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Crick, Watson, and Wilkins were awarded
A Structure for Deoeyribose Nuceic Acd the Nobel Prize for Franklin's work.

WE wish 1o suggest & structure for the salt
of deoxyribose nucleic acid (D.N.A).  This
gtructure has novel features which are of considerable

biological interest.
A structure for nucleic acid has already been
proposed by Pauling andt Corey®. They kindly made
BUT :henr manuscript available 10 us in advance of

blication. Their model consists of threc inter-
W near the fibre
sxis, and the bases on the ol In our opinion.

this structure is unsatisfactory for two reasons:
{1} We believe that the material which gives the
X-ray diagrams is the salt, not the froe scid. Without
the aeidic hydrogen atoms it is not clear what forces
would hold the structure tugether, especially as the
negatively charged phosphates nrar the axis will
repel each other. (2) Some of the van der Waals
distances appear to be tou small.

Another three-chain structure has also been sug-
gested by Fraser (in the press). In lis model the
phosphates are on the vutside and the bases on the
igeide, linked together by hydrogen bomds. This
siructure as described is rather ill-defined, and for
this reason we shall not comment
on it,

We wish to put forwanl a

Kol atwm) granes I Rosalind Franklin| Francis Crick  James Watson |Maurice Wilkins
seid. This structure has two
helical chains each coiled round
the same axis (see diagram). We
have made the usual chemical

THEREFORE

http://thebenshi.com/wp-content/uploads/2014/07/watson-and-crick.png

May 1, 1952
Picture serial number 51

http://aIchetron.com/RosaIid—Franinn—813356—W
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Nuclear Nucleus

membrane /

Cell

Ribosomes
membrane

Ribosomes
b associated with the
rough endoplasmic reticulum

Ribosomes are the cell’s
protein factorias.
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Ribonucleic acid (RNA)

Messenger RNA Transfer RNA Ribosomal RNA
(tRNA) (rRNA)

%

| (includes rRNA)

http://www.alyvea.com/biologystudyguides/transcription-translation.php
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Jay asiig il RNA - o tRNA (2
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https://www.emaze.com/@AQZQIZL/Week-11-Protein-Synthesis-Nov-3-7.pptx
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M Translation

RVA Transport Gr
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http://www.tokresource.org/tok_classes/biobiobio/biomenu/transcription_translation/

‘).GGALQ

dala Bagasall Giladadll e ali e Bl A8l 5yl
i A il LAl 2Kl agh Gus (geeill (meal
gldl) Lgailagy oS Al culidig jll

o el 03 iy aPlsisdl 3 Clagugl) asi
cgllaal) O.cw.m z WYmMRNA

b adlysll a_ﬂ.‘\j&d\ das yiy m\f\ aasU

*) CladelSent A IS Lddhdal) LYl alead
L.?LM\ ua.q;ﬂ JJS ‘;Lu ( ) j);.\.i

Codons uhﬁgﬂ\ 61 ‘;:_ adilygl) 8yeull ngm

Jab u3435 o sk J.Qw 4.\4.\.4\

s Al s Ad)ell Baadll Jaly @l sda Judis ul
g5t Jalbs @l el Jah dand) Jaled) Juls
cstlaall (yig

Clidig g Glayil g aag Al daball (e daje S
Gleal) JaSs S ddlag ae L

20



DNA replication — 3D (599l (aeall s

From DNA to protein — 3D ascag gand (yiignll ) (gosill (anadl (ha
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https://youtu.be/gG7uCskUOrA
https://youtu.be/TNKWgcFPHqw

¢ all Bl 8 Catllaglly claally 48,601 salal) dke _ale

sy La) aleaV) @alds 2 o5 ey RNA daudsy dien i o DNA - 8 L g jinil) aefgal) ol
Osadls 2l Ol Jie cuadl il (e Al ggune ddhide Clidig yn (aad) dpaniy Jadlg 5 lgaiany g Jansi
Al 2l 3R] s ) gelll dualall Ciligeyel) i Ciillagl

Al pales) asdlal &3 ol 3 4ic iy 8 mutation gk duiagiyil) selgdll s QI (]
S Gayee ol 13 sS g Lal) el e s lee calide g (Mlly Judodl) ddbia.
ale IS5 ) GiKllp Adall Cues

il s Lee aaly a0ienl s e w3 Sickle cell anemia sl aall 8 (aje ie
U8 €Y i o 88 e o0 S (S8 o) il (g ) i (Ml dsae¥) aleaY)

L iaiall pall 58 (aje dic mid oanka
/—\Drlginal

| Original
V %2 TTTT

22



Q) Normal red blood cells

Normal
red blood
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http://evolution.berkeley.edu/evolibrary/article/mutations_06

035 ) (35 Lae Baaly BabglSen (A 0 udagy JSG <0
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The Genetic Codon Chart® . :
Ietter  3-letter Amino acid Possible codans
U C A G code code
Ur“”!,_.g:’.‘?’,,‘,gﬁ o e Uy . A Ma  Alanine GCA, 6CC, GCG, GCT
UUA=Lleul UCA = SerS %-' 'we B Asx  Asparagine or Aspartic acid AAC, AAT, GAC, GAT
x“ Lkl g"s"s = NeG = ip. Wi e Cys  Cysteine TGC, TGT
WU =leyl CCU=ProP CAU=HisH U
CC—leyl CCCProP | CAC =HisH. c g Mg Mgatacd G
CUA=leul CCA=ProP  CAA =Gin A E Glu  Glutamic acid GAA, GAG
QUG =leul [(CCG=ProP | CAG -Gln G F Phe  Phenylalanine TTC, TIT
AU =Te 1] ACU=ThT| [AAU=AsaN| (AGU =SerS U G Gly  Glycine GGA, GGC, GGG, GGT
ARl oo Meoia Meoies ¢ Mo M Hidne o, o
[AUG =MetM  ACG = Thr T Rl G ] lle Isoleucine ATA, ATC, AT
'GG%?WV_ %*ﬁl\ | U K Lys Lysine AAA, AAG
(GUC = ValV C=AaA i C
G,GUA_-WV. GCA = Ag A i L leu  Leucine CTA, CTC, CTG, CTT, TTA, TTG
GUG = Val V. GCG = Ala A ¢ M Met  Methionine ATG
Ay Ak Propertin : N Asn Asparagine AALC, AAT
B ool _ bsmias P Pro Proline CCA, €CC, CCG, CCT
Dn-u-mvm- M :;-J
Q Gln Glutamine CAA, CAG
http://www.3dmoleculardesigns.com/Education-Products/Genetic-Codon-Poster.htm R m Ari!n’ln! AGA’ AGGI EGA: CGE' cGG' Eﬁ
5 Ser Serine AGC, AGT, TCA, TCC, TCG,
T Thr Threanine ACA, ACC, ACG, ACT
v Val Valine GTA, GTC, GTG, GTT
w Trp Tryptophan TGG
X X Stop codon TAA, TAG, TGA
| Tyr Tyrosine TAC, TAT
2 Gt GutamserGutanicadd v oG, G GG

24



1-letter 3-letter

code anda Amino acid Possible codons

Example: DNA: A Ala  Alanine GCA, GCC, GCG, GCT

B Asx Asparagine or Aspartic acid AAC, AAT, GAC, GAT

T A C G G C T A G C Cys Cysteine TGC, TGT

D Asp Aspartic acid GAC, GAT

E Glu Glutamic acid GAA, GAG

F Phe Phenylalanine TTC, TIT
DNA complementary: 6 Gy Glycine GGA, GG, GGG, GGT

H His  Histidine CAC, CAT
ATGCCGATC | e Tacliucine ATA, ATC, ATT

K Lys Lysine AAK, AAG

L Leu Leucine CTA, CTC, CTG, CTT, TTA, TTG

M Met  Methionine TG
MRNA: N Asn Asparagine AAC, AKT

P Pro Proline CCA, CCC, CCG, CCT
AUGCCGAUC Q Gln  Glutamine CAA, CAG

" Arg Arginine AGA, AGG, CGA, CGC, CGG, (G

5 Ser Serine AGC, AGT, TCA, TCC, TCG,

T Thr Threonine ACA, ACC, ACG, ACT
Codons: v val  valine GTA, GTC, GTG, GTT

W Tp Tryptophan TGG
AUG CCG AUC X X Stop codon TAA, TAG, TGA

i Tyr Tyrosine TAC, TAT

Fd Glx Glutamine or Glutamic acid CA, 15NG; B, GG

Amino Acids:

Methionine Proline Isoleucine L wThe Standard Genetic-Code =&
U c A G
 UUU =» Phe F| | UCU =» Ser S| | UAU =» Tyr ¥ u
U UUC =» Phe F UCC =» Ser UAC = Tyr ﬂ C
. UUA =+ Leu L UCA =» Ser S| | UAA =» Stop IGA =+ Stop_| A
Three letters code: . RS I e =W o
M P ” CUU = Leu L CCU == Pro P CAU =+ His CGU = A B| U
CUC =» Leu L CCC =» Pro P CAC =+ His -
et ro e C CUA =+ Leu L| CCA =»Pro P CAA =+ GIn U A
CUG =* Leu L CCG =* Pro P CAG **GIn © 1l 6
[AUU = 1lé I| [ACU = Thr 7| [ AAU =» Asn | | AGU =»Ser 5| U
A AUC =» lle I ACC =» Thr 1 AAC -»Asn« Ser 5| C
. AUA = lle 1| | ACA = Thr 1| [0 AGA = Rl A
One letter code : RSN | Ach T e -
GUU =» Val V| | GCU =» Ala A GGU = Gly G| U
M P I GUC =» Val v GCC =» Ala A GGC =+ Gly G| C
G GUA =+ Val v GCA = Ala A GGA =~ Gly G| A
GUG = Val v GCG =» Ala A GGG = Gly G| ¢
"7—1 travsiation start codon __I hydrophobic aming ackk . negatively chargad amine acds l__l cysteine
D transleticn stop codan mm:&m""“” [:I asitively charged amino acids 25
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g ¢ anpall e 83saldl diall gg3 e Ju 62 Gaald) lad 5 dball daleall 2a)
Ealll 5acluse aglhaall L. Sl DNA - s e Janll &5 &pad€onil) ac)gall Jusboaill 4
Canall Caaliaall (o yal) déjea &

lels a3yl = 3 gt 82l 028

TGTGGCACAG ATGCTCGTGC CACCTCATTA CTTCCTGAAA
CCACCAGCTT ATCGCCCAACACAGACCGAA TGAATGTAGA
AAAGGCTGAA CTCTGTAATA AAAGCAAACA
GCCTGGCTTAGCAAAAAACC AACAGAGCAG TCTGGATGAA
AGTAAGGAAA TATGTAGTGC TGGAAAGACCCTGGGTGCCC
ATGAGCTGAA TGCCCATCAT CCATGCGAGA GGAAAGAACT
AGAGGATGAGCCACAGCACC CTGAGAGCCC CAGAGGTAAT
CCTCAGAACT GCCAGTCTGG AACCAAACTG
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BLAST° Home  RecentResults  Saved Strategles  Help

Basic Local Alignment Search Tool

BLAST+ 2.5.0 released
BLAST finds regions of similarity between biological sequences. The new version offers support for HTTPS, accessionversion as the
The program compares nucleotide or protein sequences to primary sequence identifier, support for composition-based statistics
sequence databases and calculates the statistical significance. with RPSTBLASTN, and a new taxonomic organism report,
Learn more Fri, 23 Sep 2016 17:00:00 EST B More BLAST news

Web BLAST
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‘ Nucleotide BLAST

BLAST Genomes v
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TGAATGTAGA AMGOETOAA ETETGIAATA AAMGEAAACA GCETGGETTAGCAMMMMEE AMEAGAGEAG \ e - 3
[TETGOATGAA AGTAAGGAAA TATGTAGTGL TGUAAAGACCCTGOGTGCCE ATGAGCTGAA TGCCCATCAT r . B - . Les

" o Uadad (@ e e Caa Ll L -5

|CCATEOAGA GOAMAGAALT AGAGGATGAGCCACAGEACE CTGAGAGCCC CAGAGGTAAT CCTCAGAACT
!ULL,\!&“'.I'[»Q AACCAAMCTG

G uphoar-fite {:ﬂ_”g,u'-'_!_u,-' S - W
Job Title [ |

Enter a desoriptive ttle for your BLAST search @

Aligh two or more sequences b

Choose Search Set
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Human genomic plus transcnpl (Human G+T) ]

Exclude Madels (XMXP) L Un sample seq 3
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Optimize for # Highly simiar sequences (megabiast)

© More d q (disconty
! Somewnat similar sequences (blsstn)

Choose s BLAST aigonmthm @

m Senrch d.ubagmﬁmmmmféﬂmiu;m similar sequences)
4 "Show results in a new window

) Algerithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign

£

§

 Byaa MU B il el -6
BLAST 4lS e Laaiall
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m) US. National Library of Medicine MNCBI National Center for Biotechnology Information
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BLAST » blastn suite » RID-YXS8NFAEJOIR Home RecentResults  SavedStrategies  Help
BLASTResults
Edit and Resubmit  Save Search Strategies  © Fomnatting options & Download Youlll§ How to read this page  Blest report descri
Nucleotide Sequence (300 letters)
RID YXBNFAEIO1R (Expireson 10-02 01:36 am)
Query ID |cl|Query_32617 Database Name Human G+T (2 databases)
Description None Description > See details
Molecule type nucdleic acid Program BLASTN 2.5.0+ p Citation

Query Length 300

Other reports: & Search Summary [Taxonomy reports] [Distance tres of results] [Genomea view]

(=) Graphic Summary

Distribution of € BlastHits on the Query Sequence &

Mouse-over ta show defline and scores, click to show alignments

Color keyfor alignment scores
I|

| 80200 »=200

I | |
1 60 120 180 240 300

Query

Ll jo el Al 5 a8 gall & ULl sac il 3Ll dahaiall J gl Jias 25 gall (6l
el Jsl 385 g0 Lpuand &8 Al dddaiall (o)) e gy lsall olad¥) | s
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C | @ https://blast.nckinim.nih.gov/Blast.cgi

Mouse-over to show defline and scores, click to show alignments

Color key for alignment scores

80-200
Query
I‘I GIO 1|20 1|80 2|40 3|00
Gl 3ac 8 8 cpall &l o8 ) 4 Accession
Descriptions ABall G 81 S a8 s LS Uasll 4 8 E-value
QU\T}:\J\ 3ac |8 L.sﬁ dic J.u\élm.él\ O;\;J\ :glaaj A Query cover
Sequences producing significant alignments:
Select: All None Selected:0
i Alignments O
Description :22:9 :?:_L S::g vallzue Ident  Accession |
Transcripts l
] transcript variant 1. mRNA 141 141 55% 5e-31 B82% NM 0072943
@ franscript variant 6. non-coding BNA 141 141 55% 5e-31 82% NR 0276761
@ transcript variant 3. mRMA 141 141 55% b5e-31 82% NM 0072973
@ transcript variant 2. mRNA 141 141 55% 5e-31 82% NM 0073003
Genomic sequences [show first]
@ e assembly CHM1 1.1 141 141 56% 5e-31 82% NC 0189282
7] 1.7 Primary Assembly 141 141 56% 5e-31 82% NC 000017.11
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1 60 120 180 240 300
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1i Algnments 0o
o on Mox  Total Query E

Ident|  Acoesson
3core score cover value

-/ Homo sapiens breast cencer ! (BRCA1), transcrioh variant 1, mRNA

141 141 55% Se-31 82% NM 0072943

| Homo sapwens breast cancer 1 (BRCA1), transcapt varant 8, non-codng RNA
J Homo sapiens breast cancer | (BRCA Y], transcript vanent 3, mRNA
J Homo sapiens brenst cancer | (BRCAT), transcript vanant 2. mRNA
Genomic sequences [show frst]
J Homo sapiens chromosome 17, siternate assembly CHM1 1.1

) Homo sapens chromosorne 17, GRChIB o7 Prenary Assembly

141 141 55% BGe-31 B2% NR 027876.1
141 141 55% OSe-31 82% MM 0072073
141 141 55% Se31 82% NM 0073003

141 141 50% Se31 B2% NC 0189282

141 141 58% Se31 82% NC 00001711

SlAlgnments

WOounioad - GenBank Gghcs

Homo sapiens breast cancer 1 (BRCA1), transcript variant 1, mRNA
Sequence ID: M 0072043 Length: 7224 Number of Matches: 1

Range 1: 1052 to 1217 GenBank Graphics

Score Expcr Identities Gaps Strand

141 bits(7€) Se-31 136/166(82%) 0/168(0%) Plus/Plus.

Query 1 TOTGECACAGATGLTCLIGUCACCTCAT TACTTCCTGARMCCACCAGC T TATCGLCCAAL 68
PELLREREL LETEE RUEEE TR e Eae i i il

GRere 1K) TATGIEANAAATAS TEATAEC METCATTAT MEATRARAAI AMCALTITATIACTIACY I

¥ Next 4 4 Caszrotons
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Gene - associated gene details

GEO Profiles - microarmy expression
data

Map Viawer- alignad genomic context

>
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Aulyd g ¢ anyall (e s salall duall g5t e Ju A Gualall Gladd 5 Al Jalaal) aa) b
ddjra & Cnll) saclie Cglhadll L JGI DNA - 2lm e Joasll 5 andSenl) aclgall Judusl)
$uall Caliadll (a4l

B S 8 Aalall yipeat pe daa) e dall dup cednpd 2 WS Jsolg dadadll Al 260 553)
Gl Jhdl 8 LS

TTTAAATCATACCAATTGAACCGAGCCTTGTAGAAACACTATCACCTACGCATACCTCTGCTTCTTTTCA
TTAACCTGCTATCCTCTTTACAAATGGGATTCTTCACCCACTCCCTTCTTCTAGATTAGCAATGCCCTGT
TAAGTAAACGAACACGAAATTCAAAGGGAAACAGGAGCAATCATCATTACCAGCTGCCGTGTTAAGCATT
GCGAAAACGCTCACGATTCACAGAAAAATCCATGCTGTTCTTTGAAGGCATTCAAGCCTTAATAGCTAGC
TGGATGAATGTTTAACTTCTAGGCCAGGCACTACTCTGTCCCAACAATAAGCCCTGTACATTGGGAAAGG
TGCCGAGACATGAACTTTGGTCTTCTCTGCAATCCATCTGGAGCATTCACTGACAACATCGACTTTGAAG
TTGCACTGACCTGGCCAGCCCTGCCACTTACCAGGTTGGCTCTGTATGGCTAAGCGTTTTCTCCTAAAAT
CCCTTGAAAACTGTGAGAAGACCATAAGAAGATCATATCTTTAATTCTATTTCACAAGTCACACAATATT
CCAATCAAATACAGATGGTTGAGAAAAGTCATCCATCTTCCCTCCCCACCCTCCCACAGCCCCTCAACCA
CTGCCCTGAAACTTATATGCTGTTATCCGCAGCTCCATCTGGAGCATCACAGCTACTGTCAACCCTGACG
CTCTTTCTGAAAAAACACCGGATGGACATCAGAACTATTTCTTTAAGGATGTTACTGAGCCACACAGGAA
AACTTGCCTTATGATTTTGAATGCACGGATCTGATTTGACTAAACATGATAACTAGAGAATCACCCAATC
TACTCCCATTTTCAACTCTAAATCATCAGAGTGTCTCAAATCCAAAGCACACACAGACCAGCCTGGCCAA
CACGGTGAAACTCCACCCCTACTAAAAGTATAAAAATTATCCAGGTGTGGTGGCGGGCGCCTGTAATCCA
AGCTACTTGGGAGTCTGGAGGCAGGAGAATCCCTTGAACCTGGGAGATGGAGGTTGCAGTGAGCAGAGAT
CACACCACCGCACTCTAGCCTGGGCCACAAATCAACAACAACAACAACAACAAAAAACAAAGCGCACACA
GAGACTGAGGTCCTCTTTGGCATTGAGAAGATGGCTATGCAAGTCCCAACTAGCAAGTGCAAACTTCCCA
GCTTCACTTCTGCCAGTGTCCCTTCACCCCTTCTCAACCCCACTGGGAGGCAGGAGGGTGCTTGACAATA
ACAGCCTTGGCATCACTCTGCCAGGGTGTAATAGGAACTGTTACAATTCTGAGATTCTGTGTAAGCACTG
GCCTTTCTGCCTAGAATGCCTTCTCCTCTCTTTTTTAACTGCATGCTCCTATTTATCTTTCAAAGCCCGG
AAAAAATAACACTGCACACGGGAAATGCTCCCTTCCTACTGCAGTCATTTAGATGACTCTATGCCATTCC
ATTCATTTCTCTTTCCTACCACAGAAGTGCTTTGAGATTTTGGAGTCAGACTGCTTGAACTTGAATCCTG
GCCCTCTCATCAGAGACTTGACTTATTTTAGGCAAGTTATATAACCAATTTTACCTCAGTTCCTTACCCA
TAAAATGGGTCTAATGAGAGTACCTACCACACAGAATTTTGATGAAAACTGAATGAGATGAAGGCCTTTA
AGGCAGTGGTCCCCAACCCTGGGGACACAGACAGGTACCATTTTGTGGCCTGTTAGGAACTGGGCCACAC
AGCAGGAGGTGAGCAGTGGGTGAGTGAGATCAGCGTTATTTACAGCTGCTCCCCATTGCTCACCTTACTG
CCTGAGCTCCACCTCCTGTCAGATCAGCAGTGGCATTAAATTCTCATAGCAGCACAAACCCTGTCATGAA
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el S oadd 51 4l 011 a3l
Transcription gl &

s>l RNA () DNA us o
4 ol agda oy (oAl g (55 0
aaatie il a8y S Folding

S Sie (458 Gl da )y s
Bl dalee | Adls ) 5 S il
Sl o bl & 3 i 5 5l

RNA Polymerase

Protein Folding is an
essential part of all life!

" Translation

=)

;{é ] E—

Non-Native

Native
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Proteins <l ¢ yll

A Aleall b JA s avall el ) JS 3 Jusl 1ol b i 5yl
structural support .puall sbacy ALl acall

Storage .(p 3l

transport of other substances .cs_aY! 3 sall Js

intercellular signaling . JLaY! Jla ) s WA oy calalasll
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‘;.-'f,’ff.',“ H\N H C////O Carbossl Al o) ) daa ) e ) STy L;m‘ﬁ\ aaall
H” \é/ oH alpha carbon Wl g5 S 88 s S e o S .1
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'R A paa iS4

Aabisal) AineY) Galeal1 20 ani W puriy il de sanall a0
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20 amino acids (p_all Aaiey) Salaal!

neutral-nonpolar amino acids

acidic amino acids

basic amino acids

glycine alanine aspartic acid glutamic acid lysine arginine
(Gly, G) (Ala, A) (Asp, D) (Glu, E) (Lys, K) (Arg, R)
H H H H H H H H H H H H
H—N*—CI:—C//O H—lr—clz—c/o H—rlv—c—c//o H—|!v—<|:—c/° H—N*—clz—c//o H—rla*—clz—c//o
S No- T e LT [ L T
H H H  CH, H clzﬂ, H ?H, H clzn, H CIH,
c CH CH CH
‘_o/ \\o I 2 | 2 I 2
c CH, CH,
o \\o | |
’ i i
NH} c
3 / \
H,N* NH,
neutral-polar amino acids
valine isoleucine serine threonine tyrosine asparagine
(Val, V) (lle, 1) (Ser, S) (Thr,T) (Tyr,Y) (Asn, N)
H H H H H H H H H H H H
| o | (o] | o (o] (e] | | (o]
H—N*—C—C// H—N"—C—c// H—N’—C—C// H—N’—C—C// H—N‘—C—C// H—N’—C—C//
| \o- | | \o- I \o- l \o- o | \o-
H CQ H /cQ CH, H _C__ H CH, H CH,
H,C CH, H,C  CH, (I)H 2 cl,H S (l:
o NG
H,C O/ NH,
OH
tryptophan phenylalanine proline methionine leucine
(Trp, W) (Phe, F) (Pro, P) (Met, M) (Leu, L)
H H H H H H H H H H
ol 5 A A A
H—N—C—C7 H——-N'—‘C—C/ H—N'—C—C// H—N*——C—C// H—N'—C—C/
I | \0‘ \o- / \ \o- I \o- | o"
H <|3Hz H CH, H,C /CH2 H cI:H2 H CH,
c Sy CH, oo
~CH I He cH
N S 3 3
H |
CH,

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

histidine
(His, H)
H H
e
L L N
H c]:H,
HC—C
N/ \NH
N
c
H
glutamine
(GIn, Q)
H H
H—N’—CI:—C//O
L. %
H c|:|-|2 9
™
c
>
o7 \an
cysteine
(Cys, C)
H H
o
H—N'—cl;—c//
I e
H (I:H2 9
SH
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SUN
CAT FIG

PUMP

*math is fun’
‘babies are cute’

‘i love cats’

%% oo, T
oo s S 2
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Alphabets H Primary structure :: ] < :. e, F AN———
ee® [ ]
%o, H
b/ @

Pleated sheet Alpha helix
Words H Secondary structure

Pleated sheet

Sentences H Tertiary structure Alpha helix

“morning walk is a
very good exercises.

It refreshes the mind and body | Paragraph ‘ ’ Quaternary structure
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Translational and Post-translational Regulation
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CTAGAGATAGATAGATAGATAGATAGATAGATAGATACTAGACTAGACTAG
CTAGAGATAGATAGATAGATAGATAGATAGATAGATAGATACTAGACTAGA
CTAGAGATAGATAGATAGATAGATAGATAGATAGATAGATACTAGACTAGA
CTAGAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATACTAGAC
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Video for PCR
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Warmth and good light are essential
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Nucl " (Nucleus rgmoved)

patient cell
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\ Morula Blastocyst Remove inner cell mass
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|

Pluripotent stem cells
L = ) (=
Skincell Pancreatic cell

Nerve cell
4o =

’ >

Transplant k to patient

Illustration by Cell Immsaging Core of the Center for Reproductive Sciences.
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What is a Stem Cell? = C
A mesenchymal stem cell is a primitive cell with the ability to: C)LL'J—NM B2 Slsal e
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Reduce Inflammation
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Cavity of uterus

{b) Day 6

Pluripotent tnner cell
Totipotent 0 O Stem cells - mass
cells o)) Epiblast —_—
Morula Trophoblast {c) Day 7
Inner cell
mass

Hypoblast

Zygote

(d) Day 9

Natural

‘ Stem Cells Niches
0N/
s

[ B os i
/~  Fertilization

. — Amniotic
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(e) Day 11
Epiblast
Bilaminar embryonic disc
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Isolation of -
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Types of stem cells and where they come from:

Tissue stem cells Embryonic stem cells IPS cells
(induced pluripotent stem cells)
Tissue stem cells allow us to develop, These cells are created from the
grow, heal and replace worn out cells. inner cell mass of a hlastocyst.

Blastocyst 'i.'"

~150 cells — 14}
200 micrometers
- Cells from a person are
Most tissues have Inner cell mass genetically reprogrammed

tissue stem cells. ina [ﬂmtﬂw

They are important
v at all stages of life.

M

The modified cells

Cells are collected then grown begin to gain the ability

on plates in a laboratory. tgi&agggﬁhﬁgl?k?

embryonic stem cells can. :

‘embryonic-like’
stem celis
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-

Genetic modification suall Jaaail) Molecular breeding gl ) Ay jall dn il el
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Why are GM methods used sometimes and
molecular breeding others?
Mo[ecular breeding

1 23 4 867 8 81

1. Desired trait must be 2. Genetic resources must 3. Plant should be
present in population be available propagated sexually

SO I'l®n

1. Gene can come from any
source

3. Plant can be propagated

2. Genetic resources not vegetatively

required

Pharo creditn: Geameneang ETH Lt bmemational 154
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He-pressure

The Biolistic PDS-1000/He unit. Main chamber containing the microcarrier launch
assembly and the bombardment helium pressure gauge (on top). The central gauge
(in the left side of the instrument) monitors the vacuum within the chamber, and the
two lower knobs adjust the vacuum flow and vent rates. The helium metering valve is
next to the maln chamber (lower right).
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STEP 1: Identify a trait of interest Search appropriate

/ _ environment
\ 'f %* Screen list of
best

™ chosen plants

Agricultural Need

| STEP 2: Isolate the genetic trait of interest

Comparative analysis of
genomes to identify trait

r

Genetic trait is
Y cut and pasted
into a plasmid

using enzymes

Gene Gun shoots DNA coated
metal particles into seed

Plasmid inserted into
bacteria that then infects cells

'\’ STEP 4: Growing the GMO ’

Carefully controlled growth chambers are
monitored to ensure that the new GMO
grows and replicates. Ultimate growth
conditions are determined at this stage.
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Plant tissue culture- classical biotech dass¥ldel ) A Lol 4, gall 4l
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Cointegrate
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"/ cells % Plantlet ~  plant
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et Building the Transgenes

(in vitro, sterile)

ON/OFF Switch Makes Protein stop sign

PROMOTER INTRON CODING SEQUENCE  poly A signal

Plant Transgene

Plant Selectable -
Marker Gene

Plasmid DNA -
Construct |

bacterial genes
-antibiotic marker .
‘replication origin —

College of Agriculrural, Consumer and Environmental Sciences
Sl T o s A7 WA NA CRA AN

BASTA selection
(on soil, non-sterile)
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The steps involved in genetic modification .. oy iall el dde Lol
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Selection of transformed cells
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Maize plant without BT-toxin European Corn Borer

Maize plant with BT-toxin European Corn Borer 167
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Example: vitamin A malnutrition
+ 500,000 blind kids/ year
+ 2 Mill. deaths/year
. c':on‘tai'n.é; 1 6 Mg provitamin A/g rice

Golden Rice 2
» contains = 37.0 pg provitamin A/g rice

- to cover 50% of their vitamin A demand, kids have to eat 72 g Golden Rice 2/day.
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Cause

Vitamin A deficiency

HIV/Aids

Tuberculosis

Malaria

Annual mortality
(millions)

19-28
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Appendix

The Golden RICe project wins the Patents for Humanﬁy Y
Award 2015

The White House Office of Science and Technelogy Polcy and the U S Patent and
Trademark, Ofice (USPTO) have announced the winners of the 2015 recgrents of the
Patents for Humanity Award, among them the Golden Rice Progect.
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The awand has bean bestowsd upon the Golden Rice Progct, in pasticular to Prof lngo
Potrykus. Prof Poter Beyer. and Dv Adiian Dubock The Latter attended the oficial
owaed ceremony on 20 Apel 2015, accompanied by D Rob Russell, 3 member of the
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Papaya Ringspot Virus

*  Named PRSV in Hawail in 1940s
+  Aphid transmitted

* No resistance

*  Worldwide distribution

*  May 1992: Invasion of PRSV in
Puna (Hawaii)

Why do consumers like the Hawaii transgenic papaya?

+ Excellent taste
* Readily available
*  Nutritious

+ Reasonable price in Hawaii
$1.19/lb

+  Account for ca. 85% of Hawaii's
production
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Parental therapeutics

: Industrial proteins and  Monoclonal antibodies
and pharmaceutical
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Petunia and flower-color mutants by ion beam irradiation
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Expression of the phbA, phb8 and phbC genes of A. Eutrophus (fused to o transit peptide) in plastids

of Arabidopsis resulted in an accumulation of PHB grains in the plastids of the transgenic plants
(about 14% dry weight)
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Top 10 genetically modified foods

Rapeseed Potatoes Tomatoes Dairy products Peas
(Canola)

www.HealingPowerHour.com
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Conventional Corn

Genetically Modified Corn

* Requires 6% less pesticide

* Produces enough calories to feed
88 million people more per year

* Produces 7.6% higher yield

* Increased farmer income by

$44.1 billion (1996-2007)

* [no benefits detected]

CONVENTIONAL
STRAWBERRY

ORGANIC
STRAWBERRY

-

LIVE LOVE FRUIT

Ingredients: Captan, Pyraclestrobin,
Boscalid, Tetrahydrophthalimide,
Myclobutanil, Pyrimethanil, Fludioxonil,
Bifenthrin, Malathion, Fenhexamid,
Cyprodinil, Carbendazim, Malaoxon,
Azoxystrobin, Methomyl, Quinoxyfen,
Fenpropathrin, Acetamiprid, Propiconazole,
Bifenazate, Thiamethoxam, Spinosad A,
Methoxyfenozide, Triflumizole, Dichlorvos,
Hexythiazox, Metalaxyl, Propiconazole Il,
Thiabendazole, Spinosad D, Imidacloprid,
Endosulfan sulfate, Propiconazole |,
Iprodione, Piperonyl butoxide, Endosulfan I,

hlorpyrifos, Carbaryl, Pyriproxyfen,
Endosulfan |, 1-Naphthol, Acephate,
Clothianidin, Azinphos methyl, Naled,
Cyhalothrin, Dicloran, Folpet, Tebuconazole,
Fenbuconazole, Propargite, Dimethoate,
Heptachlor epoxide, Diazinon

Ingredients: Strawberry
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Nsture 399, 214 (20 May 1999) | doi:10.1038/20338

Transgenic pollen harms monarch larvae
John E. Loseyi, Linda S. Rayor- & Maureen E. Carter™

Although plants transformed with genetic material from the
bacterium Bacillus thuringiensis (Bt ) are generally thought to have

negligible impact on non-target organismsl, Bt corn plants might
represent a risk because most hybrids express the Bt toxin in pollen?,

and corn pollen is dispersed over at least 60 metres by wind>. Corn pollen
is deposited on other plants near corn fields and can be ingested by the
non-target organisms that consume these plants. In a laboratory assay

- Top

on milkweed leaves dusted with pollen from Bt corn, ate less, grew more

slowly and suffered higher mortality than larvae reared on leaves dusted

with untransformed corn pollen or on leaves without pollen.
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FIGURE 1. Survival and leaf consumption of second- to
third-instar monarch larvae on each of three milkweed leaf
treatments: leaves with no pollen (light blue), leaves
treated with untransformed corn pollen (green) and leaves
dusted with pollen from Bt corn (dark blue).

182



Effects of Bt maize containing three Bt proteins
on earthworms?

.

Can butterflies be harmed by genetically

modified Bt maize?
“Bt maize: Not a problem for earthworms” (2012)

v e s
The pO"en QU?ntltIES ﬂ‘.lat 'ed to hlgher http://www.gmo-safety eu/database/104 1. effects-maize-containing-three-proteins-
mortality rates in caterpillars in the laboratory earthworms htm|

were not detected in the field.” (2011)

http://www.gmo-safety.eu/results/1346.butterflies-genetically-bt-maize.html

Does genetically modified Bt maize pose a risk
to honeybees?

“Genetically modified Bt maize: No impact on
insect communities - but plant varieties, weather “We did not find any evidence of direct toxic

and farming methods affect the maize ecosystem.” effects on honeybees, but there is a need for
(2012) further research.” (2013)

http://www.gmo-safety.eu/results/1379.bt-maize-impact-ecosystem-research-
results.html

http://www.gmo-safety.eu/results/1428 . interview-haertel-results-bees.html
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Strawberries with fish genes?

Anti-freeze proteins in strawberry
and tomato plants

http:/fwvew. geo-pie comell edu/medialfishberries html
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Overview of genome editing by TALEN and CRISPR-Cas9

CRISPR-Cas9
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One-step generation of mice with genome modifications
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The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT ‘

Gene Therapy in a Patient
with Sickle Cell Disease

Jean-Antoine Ribeil, M.D., Ph.D., Salima Hacein-Bey-Abina, Pharm.D., Ph.D.,
Emmanuel Payen, Ph.D., Alessandra Magnani, M.D., Ph.D.,

Michaela Semeraro, M.D., Ph.D., Elisa Magrin, Ph.D., Laure Caccavelli, Ph.D.,
Benedicte Neven, M.D., Ph.D., Philippe Bourget, Pharm.D., Ph.D,,
Wassim El Nemer, Ph.D., Pablo Bartolucci, M.D., Ph.D., Leslie Weber, M.Sc.,
Hervé Puy, M.D., Ph.D., Jean-Frangois Meritet, Ph.D., David Grevent, M.D.,
Yves Beuzard, M.D., Stany Chrétien, Ph.D., Thibaud Lefebvre, M.D.,
Robert W. Ross, M.D., Olivier Negre, Ph.D., Gabor Veres, Ph.D.,

Laura Sandler, M.P.H.,, Sandeep Soni, M.D., Mariane de Montalembert, M.D., Ph.D,,
Stéphane Blanche, M.D,, Philippe Leboulch, M.D., and Marina Cavazzana, M.D., Ph.D.

SUMMARY

Sickle cell disease results from a homozygous missense mutation in the -globin
gene that causes polymerization of hemoglobin S. Gene therapy for patients with
this disorder is complicated by the complex cellular abnormalities and challenges
in achieving effective, persistent inhibition of polymerization of hemoglobin S. We
describe our first patient treated with lentiviral vector-mediated addition of an
antisickling B-globin gene into antologous hematopoietic stem cells. Adverse events
were consistent with busulfan conditioning. Fifteen months after treatment, the
level of therapeutic antisickling B-globin remained high (approximately 50% of
B-like—globin chains) without recurrence of sickle crises and with correction of the
biologic hallmarks of the disease. (Funded by Eluebird Bio and others; HGB-205
ClinicalTrials.gov number, NCT02151526.)
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Chimeras: mythological beasts or useful research tools?
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A large number of transgenic animals have
been created

*Mice ~\:§\,{""s
*Cows T
*Pigs

*Sheep ,

-Ggats B\

* Fish

* Frogs

e |nS€CtS Alba, the (enhanced GFP ) bunny

Created in 2000 as 2 transgenic arfwork
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Plant breeding can support Afncan
agriculture ' ‘

African farmers
need access to
high yielding,
drought tolerant,
disease resistant
plants. Most food is
% grown by small-
f scale farmers with  Saiy
little mechanization. 2
Cassava, cowpea
and banana are
important crops and
the focus of
intensive breeding
programs.
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Nsture 399, 214 (20 May 1999) | doi:10.1038/20338

Transgenic pollen harms monarch larvae
John E. Loseyi, Linda S. Rayor- & Maureen E. Carter™

Although plants transformed with genetic material from the
bacterium Bacillus thuringiensis (Bt ) are generally thought to have

negligible impact on non-target organismsl, Bt corn plants might
represent a risk because most hybrids express the Bt toxin in pollen?,

and corn pollen is dispersed over at least 60 metres by wind>. Corn pollen
is deposited on other plants near corn fields and can be ingested by the
non-target organisms that consume these plants. In a laboratory assay

- Top

on milkweed leaves dusted with pollen from Bt corn, ate less, grew more

slowly and suffered higher mortality than larvae reared on leaves dusted

with untransformed corn pollen or on leaves without pollen.

Gl @byl e sam Ally monarch  &ljlige ddlyd @liy o) Jaagl
O daslill ~all) Cges Ll v cidle (M1 milkweed v oSl

Bt ydall daglia cua (o (gt Ally Ly Auvigal) ikl
lasd ehay gaiiy JB Aoy JSG

Ay g Al cluhall Culang 1999 ale & Salll el

blall b o) dDle asmg 35 Al deadU) cluhall S

Dylige A3 (ool Ul Jama Uy duigall
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FIGURE 1. Survival and leaf consumption of second- to
third-instar monarch larvae on each of three milkweed leaf
treatments: leaves with no pollen (light blue), leaves
treated with untransformed corn pollen (green) and leaves
dusted with pollen from Bt corn (dark blue).
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Effects of Bt maize containing three Bt proteins
on earthworms?

.

Can butterflies be harmed by genetically

modified Bt maize?
“Bt maize: Not a problem for earthworms” (2012)

v e s
The pO"en QU?ntltIES ﬂ‘.lat 'ed to hlgher http://www.gmo-safety eu/database/104 1. effects-maize-containing-three-proteins-
mortality rates in caterpillars in the laboratory earthworms htm|

were not detected in the field.” (2011)

http://www.gmo-safety.eu/results/1346.butterflies-genetically-bt-maize.html

Does genetically modified Bt maize pose a risk
to honeybees?

“Genetically modified Bt maize: No impact on
insect communities - but plant varieties, weather “We did not find any evidence of direct toxic

and farming methods affect the maize ecosystem.” effects on honeybees, but there is a need for
(2012) further research.” (2013)

http://www.gmo-safety.eu/results/1379.bt-maize-impact-ecosystem-research-
results.html

http://www.gmo-safety.eu/results/1428 . interview-haertel-results-bees.html
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\:‘i Grid Tied Solar Electric System VM ‘

| D\ Solar (Photovoltaic or PV) panels <
\ N ' Q\ST RIBUT o turns photons from the sun A
QD R\, HINDMILLS TURBINE  GENERATOR  TRANSFORMER ¥ You The AC electricity you i [ ~

\ N ¢ do not use is sent :

back to the grid

17l

Rl

Y

Micro-Inverters mounte&
PV panel will convert the DC

voltage from the PV Panel

to voltage suitable for your home.
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BIO-ETHANOL PRODUCTION
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Bioreactors &gl oM lall
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Bioreactors & gusdl cMlelall § douseiad ) a9, S0l L) ol gShe

Nutrients ﬁ CO. H.O
2 2
Cell Wall ; \& Products
Cell Membrane -
Cytoplasm ' '
Cell Nuclear region A\ % y
Ribosome Q-’ - . e " E

(a) (b)

Figure 7-15 (a) Schematic of cell (b) Photo of cell dividing E. coli. Courtesy of D. L.
Nelson and M. M. Cox, Lehninger Principles of Biochemistry, 3rd ed.
(New York: Worth Publishers, 2000).
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New
Cells
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Cells increase in
size. RNA and
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synthesis.

Phases of Cell Growth and Division

LeoLuaily LA a3 J> 0

me
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DNA doubles.
RNA and
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synthesis
oceurs.
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RNA and
protein
synthesis
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No DNA
synthesis.

> (= =2 69%

M Phase: M Phase: New
Mitosis. Cytokinesis. e
Nuclear region Cells division
divides. occurs to

give two
new cells.
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A text book of Biotechnology, R.C. Duby
Molecular Biology Text book
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Michigan Technological University curriculum
Nature journal
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