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DNA SEQUENCING —
CHEMICAL METHOD AND ENZYMATIC |~
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= The process of determining the order of
bases adenine (A), thymine (T), cytosine
(C), and guanine (G) along a DNA strand.

= All the information required for the growth
... and development of an organism is
20 encoded in the DNA of its genome.

= 50, DNA sequencing is fundamental to

genome analysis and understanding the
biological processes in general.




TECHNICAL BREAKTHROUGH FOR DNA SEQUENCING

N

= In 1977, |two separate methods|for the large-scal¢ radioactive

. substances
sequencing of DNA were Included: /‘

1= Chemical cleavage method by Maxam and Gilbert

J= Enzymatic chain termination method by Sanaer
cdye pgs Joao
egd sequence
= Of these two methods, Sanger method is more popularit
Without changing the underlying concept of both
methods, some improvements have been done over the
years by applying different strategies, by developing
various modifications and by automation.

= As a result, a very large scale sequencing has become
feasible, e.qg. E. coli, Saccharomyces cerevisiae, Humail
Genome Project etc. ‘N’ea&"%@e




. CHEMICAL CLERVAGE METHOD

= This method uses double-stranded DNA samples.

= Involves modification of the bases in DNA followed
by*c':hemical base-specific cleavage.

-ﬁequences DNA fragments containing up to ~500
nucleotides in length.

ade asy9 modification esess double strand DNA 5*
oe wadady wasyg prime 5 e radio active phosphate
igme OLaSy DNA gsS2 bsass  chemical cleavage sk
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STHGES: \/

1. The double-stranded fragment to be
sequenced is isolated and radioactively

labeled at the 5’-ends with 2P,

2. The fragment is then cut with restriction
enzyme and thus the label is removed

frog_gne end,

3. The fragment of DNA with one end labeled is

denatured.

4. Four identical samples of these end-labeled
~ DNA restriction fragments are subjected to

chemical
cleavage at different chemical nucleotides.

5.There are four specific sets of chemical
reactions that selectively cut the DNA

backbone at G, A+G, C+T, or C residues.

= G only: Dimethyl sulphate (DMS)

ez :(Cut with restriction enzyme) o133l gladll
Restriction) 83 @3] plascialy aloall gyl glad
aof o0 doiall daMall Lijy @ladll lia (Enzyme
so19 "5 Bk 31 el bayyll A oyyadl Byb
g axl] @ e3> S ol plad) gyoso 1 ot
Duplex DNA a8 Baxlg dlads

5' e T b

]

Label ends

> —

Cut with restriction enzyme
- = —e
+— Discard
Denature {only end-labeled strands
will be visible in autoradiograph)
- -
Expose four samples to different
chemical reactions that break
DNA after the indicated base
b A C+T G

and piperidine
= A+G :DMS,and formamide e Y30 )\
piperidine gy

= C+T :Hydrazine, piperidine
=  C only : Hydrazine, alkali or NaCl
piperidine
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DMS (Dimethyl Sulfate) (3susall Piperidine 1ag8) e, 3

DMS (Dimethyl Sulfate) Formamide loa G Jlg A Il peuSs

Hydrazine (382l Piperidine k&) - 43 loa T Jlg © U SlEail peuss
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aseyg phosphateas radio active g0 DNA wod JSo e
Dimethyl sulphate(DMS) L Jodl gl
and piperidine

,{..L,fgr waalsll

DMS

Hydrazine

Hydrazine, piperidine ls
DMS,and formamide <Jlg

piperidine
Dimethyl Hydrazine, alkali or NaCl &!3lg
sulphate(DMS) _ piperidine
and piperidine Hydrazine, ~ DMS,and  Hydrazine, X-ray paldsding J=dl Ll aghasy laawyg>f

piperidine  formamide alkali or NaCl , i . . S g T
piperidine @Reridine B9d) ol (o oelydll A cood 65T 7 q&"' ol
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6. For each labeled chain to be
broken only once, the
reactions are controlled.

1. The labeled subfragments
created by the four reactions
have

= the 32P label at one end and

= the chemical cleavage point at
the other end.

8. The reaction products are
separated by polyacrylamide
gel electrophoresis which 1s
based on size. Smallest

fragment goes fastest.
/\/\-—\/\N\/‘v

Anode

g V= 1

Sample —&8/

Sample
‘.‘v'eHS

Plastic —|

|
frame |

+ |

/| |
| Buffer




. AR
9.The labeled fragments in e
the gel are visualized by® - S
autoradiography (x- ra.Y)Gufa-‘Juw Be——— ¢ °
0. The sequence is read from —

bottom to top of the gel. e

oeBand (B o0 9894
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EXAMPLE OF DNA SEQUENCING BY CHEMICAL METHOD

AUTORADIOGRAM OF SAMPLE
CHEMICAL CLEAVAGE OF A DNA SAMPLE AT C BASES MAXAM-GILBERT SEQUENCING GEL

G A+G C+T C | SEQUENCE
End-labelled DNA sample : : : (END)

PApT-pT-pGoCp-GpCoTpGpCoADCpGpCHT

S?P

i
P

I I

3?p

32P

32P -

End-labelled DNA fragments

0O
S P OS2 000444205

|
>
T




RADVANTAGES AND DISADVANTAGES

*No premature = Not widely used.
p——— céue —— = Use of radioactivity
]:;?‘g]gle enrﬁlxlrlvgi-t.h °.af and toxic chemicals.
polymerase to synthesize (Maran:Gbert) s b g3 3
DNA.

= Stretches of DNA can be ot
sequenced which can not [EERTEREE—_-—G———
be done with enzymatic
method.

(Advartages) Wil (Disadvantages) vs

(Stretches) dsgkll DNA Jubhas Judad Say  daludl 2Ll olgall pluhzal




(NP Ydeoxy nucleotide e g3l 229l ribose suger @ e aadll IS
AS9alSoull Loy dyygrdll (JuuSgyas0) OH-'3 e g9 triphosphate
0368 LSy 1555 slag dlulull gai ylsazaly Ul

03 Lo OH-'3 degana J| ydudy (ddNTP) gl aedSe s S SN ;:-99
dlazal (Terminates) 4843 416 (ol DNA by 6 .3..;.)9_‘159_“” lia

QQSJ Jng 8] b,d).J P.)LQJ' Ms-&lss-lu‘-u "u“" J..>-9Ji P ¢$)99 JS..A: dld ol
L8 o> dwsy

rilodie Jelay Olals dayyl jugond @ : Jelad] OlgSa

Sl by gadl ey dlac =0 :DNA Polymerase @3]

dATP, dCTP, dGTP) daydl SlagisddSesdl :(ANTPs) duslall OilsdaddS ol
Jle 3550 (dTTP

J20) dANTP 0 baiié a>lg ¢ 5 @Lo] iy :(dANTPS) =il OladodSes
i 38 yu 959 w98l S (dAGTP of ddATP
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CHAIN TERMINATION METHOD
= This method uses single-stranded DNA.

= Also known as dideoxy sequencing method because it
involves the use of analogue of normal nucleotide 2°,3’-

dideoxynucleoside triphosphates (ddNTPs). These are chain
terminating nucleotides lacking 3’~OH ends.

= This method is based upon the incorporation of ddNTPs into
a growing DNA strand to stop chain elongation.

(9] O O
O—P=0 O—P=0 O—P=0
O O O
i Sl F=h=a Structure of NTP, dNTP, and
O Base (@) Base (@) B;.g.) ddNTP
CH. CH.,, CH,
O ®) (@)
N H H / N H H A N H H
H '\ / H H N\ / H H N\ / H
OH OH OH

Ribonucleoside Deox yribonucleosic e Dideoxyribonucleoside
triphosphate triphosphate triphosphate A
(NTP) (ANTP) (ddNTP) Created wi

Note e



STAGES:

1.The DNA to be sequenced is extracted from phage or E. coli for
sequencing purpose.

2. A synthetic 5’-end-labeled oligodeoxynucleotide is used as the primer.
3. The template DNA is hybridized to the primer.

4. The primer elongation is performed in four separate polymerization
reaction mixtures. Each mixture contains

- 4 normal deoxynucleotides (dANTPs) in higher concentration and
- a low concentration of the each of the 4 ddNTPs.

5. There is initiation of DNA synthesis by adding enzyme DNA polymerase
since the enzyme cannot distinguish between the normal nucleotides and

their analogues.

Action of DNA polymerase I

Note@e
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6. The strand synthesis continues
until a ddNTP is added. The chain
elongation ceases on the
incorporation of a ddNTP because
it lacks a 3’-OH group which

]grevents addition of the next
ny,cleotide.

1.There is a result of mixture of
terminated fragments, all of
different lengths.

8. Denature DNA fragments.

9. Each of the four mixtures are run
together on a polyacrylamide gel
for electrophoresis.

JdATP
+ Dideoxy A
(1 UN‘|

—A

.

etc.

s G
3 5

DNA polymerase
+ dNTPs (100 uM)

JdETP | TR ddeTp
+ Dideoxy G +Dideoxy T ., +Dideoxy C
(1uM) (1uM) .lf'l M)

Denature and separate by electrophoresis

Sanger method
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10. The separated

fragments are

then visualized by
autography.

11. From the position of

the bands of the
resulting

autoradiogram, the

sequence of the
original DNA

template strand can

be read directly.

dATP +
I]( “[‘I'
dGTP
dT'TP

{
CCATCGTTGA

o\l
AW

5

" ATP

| dATP
dCTP + adC'T'P dCTP
dGTP dGTP +
dTTP dTTP
{ CCATCG
a ‘CCATCGTTY
CCATY
I !
A ( 3%
|—\D A
0\— G
3 e— T
7 o— T
| co— G
— | C
\!\ - T
ao— A
e C
| — | O

Chain termination method

dATP
dCTP
dGTP
dTTP +

CCA’l
CCATCG
CCATCGT

\

Sequence complementary

M to tempiate DNA
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RDVANTAGES AND DISADVANTAGES

= Most popular method. = Yielding of poor results
owling to secondary structure
in the DNA as sometimes
DNA polymerases terminate
chain elongation
prematurely.

= Simpler and quicker allowing
large output. Within an hour
the primer-annealing and
sequencing reactions can be
completed.
= The sequence is obtained not
from the original DNA
e prprpwsewE 1 0lecule but from an
PE— sl cnzymatic copy. So, there is a
PP Cchance of incorporation of
ool bl 08 2l el DNA Polymerase sl o5 IRUVARONRLO bases.

ol

sglr o iy A ] Al e Laludl e ool poy
.H_,l-ﬂl‘i“ DNA

e ..,z-'i‘ (wrong bases) dubls aclsd zasl doyd s

Ayl
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tag sl daalsi DNA die
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IMPROVED APPROACHES AND AUTOMATED DNA SEOHENCING

dayyb e Bass d3ud g0 JUI Ll
N ) Dgadl Slesdl lgd edicial sl

= Updated version of Sanger method Olaadly (Jask pMa Lle ladl Lad
. . aiSly Ledll Jghs 8 dols dzssll
= Fluorescence detection with lasers - -
: o oy OlabedS gl
= Cycle sequencing Yy : fluorescence detect

ol dndn dadle po9 0
30 893 S euled @y primer
¥l Olags ey
. 43916 d2cay (AANTPS)

Automated procedure for DM aleseg

- log yasi aslgg yas| asl
sequencing SO0 R A 99 087 S
saolaxlg [ysly 3]
Bl = ) EEG .

= Shotgun sequencing

— sy sla

Jo8 sequence
{ i b ble cai |..s|9

S— u.'&.L!JJ:LuJA A......L‘.' ‘:.a_.l* ‘ 5@'9 e sl ol

. AT |
.hun.n' e usw A, el

!Jﬁ)[_gh\unm f 2 um”n'k\ T2 @swgdaﬂpy
2 DotV e

i b bttt S it bl
] & v L LG : R IIAL IR SR

R

A computer read-out of the gel generates a ““false color™ image
where ecach color corresponds to a base. Then the intensities arc

translated into peaks that represent the sequence. Crosted @
reated wi
Note




CYCLE SEQUENCING

= There are two basic differences between cycle
sequencing and PCR amplification:

= The presence of|only one primer |in the cycle-
sequencing reaction used 1o prime synthesis of
one strand of the DNA

» The presence of dideoxynucleotidle( 44NTT)
triphosphates in the sequencing reactions that
create the base-specific terminations required.

= The result of the temperature cycling is linear
amplification of the sequencing product leading
to an increase 1n the signal generated during the
sequencing reaction when compared with
standard sequencing protocols.

e



CYCLE SEQUENCING

= Cycling the sequencing reactions results in several
advantages

(1) The amount of template necessary for the sequencing

reaction is greatlz reduced

(2) because smaller amounts of template are added, fewer
impurities are introduced, meaning less template
preparation is required; and

(3) The high temperature at which the sequencing reactions
are run and the multiple heat-denaturation steps allow
double- stranded templates such as plasmids, cosmids,
X DNA, and PCR products to be sequenced reliably
without a separate denaturation step N

Note@e




(Cycle Sequencing) 81l Judus (PCR) Jeuluwzall jlyun gl leles

Aoz asly 1ol e oz (ol Bale) DU o za) le gaaay

Oldwgdll 450 wSsyans DladedSes e gaumy fad ldiy bai6 ANTPS pasauy) ddNTPS e gazms ¥
Sacldly dols olelgl 253 (ddNTPS) (aLals

>yl

35 JSdy Jelad) 2aplll (Template) & 4005 LIS oy

5o Jlsse Y5l ez oBlad Il e 18] SLaS 5l L
J51 Ggllaall Ul s ol e las wdlgdl

Slghs g oMlelidl lave gund Ll el 5yl
Jia) bl dargaje lgdll Judun praud Baaszall 5yl
083 Gaige JSdy (PCR Slaauag iDlisajssll (Silaaiill

Jeliall 15 dloadis 5y Bglasd dalad
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SHOTGUN SEQUENCING

=1s a method used for sequencinglong DNA
strands

= DNA is broken up randomly into numerous small
segments, which are sequenced using the chain
termination method to obtain reads.

= Multiple overlapping reads for the target DNA are
obtained by performing several rounds of this
fragmentation and sequencing.

= Computer programs then use the overlapping
ends of different reads to assemble them into a
continuous sequence




SHOTGUN SEQUENCING

(lebudas wuy5 A1) digl DNA dsbad @ oS5 g8 I
Juolll byl 30 (Shear) eSS @z ely>}l
ole oud EpaliEiEligabianne Sl sl
gy Bagll aladi (@Y M aga" d lasll
byl ls 8y )l glaall BYT e Jass :dogudll
dalesall
Sanger) dlududl elgi] syl anseind ;o]
Read)

dac Juducdly seusl dilac 4355 :(Qverlap) &1l
8aasze Olelyd e Joosdl (U¥gx Bac) Olye
Il d> gall $I9M2 s ladl i dslaag

il | szall B34l dprgualol gmalyall auszud
@i 4l 8008l c132M (Overlapping ends)
sazwag JalS ague Jadud 6 lgaad lgludus

a
r'/A

- = —— i) -— X
- — ) \
- ——— Codpeies
- E— )
Multiple genomes are sheared
into variable sized segments
= g — P — =
e T o -
5 . — Unordered sequenced
= = v D gy | segments
SR— CCy
G EEEN g 2
Computational automated
¢ ¢ assembly
—
= = . . ) ‘
b EE) 65 £ ) C — mmmm | Resulting overlapping sequence
segments. (The higher the
£ 1 — === coverage the better the quality
. N . ) @ p— | of this Secuencing,
- (———] ] =
-
—
2o Overlapping sequence segments
v \GGAGGAAATATAA combined to construct the
o genome consensus. /
- E— = ™\
- — ] \
Cloned
[ E— ) e
- —
Genome divided into large
segments of known order.
[ s e———] Ordered genome
M M ee— | segments
Multiple genome portions are
sheared into variable sized
[ — segments
— —
-_— == —
= ‘[:__—,, ——— = = Unordered sequenced
=) (:(: segments
L —m]
Computational automated
assembly
- e e === ([T . )
[ ==a) = == ':uhm'dov::mr(m
. N | higher the coverage the better
E =) = () the quality of the sequencing
a = ao O o .
rBreatedwith
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5 juall
oalatll gl

La,all

dossraall Julusl i85k

(Fragmentation) ai=sl ;1 55kl

(Reads) oilchal e ol <2 5glall

(Assembly) z.asdll 13 5l

Bagsdl ul.fa

dilgill Lol

N Laall
ALl Silagaudl gl dlighall DNA iyl Jules

Lgmon=T @l BiieTa B D #I_.-Ff'i I._:'JI. 1—.'!J.|5"':"c' DNA xu53
Lageul>

Chain Termination) alulull clgi] a8 s aasz.d
Byadall elj>-dl Lulesl (Method/Sanger

Bagac By eljsl LI Lilgsie DNA 3ewST @z

e Joeasell lulglly snSsll sa Dbge Bac elys] @z
4 (Multiple overlapping reads) dl=lizag 5samza lalyd
aBagzaall DNA

délz=eall CJ|;|_;.H.| dl=lazall ._H_}h'ﬂ n.TJ_gJ_.u-L-.-“ E‘“I.H I:-.\.JL:.....J
(Continuous sequence) jazws buld 8 lge.amcl

Bage =SlS .k_:,lcFI d gzl =ilS LalS ((Coverage) idzasll
Y] g W |

ooiadl Bdlgall elid pand dlslazall Judwdl elje]
AGenome Consensus)
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Sl (CE) gondll Jlsgfl sl (Slab Gel) gt pdnsall g

High-thronghput sequ JEEEE—

°
c ap l ll ary e l e Ctro ph l (Throughput) Ll pa Ol rsg Ol plisaal Sa (Bagasa Oljlas) 155 |‘li\' il

The human genome project crecton Sheath flow

ILW.

has spuéred an e.f ort to Laser \ n /_
deve]-op faster, hi exr Focusing ¥ Sheath flow cuvette

throughput, and le lens %
expensive technologies

for DNA sequencing. (

Capillary electrophoresis P

(CE) separation has many X =y e
advantages over slab gel PMT f'f,ter

separations. CE separation

are fg%darecapab‘l‘e‘of producing greater resolution.
CE instruments can use tens and even hﬁgfl-mpillaries
simultaneously. The figure show a simple CE setup where the

fluorescently-labeled DNA is detected as it exits the canillary,
Notewise




Sieving matrix for CE

-ToNA fragments of different sizes the

capillary fieeds to be filled)with sieving matrix, such as
linear polyacrylamide (acrylamide polymerized
without bis-acrylamide). F

*This material is motirigidilike a cross-linked geldbut
looks much like glycerol. With a little bit of effort it can
be pumped in and out of the capillaries.

*To simulate the separation characteristics of an agarose
gel one can use hydroxyethylcellulose. It is not much

more viscous than water and can easily be pumped into
the capillaries. =Bl Jads sl uldll Ll o liscasish sl
.2l e DNA
Jsandl sa Bugll 15 13] 5Ll oo galilus Y] S5y

:)9_)‘-&'&‘ Moy LOQ i LO.S baj Created with _
" S Notewise
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Fluorescent end labeling of DNA

Rhodamine Emission Spectra

'

500 B30 2540 560 BB &0 620 640 G660
Wavelengths (nm)

— ROX —TAMRA —R110 — R&G

Normalized Emission Intensity
3 = &

eeeeeeeee




(Capillary Electrophoresis) gs2idl SssIl oMoyl 1loins Jou B9

Il 7] DNA Jdad b dpmall

BB H—T,-'I',-'j' LI;:-_“_.'ui_lu (Slab Gel) plawall 2Mgl Zal Jlazal AEIS deyuy Oliall SY Jetdiny sy
.(Capillary) li= .(High-throughput)

iy el s Gy alall olalil dalodll DNA eliz gbad .E)..:i Aymzy 3Bl fpmend | o Ale A8y alindl Loy
a8y ieje J5 Dilgi 5 Bagoall dyyelall ddeall 2 sl
(G ol AT C Baclal 1 g3l) esall ol Joag

wdgaladl I gl =gl B ol Sl Myl @ A, T,) Jedudl 5057 (Peaks) pad Siluss igalsdl (oS

(gaas 3T e B3abla (C, G

8l dEyyde ‘-r'j A8y ‘._L-::.é“ H_,_T;Z»_-JJ alalS el '.)__u..:-J L,.;L‘-"ﬂ 529 (AzaThag dllady oy @il d8)de Jﬂ_’l-
Al N Judaal 53g5

Automated

sl
(Capillaries) &l b

(Sieving Matrix) L Lgias

4 (Fluorescent Labels) &iysldl il

(Laser & Detector) alslly yl

by
DNA 0l 3 psaad s Ea o] el
ol s DNA <l el gl gl e o Bl
il Lyl iy (AONTP) g Sl ot
.(ROX, TAMRA, R110, R6G Js)

alsly (Laser activates dyes) Cliuall Jadi i
ol egdl ol sayy
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What 1s the function of the sequenced gene?

sequence yS 13l
, J 225 poleo e
Classical methods: J5sall data base

- mutate gene, characterize phenotype for clues to function
(genetics)

- purify protein product, characterize in vitro (biochemistry)

Comparison to previously characterized genes:

- genes sequences that have high sequence similarity
usually have similar functions

- if your gene has been previously characterized (using
classical methods) by someone else, you want to know
right away! (avoid duplication of labor)
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NCBI

NCBI home page -Go to www.ncbi.nlm.nih.gov for the following
pages

Pubmed: search tool for literature--search by author, subject, title
words, etc.

All databases: *“a retrieval system for searching several linked

databases”

BLAST: Basic Local Alignment Sequence Tool .. 4. o

OMIM: Online Mendelian Inheritance in Man 25, lial

Books: many online textbooks available

Tax Browser: A taxonomic organization of organisms and their
genomes

Structure: Clearinghouse for solved molecular structures
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BLAST bl dalsy zadll

Skl acled 8 ol Sl 31y Sl s Bylzsa SliLy Bacld 8 2o
Test sequence) sl ellulud ga gyliar

u u hat do e s B LA CMudat] it (Homology) el dam cuss dgliaml Cludacll A58
.E value 48,8 plasaaly

Bl3lsenll 2eob gt ..ry‘.-.'.P.G“ Jeadeassll {AHgnmant} Blilseall g7
Qe sozall @ ‘_E:JI dgldzall Sdlliuslly

1) Searches chosen sequence database and
identifies sequences with similarity to test
sequence

2) Ranks similar sequences by degree of
homology (E value)

3) Illustrates alignment between test sequence

and similar sequencgs\?w Biel s
Oleadl o sl
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] uLSau Mo aslicd! deud g uLSau sequence JENCERTY
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The principle: two homologous sequences derived from
the same ancestral sequence will have at least some
identical (similar) amino acid residues

Fraction of identical amino acids is called “percent
identity”

Similar amino acids: some amino acids have similar
physical/chemical properties, and more likely to substitute
for each other-these give specific similarity scores in
alignments

Gaps in similar/homologous sequences are rare, and are
given penalty scores
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Homology: similarity of biological structure, physiology, any
development based on genetic inheritance

Homologous proteins: statistically similar sequence,
therefore similar functions (often, but not always)
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PhoTFB1 1 I3 TYDPERGE IVCA)X}
PabTFB 1 I TYDPERGE IVCA)X
PfuTFB1 1 IR I YDPERGE IVCA)Y
TkoTFB1 1 IdT YD PEIRGE IVCla¥%4
TkoTFB2 1 AT YD PIARGE I VCAJS
PfuTFB2 1
PhoTFB2 del
SsoTFB1 1

SsoTFB2 1
SceTFIIB 1 MMTRESIDKRAGRRGPNLNIVLT[RYE[MKVYPPKIVERFSE[eD V\A¥NL
consensus 1 m kvecpvCgst eliydperGeivCarcgy

Alignment of TFB and TFIIB sequences
TFB stands for archaeal transcription factor
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Translating the DNA sequence

The order of amino acids in any protein is specified by the
order of nucleotide bases in the DNA.
Each amino acid is coded by the particular sequence of three
bases. Code — QAT 30m 5 2453
To convert a DNA sequence
First, find the starting codon. The starting codonis alwa gna s
the codon for the amino acid methionine. This codon is T-‘?*gjﬁ
AUG in the RNA (or ATG in the DNA):
GCGCGGGUCCGGGCAUGAAGCUGGGCCGGGCCGUGC
Met
In this particular example the next codon is AAG. The first base
(5'end) is A, so that selects the 3rd major row of the table.The
second base (middle base) is A; so that selects the 3rd column
of the table. The last base of the codon is G, selecting the last
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%;L-Ba\fe Middle Base 3’-Base lglas s Jsl
U=T) C AD G ke
UET) Y Phe Ser Tyr Cys U(=T) e
Phe Ser Tyr Cys C ol
Leu Ser Term | Termp GA 515 middle
Leu Ser Term  Trp G e
C Leu Pro His Arg U(=T) S,
Leu Pro His Arg C
Leu !Pro& Gln Arg A
A lle Thr Asn Ser U(
lle Thr Asn Ser C
lle Thr Lys Arg A
Met Thr Lys Ar G
G Val Ala Asp Gly U(
Val Ala Asp Gly C
Val Ala Glu Gly A
Val Ala Glu Gly G Created with _
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The codon table
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Translating the DNA sequence

This entry AAG in the table is Lysine (Lys).
Therefore the second amino acid is Lysine.

The first few residues, and their DNA sequence, are as
follows (color coded to indicate the correct location in the
codon table):
Met Lys Leu Gly Arg ...
AUG AAG CUG GGC CGG GCC GUG C..

This procedure is exactly what cells do when they
synthesize proteins based on the mRNA sequence. The
process of translation in cells occurs in a large complex
called the ribosome.
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HUMAN GENOME PROJECT (HGP)

HGP is a national effort to sequence and analyze the
human genome which is a very complex system
consisting of 50,000 to 100,000 genes. These genes are

located on 23 base pairs of chromosome. The complete
sequence was complete in2005:

Some reasons for studying Human genome:
= Better medical practice

= High-quality diagnosis of diseases

= Understanding of evolution fully

= Improvement in biological research and forensic science
= Improvement in agriculture etc.

The latest research on HGP are

=  Pulsed electrophoresis

= Fluorescence microscopy

= 2D gel electrophoresis

= gtc double-stranded subclone inserts




