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Washington	  University	  in	  St.	  
Louis	  iGEM	  

Presenta=on	  on	  Gene=c	  Engineering	  

What	  we	  are	  doing	  today	  and	  
tomorrow?	  

•  What	  is	  DNA?	  
•  What	  is	  Gene=c	  Engineering?	  
•  How	  is	  Gene=c	  Engineering	  being	  used	  today?	  
•  What	  is	  our	  group	  doing?	  
•  Let’s	  make	  some	  	  
bacteria	  that	  glow!	  

Cells	  

•  All	  living	  things	  are	  made	  up	  of	  cells.	  
•  Cells	  range	  in	  size.	  
•  Some	  things	  are	  made	  of	  	  
one	  cell.	  Some	  have	  a	  lot.	  

•  Cells	  have	  a	  nucleus	  	  
that	  is	  full	  of	  DNA.	  

Cells	  

•  How	  many	  cells	  do	  you	  think	  are	  in	  your	  
body?	  
A.  5	  
B.  5,000	  
C.  50,000,000	  
D.  50,000,000,000	  
E.  50,000,000,000,000	  

Cells	  

•  How	  many	  cells	  do	  you	  think	  are	  in	  your	  
body?	  
A.  5	  
B.  5,000	  
C.  50,000,000	  
D.   50,000,000,000	  à	  50	  Trillion!	  
E.  50,000,000,000,000	  

•  50,000,000,000	  seconds	  is	  over	  1500	  years!	  

Source:	  hUp://ask.yahoo.com/20020625.html	  

Deoxyribonucleic	  Acid	  
aka	  DNA	  

•  If	  you	  lined	  up	  all	  the	  
DNA	  in	  your	  body,	  it	  
would	  be	  6	  feet	  long.	  

•  DNA	  is	  super	  coiled	  so	  
that	  it	  fits	  in	  a	  cell	  so	  
small	  that	  you	  cannot	  see	  
it.	  

What	  is	  DNA	  made	  up	  of?	  

•  There	  4	  bases	  
– A,	  C,	  G,	  T	  

•  They	  form	  a	  double	  helix	  like	  a	  spiral	  
staircase.	  

•  The	  differences	  in	  order	  	  
and	  number	  define	  how	  	  
the	  body	  works.	  

Deoxyribonucleic	  Acid	  
aka	  DNA	  

•  The	  gene=c	  recipe	  for	  
your	  body.	  

•  It	  is	  the	  same	  kind	  of	  
structure	  for	  animals,	  
plants,	  and	  all	  other	  life.	  

Similari=es?	  

How	  similar	  do	  you	  think	  the	  DNA	  is	  in	  your	  
body	  to	  a	  fruit	  fly?	  
A.  22%	  the	  same	  
B.  38%	  the	  same	  
C.  60%	  the	  same	  
D.  72%	  the	  same	  
E.  99%	  the	  same	  
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Similari=es?	  

How	  similar	  do	  you	  think	  the	  DNA	  is	  in	  your	  
body	  to	  a	  fruit	  fly?	  
A.  22%	  the	  same	  
B.  38%	  the	  same	  
C.   60%	  the	  same	  à	   	   	   	  	  	  	  	  	   	  VS.	  
D.  72%	  the	  same	  
E.  99%	  the	  same	  

hUp://www.genome.gov/10005835	  

Similari=es?	  

How	  similar	  do	  you	  think	  the	  DNA	  is	  in	  your	  
body	  to	  a	  chimpanzee?	  
A.  43%	  the	  same	  
B.  77%	  the	  same	  
C.  84%	  the	  same	  
D.  96%	  the	  same	  
E.  99.9%	  the	  same	  

Similari=es?	  

How	  similar	  do	  you	  think	  the	  DNA	  is	  in	  your	  
body	  to	  a	  chimpanzee?	  
A.  43%	  the	  same	  
B.  77%	  the	  same 	   	   	   	   	  VS.	  
C.  84%	  the	  same	  
D.   96%	  the	  same	  à	  WOWZA!	  
E.  99.9%	  the	  same	  

Source:	  hUp://news.na=onalgeographic.com/news/2005/08/0831_050831_chimp_genes.html	  
	  

Similari=es?	  

How	  similar	  do	  you	  think	  the	  DNA	  is	  in	  your	  
body	  to	  a	  another	  human?	  
A.  92%	  the	  same	  
B.  96%	  the	  same	  
C.  98%	  the	  same	  
D.  99%	  the	  same	  
E.  99.999999999999999999999999%	  the	  same	  

Similari=es?	  

How	  similar	  do	  you	  think	  the	  DNA	  is	  in	  your	  
body	  to	  a	  another	  human?	  
A.  92%	  the	  same	  
B.  96%	  the	  same	  
C.  98%	  the	  same	  
D.   99%	  the	  same	  
E.  99.999999999999999999999999%	  the	  same	  

Source:	  hUp://www.independent.co.uk/news/science/gene=c-‐breakthrough-‐that-‐reveals-‐the-‐differences-‐between-‐humans-‐425432.html	  

What	  does	  DNA	  do?	  

•  DNA	  tells	  the	  body	  what	  
genes	  to	  make	  and	  contains	  
the	  genes.	  

•  Genes	  are	  sets	  of	  DNA	  with	  a	  
code	  of	  bases	  to	  make	  
proteins.	  

•  Proteins	  form	  the	  backbone	  
of	  the	  cell’s	  structure,	  
perform	  the	  tasks,	  and	  help	  
the	  cell	  talk	  with	  other	  cells.	  

Proteins	  

•  Proteins	  are	  necessary	  for	  the	  proper	  func=on	  of	  
the	  cell.	  They	  perform	  all	  the	  “jobs”	  in	  the	  cell.	  

•  Proteins	  perform	  ac=ons	  that	  form	  and	  break	  
different	  molecules.	  

The	  Inner	  Life	  of	  a	  Cell	  

•  This	  is	  a	  video	  of	  proteins	  and	  other	  structures	  
in	  the	  cell	  as	  animated	  by	  a	  group	  at	  Harvard:	  

– hUp://www.xvivo.net/the-‐inner-‐life-‐of-‐the-‐cell/	  

•  “Within	  us	  is	  a	  liUle	  universe.”	  –	  stagedive516	  

Gene=c	  Engineering	  
•  refers	  to	  the	  direct	  
manipula=on	  of	  DNA	  
by	  humans	  

•  the	  inser=on	  of	  DNA	  
from	  other	  organisms	  
or	  even	  synthe=c	  DNA	  
into	  an	  organism’s	  
genome	  

•  The	  modified	  plants	  or	  
animals	  are	  called	  
Gene=cally	  Engineered	  
Organisms	  (GMOs)	  
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Why	  mix	  genes	  from	  species:	  

•  Scien=sts	  can	  make	  things	  that	  you	  can’t	  
normally	  find	  in	  nature…	  

•  Lab	  synthesis	  versus	  synthesis	  	  
through	  gene=c	  engineering	  

» We	  could	  turn	  a	  cell	  into	  a	  factory	  
for	  our	  use,	  and	  we	  could	  control	  it	  

Current	  Gene=c	  Engineering	  Research	  

•  Business	  is	  booming	  
•  Efficiency	  
•  Crops,	  domes=c	  farm	  
animals,	  cumng	  CO2	  in	  
atmosphere,	  drug	  
development,	  and	  more!	  

•  Have	  you	  guys	  heard	  of	  any	  
gene=c	  engineering	  
projects?	  

Case	  1:	  Biofuels	  

	  
•  Some	  bacteria	  are	  
being	  developed	  to	  use	  
cellulose	  that	  is	  
currently	  unused	  in	  
produc=on	  of	  biofuels	  

•  Algae	  that	  take	  up	  CO2	  
from	  the	  environment	  
and	  produce	  biofuels	  
–  Carbon-‐neutral,	  the	  
only	  carbon	  used	  in	  
fuels	  is	  absorbed	  from	  
environment	  

Case	  2:	  Fragrances	  

•  Perfumes	  

•  Fruity	  Smells	  in	  
garden	  flowers	  

•  Like	  before:	  
–  Insert	  enzymes	  into	  a	  foreign	  organism	  

Case	  3:	  Insulin	  

•  Need:	  Diabetes	  
•  Insert	  human	  genes	  into	  
a	  bacteria	  that	  spits	  out	  
insulin	  

•  Harvest	  insulin	  for	  
human	  use	  

•  1982,	  one	  of	  the	  first	  
applica=ons	  of	  gene=c	  
engineering	  

Case	  4:	  Crops	  

•  Crops	  that:	  
–  Increased	  vitamin	  
content	  

– Pest-‐resistant	  
– Herbicide-‐tolerant	  
– Decreased	  water	  and	  
energy	  use	  

– Faster	  growth	  

•  STL	  company	  
Monsanto	  is	  a	  large	  
developer	  of	  GMOs	  

Summary	  

•  Gene=c	  Engineering	  is	  
the	  placement	  of	  
foreign	  genes	  into	  an	  
organism	  for	  the	  
purpose	  of	  
reproducing	  a	  desired	  
func=on	  in	  a	  more	  
ideal	  organism.	  

Is	  it	  safe?	  
•  “The	  Environmental	  Protec=on	  Agency	  (EPA)

…	  is	  responsible	  for	  evalua=ng	  the	  safety,	  
including	  environmental	  safety,	  of	  the	  
introduced	  pes=cide	  and	  all	  necessary	  gene=c	  
material.”	  
–  The	  EPA	  checks	  the	  inser=on	  of	  such	  things	  as	  

pes=cide	  resistance.	  
•  “FDA	  does	  not	  consider	  the	  method	  of	  

produc=on,	  including	  gene=c	  modifica=on,	  to	  
be	  meaningful	  informa=on	  which	  is	  required	  
to	  be	  on	  product	  labeling	  unless	  the	  
modifica=on	  results	  in	  a	  significant	  material	  
change	  in	  the	  food	  product.”	  
–  The	  FDA	  screens	  food	  for	  general	  safety.	  

•  Both	  quotes	  are	  from	  FDA	  website.	  
•  The	  informa=on	  is	  out	  there.	  It	  is	  up	  to	  you	  to	  

decide	  if	  you	  care	  to	  avoid	  GMOs.	  

Brainstorming	  

•  So	  if	  we	  could	  combine	  genes	  from	  other	  
organisms	  to	  make	  a	  hybrid…	  	  
– What	  would	  you	  make?	  
– Your	  ideas...	  
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Your	  Projects:	  

Let’s	  Take	  a	  Short	  Break	  

Our	  Project-‐iGEM	  

•  “Saffron	  in	  a	  Kan”	  
– A	  cheesy	  =tle	  with	  a	  
big	  goal	  

•  A	  cyanobacteria	  that	  
produces	  Saffron	  in	  a	  
KANamycin	  vector	  

Saffron	  Price	  

How	  much	  do	  you	  think	  a	  pound	  of	  high	  end	  
Saffron	  can	  cost?	  
A.  $25	  
B.  $50	  
C.  $500	  
D.  $5,000	  
E.  $50,000	  
F.  $500,000	  

Saffron	  Price	  

How	  much	  do	  you	  think	  a	  pound	  of	  high	  end	  
Saffron	  can	  cost?	  
A.  $25	  
B.  $50	  
C.  $500	  
D.   $5,000	  à	  Why?	  Let’s	  see.	  
E.  $50,000	  
F.  $500,000	  

Other	  spices’	  costs	  by	  the	  pound:	  
India	  Tree	  Rainbow	  Pepper	  (to	  grind):	  $10.94	  on	  
amazon	  
Cayenne	  Pepper	  Powder:	  $9.89	  on	  amazon	  
Cumin:	  $10.00	  on	  amazon	  
	  

Our	  Project-‐Background	  

•  Saffron	  

Our	  Project-‐Background	  

•  Saffron	  

Our	  Project-‐Background	  

•  Saffron	  

Our	  Project-‐Background	  

•  Saffron	  
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Our	  Project-‐Background	  

•  Saffron-‐Can	  we	  produce	  the	  color	  and	  taste	  
without	  the	  vast	  required	  resources?	  

Our	  Project-‐Background	  

•  Synechocys=s	  
– Cyanobacteria	  
– Autotroph	  
– Well-‐studied	  
– Set	  up	  well	  to	  
produce	  our	  
compound	  

	  

Our	  Project-‐Background	  

•  Synechocys=s	  

Our	  Project-‐Background	  

•  Synechocys=s	  

Syn	  Size	  

•  The	  gene=c	  recipe	  for	  
your	  body.	  

•  It	  is	  the	  same	  kind	  of	  
structure	  for	  animals,	  
plants,	  and	  all	  other	  life.	  

Our	  Experiments	  

•  Synthe=c	  DNA	  to	  produce	  saffron	  ordered	  
from	  DNA	  2.0	  

•  Put	  gene	  into	  Synechocys=s	  
•  Hopefully	  have	  saffron	  color	  and	  aroma!	  

– 	  à 	   	   	   	   	   	   	  	  	  	  	  	  ß	  	  

Current	  Results	   Today’s	  Experiment:	  
The	  Fun	  Stuff	  

•  We	  brought	  some	  glowing	  E.	  coli!	  
•  Plates	  select	  for	  these	  bacteria	  
•  4	  colors:	  red,	  yellow,	  green,	  and	  blue	  
•  Be	  crea=ve!	  

Background-‐Fluorescent	  Proteins	  

•  Most	  common:	  Green	  Fluorescent	  Protein	  (GFP)	  
•  Absorbs	  ultraviolet	  (UV)	  light	  and	  releases	  the	  
energy	  as	  light	  you	  can	  see!	  They	  appear	  to	  glow!	  
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Background	  -‐	  E.	  coli	  

•  Bacteria	  
•  Found	  in	  the	  large	  intes=ne	  in	  
humans,	  BUT	  NOT	  the	  small	  
intes=ne	  

•  Commonly	  used	  
•  These	  bacteria	  are	  significantly	  less	  
harmful	  and	  generally	  would	  not	  
be	  able	  to	  infect	  people,	  but	  you	  
should	  always	  be	  careful!	  

Bacteria	  in	  the	  Body!	  

How	  many	  bacteria	  do	  you	  think	  are	  in	  the	  
healthy	  human	  body?	  
A.  10,000	  
B.  10,000,000	  
C.  10,000,000,000	  
D.  10,000,000,000,000	  	  

Bacteria	  in	  the	  Body!	  

How	  many	  bacteria	  do	  you	  think	  are	  in	  the	  
healthy	  human	  body?	  
A.  10,000	  
B.  10,000,000	  
C.  10,000,000,000	  
D.   10,000,000,000,000	  	  
They	  help	  you	  digest	  your	  	  
food.	  It	  is	  not	  only	  okay	  to	  have	  them	  in	  your	  
body,	  YOU	  NEED	  THEM!	  

Transforma=ons	  and	  Plasmids	  

•  Plasmid	  —	  a	  small	  
circular	  piece	  of	  DNA	  
that	  can	  replicate	  like	  
normal	  DNA	  and	  have	  
func=oning	  genes	  
– Plasmids	  can	  be	  easily	  
transferred	  between	  
cells	  

•  “Transform”	  =	  insert	  a	  
foreign	  plasmid	  into	  
the	  cell	  

Let’s	  Be	  Safe	  
•  IMPORTANT!	  
–  Let	  us	  know	  immediately	  if	  anything	  spills	  so	  we	  can	  
properly	  clean	  it	  up.	  

– Always	  wear	  gloves	  when	  handling	  the	  lab	  equipment.	  
Only	  hands	  with	  gloves	  should	  touch	  the	  equipment.	  

–  Before	  you	  leave	  wash	  your	  hands	  with	  soap	  and	  
water.	  

– Don’t	  touch	  your	  face	  or	  skin	  with	  the	  gloves	  or	  
averwards	  un=l	  aver	  you	  have	  washed	  your	  hands.	  

– Don’t	  be	  afraid	  to	  ask	  any	  ques=ons.	  We	  want	  to	  
make	  sure	  you	  are	  having	  fun	  with	  science	  the	  right	  
way.	  

– Unfortunately,	  you	  can’t	  take	  this	  home,	  but	  we	  will	  
be	  sure	  to	  send	  you	  pictures.	  

Procedures:	  
•  Watch	  the	  demo!	  
•  You	  will	  get:	  

–  4	  vials	  labeled	  with	  the	  color	  
–  An	  LB	  agar	  plate	  with	  a	  lid	  
–  4	  wooden	  applicators	  
–  Nitrile	  gloves	  

•  Dip	  the	  wooden	  applicator	  into	  the	  vial	  
•  Gently	  wipe	  the	  applicator	  across	  the	  plate	  
•  Don’t	  mix	  the	  applicators!	  Once	  you	  place	  the	  applicator	  
into	  a	  color	  vial,	  don’t	  place	  it	  another	  vial.	  

•  We	  will	  take	  the	  plates	  back	  to	  incubate	  overnight.	  
•  Tomorrow	  we	  will	  look	  at	  the	  plates	  under	  the	  UV	  lamp.	  

Experiment	  Time!	  

•  Ask	  ques=ons!	  
•  Be	  safe!	  
•  Be	  crea=ve!	  
•  We	  have	  stencils	  if	  	  
you	  want	  to	  try	  to	  	  
draw	  a	  design!	  

The	  end	  for	  today…	  
•  We’ll	  be	  back	  tomorrow!	  

Websites	  used	  today	  for	  photos:	  
hUp://3.bp.blogspot.com/_dBigZkRETuM/TS-‐LaUDMtoI/AAAAAAAABrY/3-‐
xgR9CPxcw/s1600/dna%253Aistock%253Arustycloud.jpg	  
hUp://www.cxu.org/sites/files/cxu.org/hu120226_sea_bacteria_2-‐400w.jpg	  
hUp://surveys-‐paid-‐online.com/wp-‐content/uploads/2009/12/survey2.gif	  
hUp://transcarpathiantours.com/home/hust-‐ostrich/	  
hUp://www.biologycorner.com/resources/DNA-‐colored.gif	  
hUp://jm3436.k12.sd.us/Event/Base.htm	  
hUp://dnainfo.wikispaces.com/DNA+and+Heredity	  
hUp://www.mindingthecampus.com/originals/science_lab_students.jpg	  
hUp://mwsu-‐bio101.ning.com/profile/AmandaDixon	  
hUp://psucincinna=.com/wp-‐content/uploads/2012/03/flying_pig.gif	  
hUp://www.mrswright.net/cellchoices.htm	  
hUp://topics.ny=mes.com/top/news/science/topics/gene=c_engineering/
index.html	  
hUp://trendsupdates.com/redesigning-‐evolu=on-‐joule-‐biotechnology-‐designs-‐
algae-‐that-‐churn-‐out-‐carbon-‐neutral-‐biofuel/	  
hUp://www.scidacreview.org/0905/images/biofuel09.jpg	  
hUp://prac=cumjourney.files.wordpress.com/2011/01/women-‐smelling-‐flowers-‐
yellow-‐main_full1.jpg	  
hUp://www.whybiotech.com/?tag=gene=c-‐engineering	  
hUp://realtruth.org/images/gene_splicing-‐ashz-‐090310.gif	  
hUp://www.udel.edu/physics/scen103/CGZ/insulin.html	  
hUp://joanswan.blogspot.com/2010/10/tweaking-‐what-‐if-‐of-‐brainstorming.html	  
hUp://3.bp.blogspot.com/-‐qpG5Zcq87tg/Tet9q_cKQVI/AAAAAAAAAVs/
IOFRCIkIMsY/s1600/SafeFoodHandbook.jpg	  
hUp://www.justluxe.com/lifestyle/dining/feature-‐1748238.php	  
hUp://pro=st.i.hosei.ac.jp/PDB/images/Prokaryotes/Chroococcaceae/
Synechocys=s/Synechocys=s_4.jpg	  

hUp://upload.wikimedia.org/wikipedia/commons/3/3e/Synechocys=s.png	  
hUp://www.saffrolean.com/wp-‐content/uploads/2012/05/Saffronred.jpg	  
hUp://pro=st.i.hosei.ac.jp/PDB/images/Prokaryotes/Chroococcaceae/
Synechocys=s/sp_05.jpg	  
hUp://upload.wikimedia.org/wikipedia/commons/thumb/3/32/
EscherichiaColi_NIAID.jpg/250px-‐EscherichiaColi_NIAID.jpg	  
hUp://genome.kazusa.or.jp/images/map/Synechocys=s-‐Chr-‐Chr.png	  
hUp://thagreenplanet.yolasite.com/resources/IMAGE%20-‐%20Rendered%20GFP
%20-‐%20640.jpg	  
hUp://www.che.utoledo.edu/RecomDNA.JPG	  
hUp://www.toonpool.com/user/3356/files/liUle_scien=st_400875.jpg	  
hUp://fron=ers-‐of-‐anthropology.blogspot.com/2012/04/robert-‐lindsay-‐on-‐
an=quity-‐of-‐white.html	  
hUp://www.examiner.com/sites/default/files/styles/image_full_width/hash/
1331885592_OLD%20MAN%20EATING%20BANANA.jpg	  
hUp://flatrock.org.nz/sta=c/frontpage/assets/animals/chimp_shot.jpg	  
hUp://www.news.wisc.edu/newsphotos/images/fruit_fly_research03_6801.JPG	  
hUp://i3.squidoocdn.com/resize/squidoo_images/-‐1/
lens17616343_1297174218Chimpanzee_thinking_poste	  
hUp://upload.wikimedia.org/wikipedia/commons/6/6c/Kid_boy.jpg	  
hUp://nontoxsoapbox.com/wp-‐content/uploads/2010/02/Bacteria-‐Image.jpg	  
	  
	  

First	  of	  all…	  Any	  ques=ons	  about	  
yesterday?	  
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Experiment	  Time!	  (Con=nued)	  

•  Ask	  ques=ons!	  
•  Be	  safe!	  
•  Let’s	  look	  at	  the	  	  
plates!	  

Results-‐Did	  it	  work?	  

•  Let’s	  talk	  about	  it.	  
•  Does	  anyone	  want	  to	  present	  their	  plate?	  

Our	  Results	  From	  Preparing	  this	  
Experiment	  

Ques=ons?	   One	  Last	  Survey	   Thanks	  YLC!	  

Websites	  used	  today:	  
hUp://www.epa.gov/watersense/images/current_scien=st.jpg	  
hUp://www.sciencesurvivalblog.com/wp-‐content/uploads/2009/05/dog_presents.jpg	  
hUp://ova=onconsul=ng.com/blog/wp-‐content/uploads/ques=ons1.jpg	  
hUp://blog.rpu.org/wp-‐content/uploads/2009/02/survey.jpg	  


