p in g  th e ir p ro to c o l.  

a . W a s  th e ir d e s ig n  in fo rm e d  b y  th e ir u n d e rs ta n d in g  o f th e  c e ll?   

b . Is  th e ir p ro to c o l d e ta ile d  e n o u g h  fo r a n y o n e  to  b e  a b le  to  re p e a t it a n d  o b ta in  th e  

s a m e  re s u lts ?  T h is  c h a ra c te ris tic  is  c a lle d  “b e in g  re p lic a b le ”. 

5 . C o n s id e r h o w  o th e r g ro u p s ’ p ro to c o ls  d iffe r fro m  y o u rs . W h a t c a n  y o u  le a rn  fro m  th e  o th e r 

g ro u p s  th a t y o u  d id  n o t k n o w  o r d id  n o t c o n s id e r?   

6 . U s in g  th e  L a b  M e e tin g  D a ta  S h e e t, m a k e  n o te s  o n  h o w  e a c h  te a m ’s  p ro to c o l d iffe re d . D u rin g  

th e  d is c u s s io n , w rite  d o w n  a n y  in te re s tin g  q u e s tio n s , re s p o n s e s , o r c o m m e n ts  th a t y o u  fe e l 

w o u ld  b e  im p o rta n t to  n o te .  

7 . A fte r a ll g ro u p s  h a v e  p re s e n te d , th e  c la s s  w ill c o lla b o ra te  in  d e v e lo p in g  a  n e w  p ro to c o l u s in g  

th e  k n o w le d g e  g a in e d  fro m  e a c h  te a m ’s  in itia l te s tin g . R e c o rd  th e  n e w  p ro to c o l in  y o u r la b  

n o te b o o k . 

 

N e w  P ro to c o l T e s tin g   

1 . R e tu rn  to  y o u r te a m  a n d  ru n  th e  n e w  c la s s -d e v e lo p e d  p ro to c o l.  

2 . In  y o u r la b  n o te b o o k , w rite  d o w n  a n y  o b s e rv a tio n s .  

3 . S to re  th e  la b  re s u lts  in  th e  re frig e ra to r w ith  y o u r te a m  n a m e  a n d  d a te . 

4 . C o m p a re  th e  re s u lts  fro m  th e  c la s s -d e v e lo p e d  p ro to c o l w ith  y o u r in itia l re s u lts .  

5 . C o m p le te  th e  P o s t-A s s e s s m e n t.  

6 . D is c u s s  y o u r fin a l re s u lts  a s  a  c la s s . 
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R u b ric s  fo r S e lf-A s s e s s m e n t 

 

C o m m u n ic a tio n /C o lla b o ra tio n  C h e c k -in  

Y o u r C u rre n t A b ility  to  C o m m u n ic a te  U s in g  E v id e n c e  –  in d ic a te  b y  p u ttin g  a n  X  o n  th e  

lin e   

a . R a tin g  S c a le : M y  c u rre n t a b ility  to  c o m m u n ic a te  u s in g  e v id e n c e  w h e n  ta lk in g  in  m y  la b  g ro u p .  

 

1  -------------------------5 -----------------------1 0  1  =  v e ry  lo w , 1 0  =  v e ry  h ig h   

 

b . R a tin g  S c a le : M y  c u rre n t a b ility  to  c o m m u n ic a te  u s in g  e v id e n c e  w h e n  ta lk in g  in  la rg e  c la s s   

 

“la b  m e e tin g ”. 1  -------------------------5 -----------------------1 0  1  =  v e ry  lo w , 1 0  =  v e ry  h ig h   

 

c . W h a t is  o n e  w a y  in  w h ic h  y o u  im p ro v e d  in  y o u r a b ility  to  p a rtic ip a te  in  a  c la s s  d is c u s s io n ?  B e  

s p e c ific . G iv e  a n  e x a m p le  fro m  th e  la b  g ro u p  w o rk  o r m e e tin g  if p o s s ib le . 

 

 

I w o u ld  ra te  o u r c o lla b o ra tio n  a s :      N o n -e x is te n t           O K            V e ry  G o o d  

T h e  re a s o n  fo r m y  ra tin g  is : 

O n e  im p ro v e m e n t I w o u ld  s u g g e s t in  o rd e r to  im p ro v e  o u r c o m m u n ic a tio n  a n d  c o lla b o ra tio n  
is :  
 
 

 

F in a l A s s e s s m e n t 

S k ill Y e s  N o  

E v e ry o n e  h a d  a  c h a n c e  to  
p a rtic ip a te  e q u a lly  in  o u r 
d is c u s s io n .  

  

E v e ry o n e  lis te n e d  w e ll to  
c o n trib u tio n s .  

  

S o m e o n e  in  o u r g ro u p  to o k  
o v e r.  

  

I “k e p t u p ” a n d  u n d e rs to o d  w h a t 
o u r g ro u p  w a s  d o in g  a n d  w h y . 

  

W e  d iv id e d  u p  th e  w o rk  fa irly .    
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L e s s o n 3  

D N A S e nt e n c e s - T e a c h er  

 

F o c u s  Q u e s tio n :​ ​H o w  a re  p ro te in s  c o d e d  fo r b y  D N A ?   

V o c a b ul ar y: ​  ​d e o x y rib o n u c le ic  a c id  (D N A ), m e s s e n g e r R N A  (m R N A ), tra n s fe r R N A  (tR N A ), 

C R IS P R , tra n s c rip tio n , tra n s la tio n  

 

L S 1 : F ro m  M o le c u le s  to  O rg a n is m s : S tru c tu re s  a n d  P ro c e s s e s   

P e rfo rm a n c e  E x p e c ta tio n  C o n n e c tio n s  to  A c tiv ity  

H S -L S 1 -1 .​ C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  
e v id e n c e  fo r h o w  th e  s tru c tu re  o f D N A  
d e te rm in e s  th e  s tru c tu re  o f p ro te in s  
w h ic h  c a rry  o u t th e  e s s e n tia l fu n c tio n s  o f life  
th ro u g h  s y s te m s  o f s p e c ia liz e d  c e lls . 
 

S tu d e n ts  u s e  D N A , c o d o n s  a n d  a n tic o d o n s  
to  tra n s c rib e  a n d  tra n s la te  s e n te n c e s  re la te d  
to  in fo rm a tio n  a b o u t c o rn . 

S c ie n c e  &  E n g in e e rin g  P ra c tic e   

C o n s tru c tin g  E x p la n a tio n s  a n d  D e s ig n in g  

S o lu tio n s  

● C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  

v a lid  a n d  re lia b le  e v id e n c e  o b ta in e d  

fro m  a  v a rie ty  o f s o u rc e s  (in c lu d in g  

s tu d e n ts ’ o w n  in v e s tig a tio n s , m o d e ls , 

th e o rie s , s im u la tio n s , p e e r re v ie w ) 

a n d  th e  a s s u m p tio n  th a t th e o rie s  a n d  

la w s  th a t d e s c rib e  th e  n a tu ra l w o rld  

o p e ra te  to d a y  a s  th e y  d id  in  th e  p a s t 

a n d  w ill c o n tin u e  to  d o  s o  in  th e  

fu tu re .  

S tu d e n ts  ​c o n s tru c t a n  e x p la n a tio n ​ b y  w ritin g  

o u t th e  p ro c e s s e s  o f tra n s c rip tio n  a n d  

tra n s la tio n  fo r p ro te in s  a fte r c o m p le tin g  th e ir 

g ro u p s ’ fo u r s e n te n c e s  (p ro te in s ) fro m  w o rd s  

(a m in o  a c id s ) c o rre c tly  u s in g  th e  te rm s : 

D N A , m R N A  a n d  tR N A . (S tu d e n ts  w ill n e e d  

to  c o rre c t th e  s e n te n c e s  if th e y  a re  in c o rre c t 

b e fo re  c o n s tru c tin g  th e ir e x p la n a tio n ).  

 

S tu d e n ts  ​d e s ig n  s o lu tio n s ​ b y  m o d e lin g  

“g e n e tic a lly  m o d ifie d ”  D N A  to  m a k e  a  

d iffe re n t s e n te n c e  u s in g  th e  tra n s c rip tio n  a n d  

tra n s la tio n  ru le s  th e y  fo llo w e d ; d e s c rib in g  

th a t th e  s e n te n c e  th e y  m a k e  w ill re p re s e n t a  

d iffe re n t p ro te in . 

 

E x te n s io n : M o d e l C R IS P R  b y  “k n o c k in g  o u t” 

a  p o rtio n  o f a  g e n e  to  m a k e  a  d iffe re n t 

p ro te in . 

D is c ip lin a ry  C o re  Id e a   

L S 1 .A : S tru c tu re  a n d  F u n c tio n   
● A ll c e lls  c o n ta in  g e n e tic  in fo rm a tio n  in  

th e  fo rm  o f D N A  m o le c u le s . G e n e s  
a re  re g io n s  in  th e  D N A  th a t c o n ta in  
th e  in s tru c tio n s  th a t c o d e  fo r th e  

D N A  is  s h o w n  a s  th e  g u id e  fo r th e  c re a tio n  

o f p ro te in s ; c h a n g e s  in  D N A  c re a te  c h a n g e s  

in  th e  m R N A  a n d  tR N A , th e re fo re  th e  w o rd s  

(a m in o  a c id s ) o f th e  s e n te n c e s  (p ro te in s ). 
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fo rm a tio n  o f p ro te in s , w h ic h  c a rry  o u t 
m o s t o f th e  w o rk  o f c e lls .  

C ro s s  C u ttin g  C o n c e p t  

S tru c tu re  a n d  F u n c tio n  

● In v e s tig a tin g  o r d e s ig n in g  n e w  

s y s te m s  o r s tru c tu re s  re q u ire s  a  

d e ta ile d  e x a m in a tio n  o f th e  p ro p e rtie s  

o f d iffe re n t m a te ria ls , th e  s tru c tu re s  o f 

d iffe re n t c o m p o n e n ts , a n d  

c o n n e c tio n s  o f c o m p o n e n ts  to  re v e a l 

its  fu n c tio n  a n d /o r s o lv e  a  p ro b le m .  

S tu d e n ts  d e te rm in e  a  n e w  D N A  c o m b in a tio n  

to  c h a n g e  th e  c o m p o s itio n  o f th e  w o rd s  

(a m in o  a c id s ) a n d  s e n te n c e  (p ro te in ). 

*S tu d e n t h a n d o u t in fo rm a tio n  is  in d ic a te d  in  lig h t g ra y  p rin t. A n s w e r k e y s  a re  im b e d d e d  in  th e  

s tu d e n t h a n d o u t s e c tio n . 

 

M a te ria ls  

D N A  s tra n d  c a rd s  a n d  tR N A  c a rd s  w ith  w o rd s  o n  th e  b a c k  

T ra n s c rip tio n /T ra n s la tio n  D a ta  S h e e t 

L a rg e  s h e e t o f p a p e r fo r e a c h  g ro u p  

M a rk e rs  

 

P rio r K n o w le d g e  

In  o rd e r to  s u c c e s s fu lly  c o m p le te  th is  a c tiv ity , s tu d e n ts  m u s t k n o w  th a t D N A  b a s e s  m a tc h  

a c c o rd in g  to  th e  fo llo w in g  ta b le : 

D N A m R N A tR N A  

A U A  

C G C  

T A U  

G C G  

In  a d d itio n , th o s e  th re e  le tte r c o d e s  a c tu a lly  m a tc h  u p  w ith  a m in o  a c id s  to  m a k e  p ro te in s  ju s t a s  

th e  w o rd s  in  th is  a c tiv ity  m a k e  s e n te n c e s . T h e  o rd e r a n d  n u m b e r o f th e  a m in o  a c id s  d e te rm in e  

th e  p ro te in . 

 

T e a c h e r p re p a ra tio n  

1 . C o p y  th e  D N A  s trip s  a n d  c u t in to  s e p a ra te  s tra n d s .  

2 . C o p y  th e  tR N A  c a rd s  fro n t to  b a c k  s o  a n tic o d o n s  a re  o n  o n e  s id e  w ith  w o rd s  o n  th e  o th e r. 

3 . S e t o u t D N A  s tra n d s  a t a  c e n tra l lo c a tio n  in  th e  ro o m . (T h is  lo c a tio n  re p re s e n ts  th e  n u c le u s ; 

re m e m b e r D N A  d o e s  n o t le a v e  th e  n u c le u s .) 

4 . S e t o u t tR N A  c a rd s  a ro u n d  th e  p e rim e te r o f th e  ro o m , g ro u p e d  b y  firs t le tte rs  o f th e  

a n tic o d o n s  (A ’s  to g e th e r, C ’s  to g e th e r, e tc ) 

5 . G ro u p  s tu d e n ts  b y  fo u r’s ; p ro v id e  e a c h  g ro u p  w ith  a  c o p y  o f th e  ​T ra n s c rip tio n /T ra n s la tio n  

d a ta  s h e e t​ c o p ie d  fro n t to  b a c k  s o  e a c h  g ro u p  h a s  e n o u g h  fo r th e  n u m b e r o f s e n te n c e s  

a s s ig n e d . ​N o te ​: E a c h  b o x  in  th e  g rid  is  fo r a  c o d o n  o r a n tic o d o n  (th re e -le tte r c o d e ). 
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6 . A s s ig n  s e n te n c e s  to  g ro u p s . (If a ll s tu d e n ts  w ill p ra c tic e  a ll ro le s , e a c h  g ro u p  o f fo u r s h o u ld  

h a v e  fo u r s e n te n c e s  a s s ig n e d .)  

a . S tu d e n ts  w ill s e n d  th e ir tra n s c rib e r to  th e  n u c le u s  to  tra n s c rib e  th e  D N A  to  m R N A . 
b . A fte r tra n s c rip tio n , th e  s tu d e n t re tu rn s  to  th e  g ro u p  ta b le  a n d  h a n d s  th e  tra n s c rip tio n  to  

th e  tra n s la to r (tR N A ). 
c . A fte r tra n s la tio n , th e  ru n n e rs  g o  to  fin d  th e  m a tc h in g  tra n s la te d  tR N A  a n tic o d o n s  a ro u n d  

th e  ro o m  a n d  o n c e  th e y  fin d  th e  m a tc h , th e y  c o p y  th e  w o rd  to  th e ir d a ta  s h e e t. 
S T U D E N T S  M U S T  N O T  T A K E  T H E  tR N A  C A R D S  a s  th e y  a re  u s e d  in  m u ltip le  
s e n te n c e s . 

d . T o g e th e r, th e  g ro u p  d e te rm in e s  th e  s e n te n c e  lo o k in g  fo r e rro rs . 
e . S tu d e n ts  s w itc h  ro le s  (tra n s c rib e r b e c o m e s  tra n s la to r, tra n s la to r b e c o m e s  a  ru n n e r, o n e  

ru n n e r b e c o m e s  th e  tra n s c rib e r)  
f. R e p e a t th e s e  s te p s  fo r th e  n u m b e r o f s e n te n c e s  a s s ig n e d . 

6 . H a v e  s tu d e n ts  ​c o n s tru c t a n  e x p la n a tio n ​ (o ra lly , o n  v id e o , o r w ritte n ) o f th e  p ro c e s s  th e y  u s e d  

to  tra n s c rib e  a n d  tra n s la te  th e  s e n te n c e s  c o rre c tly  u s in g  th e  w o rd s : D N A , m R N A , tR N A , a m in o  

a c id s  a n d  p ro te in s . 

7 . S tu d e n ts  in  g ro u p s  o r in d iv id u a lly  ​d e s ig n  a  s o lu tio n ​ b y  c re a tin g  th e ir o w n  D N A  s e n te n c e  th a t 

w ill c o d e  fo r a  d iffe re n t s e n te n c e  (u s in g  th e  w o rd s  in  th e  s im u la tio n ). S tu d e n ts  e x c h a n g e  th e ir 

n e w  D N A  s tra n d  w ith  a n o th e r g ro u p /s tu d e n t to  c h e c k  th e ir “g e n e tic  e n g in e e rin g .” 

 

S tu d e n t H a n d o u t 

B a c k g ro u n d  

D e o x y rib o n u c le ic  a c id  (D N A ) is  th e  m o le c u le  o f life . D N A  is  o n e  o f th e  m o s t re c o g n iz a b le  n u c le ic  

a c id s , a  d o u b le -s tra n d e d  h e lix . T h e  p ro c e s s  b y  w h ic h  D N A  c o d e s  fo r p ro te in s  in v o lv e s  e n z y m e s  

a n d  a d d itio n a l s in g le -s tra n d e d  n u c le ic  a c id s , s p e c ific a lly  m e s s e n g e r rib o n u c le ic  a c id  (m R N A ) 

a n d  tra n s fe r rib o n u c le ic  a c id  (tR N A ). T h e  s te p s  in  p ro te in  s y n th e s is , tra n s c rip tio n  fro m  D N A  to  

m R N A , a n d  tra n s la tio n  fro m  m R N A  to  tR N A  c a n  b e  d e m o n s tra te d  b y  m o d e lin g . In  th is  a c tiv ity , 

e a c h  trip le t c o d e  o f D N A  w ill re p re s e n t a  w o rd  in  a  s e n te n c e  ra th e r th a n  a  c o d e  fo r a n  a m in o  

a c id . In tro n s  a n d  e x o n s  a re  o m itte d . T h e  w o rd s  c a n  b e  fo u n d  b y  tra n s c rib in g  th e  D N A  in to  

m R N A , th e n  tra n s la tin g  m R N A  in to  tR N A . 

 

1 . C h o o s e  o n e  p e rs o n  to  b e  th e  tra n s c rib e r. F in d  th e  D N A  s tra n d  a s s ig n e d  to  y o u r g ro u p  

lo c a te d  a t th e  ta b le  in  th e  c e n te r o f th e  ro o m . (T h is  w ill re p re s e n t th e  n u c le u s .) 

N o te :​ T h e  firs t trip le t c o d e  is  a  “s ta rt” c o d e , w h ic h  in  e u k a ry o te s , re p re s e n ts  th e  a m in o  a c id  

m e th io n in e . F o r th is  a c tiv ity , it is  th e  s a m e  trip le t c o d e  fo r a ll a n d  is  d e n o te d  b y  th e  w o rd  

“S T A R T .” E a c h  p u n c tu a tio n  s y m b o l is  re p re s e n te d  b y  a  d iffe re n t “s to p ” a n tic o d o n . 

2 . O n  th e  d a ta  s h e e t p ro v id e d , tra n s c rib e  th e  m R N A  c o d o n s  fro m  th e  D N A  s tra n d  (w ith o u t 

m o v in g  th e  D N A ). 

3 . A t y o u r g ro u p ’s  ta b le , c h o o s e  a  d iffe re n t p e rs o n  to  tra n s la te  th e  m R N A  c o d o n s  to  tR N A  

a n tic o d o n s . 

4 . W rite  th e s e  a n tic o d o n s  o n  y o u r d a ta  s h e e t. 

5 . C h o o s e  tw o  p e o p le  to  g o  fin d  th e  tR N A  a n tic o d o n s  a ro u n d  th e  ro o m . T u rn  o v e r th e  

a n tic o d o n s  to  fin d  th e  w o rd s  o f th e  s e n te n c e  a n d  w rite  th e  w o rd s  o n  y o u r d a ta  s h e e t. 

6 . W rite  y o u r s e n te n c e  in  la rg e  p rin t/s c rip t o n  th e  la rg e  s h e e t o r w h ite  b o a rd  a t y o u r ta b le .  
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7 . S w itc h  ro le s  a n d  re p e a t fo r e a c h  a d d itio n a l D N A  s tra n d  y o u  a re  a s s ig n e d .  

 

E x te n s io n : 

A fte r y o u r g ro u p  h a s  tra n s la te d  y o u r a s s ig n e d  s e n te n c e s , re s e a rc h  e a c h  s ta te m e n t to  fin d  

e v id e n c e  to  s u p p o rt o r re fu te  th e  s ta te m e n t. 

C re a te  a  n e w  “s e n te n c e ” (p ro te in ) u s in g  D N A  trip le ts  to  c re a te  a  d iffe re n t s e t o f w o rd s  (a m in o  
a c id s ). 
 
R e fle c tio n  
1 . H o w  a re  c h ro m o s o m e s , D N A , g e n e s  a n d  p ro te in s  re la te d ?  

- C h ro m o s o m e s  a re  s tra n d s  o f D N A , th e y  c o n ta in  g e n e s , w h ic h  a re  p o rtio n s  o f th e  D N A  
s tra n d s . T h e  b a s e s  o f D N A  th a t a re  c o n ta in e d  in  a  g e n e  c o d e  fo r a m in o  a c id s  in  a  
s p e c ific  o rd e r to  c re a te  p ro te in s  th a t c re a te  a  tra it.  

 
2 . W h a t a re a  o f th e  c e ll d o e s  th e  ta b le  h o ld in g  D N A  re p re s e n t in  th is  m o d e lin g  a c tiv ity ? W h y  
c a n ’t th e  D N A  s tra n d  b e  b ro u g h t b a c k  to  y o u r g ro u p ?  

- T h e  n u c le u s  is  w h e re  D N A  is  lo c a te d  in  a  c e ll. D N A  d o e s  n o t le a v e  th e  n u c le u s . 
 
4 . W h a t a re a  o f th e  c e ll d o e s  y o u r ta b le  re p re s e n t?  

- T h e  ta b le  re p re s e n ts  th e  rib o s o m e . T h e  rib o s o m e  is  th e  lo c a tio n  o f p ro te in  s y n th e s is . 
 
5 . W h a t d o  th e  w o rd s  re p re s e n t?  T h e  c o m p le te d  s e n te n c e s ?  

- T h e  w o rd s  re p re s e n t a m in o  a c id s , a n d  th e  c o m p le te d  s e n te n c e s  re p re s e n t th e  p ro te in s . 
 
6 . W h a t d o  y o u  th in k  th e  c o n s e q u e n c e s  m ig h t b e  if a n  e rro r o c c u rre d  in  th e  c e ll a s  it g o e s  
th ro u g h  th e  p ro c e s s  o f p ro te in  s y n th e s is ?  

- If a n  e rro r o c c u rs  in  th e  tra n s c rip tio n  o r tra n s la tio n  p ro c e s s , d iffe re n t c o d o n s  a n d  
a n tic o d o n s  w o u ld  b e  p ro d u c e d . T h is  m ig h t re s u lt in  d iffe re n t a m in o  a c id s  th a t m ig h t 
c h a n g e  th e  fu n c tio n  o f th e  p ro te in  a n d /o r p re v e n t a  p ro te in  fro m  b e in g  fo rm e d  a t a ll. 

 

D iffe re n tia tio n  

O th e r w a y s  to  c o n n e c t w ith  s tu d e n ts  w ith  v a rio u s  n e e d s : 

i. ​L o c a l c o m m u n ity ​: S tu d e n ts  m a y  v is it a  lo c a l e th a n o l p la n t o r in v ite  a n  e x te n s io n  

p e rs o n  o r m e m b e r o f th e  s ta te  c o rn  b o a rd  to  th e ir c la s s ro o m  to  h e a r a b o u t th e  b e n e fits  

o f e th a n o l a n d  th e  u s e s  o f c o rn .  

ii. ​S tu d e n ts  w ith  s p e c ia l n e e d s  (la n g u a g e /re a d in g /a u d ito ry /v is u a l)​: C a rd s  c a n  b e  

e n la rg e d  fo r th e  v is u a lly  im p a ire d , o r s p o k e n  s o  o n e  c a n  p a rtic ip a te  in  th e  a c tiv ity . 

iii. ​E x tra  s u p p o rt​: If s tu d e n ts  a re  s tru g g lin g , th e y  m a y  w a tc h  ​T ra n s c rip tio n  a n d  

T ra n s la tio n : F ro m  D N A  to  P ro te in ​ ​h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = b K Ip D tJ d K 8 Q   

iv . ​E x te n s io n s ​: A fte r c o m p le tin g  tra n s c rip tio n  a n d  tra n s la tio n  o f th e  a s s ig n e d  s e n te n c e s , 

s tu d e n ts  m a y  re s e a rc h  th e  e v id e n c e  fo r o r a g a in s t th e  s ta te m e n t. A d d itio n a lly , s tu d e n ts  

c o u ld  m o d e l C R IS P R -C a s 9  b y  “k n o c k in g  o u t” a  p o rtio n  o f a  g e n e  to  m a k e  a  d iffe re n t 

s e n te n c e  (p ro te in ). F o llo w  th e  ​C R IS P R  H H M I B io in te ra c tiv e  C lic k  a n d  L e a rn ​ to  s e e  th e  

m e c h a n is m  u s e d . 
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https://www.youtube.com/watch?v=bKIpDtJdK8Q
https://www.hhmi.org/biointeractive/crispr-cas-9-mechanism-applications


R u b ric  fo r C o n s tru c tin g  E x p la n a tio n s  a n d  D e s ig n in g  S o lu tio n s  

S k ill B e g in n in g  S a tis fa c to ry  E x e m p la r 

C o n s tru c t a n  
e x p la n a tio n  b a s e d  o n  
e v id e n c e  fo r h o w  th e  
s tru c tu re  o f D N A  
d e te rm in e s  th e  
s tru c tu re  o f p ro te in s  

P a rtic ip a te d  in  th e  D N A  
s e n te n c e  a c tiv ity . 
E x p la n a tio n  o f th e  
fu n c tio n  o f D N A  a n d  th e  
ro le s  D N A , m R N A  a n d  
tR N A  in  tra n s c rip tio n  
a n d  tra n s la tio n  o f D N A  
in to  p ro te in s  d o e s  n o t 
a c c u ra te ly  o r 
c o m p le te ly  e x p la in  th e  
p ro c e s s . 

P a rtic ip a te d  in  th e  D N A  
s e n te n c e  a c tiv ity . 
E x p la n a tio n  o f th e  
fu n c tio n  o f D N A  a n d  th e  
ro le s  D N A , m R N A  a n d  
tR N A  in  tra n s c rip tio n  
a n d  tra n s la tio n  o f D N A  
in to  p ro te in s  is  
c o m p le te  a n d  a c c u ra te ; 
n e w  D N A  d e s c rib e s  a  
d iffe re n t s e n te n c e  
(p ro te in ). 

P a rtic ip a te d  in  th e  D N A  
s e n te n c e  a c tiv ity . 
E x p la n a tio n  o f th e  
fu n c tio n  o f D N A  a n d  th e  
ro le s  D N A , m R N A  a n d  
tR N A  in  tra n s c rip tio n  
a n d  tra n s la tio n  o f D N A  
in to  p ro te in s  is  
c o m p le te  a n d  a c c u ra te ; 
n e w  D N A  s tra n d  
d e s c rib e s  a  d iffe re n t 
“s e n te n c e ” th a t 
d e s c rib e s  a n  a c tu a l 
p ro te in  th a t w ill c a rry  
o u t a  p a rtic u la r 
fu n c tio n . (i.e . G F P , 
in s u lin , e tc ) 

 

R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

I p a rtic ip a te d  in  e a c h  ro le  
d u rin g  th e  D N A  a c tiv ity . 
 

  

I c a n  e x p la in  th e  fu n c tio n  o f 
D N A  a n d  th e  ro le s  o f D N A , 
m R N A  a n d  tR N A  in  
tra n s c rip tio n  a n d  tra n s la tio n  
o f D N A  in to  p ro te in s . 

  

I c re a te d  a  n e w  “s e n te n c e ” 
(p ro te in ) u s in g  D N A  trip le ts  to  
c re a te  a  d iffe re n t s e t o f w o rd s  
(a m in o  a c id s ) 
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4 6 C o nt e nt d e si g n e d b y E d u c ati o n Pr oj e ct s. or g o n b e h alf of t h e f ar m er b o ar d s  

at O hi o C or n & W h e at, N e br a s k a C or n B o ar d, a n d K a n s a s C or n C o m mi s si o n.

K e y: S e nt e n c e s wit h D N A c o d e s

1 . Et h a n ol d e cr e a s e s C O 2  pr o d u cti o n. 

T A C A G T C C G T A G T G A A T T

2 . Et h a n ol i s cl e a n e n er g y fr o m c or n.  

T A C A G T T C C G A C A T C A T G A G G A T T

3 . G M O s i m pr o v e n utriti o n.  

T A C A A A C C C A G C A T T

4 . D N A i s t h e m ol e c ul e of lif e.  

T A C T T A T C C T C G T G G T T T T A A A T T 

5 . Bi ot e c h n ol o g y i n cr e a s e s yi el d.  

T A C C G G C C C C G T A T T

6 . Bi ot e c h n ol o g y d e cr e a s e s p e sti ci d e u s e.  

T A C C G G C C G A A C A G A A T T

7 . G M O s will m e et t h e i n cr e a si n g d e m a n d f or f o o d.  

T A C A A A G C G C G A T C G C C C A T A T A T C A A A T T

8 . G M O s d e cr e a s e p o v ert y a n d i n cr e a s e s u st ai n a bilit y.  

T A C A A A C C G T G C G A G C C C A A G A T T

9 . G M O s c a n gr o w o n m ar gi n al l a n d  

T A C A A A A C G T G T T T T G C A C C T A T T

1 0 . S o m e c or n i s dr o u g ht t ol er a nt.  

T A C A C T A G G T C C C A C T T C A A T

1 1 . O n e b u s h el of c or n u s e d f or et h a n ol m a k e s 1 7.5  p o u n d s of di still er' s dri e d gr ai n s.  

T A C C T T G A T T T T A G G A G A T A T A G T C A G T T G A C C T T T C C A A T T

1 2 . C or n et h a n ol m e et s t h e d e m a n d f or f u el a n d f o o d.  

T A C A G G A G T C G A T C G A T A T A T A T C G A G C A A A T T

1 3 . O n e b u s h el of c or n e q u al s 5 6  p o u n d s. 

T A C C T T G A T T T T A G G C A G T T G A C C A T T

1 4 . O n e b u s h el of c or n m a k e s 2 .8  g all o n s of et h a n ol. 

T A C C T T G A T T T T A G G C A G T T G A C C T T T A G T A T T

1 5 . G M O s gr o w m or e f o o d o n l e s s l a n d.  

T A C A A A T G T C C C C A A T T T C C G C C T A T T

1 6 . Bi ot e c h n ol o g y d e cr e a s e s e n er g y u s e.  

T A C C G G C C G A T C A G A A T T

1 7. Bi ot e c h n ol o g y d e cr e a s e s C O 2  pr o d u cti o n. 

T A C C G G C C G T A G T G A A T T

1 8 . Bi ot e c h n ol o g y i m pr o v e s w at er a n d s oil q u alit y.  

T A C C G G C C C G T T G A G A A T G C T A T T

1 9 . 4 0 % of c or n i s u s e d t o pr o d u c e et h a n ol.  

T A C T T G A C C T T T A G G T C C A G A C A T T G A A G T A T T

2 0 . D e nt c or n pr o d u c e s m o st c or n pr o d u ct s.  

T A C G A A A G G T G A A C A A G G T G A A T T
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A A A G M O sA A C P E S TI CI D E

A A G S U S T AI N A BI LI T YA A U S OI L

A C A M O S TA C C P O U N D S / G A L L O N S /
P E R C E N T

A C G C A NA C U S O M E
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A A C P E S TI CI D EA A A G M O s

A A U S OI LA A G S U S T AI N A BI LI T Y

A C C P O U N D S / G A L L O N S /
P E R C E N TA C A M O S T

A C U S O M EA C G C A N

Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.DRAFT



A G A U S E( D) / U SI N GA G C N U T RI TI O N

A G G C O R NA G U E T H A N O L

A U A D E M A N DA U C E N E R G Y/ F U E L

A U G F R O MA U U .
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A G C N U T RI TI O NA G A U S E( D) / U SI N G

A G U E T H A N O LA G G C O R N

A U C E N E R G Y/ F U E LA U A D E M A N D

A U U .A U G F R O M
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C A A F O O DC A C D R O U G H T

C A G M A K E S / E Q U A L SC A U T O

C C A DI S TI L L E R’ S  
D RI E D G R AI N SC C C

I N C R E A S E(I N G) / 
I M P R O V E(I N G) / 

M O R E

C C G
D E C R E A S E( S) /  
D E C R E A SI N G /  

L E S S
C C U L A N D
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C A C D R O U G H TC A A F O O D

C A U T OC A G M A K E S / E Q U A L S

C C C
I N C R E A S E(I N G) / 
I M P R O V E(I N G) / 

M O R E
C C A DI S TI L L E R’ S  

D RI E D G R AI N S

C C U L A N DC C G
D E C R E A S E( S) /  
D E C R E A SI N G /  

L E S S
Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.DRAFT



C G A M E E T( S)C G G BI O T E C H N O L O G Y

C G U YI E L DC U U O N E

G A A D E N TG A C C L E A N

G A G A N DG A U B U S H E L
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C G G BI O T E C H N O L O G YC G A M E E T( S)

C U U O N EC G U YI E L D

G A C C L E A NG A A D E N T

G A U B U S H E LG A G A N D
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G C A M A R GI N A LG C G WI L L

G C U Q U A LI T YG U A O U R

G U U W A T E RU A A LI F E

U A C S T A R TU A G C O 2
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G C G WI L LG C A M A R GI N A L

G U A O U RG C U Q U A LI T Y

U A A LI F EG U U W A T E R

U A G C O 2U A C S T A R T
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U A U F O RU C C I S / A R E

U C G T H EU G A
P R O D U C E( S) /  
P R O D U C T S /  

P R O D U C TI O N

U G C P O V E R T YU G G M O L E C U L E

U G U G R O WU U A D N A
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U C C I S / A R EU A U F O R

U G A
P R O D U C E( S) /  
P R O D U C T S /  

P R O D U C TI O N
U C G T H E

U G G M O L E C U L EU G C P O V E R T Y

U U A D N AU G U G R O W
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U U C T O L E R A N TU U G 1 7. 5 / 5 6 / 2. 8 / 4 0

U U U O F/ O N
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U U G 1 7. 5 / 5 6 / 2. 8 / 4 0U U C T O L E R A N T

U U U O F/ O N
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Tr a n s c ri pti o n /t r a n sl ati o n g r o u p d at a s h e et

S e nt e n c e n u m b er:  _______________

Tr a n s cri b er n a m e:  __________________________________

m R N A c o d o n s:  

Tr a n sl at or:  __________________________________

t R N A c o d o n s: 

S e nt e n c e:  _________________________________________________________

t R N A r u n n er n a m e: __________________ 

t R N A r u n n er n a m e: _______________________

Tr a n s c ri pti o n /t r a n sl ati o n g r o u p d at a s h e et

S e nt e n c e n u m b er:  _______________

Tr a n s cri b er n a m e:  __________________________________

m R N A c o d o n s:  

Tr a n sl at or:  __________________________________

t R N A c o d o n s: 

S e nt e n c e:  _________________________________________________________

t R N A r u n n er n a m e: __________________ 

t R N A r u n n er n a m e: _______________________
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L e s s o n 3  

D N A S e nt e n c e s  

F o c u s  Q u e s tio n : ​H o w  a re  p ro te in s  c o d e d  fo r b y  D N A ?  

V o c a b u la ry :​ d e o x y rib o n u c le ic  a c id  (D N A ), m e s s e n g e r R N A  (m R N A ), tra n s fe r R N A  (tR N A ), 

C R IS P R ​, ​tra n s c rip tio n , tra n s la tio n  

 

B a c k g ro u n d  

D e o x y rib o n u c le ic  a c id  (D N A ) is  th e  m o le c u le  o f life . D N A  is  o n e  o f th e  m o s t re c o g n iz a b le  n u c le ic  

a c id s , a  d o u b le -s tra n d e d  h e lix . T h e  p ro c e s s  b y  w h ic h  D N A  c o d e s  fo r p ro te in s  in v o lv e s  e n z y m e s  

a n d  a d d itio n a l s in g le -s tra n d e d  n u c le ic  a c id s , s p e c ific a lly  m e s s e n g e r rib o n u c le ic  a c id  (m R N A ) 

a n d  tra n s fe r rib o n u c le ic  a c id  (tR N A ). T h e  s te p s  in  p ro te in  s y n th e s is , tra n s c rip tio n  fro m  D N A  to  

m R N A , a n d  tra n s la tio n  fro m  m R N A  to  tR N A  c a n  b e  d e m o n s tra te d  b y  m o d e lin g . In  th is  a c tiv ity , 

e a c h  trip le t c o d e  o f D N A  w ill re p re s e n t a  w o rd  in  a  s e n te n c e  ra th e r th a n  a  c o d e  fo r a n  a m in o  

a c id . In tro n s  a n d  e x o n s  a re  o m itte d . T h e  w o rd s  c a n  b e  fo u n d  b y  tra n s c rib in g  th e  D N A  in to  

m R N A , th e n  tra n s la tin g  m R N A  in to  tR N A . 

 

1 . C h o o s e  o n e  p e rs o n  to  b e  th e  tra n s c rib e r. F in d  th e  D N A  s tra n d  a s s ig n e d  to  y o u r g ro u p  

lo c a te d  a t th e  ta b le  in  th e  c e n te r o f th e  ro o m . (T h is  w ill re p re s e n t th e  n u c le u s .) 

N o te :​ T h e  firs t trip le t c o d e  is  a  “s ta rt” c o d e , w h ic h  in  e u k a ry o te s , re p re s e n ts  th e  a m in o  a c id  

m e th io n in e . F o r th is  a c tiv ity , it is  th e  s a m e  trip le t c o d e  fo r a ll a n d  is  d e n o te d  b y  th e  w o rd  

“S T A R T .” E a c h  p u n c tu a tio n  s y m b o l is  re p re s e n te d  b y  a  d iffe re n t “s to p ” a n tic o d o n . 

2 . O n  th e  d a ta  s h e e t p ro v id e d , tra n s c rib e  th e  m R N A  c o d o n s  fro m  th e  D N A  s tra n d  (w ith o u t 

m o v in g  th e  D N A ). 

3 . A t y o u r g ro u p ’s  ta b le , c h o o s e  a  d iffe re n t p e rs o n  to  tra n s la te  th e  m R N A  c o d o n s  to  tR N A  

a n tic o d o n s . 

4 . W rite  th e s e  a n tic o d o n s  o n  y o u r d a ta  s h e e t. 

5 . C h o o s e  tw o  p e o p le  to  g o  fin d  th e  tR N A  a n tic o d o n s  a ro u n d  th e  ro o m . T u rn  o v e r th e  

a n tic o d o n s  to  fin d  th e  w o rd s  o f th e  s e n te n c e  a n d  w rite  th e  w o rd s  o n  y o u r d a ta  s h e e t. 

6 . W rite  y o u r s e n te n c e  in  la rg e  p rin t/s c rip t o n  th e  la rg e  s h e e t o r w h ite  b o a rd  a t y o u r ta b le .  

7 . S w itc h  ro le s  a n d  re p e a t fo r e a c h  a d d itio n a l D N A  s tra n d  y o u  a re  a s s ig n e d . 

 

E x te n s io n : 

A fte r y o u r g ro u p  h a s  tra n s la te d  y o u r a s s ig n e d  s e n te n c e s , re s e a rc h  e a c h  s ta te m e n t to  fin d  

e v id e n c e  to  s u p p o rt o r re fu te  th e  s ta te m e n t. 

C re a te  a  n e w  “s e n te n c e ” (p ro te in ) u s in g  D N A  trip le ts  to  c re a te  a  d iffe re n t s e t o f w o rd s  (a m in o  
a c id s ). 
 
R e fle c tio n  
1 . H o w  a re  c h ro m o s o m e s , D N A , g e n e s  a n d  p ro te in s  re la te d ?  
 
 
2 . W h a t a re a  o f th e  c e ll d o e s  th e  ta b le  h o ld in g  D N A  re p re s e n t in  th is  m o d e lin g  a c tiv ity ?  W h y  
c a n ’t th e  D N A  s tra n d  b e  b ro u g h t b a c k  to  y o u r g ro u p ?  
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4 . W h a t a re a  o f th e  c e ll d o e s  y o u r ta b le  re p re s e n t?  
 
 
5 . W h a t d o  th e  w o rd s  re p re s e n t?  T h e  c o m p le te d  s e n te n c e s ?  
 
 
6 . W h a t d o  y o u  th in k  th e  c o n s e q u e n c e s  m ig h t b e  if a n  e rro r o c c u rre d  in  th e  c e ll a s  it g o e s  
th ro u g h  th e  p ro c e s s  o f p ro te in  s y n th e s is ?  
 
 
 
 
 

R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

I p a rtic ip a te d  in  e a c h  ro le  
d u rin g  th e  D N A  a c tiv ity . 

  

I c a n  e x p la in  th e  fu n c tio n  o f 
D N A  a n d  th e  ro le s  o f D N A , 
m R N A  a n d  tR N A  in  
tra n s c rip tio n  a n d  tra n s la tio n  
o f D N A  in to  p ro te in s . 

  

I c re a te d  a  n e w  “s e n te n c e ” 
(p ro te in ) u s in g  D N A  trip le ts  to  
c re a te  a  d iffe re n t s e t o f w o rd s  
(a m in o  a c id s ) 
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L e s s o n  4  

P u n n e tt S q u a re s  - T e a c h e r 
F o c u s  Q u e s tio n : ​H o w  d o  b re e d e rs  p re d ic t w h ic h  tra its  w ill b e  in  o ffs p rin g ?  H o w  m ig h t 

b io te c h n o lo g y  m e th o d s  im p ro v e  th e  p ro c e s s ?  

L e s s o n  ta rg e t: S tu d e n ts  c o m p le te  P u n n e tt s q u a re s  to  c o m p a re  th e o re tic a l ra tio s  to  a c tu a l ra tio s  

o n  c o rn  c o b s  a n d  d e te rm in e  th e  a m o u n t o f tim e  it m ig h t ta k e  to  g e t a  d e s ire d  o u tc o m e . 

V o c a b u la ry : ​g e n o ty p e , p h e n o ty p e , ​a lle le s , h o m o z y g o u s , h e te ro z y g o u s , d o m in a n t, re c e s s iv e , 

m o n o h y b rid , d ih y b rid  

 

H S -L S 3 : H e re d ity : In h e rita n c e  a n d  V a ria tio n  o f T ra its   

P e rfo rm a n c e  E x p e c ta tio n  C o n n e c tio n s  to  a c tiv ity  

H S -L S 3 -1 ​. A s k  q u e s tio n s  to  c la rify  re la tio n s h ip s  
a b o u t th e  ro le  o f D N A  a n d  c h ro m o s o m e s  in  
c o d in g  th e  in s tru c tio n s  fo r c h a ra c te ris tic  tra its  
p a s s e d  fro m  p a re n ts  to  o ffs p rin g .  

P u n n e tt s q u a re s  a re  u s e d  to  p re d ic t th e  o ffs p rin g  
ra tio s  fro m  v a rio u s  c ro s s e s . S tu d e n ts  c o m p le te  
th e  s q u a re s , d e te rm in e  th e  g e n o ty p e  a n d  
p h e n o ty p e  ra tio s  a n d  c o m p a re  to  a  re a l p la n t. 

S c ie n c e  a n d  E n g in e e rin g  P ra c tic e  

A s k in g  Q u e s tio n s  a n d  D e fin in g  P ro b le m s  
● A s k  q u e s tio n s  th a t a ris e  fro m  e x a m in in g  

m o d e ls  o r a  th e o ry  to  c la rify  re la tio n s h ip s .  

S tu d e n ts  d is c o v e r th a t P u n n e tt s q u a re s  c a n  h e lp  
to  d e te rm in e  ra tio s  o f o ffs p rin g , b u t in  re a lity  th o s e  
p re d ic tio n s  a re  n o t a lw a y s  a c c u ra te . 

D is c ip lin a ry  C o re  Id e a s  

L S 1 .A : S tru c tu re  a n d  F u n c tio n  
● A ll c e lls  c o n ta in  g e n e tic  in fo rm a tio n  in  th e  

fo rm  o f D N A  m o le c u le s . G e n e s  a re  
re g io n s  in  th e  D N A  th a t c o n ta in  th e  
in s tru c tio n s  th a t c o d e  fo r th e  fo rm a tio n  o f 
p ro te in s . (s e c o n d a ry ) (N o te : T h is  
D is c ip lin a ry  C o re  Id e a  is  a ls o  a d d re s s e d  
b y  H S -L S 1 -1 .) 

 
L S 3 .A : In h e rita n c e  o f T ra its  

● E a c h  c h ro m o s o m e  c o n s is ts  o f a  s in g le  
v e ry  lo n g  D N A  m o le c u le , a n d  e a c h  g e n e  
o n  th e  c h ro m o s o m e  is  a  p a rtic u la r 
s e g m e n t o f th a t D N A . T h e  in s tru c tio n s  fo r 
fo rm in g  s p e c ie s ’ c h a ra c te ris tic s  a re  
c a rrie d  in  D N A . A ll c e lls  in  a n  o rg a n is m  
h a v e  th e  s a m e  g e n e tic  c o n te n t, b u t th e  
g e n e s  u s e d  (e x p re s s e d ) b y  th e  c e ll m a y  
b e  re g u la te d  in  d iffe re n t w a y s . N o t a ll 
D N A  c o d e s  fo r a  p ro te in ; s o m e  s e g m e n ts  
o f D N A  a re  in v o lv e d  in  re g u la to ry  o r 
s tru c tu ra l fu n c tio n s , a n d  s o m e  h a v e  n o  
a s -y e t k n o w n  fu n c tio n .  

S tu d e n ts  s e e  th e  re s u lt o f c ro s s in g  g e n e s  a n d  th e  
re s u ltin g  g e n o ty p e s  a n d  p h e n o ty p e s  th a t re s u lt 
fro m  th e  d iffe re n t p ro te in s  th a t a re  p ro d u c e d  
b a s e d  o n  th e  g e n e  c o m b in a tio n s . 
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C ro s s  C u ttin g  C o n c e p t 

C a u s e  a n d  E ffe c t 
● E m p iric a l e v id e n c e  is  re q u ire d  to  

d iffe re n tia te  b e tw e e n  c a u s e  a n d  
c o rre la tio n  a n d  m a k e  c la im s  a b o u t 
s p e c ific  c a u s e s  a n d  e ffe c ts ​.  

T h e  d iffe re n t g e n e  c o m b in a tio n s  in  th e  P u n n e tt 
s q u a re s  re s u lt in  d iffe re n t s e e d  c o lo r a n d  s h a p e  
o n  th e  c o rn  c o b . 

*S tu d e n t h a n d o u t in fo rm a tio n  is  in d ic a te d  in  lig h t g ra y  p rin t. A n s w e r k e y s  a re  im b e d d e d  in  th e  

s tu d e n t h a n d o u t s e c tio n . 

 

M a te ria ls * 

C a ro lin a  B io lo g ic a l S u p p ly  1 7 -6 8 1 0  M o n o h y b rid  c ro s s  

C a ro lin a  B io lo g ic a l S u p p ly  1 7 -6 9 0 0  D ih y b rid  c ro s s  

 

*T h e  a c tiv ity  c a n  b e  c o m p le te d  w ith o u t th e  C a ro lin a  c o rn , h o w e v e r, h a v in g  th e  a c tu a l c o b s  a llo w  

s tu d e n ts  th e  a d d e d  c h e c k  to  s e e  th a t s o m e tim e s , th e  e x p e c te d  ra tio  is  n o t w h a t re s u lts  in  re a lity . 

(F o r e x a m p le : a lth o u g h  th e re  is  a  5 0 -5 0  c h a n c e  th a t h u m a n  o ffs p rin g  w ill b e  m a le  o r fe m a le , 

th e re  a re  m a n y  in s ta n c e s  w h e re  th e re  a re  fa m ilie s  o f a ll g irls  o r a ll b o y s .) T h e  p e rc e n t c h a n c e  

re s e ts  e a c h  tim e  a  c ro s s  o c c u rs . E a c h  k e rn e l o f c o rn  is  a  s e p a ra te  o ffs p rin g  th a t re s u lts  fro m  a  

s in g le  s ilk . 

 

P rio r K n o w le d g e  

S tu d e n ts  n e e d  to  u n d e rs ta n d  h o w  to  s h o w  a  c ro s s  u s in g  a  P u n n e tt s q u a re . T h is  s h o u ld  b e  p a rt 

o f a  m id d le  s c h o o l s c ie n c e  c o u rs e . S tu d e n ts  w ill n e e d  to  k n o w  th e  d e fin itio n  o f a lle le s , th e  

d iffe re n c e  b e tw e e n  a  g e n o ty p e  a n d  a  p h e n o ty p e , h o m o z y g o u s  a n d  h e te ro z y g o u s  a n d  d o m in a n t 

a n d  re c e s s iv e  tra its . M e n d e l’s  L a w  o f In d e p e n d e n t A s s o rtm e n t is  a ls o  a p p lie d  fo r th e s e  tw o  

tra its . 

 

T e a c h e r P re p a ra tio n  

M a k e  c o p ie s  o f th e  S tu d e n t h a n d o u t 
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H a v e  c o rn  fro m  C a ro lin a  o n  h a n d  fo r s tu d e n ts  to  e x a m in e  o r m a k e  c o p ie s  o f a  p h o to  lik e  th is :

 

B y  S a m  F e n tre s s , C C  B Y -S A  2 .0 , ​h ttp s ://c o m m o n s .w ik im e d ia .o rg /w /in d e x .p h p ? c u rid = 3 4 8 9 1 0   

 

S tu d e n t H a n d o u t 

M o n o h y b rid  C ro s s  - a  c ro s s  lo o k in g  a t o n e  g e n e  fo r a  tra it 

1 . C ro s s  C o lo re d  A le u ro n e  w ith  th e  g e n o ty p e  (R R ) c o rn  w ith  C o lo rle s s  A le u ro n e , g e n o ty p e  (rr), 

in  th e  P u n n e tt s q u a re  b e lo w  to  s h o w  th e  F ​1 ​ re s u lts .  

a . C irc le  th e  c o rre c t w o rd s  b e lo w : T h e  ​R  R ​ g e n o ty p e  is  h o m o z y g o u s  / h e tre ro z y g o u s  

d o m in a n t / re c e s s iv e . 

 

R  R  x  r r 

i. W h a t a re  th e  re s u ltin g  g e n o ty p e s ? ​ ​1 0 0 %  ​R  r 

ii. W h a t a re  th e  re s u ltin g  p h e n o ty p e s ? ​ ​1 0 0 %  c o lo re d  a le u ro n e  

 

2 . W h e n  y o u  c ro s s  tw o  o f th e  o ffs p rin g  fro m  a b o v e , w h a t w ill b e  th e  re s u lt in  th e  F ​2 ​ g e n e ra tio n ?  

b . C irc le  th e  c o rre c t w o rd  in  th e  s e n te n c e  b e lo w : T h e  ​R  r​ g e n o ty p e  is  h o m o z y g o u s  /  

h e te ro z y g o u s . 

 

R  r x  R  r 

a . W h a t a re  th e  re s u ltin g  g e n o ty p e s ?  W h a t a re  th e  p e rc e n ta g e s ?   

2 5 %  ​R  R ​; 5 0 %  ​R  r​; 2 5 %  ​r r  

b . W h a t a re  th e  re s u ltin g  p h e n o ty p e s ?  W h a t a re  th e  p e rc e n ta g e s ?   

7 5 %  c o lo re d  a le u ro n e ; 2 5 %  c o lo rle s s  a le u ro n e  

 

3 . C o u n t th e  k e rn e ls  o n  th e  c o b  to  d e te rm in e  th e  a c tu a l ra tio . 

 

D ih y b rid  c ro s s  - lo o k in g  a t tw o  g e n e s  th a t a re  o n  tw o  d iffe re n t c h ro m o s o m e s  
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4 . C ro s s  C o lo re d  A le u ro n e  (R R ), S ta rc h y  (S U /S U ) c o rn  w ith  C o lo rle s s  A le u ro n e  (rr), S w e e t 

E n d o s p e rm  (s u /s u ), ll in  th e  P u n n e tt s q u a re  b e lo w  to  s h o w  th e  F ​1 ​ re s u lts . 

 

 ​r s u      r s u r s u r s u  

  

 

R  S u   R  R  S U  / S U  x  r r s u  / s u  
 

R  S u a . W h a t a re  th e  re s u ltin g  g e n o ty p e s ?   

R  S u  W h a t a re  th e  p e rc e n ta g e s ?  
 

R  S u ​1 0 0 %  ​R  r S u  / s u  
 

b . W h a t a re  th e  re s u ltin g  p h e n o ty p e s ?  

W h a t a re  th e  p e rc e n ta g e s ?  
 

1 0 0 %  c o lo re d  a le u ro n e , s ta rc h y  c o rn  

 

 

 

5 . W h e n  y o u  c ro s s  tw o  o f th e  o ffs p rin g  fro m  a b o v e , w h a t w ill b e  th e  re s u lt in  th e  F 2  g e n e ra tio n ?  

 

R  S U     R  s u  r S U  r s u  

 
 

R  S U   
 

R  s u  
 

r S U   
 

r s u   

 

6 . H o w  m ig h t y o u  g e t 1 0 0 %  c o lo rle s s  (​r r​) a n d  s w e e t (​s u  s u ​) o ffs p rin g ?  

- F ro m  th is  c ro s s , o n ly  1  o f th e  1 6  p o s s ib ilitie s  w ill b e  c o lo rle s s  a n d  s w e e t. If th o s e  

o ffs p rin g  a re  c ro s s e d , 1 0 0 %  o f th e  o ffs p rin g  w ill b e  c o lo rle s s  a n d  s w e e t 

 

R e fle c tio n  

1 . H o w  lo n g  w o u ld  it ta k e  fo r a  fa rm e r to  a c c o m p lis h  th is  a m o u n t o f c ro s s in g  o n  h is /h e r o w n ?  

- C o n s id e rin g  tim e  fo r g ro w in g  a n d  th e  g e n e ra tio n s , it m ig h t ta k e  u p  to  3  y e a rs  b e fo re  th e  

c o rn  w ith  th e  d e s ire d  tra its  w o u ld  b e  a b le  to  b e  h a rv e s te d . 

 

 

2 .  W h a t a re  s o m e  tra its  th a t fa rm e rs  m a y  v a lu e  th a t c o u ld  b e  a  re s u lt o f tw o  d iffe re n t c o rn  

v a rie tie s ?  
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- T ra its  o f v a lu e  in c lu d e : d ro u g h t re s is ta n c e , s tro n g  ro o t s y s te m s  (to  p re v e n t w in d  b lo w in g  

th e  p la n ts  d o w n  (lo d g in g ) a n d  to  in c re a s e  n u trie n t u p ta k e ), d is e a s e  re s is ta n c e , p e s t 

re s is ta n c e , e tc ... 

 

3 . S e e d  c h ip p in g  is  a  te c h n iq u e  d is c o v e re d  b y  M o n s a n to . H o w  m u c h  tim e  d o e s  th a t ta k e  o ff o f 

th e  ty p ic a l h y b rid iz a tio n  c y c le ?  

- P la n ts  c a n  b e  c h ip p e d , th e  g e n o m e s  s e q u e n c e d  to  fin d  th e  g e n e s  o f in te re s t, th e n  b re d  

w ith in  o n e  s e a s o n , c u ttin g  th e  tim e  in  h a lf o r m o re  c o m p a re d  to  th a t o f tra d itio n a l 

b re e d in g . 

4 . L o o k  fo r o th e r te c h n iq u e s  b e in g  u s e d  to  c u t th e  tim e  it ta k e s  to  m a k e  n e w  h y b rid s  (i.e . D N A  

m a rk e rs  a n d  g e n o m e  m a p p in g ). D e s c rib e  h o w  th e s e  m e th o d s  a re  h e lp in g  re d u c e  th e  tim e  to  

c re a te  n e w  lin e s  th a t w ill h a v e  in c re a s e d  re s is ta n c e  to  w e e d  p re s s u re , p e s ts  a n d  d ro u g h t. 

- A n s w e rs  w ill v a ry . T h e y  m ig h t re s e a rc h  T A L E N , g e n e  s ile n c in g , C R IS P R , e tc . 

 

 

 

D iffe re n tia tio n  

O th e r w a y s  to  c o n n e c t w ith  s tu d e n ts  w ith  v a rio u s  n e e d s : 

i. ​L o c a l c o m m u n ity ​: S tu d e n ts  m a y  v is it a  lo c a l p la n t b re e d e r a t a  g re e n h o u s e  

(h o rtic u ltu re  re la te d  o r p ro d u c e  b a s e d ) to  le a rn  h o w  th e  b re e d e r c h o o s e s  d iffe re n t 

v a rie tie s  fo r b re e d in g . 

ii. ​S tu d e n ts  w ith  s p e c ia l n e e d s  (la n g u a g e /re a d in g /a u d ito ry /v is u a l)​: S tu d e n ts  m a y  

u s e  d iffe re n t c o lo re d  c h ip s  to  re p re s e n t th e  g e n e s  a n d  a d d  th e  c h ip s  to  a n  e n la rg e d  

P u n n e tt s q u a re , m a k in g  c o m b in a tio n s  a n d  m o v in g  th e  c h ip s . 

iii. ​E x tra  s u p p o rt​: If s tu d e n ts  a re  s tru g g lin g , th e y  m a y  w a tc h  ​L e a rn  B io lo g y : H o w  to  

D ra w  a  P u n n e tt S q u a re  ​h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = p rk H K jfU m M s   

S tu d e n ts  m a y  re a d  th e  K h a n  A c a a d m e y  a rtic le  th a t e x p la in s  In d e p e n d e n t A s s o rtm e n t 

h ttp s ://w w w .k h a n a c a d e m y .o rg /s c ie n c e /h ig h -s c h o o l-b io lo g y /h s -c la s s ic a l-g e n e tic s /h s -in tro

d u c tio n -to -h e re d ity /a /th e -la w -o f-in d e p e n d e n t-a s s o rtm e n t  

iv . ​E x te n s io n s ​: S tu d e n ts  m a y  ta lk  w ith  a  c o rn  b re e d e r (o r o th e r p la n t b re e d e r) to  s e e  

w h a t o th e r tra its  a re  o f v a lu e  to  a  fa rm e r o r g ro w e r o f o th e r p la n ts  (p o in s e ttia s , 

h y d ra n g e a s , lilie s  o r o th e r p la n ts  th a t a re  s o ld  d u rin g  d iffe re n t s e a s o n s  g iv e  s tu d e n ts  

s e v e ra l a p p lic a tio n s  to  th e ir liv e s .) 

T h is  v id e o : ​D E K A L B ®  B re e d in g  H Q : S e e d  C h ip p in g  T e c h n o lo g y  

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = g C b 9 T S p u x U U & lis t= P L -4 u b lK 0 D tz 7 3 k H b rffk k g G x jW

h tV 0 d Ir​ s h o w s  h o w  te c h n o lo g y  is  im p ro v in g  p la n t b re e d in g . 
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R u b ric  fo r A s s e s s m e n t 

S k ill D e v e lo p in g  S a tis fa c to ry  E x e m p la ry  

A s k  q u e s tio n s  to  c la rify  
re la tio n s h ip s  a b o u t th e  
ro le  o f D N A  a n d  
c h ro m o s o m e s  in  c o d in g  
th e  in s tru c tio n s  fo r 
c h a ra c te ris tic  tra its  
p a s s e d  fro m  p a re n ts  to  
o ffs p rin g . 

S tu d e n t c a n  c o m p le te  a  
m o n o h y b rid  c ro s s  u s in g  
a  P u n n e tt s q u a re , b u t 
s tru g g le s  w ith  th e  
d ih y b rid  c ro s s . S tu d e n t 
c a n n o t e x p la in  h o w  th e  
p ro c e s s  o f m e io s is  a n d  
in d e p e n d e n t 
a s s o rtm e n t a ffe c ts  
re s u lts  

S tu d e n t c a n  c o m p le te  
m o n o h y b rid  a n d  
d ih y b rid  c ro s s e s . 
S tu d e n t c a n  c la rify  th e  
re la tio n s h ip  o f 
in d e p e n d e n t 
a s s o rtm e n t o f 
c h ro m o s o m e s  o n  th e  
o u tc o m e  o f m u ltip le  
c ro s s e s . 

S tu d e n t c a n  c o m p le te  
m o n o h y b rid  a n d  
d ih y b rid  c ro s s e s . 
S tu d e n t c a n  c la rify  th e  
re la tio n s h ip  o f 
in d e p e n d e n t 
a s s o rtm e n t o f 
c h ro m o s o m e s  o n  th e  
o u tc o m e  o f m u ltip le  
c ro s s e s . S tu d e n t c a n  
a ls o  e x p la in  th e  im p a c t 
o f te c h n o lo g y  o n  
tra d itio n a l b re e d in g . 

 

R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

I c o rre c tly  c o m p le te d  a  
P u n n e tt s q u a re  fo r a  
m o n o h y b rid  c ro s s . 

  

I c o rre c tly  c o m p le te d  a  
P u n n e tt s q u a re  fo r a  d ih y b rid  
c ro s s . 

  

I u n d e rs ta n d  M e n d e l’s  L a w  o f 
In d e p e n d e n t A s s o rtm e n t a n d  
its  im p a c t o n  th e  tra its  in  
th e s e  c ro s s e s . 

  

I d is c o v e re d  a t le a s t o n e  n e w  
te c h n iq u e  in  b re e d in g  th a t 
h a s  im p a c te d  th e  
d e v e lo p m e n t o f n e w  h y b rid s . 
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L e s s o n  4  

P u n n e tt s q u a re s  
F o c u s  Q u e s tio n : ​H o w  d o  b re e d e rs  p re d ic t w h ic h  tra its  w ill b e  in  o ffs p rin g ?  H o w  m ig h t 

b io te c h n o lo g y  m e th o d s  im p ro v e  th e  p ro c e s s ?  

V o c a b u la ry : ​g e n o ty p e , p h e n o ty p e , a lle le s , h o m o z y g o u s , h e te ro z y g o u s , d o m in a n t, re c e s s iv e , 

L a w  o f In d e p e n d e n t A s s o rtm e n t 

 

U s e  P u n n e tt s q u a re s  to  s h o w  re s u lts  fro m  a  h y b rid  c ro s s  a n d  d e te rm in e  th e  g e n o ty p ic  ra tio s  

a n d  p h e n o ty p ic  ra tio s  o f a  h y b rid . If a  p la n t b re e d e r is  in te re s te d  in  c re a tin g  a  b e tte r c o rn  p la n t, 

o n e  w ith  s o m e  tra its  fro m  o n e  v a rie ty  a n d  s o m e  tra its  fro m  a n o th e r, th e  tra d itio n a l m e th o d  is  to  

c ro s s  th e s e  tw o  v a rie tie s  a n d  lo o k  fo r th e  p la n ts  th a t e x h ib it th e  c o m b in a tio n  o f tra its  d e s ire d . 

 

In s tru c tio n s  

M o n o h y b rid  C ro s s  - a  c ro s s  lo o k in g  a t o n e  g e n e  fo r a  tra it 

 

U s e  th e  m o d e l (C a ro lin a  B io lo g ic a l S u p p ly  1 7 -6 8 1 0  M o n o h y b rid  c ro s s ) to  c o m p le te  th e  

a c tiv ity  b e lo w .  

1 . C ro s s  C o lo re d  A le u ro n e  w ith  th e  g e n o ty p e  (R R ) c o rn  w ith  C o lo rle s s  A le u ro n e , g e n o ty p e  (rr), 

in  th e  P u n n e tt s q u a re  b e lo w  to  s h o w  th e  F ​1 ​ re s u lts .  

a . C irc le  th e  c o rre c t w o rd s  b e lo w : T h e  ​R  R ​ g e n o ty p e  is  h o m o z y g o u s  / h e tre ro z y g o u s  

d o m in a n t / re c e s s iv e . 

 

R  R R  R  x  r r 

 

R a . W h a t a re  th e  re s u ltin g  g e n o ty p e s ?  W h a t is  th e  p e rc e n t?  

   

r b . W h a t a re  th e  re s u ltin g  p h e n o ty p e s ?  W h a t is  th e  

p e rc e n t?   

   

 

2 . W h e n  y o u  c ro s s  tw o  o f th e  o ffs p rin g  fro m  a b o v e , w h a t w ill b e  th e  re s u lt in  th e  F 2  g e n e ra tio n ?  

b . C irc le  th e  c o rre c t w o rd  in  th e  s e n te n c e  b e lo w : T h e  ​R  r​ g e n o ty p e  is  h o m o z y g o u s  /  

h e te ro z y g o u s . 

R  r R  r x  R  r 

 

           ​R a . W h a t a re  th e  re s u ltin g  g e n o ty p e s ?  W h a t a re  th e   

p e rc e n ts ?  

  

           ​r b . W h a t a re  th e  re s u ltin g  p h e n o ty p e s ?  W h a t a re  th e   

p e rc e n ts ?  
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3 . C o u n t th e  k e rn e ls  o n  th e  c o b  to  d e te rm in e  th e  a c tu a l ra tio . 

 

D ih y b rid  c ro s s  - lo o k in g  a t tw o  g e n e s  th a t a re  o n  tw o  d iffe re n t c h ro m o s o m e s  

 

U s e  th e  m o d e l (C a ro lin a  B io lo g ic a l S u p p ly  1 7 -6 9 0 0  D ih y b rid  c ro s s ) to  c o m p le te  th e  

a c tiv ity  b e lo w . 

4 . C ro s s  C o lo re d  A le u ro n e  (R R ), S ta rc h y  (S U /S U ) c o rn  w ith  C o lo rle s s  A le u ro n e  (rr), S w e e t 

E n d o s p e rm  (s u /s u ), ll in  th e  P u n n e tt s q u a re  b e lo w  to  s h o w  th e  F 1  re s u lts . 

 

 r s u      r s u r s u r s u  

  

 

R  S u  R  R  S U  / S U  x  r r s u  / s u  
 

R  S u a . W h a t a re  th e  re s u ltin g  g e n o ty p e s ?  
 

R  S u  
 

R  S u b . W h a t a re  th e  re s u ltin g  p h e n o ty p e s ?  

 

 

 

 

5 . W h e n  y o u  c ro s s  tw o  o f th e  o ffs p rin g  fro m  a b o v e , w h a t w ill b e  th e  re s u lt in  th e  F 2  g e n e ra tio n ?  

 

R  S U     R  s u  r S U  r s u  

 
 

R  S U  R  R  S U  / S U  x  r r s u  / s u  

R  s u  

a . W h a t a re  th e  re s u ltin g  g e n o ty p e s ?   

r S U  

r s u  b . W h a t a re  th e  re s u ltin g  p h e n o ty p e s ?  
 

 
 

 

 

6 . H o w  m ig h t y o u  g e t 1 0 0 %  c o lo rle s s  a n d  s w e e t o ffs p rin g ?  

 

 

 

Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.DRAFT



R e fle c tio n  

1 . H o w  lo n g  w o u ld  it ta k e  fo r a  fa rm e r to  a c c o m p lis h  th is  a m o u n t o f c ro s s in g  o n  h is /h e r o w n ?  

 

 

 

2 .  W h a t a re  s o m e  tra its  th a t fa rm e rs  m a y  v a lu e  th a t c o u ld  b e  a  re s u lt o f tw o  d iffe re n t c o rn  

v a rie tie s ?  

 

 

3 . S e e d  c h ip p in g , a  te c h n iq u e  d is c o v e re d  b y  M o n s a n to . H o w  m u c h  tim e  d o e s  th a t ta k e  o ff o f th e  

ty p ic a l h y b rid iz a tio n  c y c le ?  

 

4 . L o o k  fo r o th e r te c h n iq u e s  b e in g  u s e d  to  c u t th e  tim e  it ta k e s  to  m a k e  n e w  h y b rid s  (i.e . D N A  

m a rk e rs  a n d  g e n o m e  m a p p in g ). D e s c rib e  h o w  th e s e  m e th o d s  a re  h e lp in g  re d u c e  th e  tim e  to  

c re a te  n e w  lin e s  th a t w ill h a v e  in c re a s e d  re s is ta n c e  to  w e e d  p re s s u re , p e s ts  a n d  d ro u g h t. 

 

 

R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

I c o rre c tly  c o m p le te d  a  
P u n n e tt s q u a re  fo r a  
m o n o h y b rid  c ro s s . 

  

I c o rre c tly  c o m p le te d  a  
P u n n e tt s q u a re  fo r a  d ih y b rid  
c ro s s . 

  

I u n d e rs ta n d  M e n d e l’s  L a w  o f 
In d e p e n d e n t A s s o rtm e n t a n d  
its  im p a c t o n  th e  tra its  in  
th e s e  c ro s s e s . 

  

I d is c o v e re d  a t le a s t o n e  n e w  
te c h n iq u e  in  b re e d in g  th a t 
h a s  im p a c te d  th e  
d e v e lo p m e n t o f n e w  h y b rid s . 
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L e s s o n  5  

M o v in g  G e n e s  - T e a c h e r 
F o c u s  Q u e s tio n : ​H o w  d o  w e  u s e  p la s m id s  to  g e n e tic a lly  m o d ify  b a c te ria ?  

L e a rn in g  T a rg e t: ​S tu d e n ts  w ill d e m o n s tra te  th e ir u n d e rs ta n d in g  o f th e  s te p s  in  g e n e tic  

m o d ific a tio n  b y  p ro p e rly  s e q u e n c in g  th e  c a rd s . 

V o c a b u la ry : ​p h e n o ty p e , g e n o ty p e , p la s m id  v e c to r, g e n e  o f in te re s t, h e a t s h o c k , p ro m o te r, 

re s tric tio n  e n z y m e s  

 

L S 1 : F ro m  M o le c u le s  to  O rg a n is m s : S tru c tu re s  a n d  P ro c e s s e s   

P e rfo rm a n c e  E x p e c ta tio n  C la s s ro o m  C o n n e c tio n  

H S -L S 1 -1 .​ C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  
e v id e n c e  fo r h o w  th e  s tru c tu re  o f D N A  d e te rm in e s  
th e  s tru c tu re  o f p ro te in s  w h ic h  c a rry  o u t th e  
e s s e n tia l fu n c tio n s  o f life  th ro u g h  s y s te m s  o f 
s p e c ia liz e d  c e lls .  

S tu d e n ts  s e q u e n c e  th e  s te p s  o f c re a tin g  a  
g e n e tic a lly  m o d ifie d  o rg a n is m  u s in g  c a rd s  w ith  th e  
s te p s  o n  th e m . 

S c ie n c e  a n d  E n g in e e rin g  P ra c tic e  

C o n s tru c tin g  E x p la n a tio n s  a n d  D e s ig n in g  
S o lu tio n s  

● C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  v a lid  
a n d  re lia b le  e v id e n c e  o b ta in e d  fro m  a  
v a rie ty  o f s o u rc e s  (in c lu d in g  s tu d e n ts ’ 
o w n  in v e s tig a tio n s , m o d e ls , th e o rie s , 
s im u la tio n s , p e e r re v ie w ) a n d  th e  
a s s u m p tio n  th a t th e o rie s  a n d  la w s  th a t 
d e s c rib e  th e  n a tu ra l w o rld  o p e ra te  to d a y  
a s  th e y  d id  in  th e  p a s t a n d  w ill c o n tin u e  to  
d o  s o  in  th e  fu tu re . 

S tu d e n ts  w ill u s e  th e  c a rd s  to  c o n s tru c t a n  
e x p la n a tio n  fo r h o w  o rg a n is m s  a re  g e n e tic a lly  
m o d ifie d . 

D is c ip lin a ry  C o re  Id e a  

L S 1 .A : S tru c tu re  a n d  F u n c tio n  
● A ll c e lls  c o n ta in  g e n e tic  in fo rm a tio n  in  th e  

fo rm  o f D N A  m o le c u le s . G e n e s  a re  
re g io n s  in  th e  D N A  th a t c o n ta in  th e  
in s tru c tio n s  th a t c o d e  fo r th e  fo rm a tio n  o f 
p ro te in s , w h ic h  c a rry  o u t m o s t o f th e  w o rk  
o f c e lls .  

S tu d e n ts  w ill s e e  th e  to o ls  u tiliz e d  in  g e n e tic  
m o d ific a tio n  a n d  e x p la in  h o w  th e y  a re  u s e d  in  
s e q u e n c e . 

C ro s s  C u ttin g  C o n c e p t  

S tru c tu re  a n d  F u n c tio n  
● In v e s tig a tin g  o r d e s ig n in g  n e w  

s y s te m s  o r s tru c tu re s  re q u ire s  a  d e ta ile d  
e x a m in a tio n  o f th e  
p ro p e rtie s  o f d iffe re n t m a te ria ls , th e  
s tru c tu re s  o f d iffe re n t c o m p o n e n ts , a n d  

V a rio u s  to o ls  a re  u s e d  a n d  s tu d e n ts  c a n  e x p la in  
h o w  e a c h  to o l is  im p o rta n t to  th e  p ro c e s s  o f 
g e n e tic  m o d ific a tio n . 
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c o n n e c tio n s  o f c o m p o n e n ts  to  re v e a l its  
fu n c tio n  a n d /o r s o lv e  a  p ro b le m . 

*S tu d e n t h a n d o u t in fo rm a tio n  is  in d ic a te d  in  lig h t g ra y  p rin t. A n s w e r k e y s  a re  im b e d d e d  in  th e  

s tu d e n t h a n d o u t s e c tio n . 

 

T e a c h e r B a c k g ro u n d  

G e n e tic  m o d ific a tio n  is  d iffe re n t th a n  c ro s s in g  d iffe re n t v a rie tie s  o f th e  s a m e  p la n t s p e c ie s . It is  

ta k in g  a  g e n e  fro m  o n e  s p e c ie s  a n d  in s e rtin g  it in to  th e  g e n e tic  m a te ria l o f a n o th e r, d iffe re n t 

s p e c ie s . T h is  is  w h a t m a k e s  it s o  s p e c ific . W e  h a v e  b e e n  a b le  to  m o d ify  b a c te ria  to  p ro d u c e  

in s u lin  fo r h u m a n s  th a t is  g e n e tic a lly  id e n tic a l to  th e  in s u lin  p ro d u c e d  in  a  h u m a n  p a n c re a s . H o w  

is  th is  p o s s ib le ?   

 

S c ie n tis ts  h a v e  b e e n  a b le  to  is o la te  g e n e s  th a t c o d e  fo r s p e c ific  tra its  th ro u g h  g e n o m e  s tu d ie s  

(d is c o v e rin g  th e  D N A  s e q u e n c e  o f a n  e n tire  o rg a n is m ). P ro te in s , c a lle d  re s tric tio n  e n z y m e s , 

h a v e  b e e n  d is c o v e re d  a n d  u s e d  to  c u t o u t th e  d e s ire d  g e n e  fro m  th e  s tra n d  o f D N A . S c ie n tis ts  

h a v e  a ls o  u s e d  v a rio u s  b a c te ria  to  a c t a s  v e c to rs  th a t c a n  c a rry  g e n e tic  m a te ria l.  

 

B a c te ria  a re  id e a l s p e c ie s  fo r th e s e  v e c to rs , a s  th e y  c o n ta in  c h ro m o s o m a l D N A  a n d  p la s m id  

D N A . A  p la s m id  is  a  c irc u la r p ie c e  o f D N A  th a t is  fo u n d  n a tu ra lly  in  b a c te ria . T h e s e  p la s m id s  

c a n  re p lic a te  w h e n  th e  b a c te riu m  re p lic a te s  a n d  m a y  b e  c o m p o s e d  o f a s  fe w  a s  1 ,0 0 0  o r u p  to  

2 0 ,0 0 0  n u c le o tid e s . T h e  g e n e s  o n  th e  p la s m id  a re  p a rt o f th e  tra its  e x p re s s e d  b y  th e  b a c te riu m , 

p e rh a p s  h e lp in g  it to  re s is t a n tib io tic s , o r p ro d u c e  a  to x in . 
 

T e a c h e r p re p a ra tio n  
T h is  a c tiv ity  m a y  b e  u s e d  to  in tro d u c e  a n d /o r re v ie w  th e  to p ic  o f “b a c te ria l tra n s fo rm a tio n .” 

1 . C o p y  S te p s  in  B a c te ria l T ra n s fo rm a tio n  c a rd s  o n to  c a rd  s to c k , la m in a te , a n d  c u t. 
2 . P a s s  o u t to  s tu d e n ts  s o  th a t th e  c a rd s  a re  in  ra n d o m  o rd e r.  

3 . A s k  s tu d e n ts  to  p la c e  th e  c a rd s  in to  a n  o rd e r th a t “m a k e s  s e n s e .” S tu d e n ts  m a y  w o rk  

in d iv id u a lly , in  p a irs , o r in  s m a ll g ro u p s . 

4 . A s k  q u e s tio n s  a s  y o u  c irc u la te  a ro u n d  th e  ro o m  

5 . R e m in d  s tu d e n ts  to  u s e  th e  v o c a b u la ry  w o rd s  a s  th e y  a s k  q u e s tio n s  o f y o u  a n d  d is c u s s  

th e  c a rd s  w ith  th e ir c la s s m a te s . E n c o u ra g e  th e m  to  m a k e  a  lis t o f u n fa m ilia r te rm in o lo g y  

a n d  u s e  fa v o rite  te c h n iq u e s  to  le a rn  th is  n e w  v o c a b u la ry .  

6 . R e v ie w  th e  c o rre c t o rd e r w ith  th e m .  

7 . S tu d e n ts  m a y  th e n  ta k e  n o te s  fro m  th e  c a rd s .   

T h e  c o rre c t o rd e r is : B , D , C , E , A  
 

C a rd  e x p la n a tio n s  

B : ​Id e n tify  a  p h e n o ty p e  o f 

in te re s t​ - R e s e a rc h e rs  k n e w  

th a t ​B a c illu s  th u rin g ie n s is ​ w a s  a  

b a c te ria  th a t p ro d u c e d  a  to x in  
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th a t w a s  le th a l to  E u ro p e a n  c o rn  b o re rs . F a rm e rs  h a d  b e e n  u s in g  ​B t​ to x in  o n  th e ir c ro p s  fo r 

m a n y  y e a rs , b u t th e  to x in  h a d  to  b e  a p p lie d  w ith  a  s p ra y e r. T h e  la rv a l s ta g e  o f th e  b o re r c a u s e s  

d a m a g e  to  c ro p s . T h e y  a re  d irty  w h ite , o fte n  h a v in g  a  p in k is h  tin g e . T h e  s k in  is  s m o o th  a n d  fre e  

o f h a irs . T h e re  a re  n u m e ro u s  d a rk  s p o ts  s c a tte re d  o v e r th e  s id e s  a n d  to p  o f th e  b o d y . T h e  h e a d  

is  d a rk  b ro w n  to  b la c k .  
 

D : ​Id e n tify  a  g e n e  th a t c o d e s  fo r th e  p h e n o ty p e ​ - R e s e a rc h e rs  s e q u e n c e d  th e  g e n e  th a t 

c re a te d  th e  to x in , th e n  w e re  a b le  to  is o la te  it. 
 

C : ​G e n e  o f in te re s t is  e n g in e e re d  in to  a  p la s m id  v e c to r​ - U s in g  re s tric tio n  e n z y m e s , 

s c ie n tis ts  re m o v e d  th e  g e n e  o f in te re s t a n d  c re a te d  a  p la s m id  th a t w o u ld  c o n ta in  th e  g e n e  a n d  

a n y  p ro m o te rs  to  a c tiv a te  th e  g e n e . 
 

E : ​A g ro b a c te riu m  a re  tra n s fo rm e d  b y  th e  a d d itio n  o f th e  p la s m id  v e c to r​ - b a c te ria  a re  

s o a k e d  in  a  lo w  c o n c e n tra tio n  o f a  s a lt s o lu tio n  th e n  h e a t s h o c k e d . T h e  s a lt s o lu tio n  s e ts  u p  a  

c h a rg e  a c ro s s  th e  c e ll m e m b ra n e , w h ile  th e  h e a t o p e n s  s m a ll p o re s  in  th e  m e m b ra n e  (ju s t a s  

h u m a n  s k in  p o re s  a re  o p e n e d  w h e n  e x p o s e d  to  h e a t). T h e  p la s m id s  a re  a ttra c te d  b y  th e  

o p p o s ite  c h a rg e  a n d  s lip  in s id e  th e  p o re s  in  th e  b a c te ria l m e m b ra n e . T h e  b a c te ria  is  c o o le d  

q u ic k ly  c lo s in g  th e  p o re s  to  e n s u re  th e  p la s m id  s ta y s  in s id e  th e  b a c te ria . 
 

A : ​R e p lic a tio n  o f p la s m id  v e c to r b y  b a c te ria ​ - O n c e  th e  b a c te ria  is  te s te d  to  s e e  if it h a s  

ta k e n  th e  p la s m id  in , (u s u a lly  th e  p la s m id  c o n ta in s  a n  a n tib io tic  re s is ta n c e  g e n e  s o  th e  b a c te ria  

th a t h a v e  ta k e n  in  th e  p la s m id  w ill liv e  in  th e  p re s e n c e  o f a n  a n tib io tic ) th e  b a c te ria  a re  

e n c o u ra g e d  to  re p lic a te  in  la rg e  n u m b e rs  p ro d u c in g  m a n y  b a c te ria  w ith  th e  a b ility  to  m a k e  th e  

to x in . T h e  b a c te ria  m a y  th e n  b e  in s e rte d  in to  th e  le a f, s te m  o r ro o t tis s u e  o f th e  p la n t a n d  g ro w n  

th ro u g h  a  p ro c e s s  c a lle d  p la n t tis s u e  c u ltu re  (s e e  le s s o n  6 C  to  s e e  a  re la te d  a c tiv ity ) to  g ro w  

in to  a  m a tu re  p la n t th a t w ill p ro d u c e  th e  to x in .  

 

S tu d e n t h a n d o u t 

T h e  s e t o f c a rd s  c o n ta in  th e  b a s ic  s te p s  in  u s in g  p la s m id  v e c to rs  to  tra n s fo rm  b a c te ria . A rra n g e  

th e  illu s tra te d  c a rd s  in  o rd e r to  s h o w  y o u r u n d e rs ta n d in g  o f h o w  g e n e s  a re  m o v e d . 

 

L is t th e  o rd e r o f th e  c a rd s  y o u r g ro u p  d e c id e d  is  c o rre c t.​ ​T a k e  n o te s  b e lo w  o n  th e  p ro c e s s . 

P ro v id e  a n  e x p la n a tio n  fo r w h y  th is  is  th e  a rra n g e m e n t b y  d e s c rib in g  th e  s te p s  in  y o u r o w n  

w o rd s . 
 

D iffe re n tia tio n  

O th e r w a y s  to  c o n n e c t w ith  s tu d e n ts  w ith  v a rio u s  n e e d s : 

i. ​L o c a l c o m m u n ity ​: S tu d e n ts  m a y  d o  a  s e a rc h  to  s e e  w h a t g e n e tic  m o d ific a tio n  

re s o u rc e s  a re  a v a ila b le  in  th e ir c o m m u n ity . M e d ic a l la b s  a re  u s in g  g e n e tic  m o d ific a tio n  

te c h n iq u e s  to  ta rg e t s p e c ific  d is e a s e s , a g ric u ltu re  c o m p a n ie s  (C o rte v a , B a y e r, S y n g e n ta , 

B A S F ) m a y  h a v e  e d u c a tio n  a n d  o u tre a c h  d e p a rtm e n ts  th a t w o u ld  s e n d  a  s p e a k e r to  

y o u r c la s s . T h e  c o u n ty  e x te n s io n  s e rv ic e  o r la n d  g ra n t u n iv e rs ity  in  y o u r a re a  m a y  a ls o  

o ffe r s p e a k e rs  o r p ro g ra m s  to  h e lp  c o n s u m e rs  u n d e rs ta n d  g e n e tic  m o d ific a tio n . S e e  
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a ls o : G M O s  1 0 1  fro m  M ic h ig a n  S ta te  U n iv e rs ity : 

h ttp s ://m s u to d a y .m s u .e d u /fe a tu re /2 0 1 8 /g m o s -1 0 1 /  

ii. ​S tu d e n ts  w ith  s p e c ia l n e e d s  (la n g u a g e /re a d in g /a u d ito ry /v is u a l)​: S tu d e n ts  m a y  

n e e d  la rg e r fo rm a tte d  c a rd s , o r “ta lk in g  c a rd s .” U s in g  a u g m e n te d  re a lity , s tu d e n ts  c o u ld  

ta k e  a  p h o to  o f a n  a tta c h e d  q r c o d e  th a t w o u ld  ta k e  th e m  to  a n  a u d io  file  th a t w o u ld  re a d  

th e  te x t a n d  e x p la in  th e  d ia g ra m . (T h is  a d a p ta tio n  d o e s  n o t c u rre n tly  e x is t.) 

iii. ​E x tra  s u p p o rt​: If s tu d e n ts  a re  s tru g g lin g , th e y  m a y  v is it E n g in e e r a  C ro p , a n  

in te ra c tiv e  a c tiv ity  a t: ​h ttp ://w w w .p b s .o rg /w g b h /h a rv e s t/e n g in e e r/tra n s g e n .h tm l​ w h e re  

th e y  m a y  a lte r a  c ro p  tra d itio n a lly  o r u s in g  tra n s g e n ic  m e th o d s . 

iv . ​E x te n s io n s ​: ​N e w  te c h n o lo g y  is  a v a ila b le  th a t w ill c h a n g e  th e  w a y  g e n e tic  

m o d ific a tio n  w o rk s . T h e  te c h n iq u e  is  c a lle d  C R IS P R  a n d  th e re  a re  v a rio u s  v id e o s  a n d  

a rtic le s  a b o u t it. T o  le a rn  th e  s c ie n c e  b e h in d  C R IS P R , v is it H H M I B Io in te ra c tiv e : C lic k  

a n d  L e a rn  ​C R IS P R -C a s  9 : M e c h a n is m s  a n d  A p p lic a tio n s ​ a t 

h ttp s ://w w w .h h m i.o rg /b io in te ra c tiv e /c ris p r-c a s -9 -m e c h a n is m -a p p lic a tio n s   
 

R u b ric  fo r A s s e s s m e n t 

S k ill D e v e lo p in g  S a tis fa c to ry  E x e m p la ry  

S tru c tu re  a n d  
F u n c tio n :​ ​In v e s tig a tin g  
o r d e s ig n in g  n e w  
s y s te m s  o r s tru c tu re s  
re q u ire s  a  d e ta ile d  
e x a m in a tio n  o f th e  
p ro p e rtie s  o f d iffe re n t 
m a te ria ls , th e  
s tru c tu re s  o f d iffe re n t 
c o m p o n e n ts , a n d  
c o n n e c tio n s  o f 
c o m p o n e n ts  to  re v e a l 
its  fu n c tio n  a n d /o r s o lv e  
a  p ro b le m . 

S tu d e n t is  a b le  to  
e x p la in  p o rtio n s  o f 
th e  fo llo w in g , b u t in  a  
p a rtia l w a y : th e  
s tru c tu re  o f a  
p la s m id , th e  
m e c h a n is m  o f 
c re a tin g  a  n e w  
p la s m id , th e  p ro c e s s  
o f m o v in g  th e  
p la s m id  in to  a  c e ll 
a n d  m a n ip u la tin g  th e  
re s u ltin g  c o p ie s  o f 
th e  p la s m id . 

S tu d e n t is  a b le  to  
e x p la in  th e  s tru c tu re  
o f a  p la s m id , th e  
m e c h a n is m  o f 
c re a tin g  a  n e w  
p la s m id , th e  p ro c e s s  
o f m o v in g  th e  
p la s m id  in to  a  c e ll 
a n d  m a n ip u la tin g  th e  
re s u ltin g  c o p ie s  o f 
th e  p la s m id . 

S tu d e n t is  a b le  to  
e x p la in  th e  s tru c tu re  
o f a  p la s m id , th e  
m e c h a n is m  o f 
c re a tin g  a  n e w  
p la s m id , th e  p ro c e s s  
o f m o v in g  th e  
p la s m id  in to  a  c e ll 
a n d  m a n ip u la tin g  th e  
re s u ltin g  c o p ie s  o f 
th e  p la s m id ; a n d  c a n  
m a k e  a  p re d ic tio n  o f 
th e  im p a c t o f n e w e r 
te c h n o lo g ie s  o n  th is  
p ro c e s s . 

 

R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

M y  g ro u p  w a s  a b le  to  
p ro p e rly  s e q u e n c e  th e  s te p s  
in  m o v in g  g e n e s . 

  

I s till h a v e  q u e s tio n s  a b o u t 
th e  p ro c e s s  o f m o v in g  g e n e s . 
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St e p s i n b a ct e ri al 
t r a n sf o r m ati o n

St u d e nt i n st r u cti o n s

T h e s e c ar d s c o nt ai n t h e b a si c st e p s i n u si n g pl a s mi d v e ct or s t o 

tr a n sf or m b a ct eri a. S ort t h e m i nt o t h e c orr e ct or d er.  

B e s ur e t o l e ar n a n d u n d er st a n d t h e m e a ni n g s of a n y w or d s t h at 

ar e u nf a mili ar t o y o u.

T e a c h e r i n st r u cti o n s

1.  C o p y t h e s e c ar d s o nt o c ar d st o c k, l a mi n at e, a n d c ut.

2.  P a s s o ut t o st u d e nt s s o t h at t h e c ar d s ar e i n r a n d o m or d er.

3.  T hi s a cti vit y m a y b e u s e d t o i ntr o d u c e a n d / or r e vi e w t h e t o pi c 

of “ b a ct eri al tr a n sf or m ati o n.”

4.  A s k st u d e nt s t o pl a c e t h e c ar d s i nt o a n or d er t h at “ m a k e s 

s e n s e.” St u d e nt s m a y w or k si n gl y, i n p air s, or i n s m all gr o u p s.

5.  A s k q u e sti o n s a s y o u cir c ul at e ar o u n d t h e r o o m:

• W h at d o y o u n e e d t o st art ?

• W h at i s t h e fi n al pr o d u ct y o u w a nt ?

• W h y di d y o u p ut t hi s c ar d i n t hi s pl a c e ?

• W h at m a d e y o u t hi n k t h at ?

• W hi c h w o ul d c o m e fir st: a f e w, or a l ot ?

6.  R e mi n d st u d e nt s t o u s e t h e v o c a b ul ar y w or d s a s t h e y a s k 

q u e sti o n s t o y o u a n d di s c u s s t h e c ar d s wit h t h eir cl a s s m at e s. 

E n c o ur a g e t h e m t o m a k e a li st of u nf a mili ar t er mi n ol o g y a n d 

u s e f a v orit e t e c h ni q u e s t o l e ar n t hi s n e w v o c a b ul ar y.

7.  R e vi e w t h e c orr e ct or d er wit h t h e m.

8.  St u d e nt s m a y t h e n t a k e n ot e s fr o m t h e c ar d s.
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I d e ntif y a p h e n ot y p e  
of i nt e r e st

E x a m pl e:  B a cill u s t h uri n gi e n si s  pr o d u c e s a t o xi n t h at i s 

l et h al t o c or n b or er s.

B
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I d e ntif y a g e n e t h at c o d e s  
f o r t h e d e si r e d p h e n ot y p e

E x a m pl e:  T hr o u g h e x p eri m e nt al r e s e ar c h, t h e g e n e f or Bt  

t o xi n w a s i d e nti fi e d a n d i s ol at e d

D
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G e n e of i nt e r e st i s e n gi n e e r e d  
i nt o a pl a s mi d v e ct o r

• Pl a s mi d v e ct or m a y b e e n gi n e er e d b y a n i n di vi d u al l a b 

or p ur c h a s e d fr o m a s u p pli er

• R e stri cti o n e n z y m e s c ut D N A, o p e ni n g t h e pl a s mi d

• G e n e of i nt er e st i s mi x e d wit h o p e n pl a s mi d s

• Pl a s mi d r ef or m s wit h g e n e of i nt er e st wit hi n

C
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A g r o b a ct e ri u m a r e t r a n sf o r m e d  
b y t h e pl a s mi d v e ct o r

B a ct eri a u pt a k e t h e pl a s mi d w h e n h e at- s h o c k e d.  

Pl a ci n g b a ct eri al c ell s i n a h ot w at er b at h di sr u pt s t h e c ell 

m e m br a n e s a n d m a k e s t h e m m or e p er m e a bl e. T h e pl a s mi d s 

ar e n o w a bl e t o cr o s s t h e di sr u pt e d m e m br a n e.

E
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R e pli c ati o n of pl a s mi d v e ct o r  
b y b a ct e ri a

A gr o b a ct eri u m c ell m a c hi n er y i s h ar n e s s e d a s a w a y t o 

m ulti pl y t h e pl a s mi d v e ct or c o nt ai ni n g t h e d e sir e d g e n e s.

A
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L e s s o n  5  

M o v in g  G e n e s  
F o c u s  Q u e s tio n : ​H o w  d o  w e  u s e  p la s m id s  to  g e n e tic a lly  m o d ify  b a c te ria ?  

V o c a b u la ry : ​p h e n o ty p e , g e n o ty p e , p la s m id  v e c to r, g e n e  o f in te re s t, h e a t s h o c k ,​ ​p ro m o te r, 

re s tric tio n  e n z y m e s  

 

 

T h e  s e t o f c a rd s  c o n ta in  th e  b a s ic  s te p s  in  u s in g  p la s m id  v e c to rs  to  tra n s fo rm  b a c te ria . A rra n g e  

th e  illu s tra te d  c a rd s  in  o rd e r to  s h o w  y o u r u n d e rs ta n d in g  o f h o w  g e n e s  a re  m o v e d . 

 

L is t th e  o rd e r o f th e  c a rd s  y o u r g ro u p  d e c id e d  is  c o rre c t. T a k e  n o te s  b e lo w  o n  th e  p ro c e s s . 

P ro v id e  a n  e x p la n a tio n  fo r w h y  th is  is  th e  a rra n g e m e n t b y  d e s c rib in g  th e  s te p s  in  y o u r o w n  

w o rd s . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

M y  g ro u p  w a s  a b le  to  
p ro p e rly  s e q u e n c e  th e  s te p s  
in  m o v in g  g e n e s . 

  

I s till h a v e  q u e s tio n s  a b o u t 
th e  p ro c e s s  o f m o v in g  g e n e s . 
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L e s s o n  6 A  

P la s m id  m o d e lin g  -  T e a c h e r 
F o c u s  Q u e s tio n s :​ H o w  d o e s  g e n e tic  m o d ific a tio n  w o rk ?  H o w  d o e s  D N A  w o rk  in  b a c te ria ?  H o w  

m ig h t w e  u s e  th a t to  a id  in  g e n e tic  m o d ific a tio n ?  

L e a rn in g  T a rg e t:​ S tu d e n ts  w ill m o d e l th e  p ro c e s s  o f p la s m id  c re a tio n  a n d  u p ta k e  b y  b a c te ria . 

V o c a b u la ry : ​re s tric tio n  e n z y m e s , p la s m id  v e c to rs , n u c le o tid e s  

 

L S 1 : F ro m  M o le c u le s  to  O rg a n is m s : S tru c tu re s  a n d  P ro c e s s e s   

P e rfo rm a n c e  E x p e c ta tio n  C la s s ro o m  C o n n e c tio n  

H S -L S 1 -1 .​ C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  
e v id e n c e  fo r h o w  th e  s tru c tu re  o f D N A  d e te rm in e s  
th e  s tru c tu re  o f p ro te in s  w h ic h  c a rry  o u t th e  
e s s e n tia l fu n c tio n s  o f life  th ro u g h  s y s te m s  o f 
s p e c ia liz e d  c e lls .  

 

S tu d e n ts  c re a te  a  m o d e l o f a  p la s m id  th a t 
c o n ta in s  g e n e s  to  s y n th e s iz e  a  s p e c ific  p ro te in  fo r 
a  d e s ire d  tra it. 

S c ie n c e  a n d  E n g in e e rin g  P ra c tic e  

D e v e lo p in g  a n d  U s in g  M o d e ls  

● U s e  a  m o d e l b a s e d  o n  e v id e n c e  to  

illu s tra te  th e  re la tio n s h ip s  b e tw e e n  
s y s te m s  o r b e tw e e n  c o m p o n e n ts  o f a  
s y s te m . 

C o n s tru c t a n  E x p la n a tio n  
● C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  v a lid  

a n d  re lia b le  e v id e n c e  o b ta in e d  fro m  a  
v a rie ty  o f s o u rc e s  (in c lu d in g  s tu d e n ts ’ 
o w n  in v e s tig a tio n s , m o d e ls , th e o rie s , 
s im u la tio n s , p e e r re v ie w ) a n d  th e  
a s s u m p tio n  th a t th e o rie s  a n d  la w s  th a t 
d e s c rib e  th e  n a tu ra l w o rld  o p e ra te  to d a y  
a s  th e y  d id  in  th e  p a s t a n d  w ill c o n tin u e  to  
d o  s o  in  th e  fu tu re . 

S tu d e n t m o d e ls  w ill s h o w  th e  p ro c e s s  o f fin d in g  a  
g e n e  o f in te re s t, c u ttin g  D N A  w ith  re s tric tio n  
e n z y m e s , in s e rtin g  th e  g e n e  o f in te re s t in to  a  
p la s m id  a n d  th e  p ro c e s s  o f D N A  re p a ir to  a d d  th a t 
g e n e  to  a  p la s m id . S tu d e n ts  w ill th e n  ​c o n s tru c t a n  
e x p la n a tio n ​ to  s h o w  h o w  th a t p la s m id  w ill b e  
“in s e rte d ” in to  a  b a c te riu m  a n d  h o w  th e  b a c te ria  
w ill e x p re s s  th o s e  g e n e s . 

D is c ip lin a ry  C o re  Id e a  

L S 1 .A : S tru c tu re  a n d  F u n c tio n  
● A ll c e lls  c o n ta in  g e n e tic  in fo rm a tio n  in  th e  

fo rm  o f D N A  m o le c u le s . G e n e s  a re  
re g io n s  in  th e  D N A  th a t c o n ta in  th e  
in s tru c tio n s  th a t c o d e  fo r th e  fo rm a tio n  o f 
p ro te in s , w h ic h  c a rry  o u t m o s t o f th e  w o rk  
o f c e lls .  

P la s m id s  a re  c irc u la r p ie c e s  o f D N A ; s tu d e n ts  w ill 
in s e rt a  g e n e  o f in te re s t to  s h o w  h o w  th e  p la s m id  
c a n  b e  e n g in e e re d . S tu d e n ts  w ill ​d e s ig n  a  s o lu tio n  
to  o v e rc o m e  th e  b a rrie rs  o f b a c te ria  to  
s u c c e s s fu lly  in s e rt th e  p la s m id . 

C ro s s  C u ttin g  C o n c e p t  

S tru c tu re  a n d  F u n c tio n  
● In v e s tig a tin g  o r d e s ig n in g  n e w  

s y s te m s  o r s tru c tu re s  re q u ire s  a  d e ta ile d  

E n z y m e s  h a v e  v a rio u s  fu n c tio n s ; re s tric tio n  
e n z y m e s  c a n  b e  u s e d  to  re m o v e  D N A  o r in s e rt 
D N A  in to  p la s m id s . 
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e x a m in a tio n  o f th e  
p ro p e rtie s  o f d iffe re n t m a te ria ls , th e  
s tru c tu re s  o f d iffe re n t c o m p o n e n ts , a n d  
c o n n e c tio n s  o f c o m p o n e n ts  to  re v e a l its  
fu n c tio n  a n d /o r s o lv e  a  p ro b le m . 

*S tu d e n t h a n d o u t in fo rm a tio n  is  in d ic a te d  in  lig h t g ra y  p rin t. A n s w e r k e y s  a re  im b e d d e d  in  th e  

s tu d e n t h a n d o u t s e c tio n . 

 

 

P o te n tia l fin a l m o d e l: ​h ttp ://w w w .b io -ra d .c o m /w e b ro o t/w e b /p d f/ls e /lite ra tu re /1 6 6 0 0 3 3 .p d f​ (p a g e  1 0 ) 

 

T e a c h e r B a c k g ro u n d   

G e n e tic  m o d ific a tio n  is  d iffe re n t th a n  c ro s s in g  d iffe re n t v a rie tie s  o f th e  s a m e  p la n t s p e c ie s . It is  

ta k in g  a  g e n e  fro m  o n e  s p e c ie s  a n d  in s e rtin g  it in to  th e  g e n e tic  m a te ria l o f a n o th e r, d iffe re n t 

s p e c ie s . T h is  is  w h a t m a k e s  it s o  s p e c ific . W e  h a v e  b e e n  a b le  to  m o d ify  b a c te ria  to  p ro d u c e  

in s u lin  fo r h u m a n s  th a t is  g e n e tic a lly  id e n tic a l to  th e  in s u lin  p ro d u c e d  in  a  h u m a n  p a n c re a s . H o w  

is  th is  p o s s ib le ?   

 

S c ie n tis ts  h a v e  b e e n  a b le  to  is o la te  g e n e s  th a t c o d e  fo r s p e c ific  tra its  th ro u g h  g e n o m e  s tu d ie s  

(d is c o v e rin g  th e  D N A  s e q u e n c e  o f a n  e n tire  o rg a n is m ). P ro te in s , c a lle d  re s tric tio n  e n z y m e s , 

h a v e  b e e n  d is c o v e re d  a n d  u s e d  to  c u t o u t th e  d e s ire d  g e n e  fro m  th e  s tra n d  o f D N A . S c ie n tis ts  

h a v e  a ls o  u s e d  v a rio u s  b a c te ria  to  a c t a s  v e c to rs  th a t c a n  c a rry  g e n e tic  m a te ria l.  

 

B a c te ria  a re  id e a l s p e c ie s  fo r th e s e  v e c to rs , a s  th e y  c o n ta in  c h ro m o s o m a l D N A  a n d  p la s m id  

D N A . A  p la s m id  is  a  c irc u la r p ie c e  o f D N A  th a t is  fo u n d  n a tu ra lly  in  b a c te ria . T h e s e  p la s m id s  

c a n  re p lic a te  w h e n  th e  b a c te riu m  re p lic a te s  a n d  m a y  b e  c o m p o s e d  o f a s  fe w  a s  1 ,0 0 0  o r u p  to  

2 0 ,0 0 0  n u c le o tid e s . T h e  g e n e s  o n  th e  p la s m id  a re  p a rt o f th e  tra its  e x p re s s e d  b y  th e  b a c te riu m , 

p e rh a p s  h e lp in g  it to  re s is t a n tib io tic s , o r p ro d u c e  a  to x in . 
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P rio r K n o w le d g e  

If s tu d e n ts  h a v e  c o m p le te d  ​L e s s o n  5  M o v in g  G e n e s ​, th e y  s h o u ld  h a v e  a  b e g in n in g  c o n c e p tio n  

o f th e  s te p s  in  th e  p ro c e s s  o f g e n e tic  m o d ific a tio n . T h is  a c tiv ity  a s k s  s tu d e n ts  m o d e l th e  

c re a tio n  o f th e  p la s m id , a n d  d e s c rib e s  h o w  to  illu s tra te  a  p o te n tia l m e th o d  o f u p ta k e  b y  th e  

p la s m id  b y  b a c te ria . S tu d e n ts  n e e d  to  k n o w  a b o u t th e  s tru c tu re s  o f b a c te ria : c h ro m o s o m a l D N A  

a n d  p la s m id  D N A , th e  c o m p o s itio n  o f th e  c e ll m e m b ra n e , a n d  h o w  h e a t m a y  a ffe c t it. T h is  

le s s o n  w ill h e lp  p re p a re  th e m  fo r ​L e s s o n  6 D  T ra n s fo rm  B a c te ria  

 

M a te ria ls  

P o p  b e a d s  

M in i m a rs h m a llo w s  a n d  to o th p ic k s  

B lo c k s  

O r o th e r s im ila r m a te ria ls  fo r m a k in g  s e ts  o f n u c le o tid e s  a n d  a  s tra n d  o f D N A  

 

T e a c h e r P re p a ra tio n  

G a th e r m a te ria ls  fo r s tu d e n t u s e  to  m a k e  m o d e ls . 

 

P A R T  I 

In  th is  a c tiv ity , y o u  w ill c re a te  a  m o d e l to  s h o w   

1 ) h o w  a  g e n e  m a y  b e  re m o v e d  fro m  a  s tra n d  o f D N A , th e n   

2 ) in s e rte d  in to  a  p la s m id , to  b e  ta k e n  in to  b a c te ria .  

T h is  w ill d e m o n s tra te  th e  p ro c e s s  th a t w a s  u s e d  to  m a k e  th e  p la s m id  in  th e  B io -R a d  ​p G L O ™  

B a c te ria l T ra n s fo rm a tio n  K it​. 

 

U s e  b e a d s  o r o th e r m a te ria ls  (m in i m a rs h m a llo w s , b lo c k s , to o th p ic k s , e tc .) to  c re a te  a  m o d e l to  

s h o w  th e  p ro c e s s  o f g e n e tic  m o d ific a tio n . Y o u r m o d e l m u s t in c lu d e :  

- th e  g e n e  o r g e n e s  o f in te re s t fro m  th e  o rig in a l s p e c ie s  w ith in  th e  D N A  s tra n d ; 

- a  g e n e  to  a llo w  fo r th e  s e le c tio n  o f th e  tra n s fo rm e d  c e lls  (o fte n  th is  is  a n  a n tib io tic  

re s is ta n c e  g e n e ); 

- th e  a c tio n  o f th e  re s tric tio n  e n z y m e  to  “c u t” o u t th e  g e n e (s ) o f in te re s t; 

- th e  a d d itio n  o f th e  g e n e  o r g e n e s  o f in te re s t in to  th e  e x is tin g  D N A  o f th e  o rg a n is m  y o u  

a re  try in g  to  m o d ify ; a n d  

- th e  a c tio n  o f th e  D N A  lig a s e  th a t “a tta c h e s ” th e  D N A  n u c le o tid e s  to g e th e r in  p la c e . 

 

N o te : ​A  p ro c e s s  c a lle d  P C R  (p o ly m e ra s e  c h a in  re a c tio n ) m a k e s  h u n d re d s  o f th o u s a n d s  o f 

c o p ie s  o f th e  d e s ire d  g e n e (s ) to  c re a te  c o p ie s  th a t a re  in s e rte d  in to  b a c te ria  o r a n o th e r v e c to r. 

T h e  tra n s fo rm e d  c e lls  c a n  b e  s e le c te d  fo r re p lic a tio n  (fo r e x a m p le , a n o th e r g e n e  fo r a n tib io tic  

re s is ta n c e  is  a d d e d  to  th e  p la s m id  a lo n g  w ith  th e  g e n e  o f in te re s t; w h e n  th e  c e lls  g ro w  o n  a  

p la te  th a t h a s  th e  a n tib io tic , th e  tra n s fo rm e d  c e lls  a re  th e  o n ly  o n e s  th a t g ro w .) T h e s e  

tra n s fo rm e d  v e c to rs  a re  u s e d  to  tra n s fe r th e  g e n e  to  th e  d e s ire d  s p e c ie s . (W e  w ill n o t in c lu d e  

th is  a s p e c t in  th is  m o d e l.) 
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A s k  s tu d e n ts  to  c o n n e c t th e ir m o d e l to  th e  p h e n o m e n o n  b y  e x p la in in g  h o w  g e n e tic  m o d ific a tio n  

m a y  a llo w  fo r th e  s p e c ie s  th a t is  m o d ifie d  to  h a v e  b e tte r s u rv iv a l c h a n c e s . 

 

P A R T  II 

N o w  th a t y o u  h a v e  y o u r m o d e l, h o w  m ig h t w e  g e t th e  b a c te ria  to  u p ta k e  th e  p la s m id  y o u  m a d e ?   

1 . If a  p la s tic  b o ttle  o r b a llo o n  a c ts  a s  th e  b a c te ria  m o d e l, h o w  m ig h t w e  g e t th e  g e n e s  in s id e  th e  

b o ttle ?   

- A llo w  s tu d e n ts  to  d is c u s s  in  th e ir la b  g ro u p , th e n  a s k  fo r id e a s . If s tu d e n ts  a re  s tru g g lin g , 

re m in d  th e m  th a t th e y  m ig h t n e e d  to  u s e  th e  p h y s ic a l p ro p e rtie s  o f th e  c e ll m a te ria ls  

(m e m b ra n e , c y to p la s m ) a n d  th e y  m ig h t n e e d  to  b e  re m in d e d  o f th e  p ro c e s s e s  th e y  h a v e  

le a rn e d  (o s m o s is , d iffu s io n , c h a rg e  d iffe re n tia l, e tc ) 

 

2 . W h a t w ill h a p p e n  to  th e  c e ll m e m b ra n e  if w e  h e a t th e  b a c te ria  a  b it?  (T h in k  o f y o u rs e lf in  a  

h o t tu b  o r s a u n a .) W h a t w ill h a p p e n  to  th e  c e ll m e m b ra n e  if w e  p u t it in  ic e  w a te r?  (T h in k  o f 

y o u rs e lf o n  a  c h illy  d a y  w ith o u t a  c o a t o n .)  

- A lth o u g h  th is  m a y  s e e m  lik e  a  s illy  a n a lo g y , th is  is  e x a c tly  w h a t s c ie n tis ts  a re  d o in g  to  

th e  b a c te ria : w a rm in g  it to  a llo w  th e  p o re  s p a c e s  to  o p e n , th e n  c h illin g  it to  e n c o u ra g e  

th e m  to  c lo s e . 

 

3 . H o w  c o u ld  th e  c o n d itio n s  in  # 2  h e lp  u s  g e t th e  p la s m id  in  th e  b o ttle  o r b a llo o n ?  

- H e lp  s tu d e n ts  v is u a liz e  w h a t m ig h t h a p p e n  to  th e  p o re  s p a c e s  w h e n  w a rm  a n d  th e n  

w h e n  c o ld . 

 

h ttp ://w w w .b io -ra d .c o m /w e b ro o t/w e b /p d f/ls e /lite ra tu re /1 6 6 0 0 3 3 .p d f​ (p a g e  3 5 ) 

 

T h is  d ia g ra m  s h o w s  th e  b a c te ria  a n d  w h a t is  h a p p e n in g  d u rin g  th e  tra n s fo rm a tio n . T h is  h e lp s  

s tu d e n ts  v is u a liz e  h o w  a  p la s m id  m a y  e n te r a  b a c te riu m  a n d  h o w  m a n y  p la s m id s  th e re  a re  

in s id e  th e ir v ia ls  d u rin g  th e  e x p e rim e n t. 
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D iffe re n tia tio n  

i. ​L o c a l c o m m u n ity ​: S tu d e n ts  m a y  d o  a  s e a rc h  to  s e e  w h a t g e n e tic  m o d ific a tio n  

re s o u rc e s  a re  a v a ila b le  in  th e ir c o m m u n ity . M e d ic a l la b s  a re  u s in g  g e n e tic  m o d ific a tio n  

te c h n iq u e s  to  ta rg e t s p e c ific  d is e a s e s , a g ric u ltu re  c o m p a n ie s  (C o rte v a , B a y e r, S y n g e n ta , 

B A S F ) m a y  h a v e  e d u c a tio n  a n d  o u tre a c h  d e p a rtm e n ts  th a t w o u ld  s e n d  a  s p e a k e r to  

y o u r c la s s . T h e  c o u n ty  e x te n s io n  s e rv ic e  o r la n d  g ra n t u n iv e rs ity  in  y o u r a re a  m a y  a ls o  

o ffe r s p e a k e rs  o r p ro g ra m s  to  h e lp  c o n s u m e rs  u n d e rs ta n d  g e n e tic  m o d ific a tio n . S e e  

a ls o : ​G M O s  1 0 1 ​ fro m  M ic h ig a n  S ta te  U n iv e rs ity : 

h ttp s ://m s u to d a y .m s u .e d u /fe a tu re /2 0 1 8 /g m o s -1 0 1 /  

ii. ​S tu d e n ts  w ith  s p e c ia l n e e d s  (la n g u a g e /re a d in g /a u d ito ry /v is u a l)​: S in c e  th is  le s s o n  

is  p rim a rily  ta c tile  a n d /o r k in e s th e tic , it c o u ld  b e  m o d ifie d  to  h a v e  s tu d e n ts  d ra w  th e  

m o d e l in  a  s e rie s  o f c o m ic  b o o k  fra m e s . O r o n e  s tu d e n t c o u ld  v e rb a lly  d e s c rib e  th e  

a c tio n  w h ile  a n o th e r c re a te s  th e  m o d e l a n d  ta k e s  it th ro u g h  th e  s te p s  o f th e  p ro c e s s . 

iii. ​E x tra  s u p p o rt​: S tu d e n ts  m a y  w a tc h  ​G e n e tic  E n g in e e rin g ​ a t: 

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = n fC 6 8 9 E lU V k ​ a n d  ​P la s m id  R a p ​ a t: 

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = Q F fU F y U v P -w   

iv . ​E x te n s io n s ​: ​N e w  te c h n o lo g y  is  a v a ila b le  th a t w ill c h a n g e  th e  w a y  g e n e tic  

m o d ific a tio n  w o rk s . T h e  te c h n iq u e  is  c a lle d  C R IS P R  a n d  th e re  a re  v a rio u s  v id e o s  a n d  

a rtic le s  a b o u t it. T o  le a rn  th e  s c ie n c e  b e h in d  C R IS P R , v is it H H M I B Io in te ra c tiv e : C lic k  

a n d  L e a rn  ​C R IS P R -C a s  9 : M e c h a n is m s  a n d  A p p lic a tio n s ​ a t 

h ttp s ://w w w .h h m i.o rg /b io in te ra c tiv e /c ris p r-c a s -9 -m e c h a n is m -a p p lic a tio n s ​ o r w a tc h  ​W h a t 

is  C R IS P R -C a s ? ​ a t ​h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = 5 2 jO E P z h p z c & t= 2 s   

 

R u b ric  fo r A s s e s s m e n t 

S k ill B e g in n in g  S a tis fa c to ry  E x e m p la r 

A p p ly  s c ie n tific  id e a s , 
p rin c ip le s , a n d /o r 
e v id e n c e  to  p ro v id e  
a n  e x p la n a tio n  o f 
p h e n o m e n a  a n d  
s o lv e  d e s ig n  
p ro b le m s , ta k in g  in to  
a c c o u n t p o s s ib le  
u n a n tic ip a te d  e ffe c ts . 

E x p la n a tio n  fo r h o w  
th e  m o d e l re p re s e n ts  
th e  p la s m id  c o n ta in s  
o n ly  s o m e  o f th e  
p a rts  to  b e  
tra n s fe rre d  to  a  
b a c te ria  to  m a k e  th e  
p ro te in s  o f in te re s t. 

E x p la n a tio n  fo r h o w  
th e  m o d e l re p re s e n ts  
th e  p la s m id  c o n ta in s  
a ll th e  p a rts  to  b e  
tra n s fe rre d  to  a  
b a c te ria  to  m a k e  th e  
p ro te in s  o f in te re s t. 

E x p la n a tio n  fo r h o w  
th e  m o d e l re p re s e n ts  
th e  p la s m id  c o n ta in s  
a ll th e  p a rts  to  b e  
tra n s fe rre d  to  a  
b a c te ria  to  m a k e  th e  
p ro te in s  o f in te re s t 
a n d  th e  re a s o n  w h y  
th o s e  p ro te in s  a re  o f 
in te re s t. 

 

R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

M y  m o d e l s h o w e d  a ll fiv e  
a s p e c ts  o f th e  p la s m id  
re q u ire d . 
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I w a s  a b le  to  e x p la in  h o w  m y  
m o d e l o p e ra te d  in  w ritin g  o r 
o ra lly  to  m y  c la s s m a te s . 
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L e s s o n  6 A  

P la s m id  m o d e lin g   
F o c u s  Q u e s tio n s :​ H o w  d o e s  g e n e tic  m o d ific a tio n  w o rk ?  H o w  d o e s  D N A  w o rk  in  b a c te ria ?  H o w  

m ig h t w e  u s e  th a t to  a id  in  g e n e tic  m o d ific a tio n ?  

V o c a b u la ry ​: ​re s tric tio n  e n z y m e s , p la s m id  v e c to rs , n u c le o tid e s  

 

B a c k g ro u n d  

G e n e tic  m o d ific a tio n  is  d iffe re n t th a n  c ro s s in g  d iffe re n t v a rie tie s  o f th e  s a m e  p la n t s p e c ie s . It is  

ta k in g  a  g e n e  fro m  o n e  s p e c ie s  a n d  in s e rtin g  it in to  th e  g e n e tic  m a te ria l o f a n o th e r, d iffe re n t 

s p e c ie s . T h is  is  w h a t m a k e s  it s o  s p e c ific . S c ie n tis ts  h a v e  b e e n  a b le  to  m o d ify  b a c te ria  to  

p ro d u c e  in s u lin  fo r h u m a n s  th a t is  g e n e tic a lly  id e n tic a l to  th e  in s u lin  p ro d u c e d  in  a  h u m a n  

p a n c re a s . H o w  is  th is  p o s s ib le ?   

 

S c ie n tis ts  h a v e  b e e n  a b le  to  is o la te  g e n e s  th a t c o d e  fo r s p e c ific  p ro te in s  th a t d e te rm in e  tra its  

th ro u g h  g e n o m ic  s tu d ie s  (d is c o v e rin g  th e  D N A  s e q u e n c e  o f a n  e n tire  o rg a n is m ). P ro te in s , 

c a lle d  re s tric tio n  e n z y m e s , h a v e  b e e n  d is c o v e re d  a n d  h a v e  b e e n  u s e d  to  c u t o u t th e  d e s ire d  

g e n e  fro m  a  s tra n d  o f D N A . S c ie n tis ts  h a v e  a ls o  u s e d  v a rio u s  b a c te ria l s p e c ie s  to  a c t a s  v e c to rs  

th a t c a n  c a rry  g e n e tic  m a te ria l.  

 

B a c te ria  a re  id e a l s p e c ie s  fo r th e s e  v e c to rs , a s  th e y  c o n ta in  c h ro m o s o m a l D N A  a n d  p la s m id  

D N A . A  p la s m id  is  a  c irc u la r p ie c e  o f D N A  th a t is  fo u n d  n a tu ra lly  in  b a c te ria . T h e s e  p la s m id s  

c a n  re p lic a te  w h e n  th e  b a c te riu m  re p lic a te s  a n d  m a y  b e  c o m p o s e d  o f a s  fe w  a s  1 ,0 0 0  o r u p  to  

2 0 ,0 0 0  n u c le o tid e s . T h e  g e n e s  in  th e  p la s m id  a re  e x p re s s e d  b y  th e  b a c te riu m , p e rh a p s  h e lp in g  

it to  re s is t a n tib io tic s , o r p ro d u c e  a  to x in . 

 

P A R T  I 

In  th is  a c tiv ity , y o u  w ill c re a te  a  m o d e l to  s h o w   

1 ) h o w  a  g e n e  m a y  b e  re m o v e d  fro m  a  s tra n d  o f D N A , th e n   

2 ) in s e rte d  in to  a  p la s m id , to  b e  ta k e n  u p  b y  b a c te ria .  

T h is  w ill d e m o n s tra te  th e  p ro c e s s  th a t w a s  u s e d  to  m a k e  th e  p la s m id  in  th e  B io -R a d  ​p G L O ™  

B a c te ria l T ra n s fo rm a tio n  K it​. 

 

U s e  b e a d s  o r o th e r m a te ria ls  (m in i m a rs h m a llo w s , b lo c k s , to o th p ic k s , e tc .) to  c re a te  a  m o d e l to  

s h o w  th e  p ro c e s s  o f g e n e tic  m o d ific a tio n . Y o u r m o d e l m u s t in c lu d e :  

- th e  g e n e  o r g e n e s  o f in te re s t fro m  th e  o rig in a l s p e c ie s  w ith in  th e  D N A  s tra n d ; 

- a  g e n e  to  a llo w  fo r th e  s e le c tio n  o f th e  tra n s fo rm e d  c e lls  (o fte n  th is  is  a n  a n tib io tic  

re s is ta n c e  g e n e ); 

- th e  a c tio n  o f th e  re s tric tio n  e n z y m e  to  “c u t” o u t th e  g e n e (s ) o f in te re s t; 

- th e  a d d itio n  o f th e  g e n e  o r g e n e s  o f in te re s t in to  th e  e x is tin g  D N A  o f th e  o rg a n is m  y o u  

a re  try in g  to  m o d ify ; a n d  

- th e  a c tio n  o f th e  D N A  lig a s e  th a t “a tta c h e s ” th e  D N A  n u c le o tid e s  to g e th e r in  p la c e . 
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Y o u r m o d e l is  ju s t th a t. T h e re  is  n o  n e e d  to  m a k e  s trin g s  o f g e n e s  w ith  th e  e x a c t n u m b e rs  o f 

b a s e s , o th e rw is e , y o u  w o u ld  n e e d  m a n y  m o re  b e a d s  (m a te ria ls ). 

 

U s e  y o u r m o d e l to  e x p la in  h o w  g e n e tic  m o d ific a tio n  (b y  in s e rtin g  a  tra it fro m  a n o th e r o rg a n is m ) 

m a y  a llo w  fo r th e  s p e c ie s  th a t is  m o d ifie d  to  h a v e  b e tte r s u rv iv a l c h a n c e s . 

 

P A R T  II 

N o w  th a t y o u  h a v e  y o u r m o d e l, h o w  m ig h t w e  g e t th e  b a c te ria  to  u p ta k e  th e  p la s m id  y o u  m a d e ?   

1 . If a  p la s tic  b o ttle  o r b a llo o n  a c ts  a s  th e  b a c te ria  m o d e l, h o w  m ig h t w e  g e t th e  g e n e s  in s id e  th e  

b o ttle ?   

 

2 . W h a t w ill h a p p e n  to  th e  c e ll m e m b ra n e  if w e  h e a t th e  b a c te ria  a  b it?  (T h in k  o f y o u rs e lf in  a  

h o t tu b  o r s a u n a .) W h a t w ill h a p p e n  to  th e  c e ll m e m b ra n e  if w e  p u t it in  ic e  w a te r?  (T h in k  o f 

y o u rs e lf o n  a  c h illy  d a y  w ith o u t a  c o a t o n .)  

 

3 . H o w  c o u ld  th e  c o n d itio n s  in  # 2  h e lp  u s  g e t th e  p la s m id  in  th e  b o ttle  o r b a llo o n ?  

 

 

R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

M y  m o d e l s h o w e d  a ll fiv e  
a s p e c ts  o f th e  p la s m id  
re q u ire d . 

  

I w a s  a b le  to  e x p la in  h o w  m y  
m o d e l o p e ra te d  in  w ritin g  o r 
o ra lly  to  m y  c la s s m a te s . 
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L e s s o n  6 B  

P ip e ttin g  s k ills *  

F o c u s  Q u e s tio n :​ ​H o w  m ig h t w e  d e v e lo p  a n d  p ra c tic e  m ic ro p ip e ttin g  s k ills ?  ​W h y i s mi cr o pi p etti n g  

i m p ort a nt ? 

L e a rn in g  T a rg e t​:​ S tu d e n ts  p ra c tic e  m ic ro p ip e ttin g  a n d  c h e c k  th e ir a c c u ra c y . 

V o c a b u la ry : ​m ic ro p ip e ttin g  
* A d a pt e d fr o m: “ Pi p etti n g b y D e si g n” ​w w w. c p et. ufl. e d u   

 

L S 3 : H e re d ity : In h e rita n c e  a n d  V a ria tio n  o f T ra its   

P e rfo rm a n c e  E x p e c ta tio n  C la s s ro o m  C o n n e c tio n s  

H S -L S 1 -1 ​. C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  
e v id e n c e  fo r h o w  th e  s tru c tu re  o f D N A  d e te rm in e s  
th e  s tru c tu re  o f p ro te in s  w h ic h  c a rry  o u t th e  
e s s e n tia l fu n c tio n s  o f life  th ro u g h  s y s te m s  o f 
s p e c ia liz e d  c e lls . 
 
H S -L S 3 -1 ​. A s k  q u e s tio n s  to  c la rify  re la tio n s h ip s  
a b o u t th e  ro le  o f D N A  a n d  c h ro m o s o m e s  in  
c o d in g  th e  in s tru c tio n s  fo r c h a ra c te ris tic  tra its  
p a s s e d  fro m  p a re n ts  to  o ffs p rin g . 

T h is  a c tiv ity  h e lp s  s tu d e n ts  p ra c tic e  s k ills  th a t w ill 
b e  u s e fu l in  th e  tra n s fo rm a tio n  o f b a c te ria  la b  
(L e s s o n  6 D ).  
 
S tu d e n ts  p ra c tic e  m ic ro p ip e ttin g  s m a ll a m o u n ts  o f 
liq u id s  w h ic h  is  a  n e c e s s a ry  s k ill in  a  
b io te c h n o lo g y  la b . 

S c ie n c e  a n d  E n g in e e rin g  P ra c tic e  

A s k in g  Q u e s tio n s  a n d  D e fin in g  P ro b le m s  
● A s k  q u e s tio n s  th a t a ris e  fro m  e x a m in in g  

m o d e ls  o r a  th e o ry  to  c la rify  re la tio n s h ip s . 
(H S -L S 3 -1 ) 

 
C o n s tru c tin g  E x p la n a tio n s  a n d  D e s ig n in g  
S o lu tio n s  

● C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  v a lid  
a n d  re lia b le  e v id e n c e  o b ta in e d  fro m  a  
v a rie ty  o f s o u rc e s  (in c lu d in g  s tu d e n ts ’ 
o w n  in v e s tig a tio n s , m o d e ls , th e o rie s , 
s im u la tio n s , p e e r re v ie w ) a n d  th e  
a s s u m p tio n  th a t th e o rie s  a n d  la w s  th a t 
d e s c rib e  th e  n a tu ra l w o rld  o p e ra te  to d a y  
a s  th e y  d id  in  th e  p a s t a n d  w ill c o n tin u e  to  
d o  s o  in  th e  fu tu re . (H S -L S 1 -1 ) 

S tu d e n ts  w ill m ic ro p ip e tte  c o lo re d  w a te r in to  c e ll 
w e ll p la te s  to  m a k e  p a tte rn s . T h e  p a tte rn s  w ill 
e n c o u ra g e  th e m  to  ​a s k  q u e s tio n s  a n d  d e fin e  
p ro b le m s ​. 
 
 
 
S tu d e n ts  w ill c re a te  th e  p a tte rn  a s s ig n e d  to  th e m  
a n d  ​c o n s tru c t a n  e x p la n a tio n ​ to  c o n n e c t th e  
p a tte rn  to  b io te c h n o lo g y . 

D is c ip lin a ry  C o re  Id e a  

L S 3 .A : In h e rita n c e  o f T ra its  
● E a c h  c h ro m o s o m e  c o n s is ts  o f a  s in g le  

v e ry  lo n g  D N A  m o le c u le , a n d  e a c h  g e n e  
o n  th e  c h ro m o s o m e  is  a  p a rtic u la r 
s e g m e n t o f th a t D N A . T h e  in s tru c tio n s  fo r 
fo rm in g  s p e c ie s ’ c h a ra c te ris tic s  a re  
c a rrie d  in  D N A . A ll c e lls  in  a n  o rg a n is m  

 
S tu d e n ts  w ill p ra c tic e  m o v in g  s m a ll a m o u n ts  o f 
liq u id s  to  d e v e lo p  s k ills  fo r tra n s fo rm in g  b a c te ria  
w ith  th e  p G L O ​™ ​ p ro te in  (L e s s o n  6 D ). 
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h a v e  th e  s a m e  g e n e tic  c o n te n t, b u t th e  
g e n e s  u s e d  (e x p re s s e d ) b y  th e  c e ll m a y  
b e  re g u la te d  in  d iffe re n t w a y s . N o t a ll 
D N A  c o d e s  fo r a  p ro te in ; s o m e  s e g m e n ts  
o f D N A  a re  in v o lv e d  in  re g u la to ry  o r 
s tru c tu ra l fu n c tio n s , a n d  s o m e  h a v e  n o  
a s -y e t k n o w n  fu n c tio n . 

C ro s s  C u ttin g  C o n c e p ts  

S tru c tu re  a n d  F u n c tio n  
● In v e s tig a tin g  o r d e s ig n in g  n e w  s y s te m s  o r 

s tru c tu re s  re q u ire s  a  d e ta ile d  e x a m in a tio n  
o f th e  p ro p e rtie s  o f d iffe re n t m a te ria ls , th e  
s tru c tu re s  o f d iffe re n t c o m p o n e n ts , a n d  
c o n n e c tio n s  o f c o m p o n e n ts  to  re v e a l its  
fu n c tio n  a n d /o r s o lv e  a  p ro b le m . 

C a u s e  a n d  E ffe c t  
● E m p iric a l e v id e n c e  is  re q u ire d  to  

d iffe re n tia te  b e tw e e n  c a u s e  a n d  
c o rre la tio n  a n d  m a k e  c la im s  a b o u t 
s p e c ific  c a u s e s  a n d  e ffe c ts . 

 
C o n n e c tio n s  to  N a tu re  o f S c ie n c e  
S c ie n c e  is  a  H u m a n  E n d e a v o r 

● T e c h n o lo g ic a l a d v a n c e s  h a v e  in flu e n c e d  
th e  p ro g re s s  o f s c ie n c e  a n d  s c ie n c e  h a s  
in flu e n c e d  a d v a n c e s  in  te c h n o lo g y . 

● S c ie n c e  a n d  e n g in e e rin g  a re  in flu e n c e d  
b y  s o c ie ty  a n d  s o c ie ty  is  in flu e n c e d  b y  
s c ie n c e  a n d  e n g in e e rin g . 

S tu d e n ts  w ill c o m p a re  u s in g  m ic ro p ip e tto rs  to  1  
m L  d is p o s a b le  p ip e tte s  o n  th e  a c c u ra c y  o f 
tra n s fe rrin g  s m a ll a m o u n ts . 
 
 
 
 
 
U s in g  m ic ro p ip e tto rs  in s te a d  o f d is p o s a b le  
p ip e tte s  re s u lts  in  m o re  a c c u ra c y  fo r th e s e  
a c tiv itie s . 
 
 
 
 
M ic ro p ip e tto rs  a re  a  te c h n o lo g ic a l a d v a n c e  th a t 
h a s  in flu e n c e d  th e  p ro g re s s  o f s c ie n c e .  

*S tu d e n t h a n d o u t in fo rm a tio n  is  in d ic a te d  in  lig h t g ra y  p rin t. A n s w e r k e y s  a re  im b e d d e d  in  th e  

s tu d e n t h a n d o u t s e c tio n . 

 

P rio r K n o w le d g e  

S tu d e n ts  m a y  h a v e  u s e d  a  d is p o s a b le  1 m L  p ip e tte  b e fo re . It is  d iffic u lt to  c o n tro l a c c u ra c y  w h e n  

u s in g  th o s e  p ip e tte s . T h is  a c tiv ity  s h o w s  s tu d e n ts  th a t m ic ro p ip e tto rs  c a n  tra n s fe r m u c h  s m a lle r 

a m o u n ts  o f liq u id  a n d  a re  m u c h  m o re  a c c u ra te , if th e  p ro p e r te c h n iq u e  is  u s e d . T h is  a c tiv ity  

h e lp s  s tu d e n ts  p re p a re  fo r th e  B io R a d  p G L O ​™ ​ T ra n s fo rm a tio n  L a b . It is  p o s s ib le  to  d o  th e  la b  

w ith  th e  s te rile  p ip e tte s  th a t a re  in c lu d e d  in  th e  k it fro m  B io R a d . T h is  le s s o n  w ill h e lp  s tu d e n ts  

w ith  o th e r b io te c h n o lo g y  re la te d  la b s  a s  m ic ro p ip e ttin g  is  a  v a lu e d  s k ill b y  fo lk s  in  th e  in d u s try . 

 

T e a c h e r P re p a ra tio n  

In  o rd e r to  d e v e lo p  a  s k ill w ith  a c c u ra c y , s tu d e n ts  n e e d  to  p ra c tic e . T h is  a c tiv ity  a llo w s  s tu d e n ts  

to  p ra c tic e  w ith  m ic ro p ip e tto rs  a n d  c h e c k  th e ir a c c u ra c y  b y  m e a s u rin g  th e  m a s s  o f th e ir re s u lts . 

T h is  a ls o  g iv e s  s tu d e n ts  th e  o p p o rtu n ity  to  d e te rm in e  a  p e rc e n t e rro r m e a s u re m e n t. 
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1 . C o p y  p ro to c o l in s tru c tio n s  

2 . O rg a n iz e  s tu d e n ts  in  g ro u p s  o f 3 -4 , w ith  tw o  p ip e tte s  e a c h  o f d iffe re n t s iz e s  to  w o rk  

to g e th e r to  c re a te  th e  p a tte rn . F ro m  th e  p ro to c o ls  (a tta c h e d  o n  a d d itio n a l p a g e s ) th e re  

a re  m u ltip le  a m o u n ts  c a lle d  fo r a n d  e a c h  s tu d e n t w ill h a v e  a m p le  o p p o rtu n ity  to  p ip e tte . 

If a  c h e c k  fo r a c c u ra c y  is  d e s ire d  a fte r e a c h  s tu d e n t a d d s  th e ir a s s ig n e d  c o lo r/a m o u n ts , 

th e y  c a n  d e te rm in e  th e  m a s s  a t th a t p o in t a n d  m e a s u re  to  s e e  w h e re  th e y  a re  in  te rm s  o f 

a c c u ra c y . 

 

F in a l to ta ls  fo r e a c h  p ro to c o l 

A  =  D N A  =  5 0 4 5 µ l =  5 .0 4 5 g  

B  =  C o rn  =  5 8 4 1 µ l =  5 .8 4 1 g  

C  =  p G L O  =  5 2 1 7 µ l =  5 .2 1 7 g  

D  =  a  p la s m id  =  1 9 3 2 µ l =  1 .9 3 2 g  

E  =  G M O  =  4 6 9 4 µ l =  4 .6 9 4 g  

F  =  K C C  =  4 1 0 4 µ l =  4 .1 0 4 g  

G  =  D D G  =  4 8 0 0 µ l =  4 .8 0 0 g  

 

S tu d e n t H a n d o u t 

B a c k g ro u n d  

M ic ro p ip e tte s  a re  u s e d  to  tra n s fe r s m a ll m e a s u re d  v o lu m e s  o f liq u id  in  th e  la b . M ic ro p ip e tte s  

c a n  b e  fix e d  ra te  o r a d ju s ta b le , a n d  c a n  v a ry  in  th e  in c re m e n t m e a s u re d  a s  w e ll, fu ll m ic ro lite rs  

(μ l) o r fra c tio n s  o f a  μ l. O n  a n  a d ju s ta b le  m ic ro p ip e tte , th e  v o lu m e  c a n  b e  c h a n g e d  b y  tw is tin g  

th e  h a n d le  o r to p  o f th e  p lu n g e r, d e p e n d in g  o n  th e  b ra n d /ty p e  y o u  h a v e . T h e  re a d o u t d ia l w ill 

s h o w  th e  v o lu m e  th e  m ic ro p ip e tte  is  a d ju s te d  to  tra n s fe r. T h e  m ic ro p ip e tte  is  lim ite d  to  th e  

v o lu m e  ra n g e  th a t is  p re -s e t o n  th e  in s tru m e n t. T h e  m o s t c o m m o n  ra n g e s  in c lu d e : 0 .5 – 1 0 μ l, 

2 – 2 0 μ l, 1 0 – 1 0 0 μ l a n d  1 0 0 –  1 ,0 0 0 μ l. A  p ip e tte  tip  m u s t b e  u s e d  w ith  th e  m ic ro p ip e tto r. T h e  tip  is  

w h e re  th e  liq u id  is  s to re d  a s  it is  b e in g  tra n s fe rre d . A  n e w  p ip e tte  tip  s h o u ld  b e  u s e d  fo r e a c h  

d iffe re n t liq u id . T h e  tip  is  e je c te d  b y  u s in g  th e  e je c to r m e c h a n is m  o n  th e  m ic ro p ip e tte ; s o m e  tip s  

m u s t b e  m a n u a lly  re m o v e d , d e p e n d in g  o n  th e  m ic ro p ip e tte . 

 

B e fo re  p ip e ttin g , p ra c tic e !  

P ra c tic e  fe e lin g  th e  “s o ft ” s to p  s e v e ra l tim e s ; ta k in g  th e  s a m p le  fro m  th e  c e n te r o f th e  c o n ta in e r 

h o ld in g  th e  liq u id  to  b e  tra n s fe rre d ; tra n s fe rrin g  th e  liq u id  w h ile  th e  p ip e tte  is  u p rig h t; re le a s in g  

th e  liq u id  in to  th e  a p p ro p ria te  m ic ro tu b e  o r c e ll w e ll b y  to u c h in g  th e  tip  to  th e  s id e  a n d  

d e p re s s in g  th e  p lu n g e r, firs t to  th e  “s o ft ” s to p , n e x t to  th e  “h a rd ” s to p ; c h a n g in g  tip s  fo r e a c h  

liq u id . 

 

W h e n  re a d y  to  d ra w  u p  a  liq u id , o b ta in  a  c le a n  tip . P re s s  th e  p ip e tte  in to  th e  o p e n  e n d  o f th e  tip  

a n d  ta p  g e n tly  to  “s e a t” th e  tip  o n  th e  p ip e tte . P la c e  th e  tip  in  th e  liq u id , ju s t b e lo w  th e  le v e l o f 

th e  liq u id , in  th e  c e n te r o f th e  s a m p le , b u t n o t to  th e  b a s e  o f th e  c o n ta in e r. D e p re s s  th e  p lu n g e r 

o n  th e  p ip e tte  to  th e  “s o ft ” o r firs t s to p . T h e  p o s itio n  o f th is  s to p  w ill v a ry  d e p e n d in g  o n  th e  

v o lu m e  s e t to  tra n s fe r (s in c e  th e  p o in t o f in itia l re s is ta n c e  is  d e te rm in e d  b y  th e  d e s ire d  v o lu m e  

o f s o lu tio n  b e in g  tra n s fe rre d ). R e le a s e  th e  p lu n g e r to  d ra w  u p  th e  liq u id . O n c e  th e  d e s ire d  
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v o lu m e  is  d ra w n  in to  th e  tip , re m o v e  th e  p ip e tte , a n d  ta k e  th e  liq u id  to  its  d e s tin a tio n . R e le a s e  

th e  liq u id  a lo n g  th e  s id e  o f th e  tu b e  th e n  d e p re s s  th e  p lu n g e r, firs t to  th e  “s o ft ” s to p , th e n  o n e  

s e c o n d  la te r to  th e  s e c o n d  o r “h a rd ” s to p  to  re m o v e  a ll o f th e  c o n te n ts . R e m o v e  th e  tip  fro m  th e  

liq u id  b e fo re  th e  p lu n g e r is  re le a s e d . D is c a rd  th e  tip  b y  e je c tin g  in to  a  p ro p e r w a s te  re c e p ta c le . 

If y o u  n e e d  a d d itio n a l d ire c tio n , w a tc h  th is  p ip e ttin g  v id e o : ​y o u tu b e .c o m /w a tc h ? v = b e x 0 itU M x m I 

 

M a te ria ls  

M ic ro p ip e tto rs  o f v a rio u s  s iz e s  

9 6 -w e ll p la te  1  p e r g ro u p  

C o lo re d  w a te r in  1 0 m L  a m o u n ts  (c o lo r n e e d e d  d e p e n d e n t u p o n  w h ic h  p ro to c o l)  

M ic ro p ip e ttin g  p ro to c o l c o lo rs : 

a . R e d  a n d  B lu e  w a te r 

b . Y e llo w  a n d  G re e n  w a te r 

c . G re e n  a n d  B lu e  w a te r 

d . B lu e , R e d  a n d  G re e n  w a te r  

e . R e d  a n d  Y e llo w  w a te r  

f. Y e llo w  a n d  G re e n  w a te r  

g . B lu e  a n d  R e d  w a te r  

 

P ro c e d u re  

1 . F o llo w  y o u r a s s ig n e d  p ro to c o l to  p ra c tic e  p ip e ttin g .  

2 . M a s s  y o u r e m p ty  9 6 -c e ll w e ll p la te  o n  a  s c a le  th a t m e a s u re s  to  0 .0 0 1  g . W h a t is  th e  

m a s s  o f y o u r c e ll w e ll p la te ?  

 

3 . U s e  a  d is p o s a b le  p ip e tte  to  a c c u ra te ly  tra n s fe r th e  c o rre c t a m o u n t o f liq u id  to  th e  c e ll 

p la te . F o llo w  th e  firs t 5  in s tru c tio n s , th e n  c h e c k  y o u r a c c u ra c y  b y  m e a s u rin g  th e  m a s s  o f 

y o u r p la te . Is  it p o s s ib le  to  tra n s fe r th e  c o rre c t a m o u n ts  w ith  a  d is p o s a b le  p ip e tte ?  

 

 

4 . E m p ty  y o u r c e ll w e ll p la te . M e a s u re  th e  m a s s  a g a in  o n  th e  s c a le  (it w ill b e  im p o s s ib le  to  

re m o v e  a ll o f th e  w a te r, s o  th is  w ill b e  a  d iffe re n t a m o u n t th a n  a b o v e ). W h a t is  th e  m a s s  

o f y o u r p la te ?  

 

5 . U s e  th e  m ic ro p ip e tto rs  to  m e a s u re  th e  a m o u n ts  fo r y o u r p ro to c o l. A d d  u p  th e  to ta l o f th e  

a m o u n ts  y o u  h a v e  a d d e d  to  th e  c e ll w e ll p la te . M e a s u re  p e rio d ic a lly  (a fte r 3 -5  a d d itio n s ) 

to  s e e  h o w  a c c u ra te  y o u r a re . B e  s u re  to  s u b tra c t th e  a m o u n t fro m  # 4 . 

6 . If th e  m a s s  is  e q u a l to  th e  p ip e tte d  a m o u n ts  y o u  h a v e  a d d e d  (1 0 0 0 µ l =  1 g ), th e n  y o u  a re  

b e in g  a c c u ra te  in  y o u r m e a s u re m e n ts . T a k e  tu rn s  w ith  o th e rs  in  y o u r g ro u p  a d d in g  th e  

a m o u n ts  c a lle d  fo r, a n d  c o n tin u e  c h e c k in g  y o u r a c c u ra c y  a s  y o u  g o  a lo n g . 

7 . W h a t is  y o u r p a tte rn ?  

 

A s s e s s m e n t  

1 . C h e c k  y o u r a c c u ra c y  b y  u s in g  a  m a s s  s c a le  th a t m e a s u re s  to  th e  th o u s a n d th s .  
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a . A d d  u p  th e  v o lu m e  o f th e  liq u id  a d d e d . 

b . C o n v e rt v o lu m e  to  m a s s  (1 0 0 0 μ l =  1 m L ; 1 m L  =  1  g ) 

c . Z e ro  a  s c a le  w ith  a n  e m p ty  9 6 -w e ll p la te  

d . C a lc u la te  th e  m a s s  o f th e  c o m p le te d  d e s ig n  

2 . C h e c k  y o u r p e rc e n t e rro r b y  d o in g  th e  fo llo w in g :  

a . c a lc u la te  th e  e x p e c te d  m a s s  

b . s u b tra c t y o u r e x p e rim e n ta l m a s s  fro m  th e  e x p e c te d  m a s s  

c . ta k e  th e  a b s o lu te  v a lu e  o f th e  a n s w e r 

d . d iv id e  th e  d iffe re n c e  b y  th e  e x p e c te d  m a s s  

e . m u ltip ly  b y  1 0 0  to  g e t th e  p e rc e n t e rro r 

E x a m p le ​: 

E x p e c te d  m a s s  =  4 7 8 9 µ L  o r 4 .7 8 9 g  

E x p e rim e n ta l m a s s  =  5  g  

4 .7 8 9  - 5  =   - 0 .2 1 1  

0 .2 1 1 /4 .7 8 9  =  0 .0 4 4  x  1 0 0  =  4 .4 %  

 

B e c a u s e  th e  a m o u n ts  a re  s o  s m a ll, e v e n  a  lo w  p e rc e n t e rro r c a n  re s u lt in  m a jo r d iffic u ltie s  if 

c o m p le tin g  a  p ro to c o l in  a  la b . Y o u  w a n t to  b e  a s  c lo s e  to  1 %  e rro r a s  p o s s ib le . 

 

D iffe re n tia tio n  

i. ​L o c a l c o m m u n ity ​: S tu d e n ts  m a y  d o  a  s e a rc h  to  s e e  w h a t g e n e tic  m o d ific a tio n  

re s o u rc e s  a re  a v a ila b le  in  th e ir c o m m u n ity . M e d ic a l la b s  a re  u s in g  g e n e tic  m o d ific a tio n  

te c h n iq u e s  to  ta rg e t s p e c ific  d is e a s e s , a g ric u ltu re  c o m p a n ie s  (C o rte v a , B a y e r, S y n g e n ta , 

B A S F ) m a y  h a v e  e d u c a tio n  a n d  o u tre a c h  d e p a rtm e n ts  th a t w o u ld  s e n d  a  s p e a k e r to  

y o u r c la s s . L a b  te c h s  in  h o s p ita ls  a n d  v e te rin a ry  c lin ic s  o fte n  u s e  m ic ro p ip e ttin g  s k ills , 

a n d  m a y  b e  in te re s te d  in  s h a rin g  e x p e rie n c e s  w ith  y o u r c la s s . 

ii. ​S tu d e n ts  w ith  s p e c ia l n e e d s  (la n g u a g e /re a d in g /a u d ito ry /v is u a l)​: T h is  le s s o n  

re q u ire s  fin e  m o to r c o o rd in a tio n  a n d  m a y  re s u lt in  fru s tra tio n  a m o n g  s tu d e n ts  w h o  a re  

n o t d e ta il-o rie n te d  o r a b le  to  b e  p re c is e . T h e y  m a y  b e  e m p lo y e d  a s  a c c u ra c y  a s s e s s o rs . 

T h e y  c o u ld  tra v e l a ro u n d  th e  c la s s  to  c h e c k  p ro g re s s  a n d  m e a s u re  th e  m a s s  o f th e  

p la te s  to  s e e  h o w  a c c u ra te  e a c h  g ro u p  is  b e in g . 

iii. ​E x tra  s u p p o rt​: W a tc h  ​B a s ic  P ip e ttin g ​ a t: ​y o u tu b e .c o m /w a tc h ? v = b e x 0 itU M x m I 

iv . ​E x te n s io n s ​: ​S tu d e n ts  m a y  w a n t to  d o  m o re  th a n  o n e  p ro to c o l, o r w o rk  o n  th e ir o w n  

to  c h e c k  th e ir a c c u ra c y . 

 

A s s e s s m e n t 

H a v e  s tu d e n ts  d e te rm in e  th e ir p e rc e n t e rro r. 

 

R u b ric  fo r S e lf-A s s e s s m e n t  

S k ill Y e s  N o t Q u ite  N o  
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O u r g ro u p  p ip e tte d  th e  c o rre c t a m o u n ts  in to  th e  

c e ll w e ll p la te  a n d  w e  c a lc u la te d  o u r p e rc e n t 

e rro r. 

   

O u r p a tte rn  h e lp e d  m e  to  a s k  q u e s tio n s  a n d  
d e fin e  p ro b le m s  re la te d  to  b io te c h n o lo g y . 

   

W e  w e re  a b le  to  c o n n e c t o u r p a tte rn  to  a  
b io te c h n o lo g y  re la te d  to p ic . 
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L e s s o n  6 B   

P ip e ttin g  s k ills  

F o c u s  Q u e s tio n :​ ​H o w c a n  w e d e v el o p a n d pr a cti c e mi cr o pi p etti n g s kill s ? W h y i s mi cr o pi p etti n g 

i m p ort a nt ? 

V o c a b u la ry :​ m ic ro p ip e ttin g  

 

B a c k g ro u n d  

M ic ro p ip e tte s  a re  u s e d  to  tra n s fe r s m a ll m e a s u re d  v o lu m e s  o f liq u id  in  th e  la b . M ic ro p ip e tte s  

c a n  b e  fix e d  ra te  o r a d ju s ta b le , a n d  c a n  v a ry  in  th e  in c re m e n t m e a s u re d  a s  w e ll, fu ll m ic ro lite rs  

(μ l) o r fra c tio n s  o f a  μ l. O n  a n  a d ju s ta b le  m ic ro p ip e tte , th e  v o lu m e  c a n  b e  c h a n g e d  b y  tw is tin g  

th e  h a n d le  o r to p  o f th e  p lu n g e r, d e p e n d in g  o n  th e  b ra n d /ty p e  y o u  h a v e . T h e  re a d o u t d ia l w ill 

s h o w  th e  v o lu m e  th e  m ic ro p ip e tte  is  a d ju s te d  to  tra n s fe r. T h e  m ic ro p ip e tte  is  lim ite d  to  th e  

v o lu m e  ra n g e  th a t is  p re -s e t o n  th e  in s tru m e n t. T h e  m o s t c o m m o n  ra n g e s  in c lu d e : 0 .5 – 1 0 μ l, 

2 – 2 0 μ l, 1 0 – 1 0 0 μ l a n d  1 0 0 –  1 ,0 0 0 μ l. A  p ip e tte  tip  m u s t b e  u s e d  w ith  th e  m ic ro p ip e tto r. T h e  tip  is  

w h e re  th e  liq u id  is  s to re d  a s  it is  b e in g  tra n s fe rre d . A  n e w  p ip e tte  tip  s h o u ld  b e  u s e d  fo r e a c h  

d iffe re n t liq u id . T h e  tip  is  e je c te d  b y  u s in g  th e  e je c to r m e c h a n is m  o n  th e  m ic ro p ip e tte ; s o m e  tip s  

m u s t b e  m a n u a lly  re m o v e d , d e p e n d in g  o n  th e  m ic ro p ip e tte . 

 

B e fo re  p ip e ttin g , p ra c tic e !  

P ra c tic e  fe e lin g  th e  “s o ft ” s to p  s e v e ra l tim e s ; ta k in g  th e  s a m p le  fro m  th e  c e n te r o f th e  c o n ta in e r 

h o ld in g  th e  liq u id  to  b e  tra n s fe rre d ; tra n s fe rrin g  th e  liq u id  w h ile  th e  p ip e tte  is  u p rig h t; re le a s in g  

th e  liq u id  in to  th e  a p p ro p ria te  m ic ro tu b e  o r c e ll w e ll b y  to u c h in g  th e  tip  to  th e  s id e  a n d  

d e p re s s in g  th e  p lu n g e r, firs t to  th e  “s o ft ” s to p , n e x t to  th e  “h a rd ” s to p ; c h a n g in g  tip s  fo r e a c h  

liq u id . 

 

W h e n  re a d y  to  d ra w  u p  a  liq u id , o b ta in  a  c le a n  tip . P re s s  th e  p ip e tte  in to  th e  o p e n  e n d  o f th e  tip  

a n d  ta p  g e n tly  to  “s e a t” th e  tip  o n  th e  p ip e tte . P la c e  th e  tip  in  th e  liq u id , ju s t b e lo w  th e  le v e l o f 

th e  liq u id , in  th e  c e n te r o f th e  s a m p le , b u t n o t to  th e  b a s e  o f th e  c o n ta in e r. D e p re s s  th e  p lu n g e r 

o n  th e  p ip e tte  to  th e  “s o ft ” o r firs t s to p . T h e  p o s itio n  o f th is  s to p  w ill v a ry  d e p e n d in g  o n  th e  

v o lu m e  s e t to  tra n s fe r (s in c e  th e  p o in t o f in itia l re s is ta n c e  is  d e te rm in e d  b y  th e  d e s ire d  v o lu m e  

o f s o lu tio n  b e in g  tra n s fe rre d ). R e le a s e  th e  p lu n g e r to  d ra w  u p  th e  liq u id . O n c e  th e  d e s ire d  

v o lu m e  is  d ra w n  in to  th e  tip , re m o v e  th e  p ip e tte , a n d  ta k e  th e  liq u id  to  its  d e s tin a tio n . R e le a s e  

th e  liq u id  a lo n g  th e  s id e  o f th e  tu b e  th e n  d e p re s s  th e  p lu n g e r, firs t to  th e  “s o ft ” s to p , th e n  o n e  

s e c o n d  la te r to  th e  s e c o n d  o r “h a rd ” s to p  to  re m o v e  a ll o f th e  c o n te n ts . R e m o v e  th e  tip  fro m  th e  

liq u id  b e fo re  th e  p lu n g e r is  re le a s e d . D is c a rd  th e  tip  b y  e je c tin g  in to  a  p ro p e r w a s te  re c e p ta c le . 

If y o u  n e e d  a d d itio n a l d ire c tio n , w a tc h  th is  p ip e ttin g  v id e o : ​y o u tu b e .c o m /w a tc h ? v = b e x 0 itU M x m I 

 

M a te ria ls  

M ic ro p ip e tto rs  o f v a rio u s  s iz e s  

9 6 -w e ll p la te  1  p e r g ro u p  

C o lo re d  w a te r in  1 0 m L  a m o u n ts  (c o lo r n e e d e d  d e p e n d e n t u p o n  w h ic h  p ro to c o l)  

M ic ro p ip e ttin g  p ro to c o l c o lo rs : 
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a . R e d  a n d  B lu e  w a te r 

b . Y e llo w  a n d  G re e n  w a te r 

c . G re e n  a n d  B lu e  w a te r 

d . B lu e , R e d  a n d  G re e n  w a te r  

e . R e d  a n d  Y e llo w  w a te r  

f. Y e llo w  a n d  G re e n  w a te r  

g . B lu e  a n d  R e d  w a te r  

 

P ro c e d u re  

1 . F o llo w  y o u r a s s ig n e d  p ro to c o l to  p ra c tic e  p ip e ttin g .  

2 . M a s s  y o u r e m p ty  9 6 -c e ll w e ll p la te  o n  a  s c a le  th a t m e a s u re s  to  0 .0 0 1  g . W h a t is  th e  

m a s s  o f y o u r c e ll w e ll p la te ?  

 

3 . U s e  a  d is p o s a b le  p ip e tte  to  a c c u ra te ly  tra n s fe r th e  c o rre c t a m o u n t o f liq u id  to  th e  c e ll 

p la te . F o llo w  th e  firs t 5  in s tru c tio n s , th e n  c h e c k  y o u r a c c u ra c y  b y  m e a s u rin g  th e  m a s s  o f 

y o u r p la te . Is  it p o s s ib le  to  tra n s fe r th e  c o rre c t a m o u n ts  w ith  a  d is p o s a b le  p ip e tte ?  

 

 

4 . E m p ty  y o u r c e ll w e ll p la te . M e a s u re  th e  m a s s  a g a in  o n  th e  s c a le  (it w ill b e  im p o s s ib le  to  

re m o v e  a ll o f th e  w a te r, s o  th is  w ill b e  a  d iffe re n t a m o u n t th a n  a b o v e ). W h a t is  th e  m a s s  

o f y o u r p la te ?  

 

5 . U s e  th e  m ic ro p ip e tto rs  to  m e a s u re  th e  a m o u n ts  fo r y o u r p ro to c o l. A d d  u p  th e  to ta l o f th e  

a m o u n ts  y o u  h a v e  a d d e d  to  th e  c e ll w e ll p la te . M e a s u re  p e rio d ic a lly  (a fte r 3 -5  a d d itio n s ) 

to  s e e  h o w  a c c u ra te  y o u r a re . B e  s u re  to  s u b tra c t th e  a m o u n t fro m  # 4 . 

6 . If th e  m a s s  is  e q u a l to  th e  p ip e tte d  a m o u n ts  y o u  h a v e  a d d e d  (1 0 0 0 µ l =  1 g ), th e n  y o u  a re  

b e in g  a c c u ra te  in  y o u r m e a s u re m e n ts . T a k e  tu rn s  w ith  o th e rs  in  y o u r g ro u p  a d d in g  th e  

a m o u n ts  c a lle d  fo r, a n d  c o n tin u e  c h e c k in g  y o u r a c c u ra c y  a s  y o u  g o  a lo n g . 

7 . W h a t is  y o u r p a tte rn ?  

 

A s s e s s m e n t  

1 . C h e c k  y o u r a c c u ra c y  b y  u s in g  a  m a s s  s c a le  th a t m e a s u re s  to  th e  th o u s a n d th s .  

a . A d d  u p  th e  v o lu m e  o f th e  liq u id  a d d e d . 

b . C o n v e rt v o lu m e  to  m a s s  (1 0 0 0 μ l =  1 m L ; 1 m L  =  1  g ) 

c . Z e ro  a  s c a le  w ith  a n  e m p ty  9 6 -w e ll p la te  

d . C a lc u la te  th e  m a s s  o f th e  c o m p le te d  d e s ig n  

2 . C h e c k  y o u r p e rc e n t e rro r b y  d o in g  th e  fo llo w in g :  

a . c a lc u la te  th e  e x p e c te d  m a s s  

b . s u b tra c t y o u r e x p e rim e n ta l m a s s  fro m  th e  e x p e c te d  m a s s  

c . ta k e  th e  a b s o lu te  v a lu e  o f th e  a n s w e r 

d . d iv id e  th e  d iffe re n c e  b y  th e  e x p e c te d  m a s s  

e . m u ltip ly  b y  1 0 0  to  g e t th e  p e rc e n t e rro r 

E x a m p le ​: 
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E x p e c te d  m a s s  =  4 7 8 9 µ L  o r 4 .7 8 9 g  

E x p e rim e n ta l m a s s  =  5  g  

4 .7 8 9  - 5  =   - 0 .2 1 1  

0 .2 1 1 /4 .7 8 9  =  0 .0 4 4  x  1 0 0  =  4 .4 %  

 

B e c a u s e  th e  a m o u n ts  a re  s o  s m a ll, e v e n  a  lo w  p e rc e n t e rro r c a n  re s u lt in  m a jo r d iffic u ltie s  if 

c o m p le tin g  a  p ro to c o l in  a  la b . Y o u  w a n t to  b e  a s  c lo s e  to  1 %  e rro r a s  p o s s ib le . 

 

R u b ric  fo r S e lf-A s s e s s m e n t  

S k ill Y e s  N o t Q u ite  N o  

O u r g ro u p  p ip e tte d  th e  c o rre c t a m o u n ts  in to  th e  

c e ll w e ll p la te  a n d  w e  c a lc u la te d  o u r p e rc e n t 

e rro r. 

   

O u r p a tte rn  h e lp e d  m e  to  a s k  q u e s tio n s  a n d  
d e fin e  p ro b le m s  re la te d  to  b io te c h n o lo g y . 

   

W e  w e re  a b le  to  c o n n e c t o u r p a tte rn  to  a  
b io te c h n o lo g y  re la te d  to p ic . 

   

 

 

 

Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.DRAFT



L e s s o n  6 C   

P la n t T is s u e  C u ltu re  
F o c u s  Q u e s tio n s : ​H o w  m ig h t w e  c re a te  a  s te rile  g ro w in g  e n v iro n m e n t?  H o w  im p o rta n t is  a  

s te rile  e n v iro n m e n t?  H o w  is  a  p la n t c lo n e  p ro d u c e d ?   

L e a rn in g  T a rg e t: S tu d e n ts  w ill m a in ta in  a  s te rile  g ro w in g  e n v iro n m e n t. S tu d e n ts  w ill p ro p a g a te  

m a n y  p la n ts  o f th e  s a m e  g e n e tic  b a c k g ro u n d .  

V o c a b u la ry : ​p la n t tis s u e , tis s u e  c u ltu re , s te rile /a s e p tic  te c h n iq u e , e x p la n t, n u trie n t m e d iu m  

 
* T hi s l e s s o n w a s a d a pt e d fr o m Pl a nt Ti s s u e C ult ur e:  

htt p s:// w w w. a p s n et. or g/ e d c e nt er/ K- 1 2/ T e a c h er s G ui d e/ Pl a nt Bi ot e c h n ol o g y/ D o c u m e nt s/ Pl a nt Ti s s u e C ult ur e. p df   

 

L S 1 : F ro m  M o le c u le s  to  O rg a n is m s : S tru c tu re s  a n d  P ro c e s s e s   

P e rfo rm a n c e  E x p e c ta tio n  C la s s ro o m  C o n n e c tio n s  

H S -L S 1 -4 ​. U s e  a  m o d e l to  illu s tra te  th e  ro le  o f 
c e llu la r d iv is io n  (m ito s is ) a n d  d iffe re n tia tio n  in  
p ro d u c in g  a n d  m a in ta in in g  c o m p le x  o rg a n is m s .  

S tu d e n ts  w ill a tte m p t to  g ro w  n e w  p la n t tis s u e  
fro m  e x is tin g  p la n ts . T h is  w ill m o d e l c lo n in g  a n d  
th e  ro le  o f c e ll d iv is io n  a n d  d iffe re n tia tio n . 

S c ie n c e  a n d   E n g in e e rin g  P ra c tic e  

D e v e lo p in g  a n d  U s in g  M o d e ls   

● U s e  a  m o d e l b a s e d  o n  e v id e n c e  to  

illu s tra te  th e  re la tio n s h ip s  b e tw e e n  
s y s te m s  o r b e tw e e n  c o m p o n e n ts  o f a  
s y s te m .  

S tu d e n ts  w ill c h o o s e  a  p la n t “m o d e l” to  u s e  a s  a  
tis s u e  s a m p le  a n d  c lo n e  it b y  g ro w in g  it in  c u ltu re . 

D is c ip lin a ry  C o re  Id e a  

L S 1 .B : G ro w th  a n d  D e v e lo p m e n t o f O rg a n is m s   
● In  m u ltic e llu la r o rg a n is m s  in d iv id u a l c e lls  

g ro w  a n d  th e n  d iv id e  v ia  a  p ro c e s s  c a lle d  
m ito s is , th e re b y  a llo w in g  th e  o rg a n is m  to  
g ro w . T h e  o rg a n is m  b e g in s  a s  a  s in g le  
c e ll (fe rtiliz e d  e g g ) th a t d iv id e s  
s u c c e s s iv e ly  to  p ro d u c e  m a n y  c e lls , w ith  
e a c h  p a re n t c e ll p a s s in g  id e n tic a l g e n e tic  
m a te ria l (tw o  v a ria n ts  o f e a c h  
c h ro m o s o m e  p a ir) to  b o th  d a u g h te r c e lls . 
C e llu la r d iv is io n  a n d  d iffe re n tia tio n  
p ro d u c e  a n d  m a in ta in  a  c o m p le x  
o rg a n is m , c o m p o s e d  o f s y s te m s  o f 
tis s u e s  a n d  o rg a n s  th a t w o rk  to g e th e r to  
m e e t th e  n e e d s  o f th e  w h o le  o rg a n is m .  

S tu d e n ts  w ill c h o o s e  a  p la n t tis s u e , re s e a rc h  th e  
m e d ia  n e e d e d  to  g ro w  th a t p la n t tis s u e  in  c u ltu re , 
p re p a re  th e  m e d ia , s te riliz e  th e  p la n t tis s u e  a n d  
g ro w  th e  p la n t in  th e  c u ltu re  m e d ia . 

C ro s s  C u ttin g  C o n c e p t 

S y s te m s  a n d  S y s te m  M o d e ls  
● M o d e ls  (e .g ., p h y s ic a l, m a th e m a tic a l, 

c o m p u te r m o d e ls ) c a n  b e  u s e d  to  

S tu d e n ts  w ill m o d e l a  s te rile  e n v iro n m e n t, 
d e te rm in e  th e  im p o rta n c e  o f th e  s te rile  
e n v iro n m e n t w h e n  p la n ts  a re  try in g  to  g ro w  a n d  
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s im u la te  s y s te m s  a n d  in te ra c tio n s  —  
in c lu d in g  e n e rg y , m a tte r, a n d  in fo rm a tio n  
flo w s  —  w ith in  a n d  b e tw e e n  s y s te m s  a t 
d iffe re n t s c a le s .  

e x a m in e  th e  re s u lts  o f a  le s s  th a n  s te rile  
e n v iro n m e n t. 

 

T e a c h e r B a c k g ro u n d  

W a tc h  ​T is s u e  C u ltu re  P ro p a g a tio n : C la s s  1 0 1 ​ b e fo re  b e g in n in g : 

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = q D O G rE h U e 8 A ​ It m a y  b e  h e lp fu l to  s h a re  th is  v id e o  w ith  

s tu d e n ts  a s  w e ll. A d v a n c e d  s tu d e n ts  m a y  b e  a b le  to  h e lp  w ith  p re p a ra tio n  o f a g a r. T h e re  a re  

m a n y  p a rts  o f th is  la b , b u t a ll re q u ire  s te rile  te c h n iq u e . O n  th e  s tu d e n t h a n d o u t, th e  p ro c e d u re  

fo r ​P la n t p re p a ra tio n  ​a n d  ​T ra n s fe r o f p la n t m a te ria l to  tis s u e  c u ltu re  m e d iu m  ​a re  in c lu d e d  

a lo n g  w ith  th e  m a te ria ls  n e e d e d  fo r th a t p ro c e d u re . 

 

P la n t re s e a rc h  o fte n  in v o lv e s  g ro w in g  n e w  p la n ts  in  a  c o n tro lle d  e n v iro n m e n t. T h e s e  m a y  b e  

p la n ts  th a t w e  h a v e  g e n e tic a lly  a lte re d  in  s o m e  w a y  o r m u ltip le  c o p ie s  o f c lo n e d  p la n ts . T h is  c a n  

b e  a c c o m p lis h e d  th ro u g h  th e  tis s u e  c u ltu re  o f s m a ll tis s u e  p ie c e s  fro m  th e  p la n t o f in te re s t. 

T h e s e  s m a ll p ie c e s  m a y  c o m e  fro m  a  s in g le  m o th e r p la n t o r th e y  m a y  b e  th e  re s u lt o f a  g e n e tic  

tra n s fo rm a tio n  o f s in g le  p la n t c e lls , w h ic h  a re  th e n  e n c o u ra g e d  to  g ro w  a n d  to  u ltim a te ly  

d e v e lo p  in to  a  w h o le  p la n t. T is s u e  c u ltu re  te c h n iq u e s  a re  o fte n  u s e d  fo r c o m m e rc ia l p ro d u c tio n  

o f p la n ts  a s  w e ll a s  fo r p la n t re s e a rc h .  

 

T is s u e  c u ltu re  in v o lv e s  th e  u s e  o f s m a ll p ie c e s  o f p la n t tis s u e  (e x p la n ts ), w h ic h  a re  c u ltu re d  in  a  

n u trie n t m e d iu m  u n d e r s te rile  c o n d itio n s . U s in g  th e  a p p ro p ria te  g ro w in g  c o n d itio n s  fo r th e  

e x p la n t ty p e , p la n ts  c a n  b e  in d u c e d  to  ra p id ly  p ro d u c e  n e w  s h o o ts  a n d  n e w  ro o ts . T h e s e  

p la n tle ts  c a n  a ls o  b e  d iv id e d , u s u a lly  a t th e  s h o o t s ta g e , to  p ro d u c e  la rg e  n u m b e rs  o f n e w  

p la n tle ts . T h e  n e w  p la n ts  c a n  th e n  b e  p la c e d  in  s o il a n d  g ro w n  in  th e  n o rm a l m a n n e r.  

 

N o te ​: M a n y  ty p e s  o f p la n ts  a re  s u ita b le  fo r u s e  in  th e  c la s s ro o m . C a u liflo w e r flo re ts  p a rtic u la rly  

g iv e  e x c e lle n t re s u lts  s in c e  th e y  c a n  b e  g ro w n  in to  a  c o m p le te  p la n t in  th e  b a s ic  tis s u e  c u ltu re  

m e d ia , w ith o u t th e  n e e d  fo r a d d itio n a l g ro w th  o r ro o t h o rm o n e s . G re e n  s h o o ts  a re  g e n e ra lly  

o b s e rv a b le  w ith in  th re e  w e e k s , a n d  ro o ts  d e v e lo p  w ith in  s ix  w e e k s . If o th e r p la n ts  a re  u s e d , 

d iffe re n t m a te ria ls  w ill n e e d  to  b e  a d d e d  to  th e  g ro w th  m e d ia  to  e n c o u ra g e  ro o t g ro w th .  

 

T h e  m o s t im p o rta n t p a rt o f th is  a c tiv ity , h o w e v e r, is  to  m a in ta in  a s  s te rile  a n  e n v iro n m e n t a s  

p o s s ib le . E v e n  o n e  fu n g a l s p o re  o r b a c te ria l c e ll th a t c o m e s  in to  c o n ta c t w ith  th e  g ro w th  m e d ia  

w ill ra p id ly  re p ro d u c e  a n d  s o o n  c o m p le te ly  o v e rw h e lm  th e  s m a ll p la n t.  

 

P rio r k n o w le d g e  

S tu d e n ts  s h o u ld  b e  fa m ilia r w ith  m ito s is  a n d  m a y  b e  fa m ilia r w ith  c lo n in g . T h e  p ro c e s s  o f tis s u e  

c u ltu rin g  e v e n tu a lly  re s u lts  in  d iffe re n tia tio n  o f p la n t tis s u e  in to  ro o ts  a n d  s h o o ts . T h e  p la n t is  

v e ry  v u ln e ra b le  to  a n y  ty p e  o f fu n g a l g ro w th  d u rin g  th is  tim e , h o w e v e r. D is c u s s  w h a t is  m e a n t 

b y  s te rile  e n v iro n m e n t to  h e lp  s tu d e n ts  u n d e rs ta n d  th e  m y ria d  o f o rg a n is m s  th a t c a n  

c o n ta m in a te  th e  g ro w th  e n v iro n m e n t th e y  a re  a tte m p tin g  to  c re a te . 
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M a te ria ls   

1  V ia l o f M u ra s h ig e  S k o o g  (M S ) m e d ia   

1  L  s te rile  d is tille d  w a te r  

9  g  o f a g a r/L   

3 0  g  s u c ro s e /L   

T h e  firs t c o n ta in e r s h o u ld  h a v e  B A P  a d d e d  a t th e  ra te  o f 2 .0 m g /l. T h e  s e c o n d  c o n ta in e r s h o u ld  

h a v e  th e  N A A  h o rm o n e  a d d e d  a t th e  ra te  o f 0 .1  m g /L . T o  d o  th is  it is  n e c e s s a ry  to  m a k e  

c o n c e n tra te d  s o lu tio n s  o f b o th  B A P  (2 .0 m g /m l) a n d  N A A  (1 .0 m g /m l) a n d  filte r s te riliz e  th e m  

(s e e : ​h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = v c x y 6 F p fS u w ​ fo r a  d e m o n s tra tio n ). A d d  1 m l o f th e  

c o n c e n tra te d  B A P  s to c k  o r 1 0 0 μ l o f th e  N A A  c o n c e n tra te d  s to c k  to  e a c h  1  lite r o f m e d ia  th a t 

y o u  p re p a re . 

1 .5  L  o r 2  L  fla s k  in  w h ic h  to  p re p a re  th e  g ro w th  m e d iu m   

S te rile  c u ltu re  tu b e s  w ith  lid s  

S m a ll a m o u n ts  o f 1 M  N a O H  a n d  1 M  H C l to  a d ju s t th e  p H  o f th e  m e d ia   

p H  p a p e r (5 .0 – 7 .0  b y  te n th s )  

A lu m in u m  fo il  

G la s s  a q u a riu m  o r p la s tic  o v e n  b a g  o r L a m in a r flo w  h o o d  

P la s tic  s h e e t to  c o v e r th e  to p  o f th e  a q u a riu m  (if p re fe rre d  o v e r p la s tic  b a g )  

A d h e s iv e  ta p e  

H o t p la te  w ith  s tir b a r 

7 0 %  a lc o h o l (e th a n o l) in  a  s p ra y  b o ttle  

S te riliz e d  fo rc e p s  o r tw e e z e rs  

S te rile  p e tri d is h e s  (fo r c u ttin g ) 

G lo v e s  

S te rile  c u ttin g  e q u ip m e n t s u c h  a s  a  s c a lp e l b la d e , ra z o r b la d e  o r c o rk  b o re r 

2  g a llo n s  o f s te rile  d is tille d  w a te r 

C a u liflo w e r flo re ts  (o r o th e r p la n t tis s u e  o r fre s h  le a v e s )  

L id d e d  c o n ta in e rs  (o r b e a k e rs ) to  w a s h  th e  p la n t m a te ria l 

D e te rg e n t-w a te r m ix tu re : 1 m L  d e te rg e n t p e r lite r o f w a te r  

S te riliz in g  s o lu tio n : 1 0 %  b le a c h  s o lu tio n  (2 5 0  m L  h o u s e h o ld  b le a c h  +  2 2 5 0  m l w a te r) 

2  o r 3  b e a k e rs  o r ja rs  fo r s te rile  w a te r 

A  w e ll-lit a re a  a w a y  fro m  d ire c t s u n lig h t o r u s e  fu ll-s p e c tru m  g ro w -lig h t 

 

T e a c h e r P re p a ra tio n   

A g a r P re p a ra tio n ​ (A b o u t 1  h o u r) - T h e s e  s te p s  w ill m a k e  5 0 0  m L  o f g ro w th  m e d iu m , w h ic h  is  

e n o u g h  to  p re p a re  a b o u t 6 5  g ro w in g  tu b e s .  

1 . A d d  4 0 0  m L  d is tille d  w a te r to  a  1  L  fla s k . D is s o lv e  th e  M u ra s h ig e -S k o o g  (M S ) p o w d e r in  th e  

w a te r. S tir th e  w a te r c o n tin u o u s ly  w h ile  a d d in g  th e  s a lt m ix tu re  u s in g  a  m a g n e tic  s p in  b a r in  th e  

fla s k  w h ile  o n  th e  h o t p la te .  

2 . A d d  1 5  g  o f s u g a r a n d  c o n tin u e  to  s tir to  d is s o lv e . A d ju s t p H  to  5 .8  u s in g  d ro p s  o f 1 M  N a O H  

o r 1 M  H C l a s  n e c e s s a ry  w h ile  g e n tly  s tirrin g .  

3 . A d d  d is tille d  w a te r to  m a k e  th e  to ta l v o lu m e  u p  to  5 0 0  m l.  
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4 . M a s s  4 .5  g ra m s  o f a g a r a n d  a d d  it to  th e  M S  s o lu tio n .  

5 . C o v e r th e  fla s k  w ith  fo il a n d  h e a t o n  h ig h  a n d  s tir o n  th e  h o t p la te  u n til th e  liq u id  is  ju s t b o ilin g . 

A g a r w ill b o il o v e r q u ic k ly .  

6 . S im m e r th e  liq u id  fo r 3 0  m in u te s  o n  lo w  h e a t a n d  le t c o o l to  to u c h  (to  a b o u t 5 0 ​o ​C ).  

7 . P o u r th e  s till w a rm  m e d iu m  in to  th e  c u ltu re  tu b e s  u n til o n e -th ird  fu ll. C o v e r im m e d ia te ly  to  

c o o l.  

8 . S to re  c u ltu re  tu b e s  in  s e ts  o f 6 – 8  in  te s t tu b e  ra c k s .  

9 . P la c e  th e  c u ltu re  tu b e s  in  a n  a u to c la v e  to  s te riliz e .  

 

S te riliz e  tra n s fe r c h a m b e r a n d  e q u ip m e n t p re p a ra tio n   

(S tu d e n ts  c o u ld  b e  a s s ig n e d  to  m a k e  th e ir o w n  s te rile  c h a m b e rs  if d e s ire d , o r th e re  c a n  

b e  o n e  fo r c la s s  u s e  th a t w ill n e e d  to  b e  c lo s e ly  m o n ito re d  a s  g ro u p s  c y c le  th ro u g h .) 

If a  la m in a r flo w  h o o d  is  a v a ila b le , th is  s h o u ld  b e  u s e d  to  m a in ta in  a  s te rile  e n v iro n m e n t. If n o t, 

fo llo w  th e  s te p s  b e lo w  to  c re a te  a  s te rile  w o rk in g  e n v iro n m e n t fo r th e  tra n s fe r o f m a te ria ls  to  th e  

g ro w th  m e d ia . 

1 . A  c la s s ro o m  tra n s fe r c h a m b e r c a n  b e  m a d e  fro m  a  c le a n  g la s s  a q u a riu m  tu rn e d  o n  its  s id e . 

S c ru b  th e  a q u a riu m  th o ro u g h ly  w ith  a  1 0 %  b le a c h  s o lu tio n  in  a  c h e m ic a l h o o d  if p o s s ib le , 

m a k in g  s u re  th a t y o u  w e a r g lo v e s  a n d  d o  n o t in h a le  th e  fu m e s . R in s e  w ith  s te rile  d is tille d  w a te r, 

tu rn  u p s id e  d o w n  o n  a  c le a n  c o u n te r o r p a p e r to w e ls  a n d  a llo w  to  d ry .  

2 . C u t h o le s  in  a  c le a n  p la s tic  s h e e t to  a llo w  a rm s  to  re a c h  in to  th e  c h a m b e r a n d  re in fo rc e  th e  

c u t e d g e s  w ith  ta p e  if n e c e s s a ry . T a p e  th e  c le a n  p la s tic  s h e e t o v e r th e  o p e n  s id e  o f th e  

a q u a riu m  m a k in g  s u re  th a t th e  a rm h o le s  a re  lo c a te d  a t a  c o n v e n ie n t h e ig h t. P la s tic  s le e v e s  

c o u ld  a ls o  b e  fitte d  to  th e s e  h o le s  if y o u  w is h  to  m a k e  it e a s ie r to  p re v e n t th e  e n try  o f a irb o rn e  

s p o re s  in to  th e  c h a m b e r. T h e  fin is h e d  a q u a riu m  c h a m b e r c a n  b e  s te riliz e d  b y  s p ra y in g  w ith  

1 0 %  b le a c h  s o lu tio n  ju s t p rio r to  e a c h  u s e  a n d  d ry in g  w ith  s te rile  p a p e r to w e l.  

3 . A lte rn a tiv e ly , a  p la s tic  o v e n  b a g  c a n  b e  u s e d . P la s tic  b a g s  a re  s te rile  u n til o p e n e d  s in c e  th e y  

a re  h e a te d  w h e n  fo rm e d . B e fo re  u s e , th e  b a g  c a n  b e  s te riliz e d  b y  s p ra y in g  w ith  1 0 %  b le a c h  

s o lu tio n  ju s t p rio r to  e a c h  u s e  a n d  d ry in g  w ith  a  s te rile  p a p e r to w e l. 

4 . W ra p  th e  fo rc e p s , s c a lp e ls , ra z o r b la d e s , a n d /o r c o rk  b o re r, p a p e r to w e ls  a n d  g lo v e s  (ru b b e r 

o r s u rg ic a l) in  a lu m in u m  fo il, s e a l w ith  ta p e  a n d  s te riliz e  b y  p la c in g  in  a n  o v e n  a t 3 5 0 ° F  fo r 1 5  

m in u te s . Y o u  c a n  w ra p  e a c h  ite m  s e p a ra te ly  o r p u t to g e th e r a  “k it” s o  th a t e a c h  s tu d e n t w ill 

h a v e  th e ir o w n  s te rile  e q u ip m e n t to  u s e .  

5 . A lte rn a tiv e ly , th e  fo rc e p s  a n d  b la d e s  c a n  b e  s te riliz e d  b y  d ip p in g  in  1 0 %  b le a c h  s o lu tio n  a n d  

th e n  rin s in g  in  s te rile  w a te r. If y o u  c h o o s e  to  d ip  in  b le a c h  a n d  rin s e  in  s te rile  w a te r, it is  b e s t if 

fre s h  s o lu tio n s  a re  a v a ila b le  fo r e a c h  s tu d e n t g ro u p  s in c e  th e  w a te r c a n  e a s ily  b e  c o n ta m in a te d  

if c a re  is  n o t u s e d . T h e s e  liq u id  c o n ta in e rs  s h o u ld  o n ly  b e  o p e n e d  w h e n  th e y  a re  in s id e  o f th e  

s te rile  c h a m b e r.  

 

P la n t p re p a ra tio n  (A s s ig n  to  s tu d e n ts  fo r th e ir o w n  g ro u p s  to  u s e .)  

Y o u  w ill b e  s te riliz in g  th e  p la n t m a te ria l to  re m o v e  a n y  b a c te ria  o r fu n g a l s p o re s  th a t a re  

p re s e n t. T h e  a im  is  to  k ill a ll m ic ro o rg a n is m s , b u t a t th e  s a m e  tim e  n o t c a u s e  a n y  a d v e rs e  

d a m a g e  to  th e  p la n t m a te ria l.  
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1 . C u t c a u liflo w e r in to  s m a ll s e c tio n s  o f flo re ts  a b o u t 1  c m  a c ro s s  o n  a  s te rile  s u rfa c e  w ith in  th e  

s te rile  tra n s fe r c h a m b e r. If u s in g  p la n t le a v e s , c u t in to  d is k s  w ith  a  s te riliz e d  c o rk  b o re r. 

2 . W a s h  th e  p re p a re d  p la n t m a te ria l in  a  d e te rg e n t-w a te r m ix tu re  fo r a b o u t 2 0  m in u te s . T h is  w ill 

h e lp  re m o v e  fu n g i e tc ., a n d  th e  d e te rg e n t w ill h e lp  w e t th e  m a te ria l a n d  re m o v e  a ir b u b b le s  th a t 

m a y  b e  tra p p e d  b e tw e e n  tin y  h a irs  o n  a  p la n t.  

3 . T ra n s fe r th e  w a s h e d  p la n t m a te ria l to  th e  s te riliz in g  b le a c h  s o lu tio n . S h a k e  th e  m ix tu re  fo r 1  

m in u te  a n d  th e n  le a v e  to  s o a k  fo r 1 0 – 2 0  m in u te s . C a re fu lly  p o u r o ff th e  b le a c h  s o lu tio n  u s in g  

th e  lid  to  k e e p  th e  p la n t tis s u e  fro m  c o m in g  o u t a n d  th e n  c a re fu lly  c a p  th e  c o n ta in e r.  

*N o te  1 ​: A t th is  p o in t, th e  tis s u e  is  c o n s id e re d  s te rile . A ll s u b s e q u e n t rin s e s  s h o u ld  b e  d o n e  w ith  

s te rile  w a te r a n d  a ll m a n ip u la tio n s  o f th e  tis s u e  p e rfo rm e d  w ith  s te rile  in s tru m e n ts  a n d  s u p p lie s . 

O p e n  o n e  c o n ta in e r a t a  tim e  a n d  n e v e r le a v e  th e  lid  o ff o f a n y  c o n ta in e r lo n g e r th a n  n e c e s s a ry .  

 

*​T e a c h e r N o te :​ M a n y  s tu d e n ts  w ill n o t fu lly  a p p re c ia te  th e  im p o rta n c e  o f c a re fu lly  s te riliz in g  

e x p la n ts  a n d  s o  th e re  w ill b e  s o m e  c u ltu re s  th a t b e c o m e  in fe c te d  w ith  b a c te ria l o r fu n g a l g ro w th . 

If y o u  d o  n o t w is h  to  e m p h a s iz e  th is  a s p e c t o f th e  la b o ra to ry  s tu d e n ts  c a n  b e  p ro v id e d  w ith  p la n t 

m a te ria ls  th a t th e  in s tru c to r h a s  a lre a d y  s te riliz e d  p rio r to  u s e  b y  th e  c la s s .  

 

T ra n s fe r o f p la n t m a te ria l to  tis s u e  c u ltu re  m e d iu m   

U s e  s te rile  g lo v e s  a n d  e q u ip m e n t fo r a ll o f th e s e  s te p s .  

1 . S p ra y  th e  o u ts id e  s u rfa c e s  o f th e  c o n ta in e rs , th e  c a p p e d  tu b e s  a n d  th e  a lu m in u m  w ra p p e d  

s u p p lie s  w ith  7 0 %  a lc o h o l b e fo re  m o v in g  th e m  in to  th e  c h a m b e r. 

2 . P la c e  th e  p la n t m a te ria l s till in  th e  b le a c h  s te riliz in g  c o n ta in e r, th e  c o n ta in e rs  o f s te rile  w a te r, 

th e  s te riliz e d  fo rc e p s  a n d  b la d e s , s o m e  s te rile  p a p e r to w e ls  to  u s e  a s  a  c u ttin g  s u rfa c e  a n d  

e n o u g h  tu b e s  c o n ta in in g  s te rile  m e d iu m  in to  th e  s te rile  a re a .  

3 . S p ra y  th e  g lo v e s  w ith  a  7 0 %  a lc o h o l s o lu tio n  a n d  h a n d s  ru b b e d  to g e th e r to  s p re a d  th e  

a lc o h o l ju s t p rio r to  p la c in g  h a n d s  in to  th e  c h a m b e r. O n c e  g lo v e s  a re  o n  a n d  s p ra y e d  th e y  m u s t 

n o t to u c h  a n y th in g  th a t is  o u ts id e  o f th e  s te rile  c h a m b e r.  

4 . C a re fu lly  o p e n  th e  c o n ta in e r w ith  th e  p la n t m a te ria l a n d  p o u r in  e n o u g h  s te rile  w a te r to  h a lf fill 

th e  c o n ta in e r. R e p la c e  th e  lid  a n d  g e n tly  s h a k e  th e  c o n ta in e r to  w a s h  tis s u e  p ie c e s  (e x p la n ts ) 

th o ro u g h ly  fo r 2 – 3  m in u te s  to  re m o v e  th e  b le a c h . T h e n  le t s it fo r 1 5  m in u te s . P o u r o ff th e  w a te r. 

5 . R e m o v e  th e  s te riliz e d  a n d  w a s h e d  p la n t m a te ria l fro m  th e  c o n ta in e r, p la c e  o n  th e  p a p e r to w e l 

o r s te rile  p e tri d is h . C u t th e  c a u liflo w e r in to  s m a lle r p ie c e s  a b o u t 2  to  3  m m  a c ro s s . B e  s u re  to  

a v o id  a n y  tis s u e  th a t h a s  b e e n  d a m a g e d  b y  th e  s te riliz in g  s o lu tio n , w h ic h  is  a p p a re n t b y  its  p a le  

c o lo r. If u s in g  a  d is k  o f p la n t le a f n o  a d d itio n a l c u ttin g  is  n e c e s s a ry .  

6 . T a k e  a  p re p a re d  s e c tio n  o f p la n t m a te ria l in  s te rile  fo rc e p s  a n d  p la c e  in to  th e  m e d iu m  in  th e  

c u ltu re  tu b e . C a u liflo w e r p ie c e s  s h o u ld  b e  p a rtly  s u b m e rg e d  in  th e  m e d iu m , flo w e r b u d  fa c in g  

u p . If u s in g  a n o th e r p la n t le a f, b e  s u re  th e  d is k  is  in  c o n ta c t w ith  th e  a g a r. 

7 . R e p la c e  th e  lid  o n  th e  c u ltu re  tu b e . 

 

G ro w in g  th e  p la n ts   

1 . P la c e  p la n t s e c tio n s  in  a  w e ll-lit a re a  o f th e  c la s s ro o m  a lth o u g h  n o t in  d ire c t s u n lig h t. T h e  

s h o o ts  w ill g ro w  m o re  q u ic k ly  if th e  e x p la n ts  a re  p la c e d  u n d e r flu o re s c e n t o r g ro w -lig h ts  to  

p ro v id e  a t le a s t 1 2  h o u rs  o f lig h t p e r d a y . T h e  a q u a riu m  c a n  b e  u s e d  a s  a  g ro w th  c h a m b e r w ith  
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th e  lig h tin g  a b o u t 8 – 1 0 " o v e rh e a d . T h is  w ill a ls o  h e lp  m a in ta in  a  m o re  re g u la r a n d  w a rm  

te m p e ra tu re . E n s u re  th a t th e  te m p e ra tu re  d o e s  n o t g o  o v e r 8 2 .4 ° F . N e w  s h o o ts  s h o u ld  d e v e lo p  

w ith in  2  w e e k s  a n d  s h o u ld  b e  w e ll a d v a n c e d  in  3  to  4  w e e k s . C h e c k  th e  tu b e s  d a ily  a n d  d is c a rd  

a n y  th a t s h o w  s ig n s  o f in fe c tio n  (b e fo re  d is c a rd in g , a d d  b le a c h  in to  th e  tu b e ). R o o ts  c a n  a p p e a r 

w ith in  6  w e e k s  o n  c a u liflo w e rs .  

2 . W o rk in g  in s id e  th e  s te rile  a q u a riu m  c h a m b e r, re m o v e  th e  lid  fro m  th e  c u ltu re  d is h . T h e re  w ill 

u s u a lly  b e  s e v e ra l s h o o ts  th a t h a v e  a ris e n  fro m  e a c h  e x p la n t. T h e s e  s h o o ts  s h o u ld  b e  c a re fu lly  

s e p a ra te d  b y  g e n tly  re m o v in g  th e  w h o le  e x p la n t fro m  th e  m e d ia  w ith  s te rile  fo rc e p s  a n d  th e n  

s e p a ra tin g  th e  s h o o ts  b y  g e n tly  p u llin g  th e m  a p a rt u s in g  tw o  p a irs  o f fo rc e p s . E a c h  s h o o t s h o u ld  

th e n  b e  p la c e d  in to  a  tu b e  o f ro o tin g  m e d ia  a n d  th e  b o tto m  o f th e  s h o o t p u s h e d  in to  th e  m e d ia  

s o  th a t g o o d  c o n ta c t is  m a d e . T h e  c a p  is  re p la c e d  a n d  th e  s h o o ts  a re  th e n  a llo w e d  to  g ro w  a s  in  

s te p  1  u n til ro o ts  a re  fo rm e d , u s u a lly  w ith in  2 – 3  w e e k s .  

 

D iffe re n tia tio n  

i. ​L o c a l c o m m u n ity ​: S tu d e n ts  m a y  d o  a  s e a rc h  to  s e e  if th e re  is  a  p la n t g e n e tic s  la b  

n e a rb y . S e a rc h in g  fo r “a g ric u ltu re  re s e a rc h  a n d  d e v e lo p m e n t” m a y  g iv e  a  lis t o f fa c ilitie s  

in  y o u r a re a . 

ii. ​S tu d e n ts  w ith  s p e c ia l n e e d s  (la n g u a g e /re a d in g /a u d ito ry /v is u a l)​: T h is  le s s o n  

in c lu d e s  k in e s th e tic  a c tiv itie s  a s  w e ll a s  re a d in g  a n d  fo llo w in g  d ire c tio n s . S tu d e n ts  in  

c o o p e ra tiv e  g ro u p s  c a n  ro ta te  ta s k s  a n d  u tiliz e  a ll s tu d e n ts ’ s tre n g th s . 

iii. ​E x tra  s u p p o rt​: W a tc h  ​T is s u e  C u ltu re  P ro p a g a tio n : C la s s  1 0 1 ​: 

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = q D O G rE h U e 8 A  

iv . ​E x te n s io n s ​: ​S tu d e n ts  m a y  w a n t to  try  a d d itio n a l p la n t c u ttin g s . S tu d e n ts  w ill n e e d  to  

re s e a rc h  w h a t g ro w th  m e d ia /n u trie n ts  a re  re q u ire d  fo r d iffe re n t p la n ts  to  g ro w . 

 

R u b ric  fo r A s s e s s m e n t 

S k ill B e g in n in g  S a tis fa c to ry  E x e m p la ry  

U s e  a  m o d e l to  
illu s tra te  th e  ro le  o f 
c e llu la r d iv is io n  
(m ito s is ) a n d  
d iffe re n tia tio n  in  
p ro d u c in g  a n d  
m a in ta in in g  c o m p le x  
o rg a n is m s .  

S tu d e n t u s e d  a  p la n t 
m o d e l o f h is /h e r c h o ic e  
to  s h o w  c e llu la r d iv is io n  
th ro u g h  p la n t tis s u e  
c u ltu re .  

S tu d e n t u s e d  a  p la n t 
m o d e l to  s h o w  c e llu la r 
d iv is io n  th ro u g h  p la n t 
tis s u e  c u ltu re . S tu d e n t 
c a n  e x p la in  h o w  th e  
p ro c e s s  o f m ito s is  
le a d s  to  p la n t tis s u e  
c u ltu re . 

S tu d e n t u s e d  a  p la n t 
m o d e l to  s h o w  c e llu la r 
d iv is io n  th ro u g h  p la n t 
tis s u e  c u ltu re . S tu d e n t 
c a n  e x p la in  h o w  th e  
p ro c e s s  o f m ito s is  
le a d s  to  p la n t tis s u e  
c u ltu re . S tu d e n t 
re s e a rc h e d  a d d itio n a l 
n u trie n ts  to  u s e  w ith  
s p e c ific  p la n t tis s u e .  

 S tu d e n t u s e d  s te rile  
te c h n iq u e . 

S tu d e n t u s e d  s te rile  
te c h n iq u e  a n d  th e  
e x p la n ts  b e g a n  to  g ro w . 

S tu d e n t u s e d  s te rile  
te c h n iq u e  a n d  h e lp e d  
to  p re p a re  a d d itio n a l 
m a te ria ls  to  te s t. 
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R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

I u s e d  s te rile  te c h n iq u e  to  
s te riliz e  a n d  tra n s fe r e x p la n ts  
to  c u ltu re  tu b e s . 

  

T h e  e x p la n ts  g re w  in to  
h e a lth y  p la n ts . 
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L e s s o n  6 C  

P la n t T is s u e  C u ltu re  
F o c u s  Q u e s tio n s : ​H o w  m ig h t w e  c re a te  a  s te rile  g ro w in g  e n v iro n m e n t?  H o w  im p o rta n t is  a  s te rile  

e n v iro n m e n t?  H o w  is  a  p la n t c lo n e  p ro d u c e d ?  

V o c a b u la ry : ​p la n t tis s u e , tis s u e  c u ltu re , s te rile /a s e p tic  te c h n iq u e , e x p la n t, n u trie n t m e d iu m  

 

B a c k g ro u n d  

P la n t re s e a rc h  o fte n  in v o lv e s  g ro w in g  n e w  p la n ts  in  a  c o n tro lle d  e n v iro n m e n t. T h e s e  m a y  b e  

p la n ts  th a t w e  h a v e  g e n e tic a lly  a lte re d  in  s o m e  w a y  o r m u ltip le  c o p ie s  o f c lo n e d  p la n ts . T h is  c a n  

b e  a c c o m p lis h e d  th ro u g h  th e  tis s u e  c u ltu re  o f s m a ll tis s u e  p ie c e s  fro m  th e  p la n t o f in te re s t. 

T h e s e  s m a ll p ie c e s  m a y  c o m e  fro m  a  s in g le  m o th e r p la n t o r th e y  m a y  b e  th e  re s u lt o f a  g e n e tic  

tra n s fo rm a tio n  o f s in g le  p la n t c e lls , w h ic h  a re  th e n  e n c o u ra g e d  to  g ro w  a n d  to  u ltim a te ly  

d e v e lo p  in to  a  w h o le  p la n t. T is s u e  c u ltu re  te c h n iq u e s  a re  o fte n  u s e d  fo r c o m m e rc ia l p ro d u c tio n  

o f p la n ts  a s  w e ll a s  fo r p la n t re s e a rc h .  

 

T is s u e  c u ltu re  in v o lv e s  th e  u s e  o f s m a ll p ie c e s  o f p la n t tis s u e  (e x p la n ts ), w h ic h  a re  c u ltu re d  in  a  

n u trie n t m e d iu m  u n d e r s te rile  c o n d itio n s . U s in g  th e  a p p ro p ria te  g ro w in g  c o n d itio n s  fo r th e  

e x p la n t ty p e , p la n ts  c a n  b e  in d u c e d  to  ra p id ly  p ro d u c e  n e w  s h o o ts  a n d  n e w  ro o ts . T h e s e  

p la n tle ts  c a n  a ls o  b e  d iv id e d , u s u a lly  a t th e  s h o o t s ta g e , to  p ro d u c e  la rg e  n u m b e rs  o f n e w  

p la n tle ts . T h e  n e w  p la n ts  c a n  th e n  b e  p la c e d  in  s o il a n d  g ro w n  in  th e  n o rm a l m a n n e r.  

 

T h e  m o s t im p o rta n t p a rt o f th is  a c tiv ity , h o w e v e r, is  to  m a in ta in  a s  s te rile  a n  e n v iro n m e n t a s  

p o s s ib le . E v e n  o n e  fu n g a l s p o re  o r b a c te ria l c e ll th a t c o m e s  in to  c o n ta c t w ith  th e  g ro w th  m e d ia  

w ill ra p id ly  re p ro d u c e  a n d  s o o n  c o m p le te ly  o v e rw h e lm  th e  s m a ll p la n t.  

 

M a te ria ls  

S te rile  d is tille d  w a te r 

1 0 %  b le a c h  s o lu tio n  (M ix  1 0 0  m L  h o u s e h o ld  b le a c h  +  9 0 0  m L  w a te r)  

7 0 %  a lc o h o l  

C u ttin g  e q u ip m e n t s u c h  a s  a  s c a lp e l b la d e  o r ra z o r b la d e  (S te rile  o r d ip  in  1 0 %  b le a c h  th e n  

rin s e  in  s te rile  w a te r) 

F o rc e p s  o r tw e e z e rs  (S te rile  o r d ip  in  1 0 %  b le a c h  th e n  rin s e  in  s te rile  w a te r) 

G lo v e s  

C a u liflo w e r flo re ts  

S te rile  p a p e r to w e ls  o r p e tri d is h e s  fo r c u ttin g   

L id d e d  c o n ta in e rs  in  w h ic h  to  w a s h  th e  p la n t m a te ria l  

D e te rg e n t-w a te r m ix tu re  (M ix  1 m l d e te rg e n t p e r lite r o f w a te r)  

S te riliz in g  s o lu tio n : 1 – 2 %  b le a c h  S o lu tio n  (M ix  5 – 1 0  m l h o u s e h o ld  b le a c h  +  5 0 0  m l w a te r)  

2  o r 3  b e a k e rs  o r ja rs  fo r s te rile  w a te r  

2  s p ra y  b o ttle s  
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P ro c e d u re  

1 . M ix  1 0 %  b le a c h  s o lu tio n , d e te rg e n t-w a te r m ix tu re  a n d  s te riliz in g  s o lu tio n  u s in g  a m o u n ts  

g iv e n . 

2 . A d d  1 0 %  b le a c h  to  a  s p ra y  b o ttle  a n d  a d d  s o m e  to  a  b e a k e r o r ja r fo r rin s in g   

3 . A d d  7 0 %  a lc o h o l to  th e  o th e r s p ra y  b o ttle  

 

P la n t p re p a ra tio n   

Y o u  w ill b e  s te riliz in g  th e  p la n t m a te ria l to  re m o v e  a n y  b a c te ria  o r fu n g a l s p o re s  th a t a re  

p re s e n t. T h e  a im  is  to  k ill a ll m ic ro o rg a n is m s , b u t a t th e  s a m e  tim e  n o t c a u s e  a n y  a d v e rs e  

d a m a g e  to  th e  p la n t m a te ria l.  

1 . C u t c a u liflo w e r in to  s m a ll s e c tio n s  o f flo re ts  a b o u t 1  c m  a c ro s s  o n  a  s te rile  s u rfa c e  w ith in  th e  

s te rile  tra n s fe r c h a m b e r. If u s in g  p la n t le a v e s , c u t in to  d is k s  w ith  a  s te riliz e d  c o rk  b o re r. 

2 . W a s h  th e  p re p a re d  p la n t m a te ria l in  th e  d e te rg e n t-w a te r m ix tu re  fo r a b o u t 2 0  m in u te s . T h is  

w ill h e lp  re m o v e  fu n g i e tc ., a n d  th e  d e te rg e n t w ill h e lp  w e t th e  m a te ria l a n d  re m o v e  a ir b u b b le s  

th a t m a y  b e  tra p p e d  b e tw e e n  tin y  h a irs  o n  a  p la n t.  

3 . T ra n s fe r th e  w a s h e d  p la n t m a te ria l to  th e  s te riliz in g  s o lu tio n . S h a k e  th e  m ix tu re  fo r 1  m in u te  

a n d  th e n  le a v e  to  s o a k  fo r 1 0 – 2 0  m in u te s . C a re fu lly  p o u r o ff th e  b le a c h  s o lu tio n  u s in g  th e  lid  to  

k e e p  th e  p la n t tis s u e  fro m  c o m in g  o u t a n d  th e n  c a re fu lly  c a p  th e  c o n ta in e r.  

 

N o te ​: A t th is  p o in t, th e  tis s u e  is  c o n s id e re d  s te rile . A ll s u b s e q u e n t rin s e s  s h o u ld  b e  d o n e  w ith  

s te rile  w a te r a n d  a ll m a n ip u la tio n s  o f th e  tis s u e  p e rfo rm e d  w ith  s te rile  in s tru m e n ts  a n d  s u p p lie s . 

O p e n  o n e  c o n ta in e r a t a  tim e  a n d  n e v e r le a v e  th e  lid  o ff o f a n y  c o n ta in e r lo n g e r th a n  n e c e s s a ry .  

 

T ra n s fe r o f p la n t m a te ria l to  tis s u e  c u ltu re  m e d iu m   

U s e  s te rile  g lo v e s  a n d  e q u ip m e n t fo r a ll o f th e s e  s te p s .  

1 . S p ra y  th e  o u ts id e  s u rfa c e s  o f th e  c o n ta in e rs , th e  c a p p e d  tu b e s  a n d  th e  a lu m in u m  w ra p p e d  

s u p p lie s  w ith  7 0 %  a lc o h o l b e fo re  m o v in g  th e m  in to  th e  c h a m b e r. 

2 . P la c e  th e  p la n t m a te ria l s till in  th e  b le a c h  s te riliz in g  c o n ta in e r, th e  c o n ta in e rs  o f s te rile  w a te r, 

th e  s te riliz e d  fo rc e p s  a n d  b la d e s , s o m e  s te rile  p a p e r to w e ls  to  u s e  a s  a  c u ttin g  s u rfa c e  a n d  

e n o u g h  tu b e s  c o n ta in in g  s te rile  m e d iu m  in to  th e  s te rile  a re a .  

3 . S p ra y  th e  g lo v e s  w ith  a  7 0 %  a lc o h o l s o lu tio n  a n d  ru b  h a n d s  to g e th e r to  s p re a d  th e  a lc o h o l 

ju s t p rio r to  p la c in g  h a n d s  in to  th e  c h a m b e r. O n c e  g lo v e s  a re  o n  a n d  s p ra y e d  th e y  m u s t n o t 

to u c h  a n y th in g  th a t is  o u ts id e  o f th e  s te rile  c h a m b e r.  

4 . C a re fu lly  o p e n  th e  c o n ta in e r w ith  th e  p la n t m a te ria l a n d  p o u r in  e n o u g h  s te rile  w a te r to  h a lf fill 

th e  c o n ta in e r. R e p la c e  th e  lid  a n d  g e n tly  s h a k e  th e  c o n ta in e r to  w a s h  tis s u e  p ie c e s  (e x p la n ts ) 

th o ro u g h ly  fo r 2 – 3  m in u te s  to  re m o v e  th e  b le a c h . T h e n  le t s it fo r 1 5  m in u te s . P o u r o ff th e  w a te r. 

5 . R e m o v e  th e  s te riliz e d  a n d  w a s h e d  p la n t m a te ria l fro m  th e  c o n ta in e r, p la c e  o n  th e  p a p e r to w e l 

o r s te rile  p e tri d is h . C u t th e  c a u liflo w e r in to  s m a lle r p ie c e s  a b o u t 2  to  3  m m  a c ro s s . B e  s u re  to  

a v o id  a n y  tis s u e  th a t h a s  b e e n  d a m a g e d  b y  th e  s te riliz in g  s o lu tio n , w h ic h  is  a p p a re n t b y  its  p a le  

c o lo r. If u s in g  a  d is k  o f p la n t le a f n o  a d d itio n a l c u ttin g  is  n e c e s s a ry .  

6 . T a k e  a  p re p a re d  s e c tio n  o f p la n t m a te ria l in  s te rile  fo rc e p s  a n d  p la c e  in to  th e  m e d iu m  in  th e  

c u ltu re  tu b e . C a u liflo w e r p ie c e s  s h o u ld  b e  p a rtly  s u b m e rg e d  in  th e  m e d iu m , flo w e r b u d  fa c in g  

u p . If u s in g  a n o th e r p la n t le a f, b e  s u re  th e  d is k  is  in  c o n ta c t w ith  th e  a g a r. 
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7 . R e p la c e  th e  lid  o n  th e  c u ltu re  tu b e . 

 

G ro w in g  th e  p la n ts   

1 . P la c e  p la n t s e c tio n s  in  a  w e ll-lit a re a  o f th e  c la s s ro o m  a lth o u g h  n o t in  d ire c t s u n lig h t. T h e  

s h o o ts  w ill g ro w  m o re  q u ic k ly  if th e  e x p la n ts  a re  p la c e d  u n d e r flu o re s c e n t o r g ro w -lig h ts  to  

p ro v id e  a t le a s t 1 2  h o u rs  o f lig h t p e r d a y . T h e  a q u a riu m  c a n  b e  u s e d  a s  a  g ro w th  c h a m b e r w ith  

th e  lig h tin g  a b o u t 8 – 1 0 " o v e rh e a d . T h is  w ill a ls o  h e lp  m a in ta in  a  m o re  re g u la r a n d  w a rm  

te m p e ra tu re . E n s u re  th a t th e  te m p e ra tu re  d o e s  n o t g o  o v e r 8 2 .4 ° F . N e w  s h o o ts  s h o u ld  d e v e lo p  

w ith in  2  w e e k s  a n d  s h o u ld  b e  w e ll a d v a n c e d  in  3  to  4  w e e k s . C h e c k  th e  tu b e s  d a ily  a n d  d is c a rd  

a n y  th a t s h o w  s ig n s  o f in fe c tio n  (b e fo re  d is c a rd in g , a d d  b le a c h  in to  th e  tu b e ). R o o ts  c a n  a p p e a r 

w ith in  6  w e e k s  o n  c a u liflo w e rs .  

 

R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

It w a s  e a s y  to  u s e  s te rile  
te c h n iq u e  to  s te riliz e  a n d  
tra n s fe r e x p la n ts  to  c u ltu re  
tu b e s . 

  

T h e  e x p la n ts  g re w  in to  
h e a lth y  p la n ts . 
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L e s s o n  6 D  

T ra n s fo rm  B a c te ria * 
F o c u s  Q u e s tio n s :​ H o w  c a n  w e  g e n e tic a lly  m o d ify  b a c te ria ?  W h a t a re  th e  re s u lts  o f g e n e  

in s e rtio n ?  

L e a rn in g  T a rg e t: ​S tu d e n ts  w ill g e n e tic a lly  m o d ify  (tra n s fo rm ) b a c te ria  b y  in s e rtin g  a  p la s m id  a n d  

e x a m in e  th e  re s u lts  o f th e  tra n s fo rm a tio n . 

V o c a b u la ry : ​s e le c tiv e  b re e d in g , p la s m id , g e n e tic  m o d ific a tio n , s te rile /a s e p tic  te c h n iq u e  

 
* T hi s l e s s o n u s e s Bi o- R a d p G L O ™ B a ct eri al Tr a n sf or m ati o n Kit, C at al o g # 1 6 6- 0 0 0 3 E D U a v ail a bl e fr o m  
e x pl or er. bi o-r a d. c o m  

 
L S 1 : F ro m  M o le c u le s  to  O rg a n is m s : S tru c tu re s  a n d  P ro c e s s e s  
L S 3 : H e re d ity : In h e rita n c e  a n d  V a ria tio n  o f T ra its   

P e rfo rm a n c e  E x p e c ta tio n  C la s s ro o m  C o n n e c tio n  

H S -L S 1 -1 ​. C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  
e v id e n c e  fo r h o w  th e  s tru c tu re  o f D N A  d e te rm in e s  
th e  s tru c tu re  o f p ro te in s  w h ic h  c a rry  o u t th e  
e s s e n tia l fu n c tio n s  o f life  th ro u g h  s y s te m s  o f 
s p e c ia liz e d  c e lls . 
 
H S -L S 3 -1 ​. A s k  q u e s tio n s  to  c la rify  re la tio n s h ip s  
a b o u t th e  ro le  o f D N A  a n d  c h ro m o s o m e s  in  
c o d in g  th e  in s tru c tio n s  fo r c h a ra c te ris tic  tra its  
p a s s e d  fro m  p a re n ts  to  o ffs p rin g . 
 
E X T E N S IO N : H S -L S 3 -3 ​. A p p ly  c o n c e p ts  o f 
s ta tis tic s  a n d  p ro b a b ility  to  e x p la in  th e  v a ria tio n  
a n d  d is trib u tio n  o f e x p re s s e d  tra its  in  a  
p o p u la tio n . 
 
E X T E N S IO N : H S -E S S 3 -4 . ​E v a lu a te  o r re fin e  a  
te c h n o lo g ic a l s o lu tio n  th a t re d u c e s  im p a c ts  o f 
h u m a n  a c tiv itie s  o n  n a tu ra l s y s te m s . 

S tu d e n ts  g e n e tic a lly  m o d ify  ​E . c o li​ b a c te ria  to  
g lo w  in  th e  p re s e n c e  o f a ra b in o s e  u n d e r a  U V  
lig h t. T h e y  m a k e  o b s e rv a tio n s  a b o u t w h ic h  
b a c te ria  g ro w  b e s t in  w h ic h  c o n d itio n  d e te rm in e d  
b y  th e  p la s m id  D N A  th a t is  c o n ta in e d  w ith in  th e  
b a c te ria . 
 
S tu d e n ts  ​a s k  q u e s tio n s ​ a n d  e x p la in  th e  re s u lts  in  
e a c h  p la te  re la te d  to  th e  ro le  o f D N A  in  c o d in g  th e  
d iffe re n c e s  in  th e  tre a te d  v s  u n tre a te d  ​E . c o li​. 
 
S tu d e n ts  d e te rm in e  th e  tra n s fo rm a tio n  e ffic ie n c y  
o f th e ir e x p e rim e n t. 
 
 
S tu d e n ts  le a rn  o n e  te c h n iq u e  to  g e n e tic a lly  m o d ify  
a n  o rg a n is m  (​E . c o li​), w h ic h  is  a n  e x a m p le  o f a  
te c h n o lo g ic a l s o lu tio n  th e n  e v a lu a te  w h e th e r 
g e n e tic  m o d ific a tio n  re d u c e s  im p a c ts  o f h u m a n  
a c tiv itie s  o n  n a tu ra l s y s te m s . 

S c ie n c e  a n d  E n g in e e rin g  P ra c tic e s  

A s k in g  Q u e s tio n s  a n d  D e fin in g  P ro b le m s  
● A s k  q u e s tio n s  th a t a ris e  fro m  e x a m in in g  

m o d e ls  o r a  th e o ry  to  c la rify  re la tio n s h ip s . 
(H S -L S 3 -1 ) 

 
A n a ly z in g  a n d  In te rp re tin g  D a ta  

● A p p ly  c o n c e p ts  o f s ta tis tic s  a n d  
p ro b a b ility  (in c lu d in g  d e te rm in in g  fu n c tio n  
fits  to  d a ta , s lo p e , in te rc e p t, a n d  
c o rre la tio n  c o e ffic ie n t fo r lin e a r fits ) to  
s c ie n tific  a n d  e n g in e e rin g  q u e s tio n s  a n d  

S tu d e n ts  a n a ly z e  th e ir re s u lts  to  d e te rm in e  w h ic h  
b a c te ria  s h o w e d  c h a n g e  a n d  w h y . 
 
 
 
 
S tu d e n ts  u s e  th e ir d a ta  to  c a lc u la te  tra n s fo rm a tio n  
e ffic ie n c y  in  th e ir b a c te ria . 
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p ro b le m s , u s in g  d ig ita l to o ls  w h e n  
fe a s ib le . (H S -L S 3 -3 ) 

 
C o n s tru c tin g  E x p la n a tio n s  a n d  D e s ig n in g  
S o lu tio n s  

● C o n s tru c t a n  e x p la n a tio n  b a s e d  o n  v a lid  
a n d  re lia b le  e v id e n c e  o b ta in e d  fro m  a  
v a rie ty  o f s o u rc e s  (in c lu d in g  s tu d e n ts ’ 
o w n  in v e s tig a tio n s , m o d e ls , th e o rie s , 
s im u la tio n s , p e e r re v ie w ) a n d  th e  
a s s u m p tio n  th a t th e o rie s  a n d  la w s  th a t 
d e s c rib e  th e  n a tu ra l w o rld  o p e ra te  to d a y  
a s  th e y  d id  in  th e  p a s t a n d  w ill c o n tin u e  to  
d o  s o  in  th e  fu tu re . (H S -L S 1 -1 ) 

 
● E v a lu a te  o r re fin e  a  s o lu tio n  to  a  c o m p le x  

re a l-w o rld  p ro b le m , b a s e d  o n  s c ie n tific  
k n o w le d g e , s tu d e n t-g e n e ra te d  s o u rc e s  o f 
e v id e n c e , p rio ritiz e d  c rite ria , a n d  tra d e -o ff 

c o n s id e ra tio n s . (H S -E S S 3 -4 )  

 
 
 
S tu d e n ts  o b ta in  in fo rm a tio n  a b o u t th e  p ro c e s s  
th e y  u s e d  to  tra n s fo rm  b a c te ria  a n d  fin d  
in fo rm a tio n  fro m  o th e r s o u rc e s  to  ​e x p la in ​ h o w  th e  
p ro te in  th e  b a c te ria  a re  n o w  p ro d u c in g  re s u lts  in  
g lo w , a n d  to  c o m m u n ic a te  th a t w ith  s u p p o rt fro m  
e v id e n c e ​. 
 
S tu d e n ts  w ill b e  a b le  to  e x p la in  w h y  s e le c tiv e  
b re e d in g  w o u ld  n o t h a v e  c re a te d  th is  b a c te ria l 
tra it. 
 
S tu d e n ts  ​e v a lu a te  a n d  re fin e  a  s o lu tio n ​ to  
d e te rm in e  if g e n e tic  m o d ific a tio n  re s u lts  in  
re d u c e d  im p a c ts  o f h u m a n  a c tiv itie s  o n  n a tu ra l 
s y s te m s . 
 

D is c ip lin a ry  C o re  Id e a s  

L S 3 .B : V a ria tio n  o f T ra its  
● E n v iro n m e n ta l fa c to rs  a ls o  a ffe c t 

e x p re s s io n  o f tra its , a n d  h e n c e  a ffe c t th e  
p ro b a b ility  o f o c c u rre n c e  o f tra its  in  a  
p o p u la tio n . T h u s , th e  v a ria tio n  a n d  
d is trib u tio n  o f tra its  o b s e rv e d  d e p e n d s  o n  
b o th  g e n e tic  a n d  e n v iro n m e n ta l fa c to rs . 

 
L S 1 .A : S tru c tu re  a n d  F u n c tio n  

● A ll c e lls  c o n ta in  g e n e tic  in fo rm a tio n  in  th e  
fo rm  o f D N A  m o le c u le s . G e n e s  a re  
re g io n s  in  th e  D N A  th a t c o n ta in  th e  
in s tru c tio n s  th a t c o d e  fo r th e  fo rm a tio n  o f 
p ro te in s . (s e c o n d a ry ) (N o te : T h is  
D is c ip lin a ry  C o re  Id e a  is  a ls o  a d d re s s e d  
b y  H S -L S 1 -1 .) 

 
L S 3 .A : In h e rita n c e  o f T ra its  

● E a c h  c h ro m o s o m e  c o n s is ts  o f a  s in g le  
v e ry  lo n g  D N A  m o le c u le , a n d  e a c h  g e n e  
o n  th e  c h ro m o s o m e  is  a  p a rtic u la r 
s e g m e n t o f th a t D N A . T h e  in s tru c tio n s  fo r 
fo rm in g  s p e c ie s ’ c h a ra c te ris tic s  a re  
c a rrie d  in  D N A . A ll c e lls  in  a n  o rg a n is m  
h a v e  th e  s a m e  g e n e tic  c o n te n t, b u t th e  
g e n e s  u s e d  (e x p re s s e d ) b y  th e  c e ll m a y  
b e  re g u la te d  in  d iffe re n t w a y s . N o t a ll 
D N A  c o d e s  fo r a  p ro te in ; s o m e  s e g m e n ts  
o f D N A  a re  in v o lv e d  in  re g u la to ry  o r 

 
T ra n s fo rm e d  b a c te ria  w ill g ro w  o n  p la te s  th a t 
n o n -tra n s fo rm e d  b a c te ria  w ill n o t. 
 
 
 
 
 
T h e  b a c te ria  th a t in c o rp o ra te d  th e  p la s m id  w ill 
e x p re s s  g e n e s  th a t c o n tro l b a c te ria  w ill n o t. 
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s tru c tu ra l fu n c tio n s , a n d  s o m e  h a v e  n o  
a s -y e t k n o w n  fu n c tio n . 

C ro s s  C u ttin g  C o n c e p ts  

S tru c tu re  a n d  F u n c tio n  
● In v e s tig a tin g  o r d e s ig n in g  n e w  s y s te m s  o r 

s tru c tu re s  re q u ire s  a  d e ta ile d  e x a m in a tio n  
o f th e  p ro p e rtie s  o f d iffe re n t m a te ria ls , th e  
s tru c tu re s  o f d iffe re n t c o m p o n e n ts , a n d  
c o n n e c tio n s  o f c o m p o n e n ts  to  re v e a l its  
fu n c tio n  a n d /o r s o lv e  a  p ro b le m . 

C a u s e  a n d  E ffe c t  
● E m p iric a l e v id e n c e  is  re q u ire d  to  

d iffe re n tia te  b e tw e e n  c a u s e  a n d  
c o rre la tio n  a n d  m a k e  c la im s  a b o u t 
s p e c ific  c a u s e s  a n d  e ffe c ts . 

S ta b ility  a n d  C h a n g e  
● F e e d b a c k  (n e g a tiv e  o r p o s itiv e ) c a n  

s ta b iliz e  o r d e s ta b iliz e  a  s y s te m .(H S - 
E S S 3 -4 ) 

 
C o n n e c tio n s  to  E n g in e e rin g , T e c h n o lo g y , a n d  
A p p lic a tio n s  o f S c ie n c e  
In flu e n c e  o f E n g in e e rin g , T e c h n o lo g y , a n d  
S c ie n c e  o n  S o c ie ty  a n d  th e  N a tu ra l W o rld  

● E n g in e e rs  c o n tin u o u s ly  m o d ify  th e s e  
te c h n o lo g ic a l s y s te m s  b y  a p p ly in g  
s c ie n tific  k n o w le d g e  a n d  e n g in e e rin g  
d e s ig n  p ra c tic e s  to  in c re a s e  b e n e fits  
w h ile  d e c re a s in g  c o s ts  a n d  ris k s . 
(H S -E S S 3 -4 ) 

S c a le , P ro p o rtio n , a n d  Q u a n tity  
● A lg e b ra ic  th in k in g  is  u s e d  to  e x a m in e  

s c ie n tific  d a ta  a n d  p re d ic t th e  e ffe c t o f a  
c h a n g e  in  o n e  v a ria b le  o n  a n o th e r (e .g ., 
lin e a r g ro w th  v s . e x p o n e n tia l g ro w th ). 

C o n n e c tio n s  to  N a tu re  o f S c ie n c e  
S c ie n c e  is  a  H u m a n  E n d e a v o r 

● T e c h n o lo g ic a l a d v a n c e s  h a v e  in flu e n c e d  
th e  p ro g re s s  o f s c ie n c e  a n d  s c ie n c e  h a s  
in flu e n c e d  a d v a n c e s  in  te c h n o lo g y . 

● S c ie n c e  a n d  e n g in e e rin g  a re  in flu e n c e d  
b y  s o c ie ty  a n d  s o c ie ty  is  in flu e n c e d  b y  

s c ie n c e  a n d  e n g in e e rin g .  

 
G e n e tic  m o d ific a tio n  is  p o s s ib le  a s  a  re s u lt o f 
v a rio u s  d is c o v e rie s  a b o u t e n z y m e s  th a t c a n  c u t 
D N A  a t s p e c ific  p o in ts  a n d  p a s te s  D N A  b a c k  
to g e th e r a g a in . T h e s e  m e th o d s  u s e  th e  p h y s ic a l 
a n d  c h e m ic a l p ro p e rtie s  o f s e v e ra l s tru c tu re s  in  a  
c e ll in  o rd e r to  a c c o m p lis h  th e  tra n s fo rm a tio n . 
 
W h e n  a c tio n s  a re  a p p lie d  to  a  c e ll, c e rta in  
o u tc o m e s  a re  e x p e c te d  (h e a t s h o c k  w ill o p e n  p o re  
s p a c e s  in  th e  b a c te ria l m e m b ra n e  a n d  s a lt 
s o lu tio n  in  th e  c e ll e n v iro n m e n t w ill a ttra c t th e  
p la s m id  in to  th e  c e ll u s in g  d iffe re n tia l c h a rg e ). 
 
 
 
 
 
 
 
N e w  te c h n iq u e s  a re  u s e d  to  g e n e tic a lly  m o d ify  
o rg a n is m s  in c lu d in g : T A L E N , M e g a n u c le a s e s  a n d  
a  g e n o m e -e d itin g  te c h n iq u e  c a lle d  C R IS P R -C a s 9 .  
 
 
 
 
E x te n s io n : D e te rm in in g  th e  tra n s fo rm a tio n  
e ffic ie n c y  u s e s  th is  th in k in g . 
 
 
 
 
H u m a n s  w ill n e e d  to  d e te rm in e  if th e  u s e  o f th e s e  
n e w  te c h n o lo g ie s  w ill b e  a c c e p te d . 

 

T e a c h e r B a c k g ro u n d  

T h is  a c tiv ity  w a s  d e s ig n e d  to  d e m o n s tra te  in  o n e  la b  p e rio d  h o w  b a c te ria  c a n  b e  g e n e tic a lly  

m o d ifie d . (T h e  p re v io u s  le s s o n s  w e re  d e s ig n e d  to  b e  u s e d  to  p re p a re  s tu d e n ts  fo r th is  la b .) 

G e n e tic  m o d ific a tio n  is  a  p o w e rfu l to o l w h e re in  D N A  fro m  o n e  o rg a n is m  is  a d d e d  to  th e  D N A  o f 
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a  d iffe re n t s p e c ie s . T h e  re s u lts  o f g e n e tic  m o d ific a tio n  in  a g ric u ltu re  h a v e  re s u lte d  in  p la n ts  th a t 

a re  re s is ta n t to  d is e a s e s , c a n  m a k e  th e ir o w n  p e s tic id e s  a n d  re s is t h e rb ic id e s . In  th is  le s s o n , 

g re e n  flu o re s c e n t p ro te in  (G F P ) is  in s e rte d  in to  n o n -v iru le n t ​E . c o li ​b a c te ria  in  th e  fo rm  o f a  

p la s m id . 

 

T h e  s o u rc e  o f G F P  is  a  je lly fis h , ​A e q u o re a  v ic to ria ​. G F P  a llo w s  th e  je lly fis h  to  flu o re s c e  a n d  

g lo w  in  U V  lig h t. T h e  m e c h a n is m  to  tra n s fo rm  th e  b a c te ria  is  b y  th e  u s e  o f a  p la s m id . T h e  k it 

c o m e s  w ith  a  p la s m id  th a t c o n ta in s  th e  g e n e  fo r G F P , a  g e n e  fo r a n tib io tic  re s is ta n c e  a n d  a  

g e n e  re g u la tio n  s y s te m  th a t tu rn s  th e  p ro d u c tio n  o f th e  p ro te in  o n  in  th e  p re s e n c e  o f a ra b in o s e , 

a  m o n o s a c c h a rid e . T h e  p la s m id  is  a d d e d  to  th e  b a c te ria  in  s o lu tio n , th e n  c o n d itio n s  a re  c re a te d  

to  e n c o u ra g e  th e  b a c te ria  to  u p ta k e  th e  p la s m id . T h e  b a c te ria  is  th e n  g ro w n  o v e rn ig h t o n  

v a rio u s  m e d ia  th a t a c t a s  c o n tro ls , a n d /o r th a t s e le c t fo r tra n s fo rm e d  c e lls .  

 

A s  a lw a y s  w h e n  u s in g  b a c te ria  in  th e  la b , ​s te rile  te c h n iq u e ​ s h o u ld  b e  u s e d  w h e n  tra n s fe rrin g  

m a te ria ls  b y  s te rile  p ip e tte  o r s te rile  lo o p s . T h e  c o n d itio n  fo r u p ta k e  o f th e  p la s m id  b y  th e  

b a c te ria  is  c ritic a l fo r s u c c e s s  in  th is  la b . T h e  p ro c e s s , c a lle d  h e a t s h o c k , c a n  b e  c o m p a re d  to  

h o w  s k in  p o re s  c lo s e  in  e x tre m e  c o ld , o p e n  in  w a rm th  a n d  c lo s e  a g a in  q u ic k ly  w h e n  e x p o s e d  to  

c o ld  o n c e  m o re . B a c te ria l m e m b ra n e s  a ls o  h a v e  p o re  s p a c e s  th a t w ill b e  c lo s e d  in  th e  c o ld , 

o p e n e d  in  th e  h e a t a n d  c lo s e d  a g a in  tig h tly  to  h o ld  in  th e  p la s m id  if it c ro s s e d  th e  m e m b ra n e . 

T h e  tra n s fo rm a tio n  s o lu tio n  u s e d  w ith  th e  b a c te ria  a ls o  s e ts  u p  a  c h a rg e  d iffe re n tia l a c ro s s  th e  

m e m b ra n e  th a t a ttra c ts  th e  p la s m id  to  c ro s s  th e  m e m b ra n e . T h e  c o lo n ie s  in  s u s p e n s io n  w ill b e  

h e ld  o n  ic e , th e n  p la c e d  in  a  w a te r b a th  a t 4 2 ° C  fo r 5 0  s e c o n d s , th e n  im m e d ia te ly  b a c k  o n  ic e .  

 

T e a c h e rs  a re  e n c o u ra g e d  to  re a d  th e  m a n u a l fo r th e  k it b e fo re  u s in g  th is  a c tiv ity  a n d  d u rin g  

p re p a ra tio n  fo r th e  la b . ​T h is  te a c h e r d o c u m e n t is  in te n d e d  to  s u p p le m e n t th e  m a n u a l.​ T h e  

la b  m a n u a l is  a v a ila b le  h e re : ​h ttp ://w w w .b io -ra d .c o m /w e b ro o t/w e b /p d f/ls e /lite ra tu re /1 6 6 0 0 3 3 .p d f  

 

P rio r k n o w le d g e  

S tu d e n ts  a re  e x p e c te d  to  p ra c tic e  s te rile  te c h n iq u e  a n d  c le a n  th e ir la b  s ta tio n s  a fte r th e  

e x p e rim e n t. T h e y  n e e d  to  b e  a b le  to  o p e n  s te rile  p ip e tte s  w ith o u t c o n ta m in a tin g  th e m  a n d  u s e  

s te rile  lo o p s . T h e y  n e e d  to  m in im iz e  th e  tim e  th e  p ip e tte s  a n d  lo o p s  a re  o u t o f th e  p a c k a g e  

b e fo re  u s in g  th e m . It is  h e lp fu l to  p ra c tic e  th e s e  a c tio n s  b e fo re  la b  d a y . A g a r p la te s  c a n  b e  

e a s ily  c o n ta m in a te d . E m p h a s iz e  th a t th e  lid s  s h o u ld  b e  le ft o n  th e  p la te s  e x c e p t w h e n  

tra n s fe rrin g  liq u id  to  th e m . 

 

If th e  p re v io u s  le s s o n s  w e re  u s e d  b e fo re  th is  la b , it w ill h e lp  s tu d e n ts  to  u n d e rs ta n d  th e  m e th o d s  

a n d  p ro c e d u re s  th a t a re  u s e d . 

 

In  o rd e r to  e x p la in  th e  re s u lts  o f th is  la b , s tu d e n ts  s h o u ld  k n o w  h o w  p la s m id s  a re  m a d e  a n d  

w h a t e n z y m e s  c a n  b e  u s e d  to  d o  th a t. T h e y  s h o u ld  b e  a b le  to  u s e  th e  te rm s  g e n o ty p e  a n d  

p h e n o ty p e  to  d e s c rib e  th e  c h a n g e s  th a t re s u lt fro m  th e  in s e rtio n  o f th e  p la s m id . 

 

T e a c h e r p re p a ra tio n  
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1 . R e v ie w  s a fe ty  p ro c e d u re s  a n d  la b  s k ills  

S a fe ty  p ro c e d u re s ​ ​(s e e  p a g e s  5 -6  in  th e  la b  m a n u a l)  

T h e  E s c h e ric h ia  c o li b a c te ria  H B 1 0 1  K -1 2  s tra in  c o n ta in e d  in  th is  k it is  n o t a  p a th o g e n ic  

o rg a n is m  lik e  th e  E . c o li s tra in  O 1 5 7  H 7  th a t h a s  s o m e tim e s  b e e n  im p lic a te d  in  fo o d  

p o is o n in g . H B 1 0 1  K -1 2  h a s  b e e n  g e n e tic a lly  m o d ifie d  to  p re v e n t its  g ro w th  u n le s s  g ro w n  

o n  a n  e n ric h e d  m e d iu m . H o w e v e r, h a n d lin g  o f th e  E . c o li K -1 2  s tra in  re q u ire s  th e  u s e  o f 

s ta n d a rd  M ic ro b io lo g ic a l P ra c tic e s . T h e s e  p ra c tic e s  in c lu d e , b u t a re  n o t lim ite d  to , th e  

fo llo w in g . W o rk  s u rfa c e s  a re  d e c o n ta m in a te d  o n c e  a  d a y  a n d  a fte r a n y  s p ill o f v ia b le  

m a te ria l. A ll c o n ta m in a te d  liq u id  o r s o lid  w a s te s  a re  d e c o n ta m in a te d  b e fo re  d is p o s a l. A ll 

p e rs o n s  m u s t w a s h  th e ir h a n d s : (i) a fte r th e y  h a n d le  m a te ria l c o n ta in in g  b a c te ria , a n d  (ii) 

b e fo re  e x itin g  th e  la b o ra to ry . A ll p ro c e d u re s  a re  p e rfo rm e d  c a re fu lly  to  m in im iz e  th e  

c re a tio n  o f a e ro s o ls . M e c h a n ic a l p ip e tin g  d e v ic e s  a re  u s e d , m o u th  p ip e ttin g  is  p ro h ib ite d ; 

e a tin g , d rin k in g , s m o k in g , a n d  a p p ly in g  c o s m e tic s  a re  n o t p e rm itte d  in  th e  w o rk  a re a ; 

w e a rin g  p ro te c tiv e  e y e w e a r a n d  g lo v e s  is  s tro n g ly  re c o m m e n d e d . 

 

If a n  a u to c la v e  is  n o t a v a ila b le , a ll s o lu tio n s  a n d  c o m p o n e n ts  (lo o p s  a n d  p ip e ts ) th a t h a v e  

c o m e  in  c o n ta c t w ith  b a c te ria  c a n  b e  p la c e d  in  a  fre s h  1 0 %  b le a c h  s o lu tio n  fo r a t le a s t 

2 0  m in  fo r s te riliz a tio n . A  s h a llo w  p a n  o f th is  s o lu tio n  s h o u ld  b e  p la c e d  a t e v e ry  la b  

s ta tio n . N o  m a tte r w h a t y o u  c h o o s e , a ll u s e d  lo o p s  a n d  p ip e ts  s h o u ld  b e  c o lle c te d  fo r 

s te riliz a tio n . S te riliz e  p e tri d is h e s  b y  c o v e rin g  th e  a g a r w ith  1 0 %  b le a c h  s o lu tio n . L e t th e  

p la te  s ta n d  fo r 1  h r o r m o re , a n d  th e n  p o u r e x c e s s  p la te  liq u id  d o w n  th e  d ra in . O n c e  

s te riliz e d , th e  a g a r p la te s  c a n  b e  d o u b le  b a g g e d  a n d  tre a te d  a s  n o rm a l tra s h . S a fe ty  

g la s s e s  a re  re c o m m e n d e d  w h e n  u s in g  b le a c h  s o lu tio n s . 

 

A m p ic illin  m a y  c a u s e  a lle rg ic  re a c tio n s  o r irrita tio n  to  th e  e y e s , re s p ira to ry  s y s te m , a n d  

s k in . In  c a s e  o f c o n ta c t w ith  e y e s , rin s e  im m e d ia te ly  w ith  p le n ty  o f w a te r a n d  s e e k  

m e d ic a l a d v ic e . W e a r s u ita b le  p ro te c tiv e  c lo th in g . A m p ic illin  is  a  m e m b e r o f th e  p e n ic illin  

fa m ily  o f a n tib io tic s . T h o s e  w ith  a lle rg ie s  to  p e n ic illin  o r to  a n y  o th e r m e m b e r o f th e  

p e n ic illin  fa m ily  o f a n tib io tic s  s h o u ld  a v o id  c o n ta c t w ith  a m p ic illin .  

 

L a b  s k ills  (S e e  p a g e s  6 -7  in  th e  la b  m a n u a l) 

- S te rile  te c h n iq u e  

- U s e  o f th e  p ip e tte  

- D e c o n ta m in a tio n  a n d  d is p o s a l 

- In c u b a tio n  

 

2 . P re p a re  a g a r p la te s ​ - A t le a s t 5  d a y s  b e fo re  p la n n in g  to  d o  th e  la b  in  c la s s , th e  p la te s  s h o u ld  

b e  p re p a re d . ​S e e  p a g e s  1 1 -1 7  in  th e  la b  m a n u a l fo r th is  p re p a ra tio n  p ro c e d u re ​. T o ta l 

p re p a ra tio n  tim e  fo r “c o o k in g ” th e  a g a r a n d  p o u rin g  th e  p la te s  is  a b o u t 2  h o u rs . 

 

M a te ria ls  

1 0 0 0  m L  fla s k  

5 0 0  m L  d is tille d  w a te r 

H o t p la te  w ith  m a g n e tic  s tir p la te  

M a g n e tic  s tir b a r 
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L o n g  th e rm o m e te r  

1  p a c k a g e  o f L B  a g a r (in c lu d e d  in  k it) 

1  v ia l a m p ic illin  (in c lu d e d  in  k it) 

1  v ia l a ra b in o s e  (in c lu d e d  in  k it) 

T ra n s fo rm a tio n  s o lu tio n  (in c lu d e d  in  k it) 

S te rile  p ip e tte s  (in c lu d e d  in  k it) 

S te rile  p e tri d is h e s  (in c lu d e d  in  k it) 

T ip s ​ fo r a g a r p re p a ra tio n :  

- B o ilin g  th e  w a te r a n d  a g a r is  e a s ie s t o n  a  h o t p la te  w ith  a  m a g n e tic  s tir b a r 

a d d e d , e v e n  th o u g h  th e  p ro c e d u re  s u g g e s te d  is  u s in g  a  m ic ro w a v e .  

- It is  im p o rta n t to  a tte n d  to  th e  fla s k  a s  o n c e  b o ilin g  it c a n  e a s ily  b o il o v e r. 

- S im m e r th e  a g a r a n d  w a te r fo r 5 -1 0  m in u te s  a fte r b o ilin g  to  s te riliz e . 

- O n c e  th e  a g a r h a s  b o ile d , re m o v e  it fro m  h e a t a s  it n e e d s  to  c o o l to  5 5 ​o ​C . T h is  

g iv e s  e n o u g h  tim e  to  re -h y d ra te  th e  a m p ic illin  a n d  a ra b in o s e . 

- O n c e  y o u  h a v e  a d d e d  th e  tra n s fo rm a tio n  s o lu tio n  to  th e  a m p ic illin  a n d  a ra b in o s e  

v ia ls , b e g in  to  la b e l th e  b o tto m  o f th e  p la te s  w ith  a  p e rm a n e n t m a rk e r L B , 

L B /A M P  a n d  L B /A M P /A R A . T h e  n u m b e r n e e d e d  fo r 8  la b  g ro u p s  is  8  L B , 1 6  

L B /A M P  a n d  8  L B /A M P /A R A . T h e  m a n u a l c a lls  fo r a  s ta rte r L B  p la te  fo r e a c h  la b  

g ro u p , b u t th a t is  n o t re a lly  n e c e s s a ry . T w o  to  fo u r s ta rte r p la te s  s h o u ld  g iv e  

e n o u g h  c o lo n ie s , fo r a ll g ro u p s  to  u s e . T h e  te a c h e r o r a  la b  a s s is ta n t c a n  

d is trib u te  th e  c o lo n ie s  fo r g ro u p s . 

- B e g in  to  p o u r p la te s  o n c e  a g a r is  c o o le d  a d e q u a te ly  (y o u  c a n  s a fe ly  h a n d le  th e  

fla s k ). T h e  a g a r w ill g o  fa r if y o u  p o u r ju s t e n o u g h  in  e a c h  p la te  to  c o v e r th e  

b o tto m  o f th e  d is h . Q u ic k ly  re p la c e  th e  lid . 

*N o te : S tre tc h in g  m a te ria ls  fo r 1 0  g ro u p s  (2  c la s s e s ) is  d o a b le . Y o u  w ill n e e d  to  p ro v id e  

a d d itio n a l s te rile  p e tri d is h e s  fo r th e  s ta rte r p la te s  if y o u  c h o o s e  to  d o  th is , b u t y o u  s h o u ld  h a v e  

e n o u g h  a g a r if th e  p la te s  a re  a ll th e  s m a ll s iz e  th a t c o m e  w ith  th e  k it.  

- S to re  th e  a g a r p la te s  o n  th e  b e n c h to p  fo r a  fu ll d a y , th e n  in v e rt (b o tto m  s id e  u p ) to  

re d u c e  th e  a m o u n t o f c o n d e n s a tio n . P la te s  s h o u ld  b e  s to re d  in  th e  re frig e ra to r u n til u s e . 

 

3 . S tre a k  th e  s ta rte r p la te s  ​- A t le a s t 2 4 -3 6  h o u rs  b e fo re  th e  la b , re -h y d ra te  th e  ​E . c o li 

a c c o rd in g  to  th e  d ire c tio n s  o n  ​p a g e  1 6  o f th e  la b  m a n u a l​. S tre a k  th e  s ta rte r p la te s  (L B ). 

In c u b a te  th e  s tre a k e d  p la te s  a t 3 7 ​o ​C  o v e rn ig h t o r o n  a  c o u n te rto p  fo r 2 -3  d a y s . 

 

4 . P re p a re  la b  s o lu tio n s  (4  s tu d e n ts  p e r s ta tio n ) 

F ill o n e  m ic ro tu b e  p e r s ta tio n  w ith  1 m L  o f tra n s fo rm a tio n  s o lu tio n . 

F ill o n e  m ic ro tu b e  p e r s ta tio n  w ith  1 m L  o f L B  b ro th . 

R e frig e ra te  s o lu tio n s  u n til la b  d a y . 

 

5 . P re p a re  la b  s ta tio n s  - ​D a y  o f th e  la b  p re p a re  e a c h  la b  s ta tio n  w ith  th e  fo llo w in g  m a te ria ls : 

1  fo a m  m ic ro tu b e  h o ld e r/flo a t w ith  th e  fo llo w in g  4  m ic ro tu b e s : 

1  e m p ty  m ic ro tu b e  la b e le d  +  

1  e m p ty  m ic ro tu b e  la b e le d  - 
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1  m ic ro tu b e  w ith  1 m L  o f tra n s fo rm a tio n  s o lu tio n  la b e le d  T S  

1  m ic ro tu b e  w ith  1 m L  o f L B  b ro th  la b e le d  L B  

1  p e rm a n e n t m a rk e r 

P a c k a g e  o f s te rile  p ip e tte s  

P a c k a g e  o f s te rile  lo o p s  

G lo v e s  (o p tio n a l) 

4  a g a r p la te s : 

1  L B  

2  L B /A m p  

1  L B /A m p /A ra  

C u p  o f c ru s h e d  ic e  

F o r th e  c la s s :  

L B  s ta rte r p la te s  

R e m a in in g  tra n s fo rm a tio n  s o lu tio n  a n d  L B  b ro th  

 

T h e  s tu d e n t p o rtio n  o f th e  la b  m a n u a l b e g in s  o n  ​p a g e  3 2 ​ w ith  L e s s o n  1  a n d  c o n ta in s  s e v e ra l 

p ie c e s  th a t a re  n o t in c lu d e d  in  th is  u n it. H o w e v e r, te a c h e rs  m a y  u s e  th e s e  to  a s s e s s  s tu d e n t 

u n d e rs ta n d in g . (It is  s u g g e s te d  b y  th is  a u th o r, th a t y o u  u s e  ​L e s s o n  6 A  P la s m id  M o d e lin g ​ to  h e lp  

s tu d e n ts  v is u a liz e  th e  p ro c e s s  th a t w a s  u s e d  to  p re p a re  th e  p la s m id .) D e ta ile d  s te p -b y -s te p  

in s tru c tio n s  fo r th e  la b  a re  in c lu d e d  if p re fe rre d  o v e r th e  q u ic k  g u id e . 

 

O n c e  s tu d e n ts  c o m p le te  th e  p ro c e d u re , th e y  s h o u ld  c o m p le te  th e  ta b le  w ith  th e ir p re d ic tio n s  

a b o u t b a c te ria l g ro w th  a n d  flu o re s c e n c e . 

 

D iffe re n tia tio n  

i. ​L o c a l c o m m u n ity ​: S tu d e n ts  m a y  d o  a  s e a rc h  to  s e e  if th e re  is  a  p la n t g e n e tic s  la b  

n e a rb y . S e a rc h in g  fo r “a g ric u ltu re  re s e a rc h  a n d  d e v e lo p m e n t” m a y  g iv e  a  lis t o f fa c ilitie s  

in  y o u r a re a . F e w  o f th e s e  fa c ilitie s  w ill b e  d o in g  g e n e tic  m o d ific a tio n , b u t th e y  m a y  b e  

d o in g  P C R  a n d  g e l e le c tro p h o re s is , lo o k in g  fo r s p e c ific  g e n o m e s  o r g e n e  s e q u e n c e s  to  

in d ic a te  p a th o g e n  re s is ta n c e  o r th e  p re s e n c e  o f p a th o g e n s  in  s o il to  d ia g n o s e  p ro b le m s  

fa rm e rs  h a v e  w ith  v a rio u s  d is e a s e s . 

ii. ​S tu d e n ts  w ith  s p e c ia l n e e d s  (la n g u a g e /re a d in g /a u d ito ry /v is u a l)​: S tu d e n ts  in  

c o o p e ra tiv e  g ro u p s  c a n  ro ta te  ta s k s  a n d  u tiliz e  a ll s tu d e n ts ’ s tre n g th s . 

iii. ​E x tra  s u p p o rt​: W a tc h  ​p G L O  T ra n s fo rm a tio n  L a b  

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = M 6 U x rn p y 3 F M   

iv . ​E x te n s io n s ​: ​S tu d e n ts  m a y  c o m p le te  L e s s o n  3  o n  D a ta  C o lle c tio n  a n d  L e s s o n  4  

D e te rm in in g  th e  tra n s fo rm a tio n  e ffic ie n c y . T h is  e ffic ie n c y  m a y  b e  in flu e n c e d  b y  th e  

p ro c e d u re  u s e d  d u rin g  th e  la b . 
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R u b ric  fo r A s s e s s m e n t 

S k ills  D e v e lo p in g  S a tis fa c to ry  E x e m p la ry  

C o n s tru c t a n  
e x p la n a tio n  b a s e d  o n  
e v id e n c e  fo r h o w  th e  
s tru c tu re  o f D N A  
d e te rm in e s  th e  
s tru c tu re  o f p ro te in s  
w h ic h  c a rry  o u t th e  
e s s e n tia l fu n c tio n s  o f 
life  th ro u g h  s y s te m s  o f 
s p e c ia liz e d  c e lls . 

S tu d e n ts  c o m p le te  th e  
la b  p ro c e d u re  b u t h a v e  
n o  g lo w in g  c o lo n ie s  o r 
th e y  h a v e  
c o n ta m in a tio n  o n  th e ir 

a g a r p la te s ​. 

S tu d e n ts  g e n e tic a lly  
m o d ify  ​E . c o li​ b a c te ria  
to  g lo w  in  th e  p re s e n c e  
o f a ra b in o s e  u n d e r a  
U V  lig h t. T h e y  m a k e  
o b s e rv a tio n s  a b o u t 
w h ic h  b a c te ria  g ro w  
b e s t in  w h ic h  c o n d itio n  
d e te rm in e d  b y  th e  
p la s m id  D N A  th a t is  
c o n ta in e d  w ith in  th e  
b a c te ria . 

S tu d e n ts  g e n e tic a lly  
m o d ify  ​E . c o li​ b a c te ria  
to  g lo w  in  th e  p re s e n c e  
o f a ra b in o s e  u n d e r a  
U V  lig h t. T h e y  m a k e  
o b s e rv a tio n s  a b o u t 
w h ic h  b a c te ria  g ro w  
b e s t in  w h ic h  c o n d itio n  
d e te rm in e d  b y  th e  
p la s m id  D N A  th a t is  
c o n ta in e d  w ith in  th e  
b a c te ria  a n d  e x p la in  
th e ir o b s e rv a tio n s . 

A s k  q u e s tio n s  to  c la rify  
re la tio n s h ip s  a b o u t th e  
ro le  o f D N A  a n d  
c h ro m o s o m e s  in  c o d in g  
th e  in s tru c tio n s  fo r 
c h a ra c te ris tic  tra its  
p a s s e d  fro m  p a re n ts  to  
o ffs p rin g . 

S tu d e n ts  ​a s k  q u e s tio n s  
b u t a re  u n a b le  to  
e x p la in  th e  re s u lts  in  
e a c h  p la te  re la te d  to  
th e  ro le  o f D N A  in  
c o d in g  th e  d iffe re n c e s  
in  th e  tre a te d  v s  
u n tre a te d  ​E . c o li​. 

S tu d e n ts  ​a s k  q u e s tio n s  
a n d  e x p la in  th e  re s u lts  
in  e a c h  p la te  re la te d  to  
th e  ro le  o f D N A  in  
c o d in g  th e  d iffe re n c e s  
in  th e  tre a te d  v s  
u n tre a te d  ​E . c o li​. 

S tu d e n ts  ​a s k  q u e s tio n s  
a n d  e x p la in  th e  re s u lts  
in  e a c h  p la te  re la te d  to  
th e  ro le  o f D N A  in  
c o d in g  th e  d iffe re n c e s  
in  th e  tre a te d  v s  
u n tre a te d  ​E . c o li​. 
S tu d e n ts  c a n  s u g g e s t a  
u s e  fo r th e  G F P  p ro te in  
in  a  m o b ile  o rg a n is m . 

E X T E N S IO N :  
A p p ly  c o n c e p ts  o f 
s ta tis tic s  a n d  p ro b a b ility  
to  e x p la in  th e  v a ria tio n  
a n d  d is trib u tio n  o f 
e x p re s s e d  tra its  in  a  
p o p u la tio n . 

 

 
S tu d e n ts  d e te rm in e  th e  
tra n s fo rm a tio n  
e ffic ie n c y  o f th e ir 
e x p e rim e n t. 

 

 

E X T E N S IO N :  
E v a lu a te  o r re fin e  a  
te c h n o lo g ic a l s o lu tio n  
th a t re d u c e s  im p a c ts  o f 
h u m a n  a c tiv itie s  o n  
n a tu ra l s y s te m s . 

 

 S tu d e n ts  le a rn  o n e  
te c h n iq u e  to  g e n e tic a lly  
m o d ify  a n  o rg a n is m  (​E . 
c o li​), w h ic h  is  a n  
e x a m p le  o f a  
te c h n o lo g ic a l s o lu tio n  
th e n  e v a lu a te  w h e th e r 
g e n e tic  m o d ific a tio n  
re d u c e s  im p a c ts  o f 
h u m a n  a c tiv itie s  o n  
n a tu ra l s y s te m s . 
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R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

M y  g ro u p  c o m p le te d  th e  la b  a n d  
h a d  g lo w in g  c o lo n ie s .  

  

I c a n  e x p la in  th e  p a tte rn  o f 
g ro w th  a n d  g lo w  th a t w e  
o b s e rv e d  in  o u r p la te s . 

  

I c a n  e x p la in  th e  p ro c e s s  u s e d  
in  th is  la b  to  tra n s fo rm  b a c te ria . 

  

E x te n s io n :​ I c a n  c a lc u la te  th e  
tra n s fo rm a tio n  e ffic ie n c y  w e  
o b ta in e d  d u rin g  th is  la b . 
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1 . L a b el o n e cl o s e d mi cr o t e st t u b e + p G L O a n d a n ot h er

- p G L O. L a b el b ot h t u b e s wit h y o ur gr o u p’ s n a m e. Pl a c e

t h e m i n t h e f o a m t u b e r a c k.

2 . O p e n t h e t u b e s a n d u si n g a st eril e tr a n sf er

pi p et, tr a n sf er 2 5 0  μ l of tr a n sf or m ati o n

s ol uti o n ( C a C 1₂ ).

3 . Pl a c e t h e t u b e s o n i c e.

4 . U s e a st eril e l o o p t o pi c k u p a si n gl e c ol o n y of b a ct eri a

fr o m y o ur st art er pl at e. Pi c k u p t h e + p G L O t u b e a n d

i m m er s e t h e l o o p i nt o t h e tr a n sf or m ati o n s ol uti o n

at t h e b ott o m of t h e t u b e. S pi n t h e l o o p b et w e e n

y o ur i n d e x fi n g er a n d t h u m b u ntil t h e e ntir e c ol o n y

i s di s p er s e d i n t h e tr a n sf or m ati o n s ol uti o n ( wit h

n o fl o ati n g c h u n k s). Pl a c e t h e t u b e b a c k i n t h e t u b e

r a c k i n t h e i c e. U si n g a n e w st eril e l o o p, r e p e at f or

t h e - p G L O t u b e.

5 . E x a mi n e t h e p G L O pl a s mi d D N A s ol uti o n wit h t h e U V

l a m p. N ot e y o ur o b s er v ati o n s. I m m er s e a n e w st eril e

l o o p i nt o t h e pl a s mi d D N A st o c k t u b e. Wit h dr a w a

l o o pf ul. T h er e s h o ul d b e a fi l m of pl a s mi d s ol uti o n

a cr o s s t h e ri n g. T hi s i s si mil ar t o s e ei n g a s o a p y

fi l m a cr o s s a ri n g f or bl o wi n g s o a p b u b bl e s. Mi x t h e

l o o pf ul i nt o t h e c ell s u s p e n si o n of t h e + p G L O t u b e.

Cl o s e t h e t u b e a n d r et ur n it t o t h e r a c k o n i c e. Al s o

cl o s e t h e - p G L O t u b e. D o n ot a d d pl a s mi d D N A t o t h e

- p G L O t u b e. W h y n ot ?

6 . I n c u b at e t h e t u b e s o n i c e f or 1 0  mi n ut e s. M a k e

s ur e t o p u s h t h e t u b e s all t h e w a y d o w n i n t h e

r a c k s o t h e b ott o m of t h e t u b e s sti c k o ut a n d m a k e

c o nt a ct wit h t h e i c e.

7 . W hil e t h e t u b e s ar e sitti n g o n i c e, l a b el y o ur f o ur a g ar

pl at e s o n t h e b ott o m ( n ot t h e li d) a s f oll o w s: L a b el o n e

L B/ a m p pl at e: + p G L O;

L a b el t h e L B/ a m p/ ar a pl at e: + p G L O;

L a b el t h e ot h er L B/ a m p pl at e: - p G L O;

L a b el t h e L B pl at e: - p G L O.

L e s s o n 6 D
Tr a n sf or m B a ct eri a
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8 . H e a t s h o c k. U si n g t h e f o a m r a c k a s a h ol d er, tr a n sf er b ot h

t h e (+ ) p G L O a n d (-) p G L O t u b e s i nt o t h e w at er b at h, s et at

4 2  ° C, f or e x a ctl y 5 0  s e c o n d s. M a k e s ur e t o p u s h t h e t u b e s

all t h e w a y d o w n i n t h e r a c k s o t h e b ott o m of t h e t u b e s

sti c k o ut a n d m a k e c o nt a ct wit h t h e w ar m w at er. W h e n

t h e 5 0  s e c o n d s ar e d o n e, pl a c e b ot h t u b e s b a c k o n i c e.

F or t h e b e st tr a n sf or m ati o n r e s ult s, t h e c h a n g e fr o m t h e

i c e (0 ° C) t o 4 2 ° C a n d t h e n b a c k t o t h e i c e m u st b e r a pi d.

I n c u b at e t u b e s o n i c e f or 2  mi n ut e s.

9 . R e m o v e t h e r a c k c o nt ai ni n g t h e t u b e s fr o m t h e i c e a n d

pl a c e o n t h e b e n c h t o p. O p e n a t u b e a n d, u si n g a n e w

st eril e pi p et, a d d 2 5 0  μ l of L B n utri e nt br ot h t o t h e

t u b e a n d r e cl o s e it. R e p e at wit h a n e w st eril e pi p et f or

t h e ot h er t u b e. I n c u b at e t h e t u b e s f or 1 0  mi n ut e s at

r o o m t e m p er at ur e.

1 0 . T a p t h e cl o s e d t u b e s wit h y o ur fi n g er t o mi x. U si n g a n e w

st eril e pi p et f or e a c h t u b e, pi p et 1 0 0  μ l of t h e tr a n sf or m ati o n

a n d c o ntr ol s u s p e n si o n s o nt o t h e a p pr o pri at e pl at e s.

1 1 . U s e a n e w st eril e l o o p f or e a c h pl at e. S pr e a d t h e

s u s p e n si o n s e v e nl y ar o u n d t h e s urf a c e of t h e a g ar b y

q ui c kl y s k ati n g t h e fl at s urf a c e of a n e w st eril e l o o p b a c k

a n d f ort h a cr o s s t h e pl at e s urf a c e.

1 2 . St a c k u p y o ur pl at e s a n d t a p e t h e m t o g et h er. P ut y o ur

gr o u p n a m e a n d cl a s s p eri o d o n t h e b ott o m of t h e st a c k

a n d pl a c e t h e st a c k u p si d e d o w n i n t h e 3 7 ° C i n c u b at or

u ntil t h e n e xt d a y.

•  R e s e ar c h o n e of t h e g e n eti c m o di fi c ati o n s t h at h a v e b e e n

m a d e t o d e nt c or n i n t h e p a st 3 0  y e ar s. Cr e at e a pr e s e nt ati o n

wit h d at a a n d p h ot o gr a p h s t h at e x pl ai n s h o w t hi s g e n eti c

m o di fi c ati o n h a s i m pr o v e d a n y of t h e f oll o wi n g ar e a s:

•  Yi el d i n cr e a s e

•  D e cr e a s e of n utri e nt r e q uir e m e nt s f or gr o wt h

•  I n cr e a s e of i n s e ct r e si st a n c e

•  Dr o u g ht T ol er a n c e

•  R e si st a n c e t o s oil p e st s ( n e m at o d e s)

•  D e cr e a s e of h er bi ci d e u s e

•  C h a n g e s i n t h e n utriti o n al c o m p o siti o n ( pr ot ei n,

m oi st ur e, st ar c h, et c.)
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L B
A m p

Pr e di cti o n:

R e a s o n:

O b s er v e d r e s ult:

L B
A m p
A r a

Pr e di cti o n:

R e a s o n:

O b s er v e d r e s ult:

L B

Pr e di cti o n:

R e a s o n:

O b s er v e d r e s ult:

L B
A m p

Pr e di cti o n:

R e a s o n:

O b s er v e d r e s ult:

–  p G L O + p G L O
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L e s s o n  7  

G F P  P u rific a tio n * 
F o c u s  Q u e s tio n s : ​H o w  c a n  p ro te in s  b e  p u rifie d ?  W h a t is  th e  m e c h a n is m  u s e d  in  b io te c h n o lo g y  

to  e x tra c t p ro te in s  o f in te re s t?  

L e a rn in g  T a rg e t: ​S tu d e n ts  re m o v e  a  c o lo n y  o f tra n s fo rm e d  b a c te ria  th a t re s u lts  fro m  th e  

p G L O ™  la b  a n d  tre a t it to  re m o v e  a n d  p u rify  th e  g re e n  flu o re s c e n t p ro te in  (G F P ) p ro d u c e d  b y  

th e  g e n e . 

V o c a b u la ry :​ h y d ro p h o b ic  in te ra c tio n  c o lu m n  c h ro m a to g ra p h y , ly s e , s u p e rn a ta n t, h y d ro p h o b ic , 

h y d ro p h ilic  

*​T hi s l e s s o n u s e s Bi o - R a d p G L O ™ B a ct eri al Tr a n sf or m ati o n Kit, C at al o g # 1 6 6- 0 0 0 5 E D U a v ail a bl e fr o m 

e x pl or er. bi o-r a d. c o m   

 

E T S 1 .C  O p tim iz in g  th e  D e s ig n  S o lu tio n  

P e rfo rm a n c e  E x p e c ta tio n  C la s s ro o m  C o n n e c tio n s  

H S -E T S 1 -2 . ​D e s ig n  a  s o lu tio n  to  a  c o m p le x  
re a l-w o rld  p ro b le m  b y  b re a k in g  it d o w n  in to  
s m a lle r, m o re  m a n a g e a b le  p ro b le m s  th a t c a n  b e  
s o lv e d  th ro u g h  e n g in e e rin g .  

S tu d e n ts  a re  g iv e n  th e  c h a lle n g e  to  re m o v e  a  
p ro te in  fro m  b a c te ria  th a t p ro d u c e d  it. 

S c ie n c e  a n d  E n g in e e rin g  P ra c tic e  

C o n s tru c tin g  E x p la n a tio n s  a n d  D e s ig n in g  
S o lu tio n s  

● D e s ig n  a  s o lu tio n  to  a  c o m p le x  re a l w o rld  
p ro b le m , b a s e d  o n  s c ie n tific  k n o w le d g e , 
s tu d e n t-g e n e ra te d  s o u rc e s  o f e v id e n c e , 
p rio ritiz e d  c rite ria  a n d  tra d e -o ff 
c o n s id e ra tio n s  

T h e  k it c o m e s  w ith  s p e c ific  in s tru c tio n s  fo r h o w  to  
p u rify  a n d  re m o v e  th e  p ro te in . S tu d e n ts  
e x p e rim e n t w ith  th e  b u ffe rs  to  d e te rm in e  th e  o rd e r 
in  w h ic h  to  u s e  e a c h  to  p u rify  th e  p ro te in . 

D is c ip lin a ry  C o re  Id e a  

E T S 1 -C .​ O p tim iz in g  th e  D e s ig n  S o lu tio n  
● C rite ria  m ig h t n e e d  to  b e  b ro k e n  d o w n  

in to  s im p le r o n e s  th a t c a n  b e  a p p ro a c h e d  
s y s te m a tic a lly , a n d  d e c is io n s  a b o u t th e  
p rio rity  o f c e rta in  c rite ria  o v e r o th e rs  
(tra d e -o ffs ) m a y  b e  n e e d e d . 

S tu d e n ts  re s e a rc h  to  d e te rm in e  th e  b e s t w a y  to  
e x tra c t a n d  p u rify  th e  p ro te in . 

C ro s s  C u ttin g  C o n c e p t 

S tru c tu re  a n d  F u n c tio n   
● In v e s tig a tin g  o r d e s ig n in g  n e w  s y s te m s  

o r s tru c tu re s  re q u ire s  a  d e ta ile d  
e x a m in a tio n  o f th e  p ro p e rtie s  o f d iffe re n t 
m a te ria ls , th e  s tru c tu re s  o f d iffe re n t 
c o m p o n e n ts , a n d  c o n n e c tio n s  o f 
c o m p o n e n ts  to  re v e a l its  fu n c tio n  a n d /o r 
s o lv e  a  p ro b le m . 

S tu d e n ts  w ill u s e  th e  k n o w n  s tru c tu re s  o f b a c te ria  
a n d  th e  k n o w n  s tru c tu re s  o f G F P  to  d e te rm in e  
h o w  to  b re a k  d o w n  th e  b a c te ria  to  re m o v e  th e  
p ro te in  a n d  p u rify  it th ro u g h  h y d ro p h o b ic  
in te ra c tio n  c o lu m n  (H IC ) c h ro m a to g ra p h y . 
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*S tu d e n t h a n d o u t in fo rm a tio n  is  in d ic a te d  in  lig h t g ra y  p rin t. A n s w e r k e y s  a re  im b e d d e d  in  th e  

s tu d e n t h a n d o u t s e c tio n . 

  

S tu d e n t B a c k g ro u n d ​ (T h is  le s s o n  is  a  c o n tin u a tio n  o f th e  B io R a d  p G L O ™  T ra n s fo rm a tio n  k it.) 

P ro te in s  s u c h  a s  in s u lin , c a n  b e  c re a te d  b y  b a c te ria  in  la b s , p u rifie d , th e n  u s e d  a s  m e d ic in e .  

G e n e s  c a n  b e  c u t o u t o f h u m a n , a n im a l, o r p la n t D N A  a n d  p la c e d  in s id e  b a c te ria . F o r 

e x a m p le , a  h e a lth y  h u m a n  g e n e  fo r th e  h o rm o n e  in s u lin  c a n  b e  p u t in to  b a c te ria . U n d e r 

th e  rig h t c o n d itio n s , th e s e  b a c te ria  c a n  m a k e  a u th e n tic  h u m a n  in s u lin . W h e n  a llo w e d  to  

m u ltip ly  in  g ig a n tic  v a ts  (fe rm e n te rs ) th e s e  b a c te ria  c a n  b e  u s e d  to  m a s s  p ro d u c e  th e  

h u m a n  in s u lin  p ro te in . T h is  g e n e tic a lly  e n g in e e re d  in s u lin  is  p u rifie d  u s in g  p ro te in  

c h ro m a to g ra p h y  a n d  u s e d  to  tre a t p a tie n ts  w ith  th e  g e n e tic  d is e a s e , d ia b e te s , w h o s e  

in s u lin  g e n e s  d o  n o t fu n c tio n  n o rm a lly .  

 

A  c o m m o n  p ro b le m  in  p u rify in g  g e n e tic a lly  e n g in e e re d  “d e s ig n e r” p ro te in s  fro m  

tra n s fo rm e d  b a c te ria  is  c o n ta m in a tio n  b y  e n d o g e n o u s  b a c te ria l p ro te in s . 

C h ro m a to g ra p h y  is  a  p o w e rfu l m e th o d  u s e d  in  th e  b io te c h n o lo g y  in d u s try  fo r s e p a ra tin g  

a n d  p u rify in g  p ro te in s  o f in te re s t fro m  b a c te ria l p ro te in s . P ro te in s  p u rifie d  in  th is  m a n n e r 

c a n  th e n  b e  u s e d , fo r e x a m p le , a s  m e d ic in e s  to  tre a t h u m a n  d is e a s e , o r, fo r h o u s e h o ld  

a g e n ts  s u c h  a s  n a tu ra l e n z y m e s  to  m a k e  b e tte r la u n d ry  d e te rg e n ts .  

 

T h e  c lo n in g  a n d  e x p re s s io n  o f th e  G F P  g e n e  (p G L O ™  B a c te ria l T ra n s fo rm a tio n  k it), 

fo llo w e d  b y  th e  p u rific a tio n  o f its  p ro te in  in  th is  k it, is  c o m p le te ly  a n a lo g o u s  to  th e  

p ro c e s s e s  u s e d  in  th e  b io te c h n o lo g y  in d u s try  to  p ro d u c e  a n d  p u rify  p ro te in s  w ith  

c o m m e rc ia l v a lu e . (​h ttp ://w w w .b io -ra d .c o m /w e b ro o t/w e b /p d f/ls e /lite ra tu re /4 0 0 6 0 9 9 .p d f 

p a g e  1 )  

T h is  la b  w ill u s e  o n e  te c h n iq u e , h y d ro p h o b ic  in te ra c tio n  c o lu m n  (H IC ) c h ro m a to g ra p h y  to  

s e p a ra te  G F P  fro m  th e  b a c te ria  th a t p ro d u c e d  it. G F P  is  b e in g  u s e d  a s  a  m o d e l p ro te in  to  s h o w  

a  p ro c e s s  o f p u rific a tio n .  

 

M e th o d s  to  te a c h  p ro te in  p u rific a tio n : 

O p tio n  1 :​ S tu d e n ts  b e g in  b y  u s in g  o n e  c o lo n y  o f tra n s fo rm e d  b a c te ria  fro m  e a c h  c o n d itio n  in  

th e  p G L O ™  tra n s fo rm a tio n  la b . T h e  c o lo n ie s  a re  a d d e d  to  n u trie n ts  to  g ro w , th e n  in c u b a te d . 

A fte r 2 4 -4 8  h o u rs , th e  b a c te ria  is  c e n trifu g e d , re s u s p e n d e d , th e n  a n  e n z y m e  is  a d d e d  to  ly s e  

th e  b a c te ria l m e m b ra n e s . T h e  s a m p le s  a re  fro z e n  to  c o m p le te  th e  b re a k d o w n  o f th e  b a c te ria , 

th e n  c e n trifu g e d  a g a in  to  re m o v e  th e  b a c te ria l d e b ris . T h e  re m a in in g  p ro te in  s a m p le s  a re  th e n  

a d d e d  to  th e  c h ro m a to g ra p h y  c o lu m n s  w h ic h  c o n ta in  a  “b e d ” o f m ic ro b e a d s , th e s e  c o lu m n s  a re  

tre a te d  w ith  b u ffe rs  o f h ig h  s a lt c o n c e n tra tio n s  th a t re ta in  th e  h y d ro p h o b ic  (w a te r-h a tin g ) p ro te in  

(G F P ). T h e  fin a l tre a tm e n t rin s e s  th e  p ro te in  fro m  th e  c o lu m n . S tu d e n ts  c a n  b e  g iv e n  th e  

in s tru c tio n s  to  fo llo w  a n d  g e t th e  re s u lts . T h is  is  th e  tra d itio n a l m e th o d  o f u s in g  th e  la b , w h e re in  

s tu d e n ts  fo llo w  th e  in s tru c tio n s . 

 

O p tio n  2 :​ S tu d e n ts  a re  g iv e n  a  c h a lle n g e  to  d e te rm in e  h o w  to  is o la te  a n d  p u rify  th e  G F P  

p ro te in  p ro d u c e d  b y  th e  b a c te ria  in  th e  p re v io u s  la b . S tu d e n ts  m u s t re s e a rc h  to  d e te rm in e  h o w  

to  b re a k  d o w n  th e  b a c te ria  th e n  h o w  to  p u rify  it u s in g  th e  c o lu m n s  a n d  m a te ria ls  p ro v id e d . T h e  

in s tru c tio n s  p ro v id e d  s till h a v e  th e  s te p s  fo r b re a k in g  d o w n  th e  b a c te ria  a n d  p u rify in g  th e  
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p ro te in , b u t h a v e  th e  c h e m ic a l a n d  b u ffe r n a m e s  re m o v e d . If d e s ire d , n o  in s tru c tio n s  m ig h t b e  

g iv e n , e x c e p t th e  c h a lle n g e . T h e  firs t p a g e  o f th e  s tu d e n t h a n d o u t fo r O p tio n  2 , d o e s  n o t 

re fe re n c e  th e  in s tru c tio n s . 

 

P rio r k n o w le d g e  

S tu d e n ts  n e e d  to  h a v e  c o m p le te d  th e  B io R a d  p G L O ™  L a b  a n d  h a v e  b a c te ria  a v a ila b le  fro m  

e a c h  o f th e  c o n d itio n s  te s te d  in  th a t la b . S tu d e n ts  w h o  c o m p le te  th is  la b  s h o u ld  h a v e  a d v a n c e d  

la b  s k ills  to  b e  a b le  to  fo llo w  th e  m u ltip le  s te p s  o v e r m u ltip le  d a y s  o f th is  la b . In  a d d itio n , th e  

c o m b in a tio n  o f s a lts  u s e d  a re  s p e c ific a lly  s e q u e n c e d  to  re m o v e  th e  p ro te in  a n d  p u rify  it. A  g o o d  

u n d e rs ta n d in g  o f h y d ro p h o b ic  a n d  h y d ro p h ilic  p ro p e rtie s  is  h e lp fu l. 

 

T im e lin e  (s e e  p a g e  4  o f th e  la b  m a n u a l) 

L e s s o n  1  In tro d u c tio n  to  P u rific a tio n  

L e s s o n  2  P ic k in g  C o lo n ie s  a n d  In o c u la tin g  C e ll C u ltu re s   

L e s s o n  3  P u rific a tio n  P h a s e  1 — B a c te ria l C o n c e n tra tio n  a n d  L y s is   

L e s s o n  4  P u rific a tio n  P h a s e  2 — R e m o v in g  B a c te ria l D e b ris   

L e s s o n  5  P u rific a tio n  P h a s e  3 — P ro te in  C h ro m a to g ra p h y  

- E a c h  le s s o n  ta k e s  a  p o rtio n  o f th e  c la s s  p e rio d  o v e r 5  d a y s . 

M a te ria ls  

H o t p la te  w ith  m a g n e tic  s tir o p tio n  

M a g n e tic  s tir b a r 

2 5 0  m L  F la s k  

5 5  m L  d is tille d  w a te r 

L B  ta b le t (in c lu d e d  in  k it) 

T E  b u ffe r (in c lu d e d  in  k it) 

A ra b in o s e  (in c lu d e d  in  k it) 

A m p ic illin  (in c lu d e d  in  k it) 

U V  lig h ts  (in c lu d e d  in  k it) 

S te rile  lo o p s  (in c lu d e d  in  k it) 

S te rile  p ip e tte s  (in c lu d e d  in  k it) 

T e s t tu b e  ra c k s  

T e s t tu b e s  

C u p s  

R o c k in g  ta b le  o r s h a k in g  in c u b a to r o r In c u b a to r (s e t a t 3 2 ​o ​C ) 

C e n trifu g e  

 

T e a c h e r P re p a ra tio n  

L e s s o n  1 ​ - R e v ie w  o f th e  p rin c ip le s  u s e d  in  th e  p G L O ™  tra n s fo rm a tio n  la b . T h is  in c lu d e s  a  

d is c u s s io n  o f g ro w th  m e d ia , a n tib io tic  s e le c tio n  a n d  g e n e  re g u la tio n  (​s e e  p a g e s  9 -1 0  o f th e  la b  

m a n u a l​). A t th is  p o in t it is  re c o m m e n d e d  to  d e s c rib e  th e  p ro c e s s  o r a s k  s tu d e n ts  to  re s e a rc h  

th e  s te p s  th a t w ill b e  u s e d  to  p u rify  th e  p ro te in  a n d  e a c h  c a n  b e  re v ie w e d  a s  th e  s te p  is  

c o m p le te d . D iv id e  s tu d e n ts  in to  g ro u p s  th e y  w e re  in  fo r th e  p G L O ™  la b . 

Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.DRAFT



L e s s o n  2 ​ - C h o o s in g  c o lo n ie s  a n d  in o c u la tin g  c e ll c u ltu re s  (​s e e  p a g e s  6 -8  in  th e  la b  m a n u a l​). 

R e h y d ra te  th e  a m p ic illin  a n d  a ra b in o s e  u s in g  T E  b u ffe r. P re p a re  th e  liq u id  m e d ia  b y  h e a tin g  

d is tille d  w a te r a n d  d is s o lv in g  th e  L B  ta b le t in  th e  w a te r.  

- A g a in , th e  re c o m m e n d a tio n  is  to  u s e  a  h o t p la te  a n d  s tir b a r, e v e n  th o u g h  th e  m a n u a l 

s u g g e s ts  u s in g  a  m ic ro w a v e . 

- A llo w  th e  m e d ia  to  c o o l to  b e lo w  5 5 ​o ​C . 

- A d d  0 .5  m L  o f a ra b in o s e  a n d  0 .5  m L  o f a m p ic illin  to  th e  fla s k  o f L B  m e d ia .  

- M ix  b y  s w irlin g . 

- A liq u o t 2  m L  o f th e  c u ltu re  m e d ia  in to  th e  2  c u ltu re  tu b e s  p e r s ta tio n . (S to re  c u ltu re  tu b e s  

in  re frig e ra to r u n til re a d y  to  u s e .) 

S tu d e n ts  in o c u la te  th e  tu b e s  w ith  a  c o lo n y  fro m  th e ir p G L O ™  la b . P ro v id e  s te rile  lo o p s  a n d  

p ip e tte s . T h e  c o lo n ie s  s h o u ld  b e  s h a k e n  d u rin g  in c u b a tio n  if p o s s ib le . If n o t, s tu d e n ts  n e e d  to  

v ig o ro u s ly  s h a k e  th e  c u ltu re  tu b e s  fo r a t le a s t 3 0  s e c o n d s , b e fo re  p la c in g  in  th e  in c u b a to r s e t a t 

3 2 ​o ​C  o n  th e ir s id e s . (B E  S U R E  L ID S  A R E  S E A L E D .) 

L e s s o n  3 ​ - P u rific a tio n  P h a s e  1  (​s e e  p a g e  8  in  th e  la b  m a n u a l​) 

R e h y d ra te  th e  v ia l o f ly o p h iliz e d  ly s o z y m e  w ith  T E  b u ffe r. M ix  g e n tly  to  a id  in  th e  re s u s p e n s io n . 

K e e p  th e  v ia l o f ly s o z y m e  o n  ic e  o r in  a  re frig e ra to r u n til u s e . 

S e t u p  la b  s ta tio n s  w ith  a  m ic ro tu b e  c o n ta in in g  1  m L  o f T E  s o lu tio n  a n d  p ip e tte s  fo r e a c h  g ro u p .  

M u ltip le  c e n trifu g e s  m a y  b e  n e e d e d  a s  s tu d e n ts  n e e d  to  u s e  fo r 5  m in u te s  a t m a x  s p e e d . 

S tu d e n ts  w ill u s e  1  d ro p  o f ly s o z y m e . 

T u b e s  w ill b e  s to re d  in  th e  fre e z e r o v e rn ig h t. 

L e s s o n  4 ​ - P u rific a tio n  P h a s e  2  (​s e e  p a g e  8  in  th e  la b  m a n u a l​) 

S e t u p  la b  s ta tio n s  w ith  p ip e tte s , c h ro m a to g ra p h y  c o lu m n s , e q u ilib ra tio n  b u ffe r a n d  b in d in g  

b u ffe r fo r e a c h  g ro u p .  

S tu d e n ts  w ill p re p a re  c h ro m a to g ra p h y  c o lu m n s  a s  th e y  c e n trifu g e  th e ir s a m p le s . 

S tu d e n ts  c e n trifu g e  ly s e d  c e lls  fo r 1 0  m in u te s . 

L e s s o n  5 ​ - P u rific a tio n  P h a s e  3  (​s e e  p a g e  8  in  th e  la b  m a n u a l​) 

S e t u p  la b  s ta tio n s  w ith  te s t tu b e s , p re v io u s ly  p re p a re d  c h ro m a to g ra p h y  tu b e s , p ip e tte s , w a s h  

b u ffe r a n d  T E  b u ffe r. 

S tu d e n ts  lo a d  th e ir ly s e d  c e lls  in to  th e  c h ro m a to g ra p h y  c o lu m n s  a n d  ru n  th e  p ro te in  th ro u g h  

th e m . 

 

D iffe re n tia tio n  

O th e r w a y s  to  c o n n e c t w ith  s tu d e n ts  w ith  v a rio u s  n e e d s : 

i. ​L o c a l c o m m u n ity ​: S tu d e n ts  m a y  v is it a  lo c a l b io te c h  la b  o r lo o k  fo r a  v irtu a l to u r o f a  

b io te c h  la b  w h e re  p ro te in s  a re  e x tra c te d  a n d  p u rifie d . 

ii. ​S tu d e n ts  w ith  s p e c ia l n e e d s  (la n g u a g e /re a d in g /a u d ito ry /v is u a l)​: T h e  d ire c tio n s  fo r 

th e  la b  a re  b o th  v is u a l a n d  w ritte n . S tu d e n ts  w h o  n e e d  a d d itio n a l s u p p o rt m a y  w a tc h  

G F P  P u rific a tio n ​ a t ​h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = H 7 w v 1 h p fc _ M ​ (s k ip  th e  E d v o te k  

p o rtio n  o f th e  v id e o  fro m  1 :1 8 -3 :4 7 , u n le s s  y o u  w a n t th e m  to  ru n  th is  p ro to c o l w ith o u t 

u s in g  th e  G F P , b u t o n ly  fo o d  c o lo rin g /d y e ) 

Content designed by EducationProjects.org on behalf of the farmer boards at Ohio Corn & Wheat and the Nebraska Corn Board.DRAFT

https://www.youtube.com/watch?v=H7wv1hpfc_M


iii. ​E x tra  s u p p o rt​: If s tu d e n ts  a re  s tru g g lin g , th e y  m a y  w a tc h  ​P ro te in  P u rific a tio n  G F P  ​a t 

h ttp s ://w w w .y o u tu b e .c o m /w a tc h ? v = V k d U 2 R ry F O M ​. T h e  n a rra to r is  a  fa s t ta lk e r, b u t th e  

o v e rv ie w  is  g o o d . 

iv . ​E x te n s io n s ​: S tu d e n ts  m a y  c o m p le te  O p tio n  2  w ith  s u p p o rt o f th e  d ire c tio n s  o r 

w ith o u t. 

 

R u b ric  fo r A s s e s s m e n t 

S k ill D e v e lo p in g  S a tis fa c to ry  E x e m p la ry  

D e s ig n  a  s o lu tio n  to  a  
c o m p le x  re a l-w o rld  
p ro b le m  b y  b re a k in g  
it d o w n  in to  s m a lle r, 
m o re  m a n a g e a b le  
p ro b le m s  th a t c a n  b e  
s o lv e d  th ro u g h  
e n g in e e rin g . 

S tu d e n t w a s  u n a b le  
to  e x tra c t a n d /o r 
p u rify  G F P . 

S tu d e n t c o u ld  b re a k  
th e  p ro c e s s  o f G F P  
p u rific a tio n  in to  
s m a lle r s te p s ; 
e x tra c tin g  G F P  fro m  
th e  b a c te ria , th e n  
p u rify in g  G F P  u s in g  
H IC  c h ro m a to g ra p h y . 

S tu d e n t re s e a rc h e d  
a n d  s u c c e s s fu lly  
c a rrie d  o u t th e  
p ro c e d u re  o f 
e x tra c tin g  G F P  fro m  
b a c te ria  b a s e d  o n  th e  
p h y s ic a l p ro p e rtie s  o f 
b a c te ria l m e m b ra n e s . 

P re d ic tio n  S tu d e n t in c o rre c tly  
p re d ic te d  th e  
o u tc o m e  o f th e  
b u ffe rs . 

S tu d e n t c o rre c tly  
p re d ic te d  th e  
o u tc o m e  o f u s in g  
e a c h  o f th e  b u ffe rs  in  
th e  c o lu m n s . 

S tu d e n t d e te rm in e d  
th e  p ro p e r b u ffe rs  to  
u s e  in  th e  p ro p e r 
o rd e r to  p u rify  G F P  
u s in g  th e  p ro p e rtie s  
o f G F P . 

   S tu d e n t s u c c e s s fu lly  
c a rrie d  o u t th e  
p ro c e d u re  to  p u rify  
a n d  c o lle c t G F P . 

 

R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

M y  g ro u p ’s  p re d ic tio n s  a b o u t 
th e  e ffe c ts  o f e a c h  o f th e  
b u ffe rs  w e re  c o rre c t. 

  

I a m  a b le  to  e x p la in  th e  
fu n c tio n /ro le  o f e a c h  b u ffe r in  
th e  p ro c e s s  o f 
c h ro m a to g ra p h y . 

  

W e  w e re  s u c c e s s fu l in  
is o la tin g  a n d  p u rify in g  G F P  
fro m  th e  b a c te ria l c e lls . 
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L e s s o n  7  

G F P  P u rific a tio n * (O p tio n  1 ) 
F o c u s  Q u e s tio n s : ​H o w  c a n  p ro te in s  b e  p u rifie d ?  W h a t is  th e  m e c h a n is m  u s e d  in  b io te c h n o lo g y  

to  e x tra c t p ro te in s  o f in te re s t?  

V o c a b u la ry : ​h y d ro p h o b ic  in te ra c tio n  c o lu m n  c h ro m a to g ra p h y , ly s e , s u p e rn a ta n t, h y d ro p h o b ic , 

h y d ro p h ilic  

*​T hi s l e s s o n u s e s Bi o - R a d p G L O ™ B a ct eri al Tr a n sf or m ati o n Kit, C at al o g # 1 6 6- 0 0 0 5 E D U a v ail a bl e fr o m 

e x pl or er. bi o-r a d. c o m  

 

B a c k g ro u n d ​ (T h is  le s s o n  is  a  c o n tin u a tio n  o f th e  B io R a d  p G L O ™  T ra n s fo rm a tio n  k it.)  

P ro te in s  s u c h  a s  in s u lin , c a n  b e  c re a te d  b y  b a c te ria  in  la b s , p u rifie d , th e n  u s e d  a s  m e d ic in e .  

G e n e s  c a n  b e  c u t o u t o f h u m a n , a n im a l, o r p la n t D N A  a n d  p la c e d  in s id e  b a c te ria . F o r 

e x a m p le , a  h e a lth y  h u m a n  g e n e  fo r th e  h o rm o n e  in s u lin  c a n  b e  p u t in to  b a c te ria . U n d e r 

th e  rig h t c o n d itio n s , th e s e  b a c te ria  c a n  m a k e  a u th e n tic  h u m a n  in s u lin . W h e n  a llo w e d  to  

m u ltip ly  in  g ig a n tic  v a ts  (fe rm e n te rs ) th e s e  b a c te ria  c a n  b e  u s e d  to  m a s s  p ro d u c e  th e  

h u m a n  in s u lin  p ro te in . T h is  g e n e tic a lly  e n g in e e re d  in s u lin  is  p u rifie d  u s in g  p ro te in  

c h ro m a to g ra p h y  a n d  u s e d  to  tre a t p a tie n ts  w ith  th e  g e n e tic  d is e a s e , d ia b e te s , w h o s e  

in s u lin  g e n e s  d o  n o t fu n c tio n  n o rm a lly .  

 

A  c o m m o n  p ro b le m  in  p u rify in g  g e n e tic a lly  e n g in e e re d  “d e s ig n e r” p ro te in s  fro m  

tra n s fo rm e d  b a c te ria  is  c o n ta m in a tio n  b y  e n d o g e n o u s  b a c te ria l p ro te in s . 

C h ro m a to g ra p h y  is  a  p o w e rfu l m e th o d  u s e d  in  th e  b io te c h n o lo g y  in d u s try  fo r s e p a ra tin g  

a n d  p u rify in g  p ro te in s  o f in te re s t fro m  b a c te ria l p ro te in s . P ro te in s  p u rifie d  in  th is  m a n n e r 

c a n  th e n  b e  u s e d , fo r e x a m p le , a s  m e d ic in e s  to  tre a t h u m a n  d is e a s e , o r, fo r h o u s e h o ld  

a g e n ts  s u c h  a s  n a tu ra l e n z y m e s  to  m a k e  b e tte r la u n d ry  d e te rg e n ts .  

 

T h e  c lo n in g  a n d  e x p re s s io n  o f th e  G F P  g e n e  (p G L O ™  B a c te ria l T ra n s fo rm a tio n  k it), 

fo llo w e d  b y  th e  p u rific a tio n  o f its  p ro te in  in  th is  k it, is  c o m p le te ly  a n a lo g o u s  to  th e  

p ro c e s s e s  u s e d  in  th e  b io te c h n o lo g y  in d u s try  to  p ro d u c e  a n d  p u rify  p ro te in s  w ith  

c o m m e rc ia l v a lu e . (​h ttp ://w w w .b io -ra d .c o m /w e b ro o t/w e b /p d f/ls e /lite ra tu re /4 0 0 6 0 9 9 .p d f 

p a g e  1 )  

T h is  la b  w ill u s e  o n e  te c h n iq u e , h y d ro p h o b ic  in te ra c tio n  c o lu m n  (H IC ) c h ro m a to g ra p h y  to  

s e p a ra te  G F P  fro m  b a c te ria  th a t p ro d u c e d  it. G F P  is  b e in g  u s e d  a s  a  m o d e l p ro te in  to  s h o w  a  

p ro c e s s  o f p u rific a tio n .  

 

B u ffe rs   

U s e  th e s e  d e s c rip tio n s . 

E q u ilib ra tio n  b u ffe r​ (u s e d  in  p re p a ra tio n  o f th e  c o lu m n ): ra is e s  th e  s a lt c o n c e n tra tio n  o f th e  

c o lu m n  to  m a tc h  th e  G F P  ly s a te  

B in d in g  b u ffe r​: ra is e s  th e  s a lt c o n c e n tra tio n  o f G F P  to  c a u s e  a  c o n fo rm a tio n a l 

c h a n g e  in  G F P  (c h a n g e  in  th e  te rtia ry  s tru c tu re  o f th e  p ro te in ), e x p o s in g  th e  h y d ro p h o b ic  re g io n  

o f G F P  

W a s h  b u ffe r​: w a s h e s  a w a y  le s s  h y d ro p h o b ic , c o n ta m in a tin g  p ro te in s  fro m  th e  c o lu m n  

T E  (e lu tio n ) b u ffe r​: re m o v e s  G F P  fro m  th e  c o lu m n  
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R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

I a m  a b le  to  e x p la in  th e  
fu n c tio n /ro le  o f e a c h  b u ffe r in  
th e  p ro c e s s  o f 
c h ro m a to g ra p h y . 

  

M y  g ro u p ’s  p re d ic tio n s  a b o u t 
th e  e ffe c ts  o f e a c h  o f th e  
b u ffe rs  w e re  c o rre c t. 

  

W e  w e re  s u c c e s s fu l in  
is o la tin g  a n d  p u rify in g  G F P  
fro m  th e  b a c te ria l c e lls . 
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I n o c ul ati o n: g r o wi n g c ell c ult u r e s

1 . R e m o v e t h e tr a n sf or m ati o n pl at e s fr o m t h e 

i n c u b at or a n d e x a mi n e u si n g t h e U V li g ht. 

I d e ntif y s e v er al gr e e n c ol o ni e s t h at ar e n ot 

t o u c hi n g ot h er c ol o ni e s o n t h e L B/ a m p/

ar a pl at e. I d e ntif y s e v er al w hit e c ol o ni e s o n 

t h e L B/ a m p pl at e. 

2 . O bt ai n t w o c u lt ur e t u b e s c o nt ai ni n g t h e gr o wt h 

m e di a L B/ a m p/ ar a. L a b el o n e " + " a n d o n e "- ". 

U si n g a st eril e l o o p, li g htl y t o u c h t h e l o o p t o 

a gr e e n c ol o n y a n d i m m er s e it i n t h e " + " t u b e. 

U si n g a n e w st eril e l o o p, r e p e at f or a w hit e 

c ol o n y a n d i m m er s e it i n t h e "- " t u b e (it i s v er y 

i m p ort a nt t o pi c k o nl y a si n gl e c ol o n y). S pi n t h e 

l o o p b et w e e n y o ur i n d e x fi n g er a n d t h u m b t o 

di s p er s e t h e e ntir e c ol o n y. 

3 . C a p t h e t u b e s a n d pl a c e t h e m i n t h e s h a ki n g 

i n c u b at or or o n t h e s h a ki n g pl atf or m a n d c ult ur e 

o v er ni g ht at 3 2  ° C or 2  d a y s at r o o m t e m p er at ur e. 

or 

C a p t h e t u b e s a n d s h a k e vi g or o u sl y b y h a n d. 

Pl a c e i n t h e i n c u b at or h ori z o nt all y at 3 2  ° C 

f or 2 4 – 4 8  h o ur s. R e m o v e a n d s h a k e b y h a n d 

p eri o di c all y w h e n p o s si bl e.
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P u ri fi c ati o n p h a s e 1: b a ct e ri al c o n c e nt r ati o n

1 . L a b el o n e mi cr ot u b e " + " wit h y o ur n a m e a n d cl a s s 

p eri o d. R e m o v e y o ur li q ui d c ult ur e s fr o m t h e s h a k er 

a n d o b s er v e wit h t h e U V li g ht. N ot e a n y c ol or 

di ff er e n c e s b et w e e n t h e t w o c ult ur e s. U si n g a n e w 

pi p ett e, tr a n sf er 2  ml of "+ " li q ui d c ult ur e i nt o t h e “ + ” 

mi cr ot u b e. S pi n t h e mi cr ot u b e f or 5  mi n ut e s i n t h e 

c e ntrif u g e at m a xi m u m s p e e d. T h e pi p ett e u s e d i n t hi s 

st e p c a n b e r e p e at e dl y ri n s e d i n a b e a k er of w at er a n d 

u s e d f or all f oll o wi n g st e p s of t hi s l a b or at or y p eri o d. 

2 . P o ur o ut t h e s u p er n at a nt a n d o b s er v e t h e p ell et

u n d er U V li g ht. 

3 . U si n g a ri n s e d pi p ett e, a d d 2 5 0  μ l of s ol uti o n t o

t h e t u b e. R e s u s p e n d t h e p ell et t h or o u g hl y b y r a pi dl y

pi p etti n g u p a n d d o w n s e v er al ti m e s. 

4 . U si n g a ri n s e d pi p ett e, a d d 1  dr o p of 

r e s u s p e n d e d b a ct eri al p ell et t o i niti at e

e n z y m ati c di g e sti o n of t h e b a ct eri al c ell w all. Mi x

t h e c o nt e nt s g e ntl y b y fli c ki n g t h e t u b e. O b s er v e t h e 

t u b e

 

 

5 . Pl a c e t h e mi cr ot u b e i n t h e fr e e z er u ntil t h e n e xt

l a b or at or y p eri o d. T h e fr e e zi n g c a u s e s t h e b a ct eri a t o

r u pt ur e c o m pl et el y.
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P u ri fi c ati o n p h a s e 2: b a ct e ri al l y si s

1 . R e m o v e t h e mi cr ot u b e fr o m t h e fr e e z er a n d t h a w u si n g 

h a n d w ar mt h. Pl a c e t h e t u b e i n t h e c e ntrif u g e a n d 

p ell et t h e i n s ol u bl e b a ct eri al d e bri s b y s pi n ni n g f or 1 0  

mi n ut e s at m a xi m u m s p e e d. 

2 . W hil e y o ur t u b e i s s pi n ni n g, pr e p ar e t h e 

c hr o m at o gr a p h y c ol u m n. R e m o v e t h e c a p a n d s n a p 

o ff  t h e b ott o m fr o m t h e pr efi ll e d HI C c ol u m n. All o w 

all of t h e li q ui d b u ff er t o dr ai n fr o m t h e c ol u m n 

( ~3 – 5  mi n ut e s). 

3 . Pr e p ar e t h e c ol u m n b y a d di n g 2  ml of 

 t o t h e t o p of t h e col u m n. T hi s i s d o n e b y a d di n g 

t w o 1  ml ali q u ot s wit h a ri n s e d pi p ett e. Dr ai n t h e 

b u ff er t o t h e 1  ml m ar k o n t h e c ol u m n. C a p t h e t o p a n d 

b ott o m a n d st or e t h e c ol u m n at r o o m t e m p er at ur e u ntil 

t h e n e xt l a b or at or y p eri o d. 

4 . A ft er t h e 1 0  mi n ute s pi n, i m m e di at el y r e m o v e y o ur 

t u b e fr o m t h e c e ntrif u g e. E x a mi n e t h e t u b e wit h t h e 

U V li g ht. U si n g a n e w pi p ett e, tr a n sf er 2 5 0  μ l of t h e 

" + " s u p er n at a nt i nt o a n e w mi cr ot u b e l a b el e d " + ". 

A g ai n, ri n s e t h e pi p ett e w ell f or t h e r e st of t h e st e p s of 

t hi s l a b p eri o d. 

5 . pU si n g a w ell ri n s e d pi ett e, tr a n sf er 2 5 0  μ l of 

 t o t h e "+ " s u p er n at a nt. Pl a c e t h e t u b e i n t h e 

r efri g er at or u ntil t h e n e xt l a b or at or y p eri o d.
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P u ri fi c ati o n p h a s e 3: p r ot ei n c h r o m at o g r a p h y

1 . L a b el 3  c oll e cti o n t u b e s 1 – 3  a n d pl a c e t h e t u b e s i n t h e f o a m r a c k or i n

a r a c k s u p pli e d i n y o ur l a b or at or y. R e m o v e t h e c a p s fr o m t h e t o p a n d

b ott o m of t h e c ol u m n a n d pl a c e t h e c ol u m n i n c oll e cti o n t u b e 1 . W h e n 

t h e l a st of t h e b uff er h a s r e a c h e d t h e s urf a c e of t h e HI C m atri x pr o c e e d 

t o t h e n e xt st e p b el o w.

2 . U si n g a n e w pi p ett e, c ar ef ull y a n d g e ntl y l o a d 2 5 0  μ l of t h e “+ ” 

s u p er n at a nt o nt o t h e t o p of t h e c ol u m n. H ol d t h e pi p ett e ti p a g ai n st t h e 

si d e of t h e c ol u m n w all, j u st a b o v e t h e u p p er s urf a c e of t h e m atri x a n d 

l et t h e s u p er n at a nt dri p d o w n t h e si d e of t h e c ol u m n w all. E x a mi n e t h e 

c ol u m n u si n g a U V li g ht. N ot e y o ur o b s er v ati o n s. A ft er it st o p s dri p pi n g 

tr a n sf er t h e c ol u m n t o c oll e cti o n t u b e 2 .

3 . U si n g t h e ri n s e d pi p ett e, a d d 2 5 0  μ l of  a n d l et t h e 

e ntir e v ol u m e fl o w i nt o t h e c ol u m n. E x a mi n e t h e c ol u m n u si n g t h e 

U V li g ht. N ot e y o ur o b s er v ati o n s. A ft er t h e c ol u m n st o p s dri p pi n g, 

tr a n sf er it t o t u b e 3 .

4 . U si n g t h e ri n s e d pi p ett e, a d d 7 5 0  μ l of   a n d l et t h e e ntir e

v ol u m e fl o w i nt o t h e c ol u m n. E x a mi n e t h e c ol u m n u si n g t h e U V li g ht. 

N ot e y o ur o b s er v ati o n s.

5 . E x a mi n e all t hr e e c ol l e cti o n t u b e s a n d n ot e a n y diff er e n c e s i n c ol or 

b et w e e n t h e t u b e s. P ar a fi l m or S ar a n Wr a p t h e t u b e s a n d pl a c e i n t h e 

r efri g er at or u ntil t h e n e xt l a b or at or y p eri o d.

E q uili b r ati o n b u ff e r  ( u s e d i n pr e p ar ati o n of t h e c ol u m n): r ai s e s t h e s alt 

c o n c e ntr ati o n of t h e c ol u m n t o m at c h t h e G F P l y s at e

Bi n di n g b u ff e r: r ai s e s t h e s alt c o n c e ntr ati o n of G F P t o c a u s e a c o nf or m ati o n al 

c h a n g e i n G F P ( c h a n g e i n t h e t erti ar y str u ct ur e of t h e pr ot ei n), e x p o si n g t h e 

h y dr o p h o bi c r e gi o n of G F P

W a s h b u ff e r: w a s h e s a w a y l e s s h y dr o p h o bi c, c o nt a mi n ati n g pr ot ei n s 

fr o m t h e c ol u m n

T E ( el uti o n) b u ff e r: r e m o v e s G F P fr o m t h e c ol u m n

C oll e cti o n t u b e 

n u m b e r

P r e di cti o n O b s e r v ati o n s u n d e r 

U V li g ht ( c ol u m n a n d 

c oll e cti o n t u b e)

T u b e 1  

S a m pl e i n 

bi n di n g b u ff er

T u b e 2  

S a m pl e wit h 

w a s h b u ff er

T u b e 3  

S a m pl e wit h 

el uti o n b u ff er
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L e s s o n  7  

G F P  P u rific a tio n * (O p tio n  2 ) 
F o c u s  Q u e s tio n s : ​H o w  c a n  p ro te in s  b e  p u rifie d ?  W h a t is  th e  m e c h a n is m  u s e d  in  b io te c h n o lo g y  

to  e x tra c t p ro te in s  o f in te re s t?  

V o c a b u la ry : ​h y d ro p h o b ic  in te ra c tio n  c o lu m n  c h ro m a to g ra p h y , ly s e , s u p e rn a ta n t, h y d ro p h o b ic , 

h y d ro p h ilic  

*​T hi s l e s s o n u s e s Bi o - R a d p G L O ™ B a ct eri al Tr a n sf or m ati o n Kit, C at al o g # 1 6 6- 0 0 0 5 E D U a v ail a bl e fr o m 

e x pl or er. bi o-r a d. c o m  

 

B a c k g ro u n d ​ (T h is  le s s o n  is  a  c o n tin u a tio n  o f th e  B io R a d  p G L O ™  T ra n s fo rm a tio n  k it.)  

P ro te in s  s u c h  a s  in s u lin , c a n  b e  c re a te d  b y  b a c te ria  in  la b s , p u rifie d , th e n  u s e d  a s  m e d ic in e .  

G e n e s  c a n  b e  c u t o u t o f h u m a n , a n im a l, o r p la n t D N A  a n d  p la c e d  in s id e  b a c te ria . F o r 

e x a m p le , a  h e a lth y  h u m a n  g e n e  fo r th e  h o rm o n e  in s u lin  c a n  b e  p u t in to  b a c te ria . U n d e r 

th e  rig h t c o n d itio n s , th e s e  b a c te ria  c a n  m a k e  a u th e n tic  h u m a n  in s u lin . W h e n  a llo w e d  to  

m u ltip ly  in  g ig a n tic  v a ts  (fe rm e n te rs ) th e s e  b a c te ria  c a n  b e  u s e d  to  m a s s  p ro d u c e  th e  

h u m a n  in s u lin  p ro te in . T h is  g e n e tic a lly  e n g in e e re d  in s u lin  is  p u rifie d  u s in g  p ro te in  

c h ro m a to g ra p h y  a n d  u s e d  to  tre a t p a tie n ts  w ith  th e  g e n e tic  d is e a s e , d ia b e te s , w h o s e  

in s u lin  g e n e s  d o  n o t fu n c tio n  n o rm a lly .  

 

A  c o m m o n  p ro b le m  in  p u rify in g  g e n e tic a lly  e n g in e e re d  “d e s ig n e r” p ro te in s  fro m  

tra n s fo rm e d  b a c te ria  is  c o n ta m in a tio n  b y  e n d o g e n o u s  b a c te ria l p ro te in s . 

C h ro m a to g ra p h y  is  a  p o w e rfu l m e th o d  u s e d  in  th e  b io te c h n o lo g y  in d u s try  fo r s e p a ra tin g  

a n d  p u rify in g  p ro te in s  o f in te re s t fro m  b a c te ria l p ro te in s . P ro te in s  p u rifie d  in  th is  m a n n e r 

c a n  th e n  b e  u s e d , fo r e x a m p le , a s  m e d ic in e s  to  tre a t h u m a n  d is e a s e , o r, fo r h o u s e h o ld  

a g e n ts  s u c h  a s  n a tu ra l e n z y m e s  to  m a k e  b e tte r la u n d ry  d e te rg e n ts .  

 

T h e  c lo n in g  a n d  e x p re s s io n  o f th e  G F P  g e n e  (p G L O ™  B a c te ria l T ra n s fo rm a tio n  k it), 

fo llo w e d  b y  th e  p u rific a tio n  o f its  p ro te in  in  th is  k it, is  c o m p le te ly  a n a lo g o u s  to  th e  

p ro c e s s e s  u s e d  in  th e  b io te c h n o lo g y  in d u s try  to  p ro d u c e  a n d  p u rify  p ro te in s  w ith  

c o m m e rc ia l v a lu e . (​h ttp ://w w w .b io -ra d .c o m /w e b ro o t/w e b /p d f/ls e /lite ra tu re /4 0 0 6 0 9 9 .p d f 

p a g e  1 )  

T h is  la b  w ill u s e  o n e  te c h n iq u e , h y d ro p h o b ic  in te ra c tio n  c o lu m n  (H IC ) c h ro m a to g ra p h y  to  

s e p a ra te  G F P  fro m  b a c te ria  th a t p ro d u c e d  it. G F P  is  b e in g  u s e d  a s  a  m o d e l p ro te in  to  s h o w  a  

p ro c e s s  o f p u rific a tio n .  

 

Y o u r c h a lle n g e : R e m o v e  th e  G F P  p ro te in  fro m  th e  b a c te ria  th a t m a d e  it.  

1 ) T h e  m a te ria ls  y o u  w ill u s e  in c lu d e  th e  fo llo w in g : 

a ) C e n trifu g e , fre e z e r, ly s o z y m e , v a rio u s  b u ffe rs  (s e e  lis t b e lo w ) 

2 ) D e te rm in e  h o w  to  b re a k  d o w n  th e  b a c te ria  to  re le a s e  th e  G F P  p ro te in , th e n  u s e  th e  

c o lu m n  to  h e lp  y o u  p u rify  it. T a k e  n o te s  o n  y o u r p ro c e s s  o f th in k in g  a n d  c o m p le tin g  th e  

e x tra c tio n  a n d  p u rific a tio n . 

3 ) R e s e a rc h  H y d ro p h o b ic  In te ra c tio n  C o lu m n  C h ro m a to g ra p h y  (s e e  

h ttp ://w w w .b io -ra d .c o m /e n -u s /a p p lic a tio n s -te c h n o lo g ie s /in tro d u c tio n -h y d ro p h o b ic -in te ra c

tio n -c h ro m a to g ra p h y -h ic ? ID = M W H B 5 3 M N I​) 
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B u ffe r D e s c rip tio n s   

E q u ilib ra tio n  b u ffe r​ (u s e d  in  p re p a ra tio n  o f th e  c o lu m n ): ra is e s  th e  s a lt c o n c e n tra tio n  o f 

th e  c o lu m n  to  m a tc h  th e  G F P  ly s a te  

B in d in g  b u ffe r​: ra is e s  th e  s a lt c o n c e n tra tio n  o f G F P  to  c a u s e  a  c o n fo rm a tio n a l 

c h a n g e  in  G F P  (c h a n g e  in  th e  te rtia ry  s tru c tu re  o f th e  p ro te in ), e x p o s in g  th e  h y d ro p h o b ic  

re g io n  o f G F P  

W a s h  b u ffe r​: w a s h e s  a w a y  le s s  h y d ro p h o b ic , c o n ta m in a tin g  p ro te in s  fro m  th e  c o lu m n  

T E  (e lu tio n ) b u ffe r​: re m o v e s  G F P  fro m  th e  c o lu m n  

 

R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

I w a s  a b le  to  b re a k  d o w n  th e  
p ro c e s s  o f e x tra c tin g  G F P  
fro m  b a c te ria  a n d  p u rify in g  
th e  p ro te in  in to  s m a lle r s te p s  
to  a c c o m p lis h  th e  g o a l. 

  

M y  g ro u p  w o rk e d  to g e th e r to  
d e te rm in e  th e  p ro c e s s  fo r 
e x tra c tin g  a n d  p u rify in g  th e  
G F P . 

  

I a m  a b le  to  e x p la in  th e  
fu n c tio n /ro le  o f e a c h  b u ffe r in  
th e  p ro c e s s  o f 
c h ro m a to g ra p h y . 
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L e s s o n  8  

G M O  S p e e d  D a tin g  
F o c u s  Q u e s tio n : ​W h a t d o  y o u  k n o w  a b o u t G M O s ?  

L e a rn in g  T a rg e t: ​S tu d e n ts  try  to  fin d  a  m a tc h  to  th e ir c a rd  a n d  le a rn  a b o u t th e  v a rio u s  g e n e tic  

m o d ific a tio n s  th a t h a v e  o c c u rre d . 

V o c a b u la ry : ​d o n o r, re c ip ie n t 
* T hi s r e s o ur c e h a s b e e n a d a pt e d fr o m a n ori gi n al a cti vit y © O C R:  

htt p:// w w w. o cr. or g. u k/ q u alifi c ati o n s/ a s- a-l e v el g c e- bi ol o g y- a- h 0 2 0- h 4 2 0-fr o m- 2 0 1 5/ d eli v er y- g ui d e/I m a g e s/ 1 2

3- 2 4 1 4 2 0-l e- d ati n g- g a m e-l e ar n er- a cti vit y- v 1. d o c   

 

L S 3 : H e re d ity : In h e rita n c e  a n d  V a ria tio n  o f T ra its   

P e rfo rm a n c e  E x p e c ta tio n  C la s s ro o m  C o n n e c tio n  

H S -L S 3 -2 .​ M a k e  a n d  d e fe n d  a  c la im  b a s e d  o n  
e v id e n c e  th a t in h e rita b le  g e n e tic  v a ria tio n s  m a y  
re s u lt fro m : …  m u ta tio n s  c a u s e d  b y  e n v iro n m e n ta l 
fa c to rs .  

S tu d e n ts  a re  g iv e n  a  c a rd  w ith  e ith e r a  d o n o r o r 
re c ip ie n t o rg a n is m . S tu d e n ts  re a d  a b o u t th e  
o rg a n is m , th e n  try  to  fin d  a  m a tc h  fo r th e m s e lv e s .  

S c ie n c e  a n d  E n g in e e rin g  P ra c tic e  

E n g a g in g  in  A rg u m e n t fro m  E v id e n c e  

● M a k e  a n d  d e fe n d  a  c la im  b a s e d  o n  

e v id e n c e  a b o u t th e  n a tu ra l w o rld  th a t 
re fle c ts  s c ie n tific  k n o w le d g e  a n d  
s tu d e n t-g e n e ra te d  e v id e n c e .  

S tu d e n ts  ​m a k e  a  c la im ​ ​a n d  d e fe n d  it b a s e d  o n  
e v id e n c e ​ p ro v id e d  o n  th e  c a rd s  o r b a s e d  o n  th e ir 
o w n  re s e a rc h . 

D is c ip lin a ry  C o re  Id e a  

L S 3 .B : V a ria tio n  o f T ra its   

● E n v iro n m e n ta l fa c to rs  a ls o  a ffe c t 

e x p re s s io n  o f tra its , a n d  h e n c e  a ffe c t th e  
p ro b a b ility  o f o c c u rre n c e s  o f tra its  in  a  
p o p u la tio n . T h u s  th e  v a ria tio n  a n d  
d is trib u tio n  o f tra its  o b s e rv e d  d e p e n d s  o n  

b o th  g e n e tic  a n d  e n v iro n m e n ta l fa c to rs .  

In  th is  c a s e , th e  e n v iro n m e n ta l fa c to rs  a re  g e n e tic  
m o d ific a tio n s  m a d e  b y  h u m a n s . 

C ro s s  C u ttin g  C o n c e p t 

C a u s e  a n d  E ffe c t 

● E m p iric a l e v id e n c e  is  re q u ire d  to  

d iffe re n tia te  b e tw e e n  c a u s e  a n d  
c o rre la tio n  a n d  m a k e  c la im s  a b o u t 
s p e c ific  c a u s e s  a n d  e ffe c ts .  

D o n o rs  a n d  re c ip ie n ts  m a tc h  u p , th e n  s tu d e n ts  
d is c u s s  th e  b e n e fits  a n d  ris k s  o f g e n e tic  
m o d ific a tio n . 

 

B a c k g ro u n d  

G e n e tic  m o d ific a tio n  is  a  c o n fo u n d in g  to p ic  to  m a n y  p e o p le . In  re a lity , h u m a n s  h a v e  b e e n  

g e n e tic a lly  m o d ify in g  p la n ts  a n d  a n im a ls  fo r th o u s a n d s  o f y e a rs . S e le c tiv e  b re e d in g  a n d  

s e le c tiv e  m u ta g e n e s is  h a v e  re s u lte d  in  m a n y  o f th e  d iffe re n t c ro p s  a n d  b re e d s  o f a n im a ls  w e  
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ta k e  fo r g ra n te d  to d a y . T e o s in te  is  th e  m o s t c lo s e ly  re la te d  p la n t to  w h a t w e  c a ll c o rn  o r m a iz e  

to d a y ; it is  a  ta ll g ra s s  th a t h a s  w id e  b ra n c h in g  la te ra l le a v e s  a n d  a n  e a r w ith  o n ly  5 – 1 2  k e rn e ls  

tig h tly  s e a le d  in  a  h a rd  c a s in g . T h is  p la n t s till g ro w s  in  s o u th e rn  M e x ic o .  

 

T h e re  a re  m a n y  m e th o d s  o f g e n e tic  m o d ific a tio n  a n d  m o re  a re  b e in g  u tiliz e d  e v e ry  d a y . T h e y  

in c lu d e : s e le c tiv e  b re e d in g  a n d  h y b rid iz a tio n , s ta c k e d  tra its , m u ta g e n e s is , tra n s g e n e s is  (tra n s fe r 

o f a  g e n e  fro m  o n e  to  a n o th e r o f a  d iffe re n t s p e c ie s ), T A L E N , g e n e  s ile n c in g  a n d  C R IS P R . T h e  

m o s t c o m m o n  m e th o d  o f g e n e tic  m o d ific a tio n  u p  to  n o w , h a s  b e e n  tra n s g e n e s is . D o n o r g e n e s  

h a v e  g iv e n  re c ip ie n t o rg a n is m s  n e w  tra its  to  a d d  b e n e fic ia l tra its , o r p ro te c tio n  fro m  d is e a s e , 

p e s ts , d ro u g h t, o r flo o d . T h is  a c tiv ity  is  a  re v ie w  o f s o m e  o f th o s e  tra n s g e n ic  m a tc h e s . 

 

T h is  a c tiv ity  c a m e  fro m  th e  U n ite d  K in g d o m  a n d  h a s  b e e n  a d a p te d  fo r th is  u s e . S o m e  o f th e  

p a irin g s  a re  fo r h u m a n  m e d ic a l tre a tm e n t, w h ile  s o m e  a re  fo r a n im a ls  a n d  c ro p s . 

 

S e v e ra l o f th e s e  p a irin g s  h a v e  b e e n  d is c u s s e d , b u t n o t c o m p le te d  (i.e .s tra w b e rrie s  w ith  flo u n d e r 

g e n e s  to  re s is t fro s t h a v e  n o t b e e n  re le a s e d  d u e  to  c o n s u m e r p e rc e p tio n  th a t th e  s tra w b e rrie s  

m a y  ta s te  “fis h y ”; to m a to e s  w ith  P G  w e re  th e  firs t G M O  a v a ila b le  to  c o n s u m e rs , b u t a re  n o  

lo n g e r a v a ila b le ; c a rro ts  a re  n o t G M O  in  th e  U .S .; a lth o u g h  b a n a n a s  a n d  p o ta to e s  h a v e  b e e n  

s u g g e s te d  a s  a  m e th o d  fo r d e v e lo p in g  c o u n trie s  to  g ro w  a n d  d e liv e r v a c c in e s , th a t h a s  n o t 

b e c o m e  a  re a lity  y e t.) O n  th e  o th e r h a n d , fa s t-g ro w in g  s a lm o n  (A q u a B o u n ty ) w e re  ju s t a p p ro v e d  

in  2 0 1 8  to  b e  g ro w n  a t in d o o r fa c ilitie s , g o ld e n  ric e  w a s  fin a lly  a p p ro v e d  fo r u s e  in  B a n g la d e s h  

in  2 0 1 9 . 

 

M a te ria ls   

D o n o r c a rd s   

R e c ip ie n t c a rd s  

 

P rio r K n o w le d g e  

S tu d e n ts  n e e d  to  k n o w  v o c a b u la ry  re la te d  to  th e  d o n o rs  a n d  re c ip ie n ts  (s e e  lis t b e lo w ): 

p ro te a s e E P S P  s y n th a s e  

la c to fe rrin C P 4  E P S P S  

c y s tic  fib ro s is  P o ly g a la c tu ro n a s e  (P G ) 

L e b e r’s  c o n g e n ita l a m a u ro s is z u c c h in i y e llo w  m o s a ic  (p o ty )v iru s  

p a p a y a  rin g s p o t v iru s c u c u m b e r m o s a ic  c u c u m o v iru s   

w a te rm e lo n  m o s a ic  (p o ty )v iru s a n ti-th ro m b in  

c h y m o s in b lig h t 

g lu c o s id a s e a n tig e n  

G ly p h o s a te A F G P  g e n e  

S tu d e n ts  n e e d  to  b e  c re a tiv e . A ll d o n o rs  d o  h a v e  m a tc h e s , h o w e v e r, s o m e  m a y  b e  m a tc h e d  

w ith  m o re  th a n  o n e . S tu d e n ts  s h o u ld  re a d  th e  in fo rm a tio n  o n  th e  b a c k s  o f th e ir c a rd s , a n d  b e  

w illin g  to  m a k e  a  m a tc h  th a t th e y  th in k  m a k e s  s e n s e . W h e th e r c o rre c t o r n o t, th e  m a tc h  s tu d e n ts  

m a k e  s h o u ld  b e  ju s tifie d  b y  e v id e n c e  o r b e n e fit o f th e  p o te n tia l m a tc h , e v e n  if it h a s  n o t b e e n  

d o n e  in  re a lity .  
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T e a c h e r P re p a ra tio n  

T e a c h e rs  n e e d  to  c o p y  th e  c a rd s  o n  c a rd s to c k  fro n t to  b a c k  a n d  c u t th e m  a p a rt. E a c h  s tu d e n t 

re c e iv e s  o n e  c a rd , e ith e r a  d o n o r o r re c ip ie n t c a rd . If th e re  a re  e x tra  c a rd s  fo r y o u r c la s s ro o m , 

y o u  c a n  re m o v e  th e m  s o  th a t a ll s tu d e n ts  h a v e  a  m a tc h . T h e  a n s w e r k e y  is  b e lo w . T h e re  is  n o  

s tu d e n t h a n d o u t fo r th is  a c tiv ity . 

 

P ro c e d u re   

1 . E a c h  p a rtic ip a n t g e ts  o n e  c a rd . T h e  d o n o r c a rd  h o ld e rs  s it a ro u n d  th e  ro o m . T h e  re c ip ie n t 

c a rd  h o ld e rs  ro ta te  a ro u n d  th e  ro o m  s p e n d in g  3 0 -6 0  s e c o n d s  w ith  e a c h  d o n o r c a rd  h o ld e r.  

2 . A fte r 3 0 -6 0  s e c o n d s , th e  re c ip ie n t c a rd  h o ld e rs  m o v e  to  a  n e w  d o n o r c a rd  h o ld e r. R e p e a t 

u n til e a c h  re c ip ie n t h a s  fo u n d  th e ir m a tc h  (a n d  th e y  s te p  o u t o f th e  ro ta tio n ) o r a ll re c ip ie n ts  

h a v e  s p o k e n  w ith  a ll d o n o rs .  

3 . R e m a in in g  u n m a tc h e d  p a rtic ip a n ts  c h o o s e  a  m a tc h . E a c h  m a tc h e d  p a ir s ta n d s  a n d  s h a re s  

th e ir m a tc h  w ith  th e  la rg e  g ro u p . 

4 . H a v e  s tu d e n ts  d is c u s s  th e  b e n e fits  o f th e  m a tc h  a n d  d e s c rib e  a n y  ris k s . 

 

D iffe re n tia tio n  

O th e r w a y s  to  c o n n e c t w ith  s tu d e n ts  w ith  v a rio u s  n e e d s : 

i. ​L o c a l c o m m u n ity ​: S tu d e n ts  m a y  a s k  a  lo c a l fa rm e r w h ic h , if a n y , g e n e tic a lly  m o d ifie d  

c ro p s  s h e /h e  u s e s  a n d  w h y . If a  lo c a l fa rm e r is  n o t a v a ila b le , c o n ta c t th e  c o u n ty  

e x te n s io n  s e rv ic e , th e  s ta te  c o rn  o r s o y b e a n  c h e c k -o ff p ro g ra m  o r th e  s ta te  d e p a rtm e n t 

o f a g ric u ltu re  fo r m o re  in fo rm a tio n  a b o u t th e  lo c a l u s e  o f G M  c ro p s . 

ii. ​S tu d e n ts  w ith  s p e c ia l n e e d s  (la n g u a g e /re a d in g /a u d ito ry /v is u a l)​: T h e  c a rd s  fo r th e  

a c tiv ity  h a v e  s u p p o rtiv e  p h o to s  o n  o n e  s id e  a n d  th e  d e ta ils  o n  th e  o th e r. S tu d e n ts  c o u ld  

p a ir u p  w ith  o n e  c a rd  to  d e te rm in e  th e  m o s t lik e ly  m a tc h  w ith  tw o  o th e r s tu d e n ts . 

iii. ​E x tra  s u p p o rt​: If s tu d e n ts  a re  s tru g g lin g , th e y  m a y  re s e a rc h  o n e  o f th e  m o d ific a tio n s  

to  le a rn  m o re  a b o u t it. 

iv . ​E x te n s io n s ​: S tu d e n ts  m a y  re s e a rc h  th e  s to ry  o f o n e  o r m o re  o f th e  fa ile d  a tte m p ts  a t 

g e n e tic  m o d ific a tio n  a n d  d e te rm in e  h o w  th e y  m ig h t h a v e  b e e n  m o re  s u c c e s s fu l (i.e . 

F la v r S a v r T o m a to , fre e z e  p ro te c te d  s tra w b e rrie s  w ith  flo u n d e r g e n e , e tc ) 

 

R u b ric  fo r A s s e s s m e n t 

S k ill D e v e lo p in g  S a tis fa c to ry  E x e m p la ry  

M a k e  a n d  d e fe n d  a  
c la im  b a s e d  o n  
e v id e n c e  th a t 
in h e rita b le  g e n e tic  
v a ria tio n s  m a y  re s u lt 
fro m : …  m u ta tio n s  
c a u s e d  b y  
e n v iro n m e n ta l fa c to rs .  

S tu d e n t fo u n d  a  m a tc h  
b u t th e  c la im  th a t th e  
m a tc h  w a s  p o s s ib le  d id  
n o t c o n ta in  e v id e n c e . 

S tu d e n t fo u n d  a  m a tc h  
a n d  th e  c la im  th a t th e  
m a tc h  w a s  p o s s ib le  
c o n ta in e d  e v id e n c e  to  
s u p p o rt th e  m a tc h . 

S tu d e n t fo u n d  a  m a tc h  
a n d  th e  c la im  th a t th e  
m a tc h  w a s  p o s s ib le  
c o n ta in e d  e v id e n c e  to  
s u p p o rt th e  m a tc h  a n d  
th e  e v id e n c e  w a s  
d is c u s s e d  in  te rm s  o f 
b e n e fits  a n d  ris k s . 
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R u b ric  fo r S e lf-A s s e s s m e n t 

S k ill Y e s  N o  

I fo u n d  a  m a tc h  a n d  m a d e  a  
c la im  a b o u t th e  p o s s ib ility  o f 
th e  m a tc h . 

  

I p ro v id e d  e v id e n c e  to  b a c k  
u p  th e  c la im . 

  

I w a s  a b le  to  d is c u s s  th e  
b e n e fits  a n d  ris k s  o f th e  
m a tc h . 
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7 8 C o nt e nt d e si g n e d b y E d u c ati o n Pr oj e ct s. or g o n b e h alf of t h e f ar m er b o ar d s  

at O hi o C or n & W h e at, N e br a s k a C or n B o ar d, a n d K a n s a s C or n C o m mi s si o n.

G e n e d o n o r R e ci pi e nt o r g a ni s m P u r p o s e of G M O

B a cill u s t h uri n g e n si s M ai z e i n s e ct r e si st a nt cr o p

A gr o b a ct eri u m s p. C 4 h er bi ci d e r e si st a nt cr o p

B a cill u s s u btili s dr o u g ht r e si st a nt cr o p

B a cill u s t h uri n g e n si s C ott o n i n s e ct r e si st a nt cr o p

A gr o b a ct eri u m s p. C 4 h er bi ci d e r e si st a nt cr o p

B a cill u s t h uri n g e n si s S o y b e a n i n s e ct r e si st a nt cr o p

A gr o b a ct eri u m s p. C 4 h er bi ci d e r e si st a nt cr o p

Gi a nt l e af fr o g P ot at o di s e a s e r e si st a nt cr o p

H e p atiti s B vir u s v a c ci n e pr o d u cti o n

H u m a n C arr ot p h ar m a c e uti c al pr o d u ct f or G a u c h er’ s 

di s e a s e p ati e nt s

H u m a n Ri c e l a ct of erri n- c o nt ai ni n g ri c e tr e at s 

c hil dr e n wit h di arr h o e a

Er wi ni a ur e d o v or a  

M ai z e

G ol d e n Ri c e 2  wit h - c ar ot e n e t o 

pr e v e nt vit a mi n A d e fi ci e n c y

G ol d e n or b w e a v er s pi d er G o at str o n g sil k fi br e s f or m e di c al 

a n d milit ar y u s e s

H u m a n p h ar mi n g of a nti-t hr o m bi n III

H u m a n S h e e p p h ar mi n g of f a ct or I X f or 

h a e m o p hili a B s u ff er er s

H u m a n M o u s e m o u s e c a n c er m o d el s

J ell yfi s h N e o n Mi c e

H u m a n H u m a n g e n e t h er a p y f or r e c e s si v e g e n eti c 

di s or d er s li k e c y sti c fi br o si s a n d 

L e b er’ s c o n g e nit al a m a ur o si s

J ell yfi s h Z e br a fi s h Gl o- Fi s h ™

C o w E s c h eri c hi a c oli G M r e n n et ( c h y m o si n) f or  

c h e e s e- m a ki n g

H u m a n i n s uli n f or di a b eti c s

S c or pi o n C ott o n i n s e ct-r e si st a nt cr o p

P a p a y a ri n g s p ot vir u s P a p a y a r e si st a n c e t o P R S V

O c e a n p o ut S al m o n a ntifr e e zi n g c o m p o u n d s

Str a w b err y

A nti s e n s e P ol y g al a ct ur o n a s e ( P G) 

e n z y m e  fr o m t o m at o

T o m at o st o p s f or m ati o n of e n z y m e t h at br e a k s 

d o w n p e cti n; k e e p s fr e s h l o n g er

Z u c c hi ni y ell o w m o s ai c vir u s ( Z Y M V) a n d 

w at er m el o n m o s ai c vir u s ( W M V 2 )

S q u a s h r e si st a n c e t o S M V

D elt a- 1 2  ol e at e d e s at ur a s e e n z y m e 

sil e n ci n g  fr o m s o y b e a n

S o y b e a n st o p s c o n v er si o n of ol ei c a ci d i nt o 

li n ol ei c a ci d; h e alt h b e n efi t
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D O N O R
N a m e

B o s pri mi g e ni u s

C attl e

K e y g e n e

C y m

P r o p e rti e s of g e n e p r o d u ct

C h y m o si n i s a pr ot e a s e e n z y m e t h at c ur dl e s mil k

G M u s e

G M b a ct eri a pr o d u c e t h e e n z y m e w hi c h i s 

p uri fi e d a n d u s e d t o m a k e c h e e s e. Pr e vi o u sl y 

c h y m o si n w a s e xtr a ct e d fr o m t h e st o m a c h s 

of c al v e s s o c h e e s e m a d e i n t hi s w a y w a s n ot 

a c c e pt a bl e t o v e g et ari a n s. 8 0 – 9 0 % of t h e c h e e s e 

s ol d i n Brit ai n i s m a d e wit h G M b o vi n e c h y m o si n.

D O N O R
N a m e

A gr o b a ct eri u m s p

C 4  str ai n

K e y g e n e

C 4  E P S P S

P r o p e rti e s of g e n e p r o d u ct

E P S P s y nt h a s e p erf or m s a cr u ci al m et a b oli c 

st e p i n pl a nt c hl or o pl a st s. T h e b a ct eri al 

v er si o n i s u n d a m a g e d b y gl y p h o s at e.

G M u s e

T o m a k e cr o p s r e si st a nt t o gl y p h o s at e s o it 

c a n b e u s e d a s a w e e d kill er wit h o ut h ar mi n g 

t h e m ai z e, c ott o n or s o y a b e a n cr o p s.

D O N O R
N a m e

P h yll o m e d u s a bi c ol or 

Gi a nt L e af Fr o g

K e y g e n e

D R S B 1

P r o p e rti e s of g e n e p r o d u ct

B 1 d er m a s e pti n pr ot ei n kill s b a ct eri a a n d f u n gi.

G M u s e

T o pr e v e nt bli g ht a n d b a ct eri al 

di s e a s e s i n p ot at o cr o p s.

D O N O R
N a m e

B a cill u s t h uri n g e n si s

K e y g e n e

Cr y

P r o p e rti e s of g e n e p r o d u ct

Cr y st al pr ot ei n kill s c at er pill ar s, m a g g ot s 

a n d b e etl e s t h at e at t h e pr ot ei n.

G M u s e

T o m a k e cr o p s s u c h a s m ai z e, c ott o n a n d 

s o y a b e a n r e si st a nt t o h er bi v or o u s i n s e ct s.
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D O N O R
N a m e

N e p hil a cl a vi p e s

G ol d e n Or b W e a v er

K e y g e n e

M a S p

P r o p e rti e s of g e n e p r o d u ct

Hi g h- str e n gt h sil k fi br e f or w e b s.

G M u s e

G e n e i s s wit c h e d o n i n m a m m ar y gl a n d s 

of G M g o at s t o m a s s- pr o d u c e t h e sil k fi br e 

f or artifi ci al t e n d o n s a n d li g a m e nt s a n d 

f or b ull et- pr o of v e st s a n d p ar a c h ut e s.

D O N O R
N a m e

A e q u or e a Vi ct ori a

J ell yfi s h

K e y g e n e s

G F P

P r o p e rti e s of g e n e p r o d u ct s

Gr e e n Fl u or e s c e nt Pr ot ei n gl o w s u n d er U V li g ht.

G M u s e

T h e g e n e i s e xt e n si v el y u s e d a s a m ar k er 

t o r e v e al w hi c h or g a ni s m s h a v e t a k e n u p a 

f or ei g n g e n e a n d i n w hi c h ti s s u e s t h e g e n e 

i s s wit c h e d o n. S pi n- off s i n cl u d e Gl o- Fi s h ™ 

a n d N e o n Mi c e s ol d a s p et s i n t h e U S A.

D O N O R
N a m e

B a cill u s s u btili s

K e y g e n e

c s p B

P r o p e rti e s of g e n e p r o d u ct s

C ol d s h o c k pr ot ei n B h el p s or g a ni s m s 

m et a b oli s e n or m all y d uri n g a bi oti c str e s s.

G M u s e

T o pr o d u c e hi g h er yi el d s f or m ai z e cr o p s a n d 

pr o d u c e a hi g h er yi el d u n d er dr o u g ht c o n diti o n s. 

D O N O R
N a m e

H e p atiti s B vir u s

K e y g e n e

H B s A g

P r o p e rti e s of g e n e p r o d u ct

S urf a c e a nti g e n of vir u s sti m ul at e s a n i m m u n e 

r e s p o n s e i n h u m a n s if i nj e ct e d or gi v e n or all y

G M u s e

G M p ot at o e s e at e n r a w i n s m all q u a ntiti e s 

b o o st i m m u nit y t o h e p atiti s B. T hi s i s a n 

i n e x p e n si v e a n d effi  ci e nt w a y t o d eli v er 

v a c ci n e s i n d e v el o pi n g c o u ntri e s.
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D O N O R
N a m e
H o m o s a pi e n s
H u m a n

K e y g e n e s
N or m al all el e s c o di n g f or i n s uli n, l a ct of erri n, 
F a ct or I X, a nti-t hr o m bi n III a n d gl u c o si d a s e.

P r o p e rti e s of g e n e p r o d u ct s
I n s uli n c o ntr ol s bl o o d gl u c o s e c o n c e ntr ati o n. 
L a ct of erri n i s a n a nti mi cr o bi al f o u n d i n 
c ol o str u m a n d mil k.
F a ct or I X h el p s bl o o d cl ot.
A nti-t hr o m bi n III st o p s bl o o d cl otti n g.
Gl u c o si d a s e i n l y s o s o m e f u n cti o n.

G M u s e
P h ar m a c e uti c al dr u g s
I n s uli n fr o m G M b a ct eri a tr e at s di a b eti c s. 
L a ct of erri n i n G M ri c e tr e at s di arr h o e a i n 
c hil dr e n. F a ct or I X fr o m G M s h e e p’ s mil k tr e at s 
p e o pl e wit h h a e m o p hili a B.
A nti-t hr o m bi n III fr o m G M g o at s’ mil k i s u s e d 
a s a n a nti- c o a g ul a nt i n s ur gi c al pr o c e d ur e s. 
Gl u c o si d a s e fr o m G M c arr ot c ell s i n c ult ur e tr e at s 
p e o pl e wit h G a u c h er’ s di s e a s e.

D O N O R
N a m e

A n dr o ct o n u s a u str ali s h e ct or

S c or pi o n

K e y g e n e s

A a HI T 1

P r o p e rti e s of g e n e p r o d u ct s

T o xi c t o i n s e ct s b ut n ot h ar mf ul t o m a m m al s.

G M u s e

T o kill i n s e ct s o n G M c ott o n cr o p s.

D O N O R
N a m e

H o m o s a pi e n s

H u m a n

K e y g e n e s

M ut at e d v er si o n of B R C A 1  a n d 

a cti v at e d R a s  o n c o g e n e

P r o p e rti e s of g e n e p r o d u ct s

C a u s e c a n c er. T h e pr o d u ct s of t h e 

n or m al v er si o n s of t h e g e n e s r e p air D N A 

m ut ati o n s a n d s u p pr e s s t u m o ur s.

G M u s e

Cr e ati n g c a n c er r e s e ar c h m o d el s

G M mi c e e n gi n e er e d t o c arr y t h e 

m ut a nt all el e s ar e u s e d t o st u d y 

c a n c er a n d tr e at m e nt s f or c a n c er.

D O N O R
N a m e

H o m o s a pi e n s

H u m a n

K e y g e n e s

C F T R

R P E 6 5

P r o p e rti e s of g e n e p r o d u ct s

C F T R  pr ot ei n all o w s n or m al m u c u s 

pr o d u cti o n i n l u n g s a n d g ut.

R P E 6 5  pr ot ei n i s n e e d e d i n r o d s 

a n d c o n e s f or n or m al vi si o n.

G M u s e

G e n e t h er a p y

N or m al C F T R all el e i s i ntr o d u c e d i nt o l u n g 

e pit h eli al c ell s of c y sti c fi br o si s p ati e nt s.

R P E 6 5  i n s ert e d i nt o r eti n al c ell s of bli n d p ati e nt s 

wit h L e b er’ s C o n g e nit al A m a ur o si s r e st or e d si g ht.
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D O N O R
N a m e

Z o ar c e s a m eri c a n u s 

O c e a n P o ut

K e y g e n e s

A ntifr e e z e gl y c o pr ot ei n s or A F G P g e n e

P r o p e rti e s of g e n e p r o d u ct s

P er mit s ur vi v al i n s u b z er o e n vir o n m e nt s

G M u s e

T h e pr o m ot er f or t h e a ntifr e e z e pr ot ei n 

g e n e i s u s e d i n c o nj u n cti o n wit h t h e gr o wt h 

h or m o n e t a k e n fr o m a C hi n o o k s al m o n, 

w hi c h l e a d s t o a hi g h er c o n c e ntr ati o n of t h e 

gr o wt h h or m o n e i n t h e bl o o d, c a u si n g t h e 

g e n eti c all y m o di fi e d s al m o n t o gr o w m u c h 

m or e r a pi dl y t h a n it w o ul d n at ur all y.

D O N O R
N a m e

A gr o b a ct eri u m t u m ef a ci e n s

K e y g e n e s

C a M V 3 5 S

P r o p e rti e s of g e n e p r o d u ct s

C o d e f or t h e c o at pr ot ei n ( C P) e n c o di n g s e q u e n c e s 

fr o m z u c c hi ni y ell o w m o s ai c vir u s ( Z Y M V) 

a n d t h e w at er m el o n m o s ai c vir u s ( W M V 2 ).

G M u s e

Pr o vi d e s pr ot e cti o n a g ai n st t h e s e vir u s e s. 

D O N O R
N a m e

C o at pr ot ei n ( C P) of P a p a y a Ri n g s p ot 

Vir u s ( P R S V)

K e y g e n e s

P R S V H A 5 -1

P r o p e rti e s of g e n e p r o d u ct s

Pr o vi d e r e si st a n c e t o P R S V

G M u s e

C o nf er r e si st a n c e t o P R S V

D O N O R
N a m e

P ol y g al a ct ur o n a s e  ( P G) 

P r o p e rti e s of g e n e p r o d u ct s

A nti s e n s e  D N A K e e p s P ol y g al a ct ur o n a s e 

( P G), t h e m aj or c ell w all d e gr a di n g 

e n z y m e of t o m at o fr uit, fr o m f or mi n g.

G M u s e

B y i n hi biti n g t h e d e v el o p m e nt of P G, 

t h e fr uit s h o ul d st a y fr e s h er l o n g er.
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D O N O R
N a m e

D elt a- 1 2  ol e at e d e s at ur a s e 

K e y g e n e s

g m-f a d 2 -1 ; F A D2 -1

P r o p e rti e s of g e n e p r o d u ct s

A n a nti s e n s e R N A str a n d i s cr e at e d t o 

sil e n c e t h e f or m ati o n of t h e e n z y m e t h at 

c o n v ert s ol ei c a ci d i nt o li n ol ei c a ci d u si n g 

t h e o m e g a-6  d e s at ur a s e e n c o di n g g e n e.

G M u s e

I n hi bit s c o n v er si o n of ol ei c a ci d t o li n ol ei c a ci d, 

k e e p s ol ei c a ci d l e v el s hi g h f or h e alt hi er oil.

R E C I PI E N T
N a m e

G o s s y pi u m hir s ut u m

C ott o n

S uit a bilit y a s a G M r e ci pi e nt

I m p ort a nt cr o p f or t e xtil e fi br e s b ut 

m a n y i n s e ct p e st s att a c k it a n d t h e 

cr o p m u st b e k e pt fr e e of w e e d s.

D O N O R
N a m e

A gr o b a ct eri u m t u m ef a ci e n s

K e y g e n e s

C P 4  E P S P S (5 - e n ol p yr u v yl s hi ki m at e-3 -

p h o s p h at e s y nt h a s e) e n c o di n g g e n e.

G M u s e

I n hi bit s a cti o n of gl y p h o s at e, t h e k e y 

i n gr e di e nt i n R o u n d U p ( M o n s a nt o).

R E C I PI E N T
N a m e

Z e a m a y s

M ai z e or S w e et c or n

S uit a bilit y a s a G M r e ci pi e nt

M aj or f o o d s o ur c e f or a ni m al s a n d h u m a n s 

a n d a s a s o ur c e of st ar c h a n d s u g ar s f or 

pr o c e s s e d f o o d. M a n y i n s e ct s att a c k t h e 

cr o p, it s yi el d f all s i n dr o u g ht c o n diti o n s 

a n d t h e cr o p m u st b e k e pt fr e e of w e e d s. 
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R E CI PI E N T
N a m e

S ol a n u m t u b er o s u m

P ot at o

S uit a bilit y a s a G M r e ci pi e nt

M aj or c ar b o h y dr at e f o o d s o ur c e i n E ur o p e a n d 

A m eri c a. P ot at o e s ar e e a s y t o gr o w a n d c a n 

gi v e hi g h yi el d s b ut s u ff er fr o m m a n y di s e a s e s 

s u c h a s bli g ht, w hi c h l o w er yi el d s. T h e y c a n b e 

e n gi n e er e d t o m a k e v a c ci n e s b ut t h e s e m u st 

b e gr o w n u n d er c o v er t o pr e v e nt g e n e fl o w t o 

ot h er p ot at o e s a n d t o st o p a nti g e ni c p ot at o e s 

a c ci d e nt all y e nt eri n g t h e h u m a n f o o d c h ai n.

R E C I PI E N T
N a m e

Or y z a s ati v a

Ri c e

S uit a bilit y a s a G M r e ci pi e nt

M aj or f o o d s o ur c e i n A si a a n d a s uit a bl e v e hi cl e 

f or t h er a pi e s li k e tr e ati n g c hil dr e n wit h di arr h e a 

(ri c e e n h a n c e d wit h h u m a n l a ct of erri n) a n d 

pr e v e nti n g vit a mi n A d e fi ci e n c y ( g e n e s fr o m 

m ai z e or d a ff o dil a n d a s oil b a ct eri u m). 

R E C I PI E N T
N a m e

Gl y ci n e m a x

S o y b e a n

S uit a bilit y a s a G M r e ci pi e nt

M aj or f o o d s o ur c e f or a ni m al s a n d f or 

h u m a n s a s a s o ur c e of pr ot ei n i n pr o c e s s e d 

f o o d. M a n y i n s e ct s att a c k t h e cr o p a n d 

t h e cr o p m u st b e k e pt fr e e of w e e d s. 

R E C I PI E N T
N a m e

D a u c u s c ar ot a

C arr ot

S uit a bilit y a s a G M r e ci pi e nt

Fi el d- gr o w n cr o p s g e n er all y h a v e b e e n 

f o u n d t o b e u n s af e t o u s e a s v e hi cl e s f or 

pr o d u cti o n of p h ar m a c e uti c al dr u g s, b ut 

c arr ot c ell s gr o w n i n c ult ur e i n bi or e a ct or s 

ar e a n e w ‘ e x pr e s si o n pl atf or m’ f or h u m a n 

pr ot ei n s t h at c a n b e u s e d a s m e di c al dr u g s. 
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R E CI PI E N T
N a m e

O vi s ari e s

S h e e p

S uit a bilit y a s a G M r e ci pi e nt

F e m al e s h e e p pr o d u c e pl e nt y of mil k. 

A g e n e f or a p h ar m a c e uti c al pr ot ei n i s li n k e d 

t o a pr o m ot er t o s wit c h t h e g e n e o n i n t h e 

m a m m ar y gl a n d s, s o t h at t h e pr ot ei n a p p e ar s 

i n t h e mil k. S h e e p h a v e b e e n u s e d t o m a k e 

f a ct or I X t o tr e at s uff er er s of h a e m o p hili a B.

R E C I PI E N T
N a m e

H o m o s a pi e n s

H u m a n

S uit a bilit y a s a G M r e ci pi e nt

P e o pl e s u ff eri n g fr o m g e n eti c di s e a s e s c a u s e d 

b y t w o r e c e s si v e n o n-f u n cti o n al all el e s c a n

b e tr e at e d wit h g e n e t h er a p y. T h e d o mi n a nt 

f u n cti o n al all el e i s i n s ert e d i nt o aff e ct e d s o m ati c 

c ell s. Tri al s h a v e i n cl u d e d tr e at m e nt of c y sti c 

fi br o si s a n d L e b er’ s c o n g e nit al a m a ur o si s. T h e 

li mit ati o n o n tr e ati n g a h u m a n wit h a n ot h er 

h u m a n all el e i s w h et h er t h e c ell s t h at n e e d t h e 

f or ei g n D N A ar e a c c e s si bl e ( e. g. l u n g e pit h eli u m) 

a n d st a bl e ( n ot r e pl a c e d e v er y f e w d a y s). 

R E C I PI E N T
N a m e

C a pr a a e g a gr u s hir c u s

G o at

S uit a bilit y a s a G M r e ci pi e nt

F e m al e g o at s pr o d u c e pl e nt y of mil k. 

A g e n e i s li n k e d t o a pr o m ot er t o s wit c h t h e 

g e n e o n i n t h e m a m m ar y gl a n d s, s o t h at t h e 

pr ot ei n pr o d u ct a p p e ar s i n t h e mil k. S o- c all e d 

‘ s pi d er- g o at s’ pr o d u c e sil k i n t h eir mil k f or 

m e di c al a n d milit ar y a p pli c ati o n s. Ot h er G M 

g o at s pr o d u c e a dr u g, h u m a n a nti-t hr o m bi n III, 

u s e d a s a n a nti c o a g ul a nt i n s ur g er y.

R E C I PI E N T
N a m e

M u s m u s c ul u s

M o u s e

S uit a bilit y a s a G M r e ci pi e nt

It i s a g e n eti c m o d el or g a ni s m wit h a w ell- k n o w n, 

f ull y- s e q u e n c e d g e n o m e. A s a m a m m al it s 

g e n o m e i s v er y si mil ar t o t h at of h u m a n s. Mi c e 

ar e s m all s o ar e c h e a p t o f e e d a n d h o u s e. M a n y 

G M t e c h ni q u e s a p pli c a bl e t o h u m a n s or f ar m 

m a m m al s ar e fi r st tri e d o n mi c e. Fl u or e s c e nt 

G M N e o n Mi c e ar e s ol d a s p et s i n t h e U S A.
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R E CI PI E N T
N a m e

E s c h eri c hi a c oli

S uit a bilit y a s a G M r e ci pi e nt

G M b a ct eri a di vi d e r a pi dl y i n a f er m e nt er

t o pr o d u c e pr ot ei n s li k e h u m a n i n s uli n a n d 

b o vi n e c h y m o si n f or c h e e s e- m a ki n g.

E. c oli  i s a g e n eti c m o d el or g a ni s m wit h a 

w ell- k n o w n, f ull y- s e q u e n c e d g e n o m e. It s 

pl a s mi d s ar e wi d el y u s e d a s v e ct or s. H o w e v er, 

s o m e str ai n s of E. c oli  ar e p at h o g e ni c a n d t h e 

G M pr o c e s s m a y i n v ol v e i n s erti n g a nti bi oti c 

r e si st a n c e g e n e s i nt o t h e b a ct eri a. 

R E C I PI E N T
N a m e

S al m o s al ar

S al m o n

S uit a bilit y a s a G M r e ci pi e nt 

Wil d s al m o n di s a p p e ar e d fr o m m a n y 

ri v er s d uri n g t h e t w e nti et h c e nt ur y d u e 

t o o v erfi s hi n g a n d h a bit at c h a n g e.

R E C I PI E N T
N a m e

R eri o d a ni o

Z e br a fi s h

S uit a bilit y a s a G M r e ci pi e nt

It i s a g e n eti c m o d el or g a ni s m wit h a w ell-

k n o w n, f ull y- s e q u e n c e d g e n o m e. It i s a 

u s ef ul, si m pl e v ert e br at e f or r e s e ar c h. 

G M z e c u br a fi s h e x pr e s si n g g e n e s f or 

fl u or e s c e nt pr ot ei n s ar e o n s al e i n t h e p et 

tr a d e i n t h e U S A m ar k et e d a s Gl o- Fi s h ™. 

R E C I PI E N T
N a m e

C ari c a p a p a y a

P a p a y a

S uit a bilit y a s a G M r e ci pi e nt 

T h e p a p a y a i s c ulti v at e d i n m o st tr o pi c al 

c o u ntri e s. H o w e v er, it i s s u s c e pti bl e 

t o t h e P a p a y a Ri n g s p ot Vir u s ( P R S V). 

Si n c e 1 9 9 2 , P R S V h a s d e str o y e d n e arl y 

all n o n- G M O p a p a y a i n H a w aii.
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R E CI PI E N T
N a m e

S ol a n u m l y c o p er si c u m

T o m at o

S uit a bilit y a s a G M r e ci pi e nt 

T o m at o e s ar e pi c k e d a s gr e e n fr uit s a n d 

arti fi ci all y ri p e n e d b y et h yl e n e tr e at m e nt, 

w hi c h gi v e s a ri p e t o m at o c ol or b ut n ot 

t h e f ull vi n e-ri p e n e d t o m at o fl a v or.

R E C I PI E N T
N a m e

Gl y ci n e m a x

S o y b e a n

S uit a bilit y a s a G M r e ci pi e nt 

S o y b e a n oil i s h y dr o g e n at e d a s a 

pr e s er v ati v e t o e xt e n d s h elf lif e. Hi g h ol ei c 

oil d o e s n ot n e e d t o b e h y dr o g e n at e d.

R E C I PI E N T
N a m e

Fr a g ari a ×  a n a n a s s a

Str a w b err y

S uit a bilit y a s a G M r e ci pi e nt 

Str a w b erri e s gr o w i n t e m p er at e cli m at e 

r e gi o n s w hi c h ar e c a p a bl e of h a vi n g 

l o w t e m p er at ur e s a n d fr o st. 

S pri n g fr o st s c a u s e d a m a g e t o t h e fl o w er s of t h e 

pl a nt l e a di n g t o p o or yi el d s a n d err ati c fr uiti n g. 

Fr o st o n a v er a g e c a u s e s milli o n s of 

d oll ar s i n d a m a g e s a n d dri v e s u p t h e 

pri c e of t h e fr uit f or t h e c o n s u m er.

R E C I PI E N T
N a m e

C u c ur bit a p e p o

S u m m er s q u a s h

S uit a bilit y a s a G M r e ci pi e nt 

Vir al di s e a s e s ar e a li miti n g f a ct or t o s q u a s h 

pr o d u cti o n, p arti c ul arl y d uri n g s u m m er

a n d f all m o nt h s. M o s ai c vir u s e s i n cl u d e

t h e c u c u m b er m o s ai c c u c u m o vir u s ( C M V), 

z u c c hi ni y ell o w m o s ai c p ot y vir u s ( Z Y M V) 

a n d w at er m el o n m o s ai c p ot y vir u s ( W M V 2 ). 
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R E CI PI E N T
N a m e

Gl y ci n e m a x

S o y b e a n

S uit a bilit y a s a G M r e ci pi e nt 

S o y b e a n s c hi ef ri v al s i n t h e fi el d ar e w e e d s. 

If t h e pl a nt c a n r e si st h er bi ci d e s pr a yi n g, 

t h e c o ntr ol of w e e d s i s m u c h e a si er.
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7 8 C o nt e nt d e si g n e d b y E d u c ati o n Pr oj e ct s. or g o n b e h alf of t h e f ar m er b o ar d s  

at O hi o C or n & W h e at, N e br a s k a C or n B o ar d, a n d K a n s a s C or n C o m mi s si o n.

G e n e d o n o r R e ci pi e nt o r g a ni s m P u r p o s e of G M O

B a cill u s t h uri n g e n si s M ai z e i n s e ct r e si st a nt cr o p

A gr o b a ct eri u m s p. C 4 h er bi ci d e r e si st a nt cr o p

B a cill u s s u btili s dr o u g ht r e si st a nt cr o p

B a cill u s t h uri n g e n si s C ott o n i n s e ct r e si st a nt cr o p

A gr o b a ct eri u m s p. C 4 h er bi ci d e r e si st a nt cr o p

B a cill u s t h uri n g e n si s S o y b e a n i n s e ct r e si st a nt cr o p

A gr o b a ct eri u m s p. C 4 h er bi ci d e r e si st a nt cr o p

Gi a nt l e af fr o g P ot at o di s e a s e r e si st a nt cr o p

H e p atiti s B vir u s v a c ci n e pr o d u cti o n

H u m a n C arr ot p h ar m a c e uti c al pr o d u ct f or G a u c h er’ s 

di s e a s e p ati e nt s

H u m a n Ri c e l a ct of erri n- c o nt ai ni n g ri c e tr e at s 

c hil dr e n wit h di arr h o e a

Er wi ni a ur e d o v or a  

M ai z e

G ol d e n Ri c e 2  wit h - c ar ot e n e t o 

pr e v e nt vit a mi n A d e fi ci e n c y

G ol d e n or b w e a v er s pi d er G o at str o n g sil k fi br e s f or m e di c al 

a n d milit ar y u s e s

H u m a n p h ar mi n g of a nti-t hr o m bi n III

H u m a n S h e e p p h ar mi n g of f a ct or I X f or 

h a e m o p hili a B s u ff er er s

H u m a n M o u s e m o u s e c a n c er m o d el s

J ell yfi s h N e o n Mi c e

H u m a n H u m a n g e n e t h er a p y f or r e c e s si v e g e n eti c 

di s or d er s li k e c y sti c fi br o si s a n d 

L e b er’ s c o n g e nit al a m a ur o si s

J ell yfi s h Z e br a fi s h Gl o- Fi s h ™

C o w E s c h eri c hi a c oli G M r e n n et ( c h y m o si n) f or  

c h e e s e- m a ki n g

H u m a n i n s uli n f or di a b eti c s

S c or pi o n C ott o n i n s e ct-r e si st a nt cr o p

P a p a y a ri n g s p ot vir u s P a p a y a r e si st a n c e t o P R S V

O c e a n p o ut S al m o n a ntifr e e zi n g c o m p o u n d s

Str a w b err y

A nti s e n s e P ol y g al a ct ur o n a s e ( P G) 

e n z y m e  fr o m t o m at o

T o m at o st o p s f or m ati o n of e n z y m e t h at br e a k s 

d o w n p e cti n; k e e p s fr e s h l o n g er

Z u c c hi ni y ell o w m o s ai c vir u s ( Z Y M V) a n d 

w at er m el o n m o s ai c vir u s ( W M V 2 )

S q u a s h r e si st a n c e t o S M V

D elt a- 1 2  ol e at e d e s at ur a s e e n z y m e 

sil e n ci n g  fr o m s o y b e a n

S o y b e a n st o p s c o n v er si o n of ol ei c a ci d i nt o 

li n ol ei c a ci d; h e alt h b e n efi t
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