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Call membrane

DNA (double helix)

Sugar phosphate backbone
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A3 4 H B2 ¢ kR (Central dogma)

e The Central Dogma describes the Information flow
from DNA — RNA — protein

Hevarse

Replication _——
Transicrlphﬂn transcription
.! ‘EN o7 G e S d

Translation

'

Fe

virtualext waw, B8MgIH0. com



The nature of genetic material (& & 4~ ")
(1) Frederick Griffith’s transformation (i 25) experiments

(2) The A. D. Hershey-Martha Chase experiment

LR 2FY o #P ¢ Nucleic acid (1% p&) & 8 @4




Griffith & 25 (transformation) g 2%
1. 14 Streptococus pneumoniae (** % B3k 7)) = § &
2. Streptococus pneumoniae 2. # % 2 $k (variants)

(@) #ox ~ T if kFHEE 4 smooth (S) virulent bacteriaty
(b) #-] ~ pasy m(mottled) »g D d rough (R) avirulent bacteria . =




| Kl the vindent S strain | Mix dead S strain calis with Bing,
nonvirdent R strain bacteria,

bacteria by heating. |

METHOD

ot

i

RESULTS Mouse dies Mouse healthy Mouse healthy Mouse dies
Living S strain calls Mo bactenal calls Mo bactenal cells Living S strain calls
fourd in hesart found in haart found in heart found in heart

http://www.nature.com/scitable/topicpage/
isolating-hereditary-material-frederick-griffith-oswald-avery-336




METHOD

Heat-kill vindlent S strain bacteria,
homogenize, and filter.

S strain i
= _\\ lr.f -

5 strain
fvirulent)
filtrate

RBMaze Proteass
(destroys (destroys
BMA) proteins)

Add the treated
samples to cultures ¢ ‘
. - : S—

of R strain bacteria.
T o
-ﬁ?'f s

R strain
(nonvirulent)

|

Treat samples with
enzymeas that
destroy BMA,
proteing, or DA,

RESULTS
Virulent 2 strain and B strain bacteria E =train bacteria
N/ 7
Cultures treated with A
FMNase or protease ...but the culture
contain transformed treated with DMase
S strain bacteria. .. does not.
DMasea
ARSI ¥ B 1 s
P gl 'i PP 2 HX%

|

http://www.nature.com/scitable/topicpage/
isolating-hereditary-material-frederick-griffith-oswald-avery-336



Hershey & Chase #1952 # i£ {7 0§ 2%

1.4 T2 bacteriophage (& 748, bacterial virus) = § & 41

Phage genome
is DMA,

2. T2 ¥ g % ~ % & 7 (E. coli)

All other parts of
the bacteriophage
are protein.
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3. T2e BAt: d v 7 2 DNAZ =& =
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4. 4% 2 bR 27 A SR d-0 B2 DNA
#x-32 (°°P). = z.DNA
#2-35 (3°S): & T d-v



Copyright @ The McGraw-Hill Companies, Inc. Permission reguired for reproduction or display.

Protein coat is DMA is labeled
labeled specifically specifically with *p
with *°S

Attachment of phage Attachment of phage
to host cells to host cells

€~ HEm

DNA £ @ 4 &
N | N

Removal of phage Removal of phage
coats by blending coats by blending
Y Y

:t;':sell containing litte Coll containing
S-labeled prolein, 2
6{13 plus unlabeled DNA é@ P-labeled DN/
(b)

a)



DNA .2 %

*+1953+#, James Watson & Francis Crick # 1DNA &1 &
4% »z (double-helix) 2. 3¢



DNAz i £ {4 5

phosphate
- BHE O ¢35
(1) Phosphate (#if4)
%35 | (2) A sugar molecule (7 BpE)
S (3) A nitrogenous base (7 ¥ # A )

%34 f& ¥ 2 phosphate £ sugar
- Sugar: ¥ = 2 3 % pE(deoxyribose,R=H)
£ & % fE(ribose, R=0OH)

- &+ - B H ALY 2 phosphate
¥z sugarst 448

g R=H (DNA)
R=OH (RANA)




DNAR B Ed v a2 32 (7 % sk A)ATCGex:

adenine (A), guanine (G), cytosine (C) or thymine (T)

Purine #&r4 Pyrimidine vfi’%vﬁ;
‘NH, O
. _CH,
/ .
I > )\ \\ l\ ‘
\N N HoN
H
Adenine Guanine Cytgsme Thymme

2 A z 2 A n/ l'\"_’ LI, n/’ ';v_, s
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DNA g5 @ 2 & — H 9%;

- .4 ¥ 7 v p(nucleotide) ¢ i #rie = d - B % 3 L 2 phosphate
By — B ﬁ"fé“zi sugar:i # - 25 = “73j sugar-phosphate
backbone(# 7 )

- PiH pe ¥ 2 Basesi|d F % > §FDNA 2 ¥ - iR

B onagmmesge s

h—ﬂ - Complementary base pairs k& A 7 4 fie ¥
d (adenine pairs with thymine; cytosine pairs with
2\/)7 E g u an i n e) Copyright @ The McGraw-Hill Companies, Inc. Permission required for repﬁducllon or display.
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DNA .2 = 5"

Copyeight © The MoGrma-Hill Comparies, Inc. Permtssion 1equined lor reproduciion or Saplay
¥ ¥ ¥

i | ity
- BEE: (1) F T 7 (anti-paralle)z. = " DNA
(2) major groove(= £ 1) & minor groove(=x & " 3 )



RNAZ % 3 5
(1) RNA: ribose

(DNA: 2’-deoxyribose) —

(2) RNA: U (Uracil) 2~ & T (Thymine)

O / g R=H (DNA)

R=OH (ANA)
HN |
A (3) RNA: i % &3 ¥ %

(4) = a1 & 2 RNA: mRNA, tRNA & rRNA

Uracil

ﬁ%}ﬁﬁﬁi_



Protein (3v )

(1) 3¢ 7 5 oRA st d 2 §rkia H
## & 4 (polymers)

H
T A | % 7 ig;ﬂt Fo R
@)% B3 20T Lo
_ ,_j AF PE’—L,;”]‘?_ group Side Carboxyl
- 23 - B 7% F 2 Rgroup group group
(3) G4
Glycine (H "#ft): R=-H (@ s i & )
?DD Phenylalanine (F 5 "%p&):
H.N—C—H CO0- R=-C-[CgHs] TOO_
]|{ M- CH Ilsﬁ—{?—n
L {llﬂz CH.
Methionine (7 #r'%<pk): .
R=-C-C-S-C &
|

CH,
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(1)~ B4 o b T 5 e AR
B 3

(2)= mBH: &L 7 kiR FC=0{-N-H
ABF g 457X e T 84 > 4 & 5 o}
v B84

Pleated sheet Alpha helix
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() B gyt d 3§ Pk eaf4p T E
A E G B hke AL LS

http://zh.wikipedia.org/wiki
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Type: Example:
Enzymes- Catalyze biological reactions | B-galactosidase
Transport and Storage Hemoglobin
Movement Actin

And Myosin in muscles

Immune Protection Immunoglobulins

(antibodies)
Regulatory Function within cells Transeription Factors
Hormones Insulin

Estrogen
Structural Collagen®% i 3-v

http://biotech.matcmadison.edu/resources/proteins/labManual/chapter_2.htm



e The Central Dogma describes the Information flow
from DNA — RNA — protein

" DNA  fe=emnenee-

Reverse

Replication o
Tranﬁiﬂrlphﬂn transcription
g o RIMNA = e
Translation

'
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DNA replication (DNA 4g ®): a simplified view

DNA primase
RMA primer

DNA ligase
DNA Polymerase (Pola)

3 .
oo T IW“ T e
s LU LU ihoc
5f:I?Jh:::izal:aifn':u;,ln'lnt I I I &&\ﬂi | I 1 I [ IJ‘ | .
L’E.:».tlﬂr:Ir:wgn:lr ‘!ll’f 1""1|I!I!I|I|I!I!IIIII | | I.:é\\f . Topoisomerase
’ DNA Polymerase {PDIEI} |'

Single strand, (SS B P)

Binding proteins

- e ? s ANAF R A5 2 e (F DNAGE 8
- DNAW E 2 B {4 > 3 e (helicase)+* 4§ #-4F ®l = 2. »» iDNAfZH >
H% %8 3 (SSBP) ¢ % & 1 H % DNALY » r i 2 B K ik
-3¢ - W DNAE¢ G B 0 & 74t 2 ("lagging” strand) 2
i3 F ADNAZ =&
- ¥ - MDNA¢ i fictr 0 & 70 F5 (Yleading” strand ) - i& 5 ;X DNA & =

http://www.stolaf.edu/people/giannini/flashanimat/molgenetics/dna-rna2.swf



DNA ----> RNA ----> proteins

L ATGGCCTGGACTTCA... 3" Sense strand of DNA
3" L.TACCGGACCTGAAGT... 3" Antisense strand of DNA
+ Transcription of antisense strand

5 .,AUGGCCUGGACUUCA... 3 mRNA
* Translation of mBNA

Metes AlOwm Tl‘p— Thr = Ser == F"EFI“dE



Transcription (8s%): a simplified view

DNA sequence-spechic NS
Iranscription fa.chors n

Eukaryotic promoter THID

P
(TATA-blnding protein)

- 4o B-DNAZE &7 = mMRNA
- DNA sequence (“promoter” fx#s 3 )
- Proteins: RNA polymerase
transcription factors (activators or repressors)
- Ribonucleotides



(1) m;,ifs::“
‘B (1) Transcription initiation
(# & kx4): RNA polymerase
D et o sl binding #|DNAz_ fx#+ +

forming & bubble

(2) #£% DNAfZ ¥

templale, or RMA polymerase
3 sense strand
> " by 5
. 5 14 1': i [
7 g ) ’

(3) RNA polymerase /-  DNA#
ﬁ,ﬁ%fﬁ&,W%4¢
RNA

_
5

| :ﬂ A (4) # RNA polymerase # # 2
7 ) termmatorﬂi-‘ LR

el
%;- i B
RMA transcript is released ". “"

and DMA strands rewind |
into double helix

MEM%EEMMM@NN




RNA

RNA nucleotide

polymerase

UCCA
G

>
TlAJGIG|T| TLA

http://www.stolaf.edu/people/giannini/flashanimat/molgenetics/transcription.swf



=3 & 2 RNA
(1) messenger RNA (MRNA, 1 i RNA)
- an intermediate between genetic information (DNA) to
generate its product (protein)

(2) ribosomal RNA (rRNA, = %52 RNA)
- an essential component of the ribosome where proteins
are synthesized . —
2 tRNA \ '. 5. | ,Fz- %,gg
L (F:PETRNA +
Huiat::l:i - F ["ﬁi[’f - *-2); Fi%{g }é ?‘{r)
s I A G| | |

P A Next

mRNA \ s codon

(3) transfer RNA (tRNA, # # RNA)
- carries amino acids to the ribosome for protein synthesis



B+ % 2. mMRNA 1% 3E (RNA editing)
# » &+ (Intron) A, B, C,...

% 3.5 (Exon) 1,2,3,... 72
s
L 12 8 4 5 %6 7
DNA A Bl cloll E [OF G m
lTram'-m’ptinn and
b’ capping Extra RNA

L !
Primary

2 3 4 h 6 7
transeript  ° A [Pl clofl E [F G i:}'
Exon/Intron junction # % & 4 7|

Splicing, Fleavage,
and polyadenylation

Cap

|

Seven introns . Extra RNA
e L123456 7
orna DR asaw),
1,872

nucleotides



Large
ribosomal
subunit

A site, P site &
E site

& i

http://www.stolaf.edu/people/giannini/flashanimat/molgenetics/translation.swf



Translation (#&:%): a simplified view

- B-MRNAR & Fov FF
- # & Ribosome (1% pE42) » tRNA >
amino acids ("= &)

Complete

DOs0me

(A) Initiation

mRANA binding site Initiation, or

(B) Elongation

First codon Second codon Third codon =



(C) Termination

Polypeptide

Termination,
or stop, codon

{c) Termination

http://biology.unm.edu/ccouncil/Biology 124/Images/RNAtranslation.jpeg
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http://biotech.nstm.gov.tw/03/032.asp



First letter

e i IDNADRAE?

EFRFAE RIoL A > AR Z I ER o #8305 DNAL 48 F i
3B HL g~ — BB (codon) > — B R AEF AT - fEIRAR

Second letter

u c A G
UUU | gy UCU) UAU}TW UGU}Cﬁ u - RS 4
g VLG UCG | ggp | \UAG UGC C (codon usage table)
UUA7 . UCA UAA Stop UGA Stop A
UUG UCG | UAG Stop UGG Tip G
¥ A . B ). A8 YR
CUU|  CCU]  CAU].  CGU u -9 FRPFRERLINEA RS
g Cuc| cccl, cacl™ cac|, €
U1 coA | Gl G4 1" 87 20 wemps, xj 64t
AUU ACU AAU AGU | U 2 _ _
5 AUC tlle ACC | AAC [Asn agc [SeT ¢ % - Some amino acids are
AUA ACA AAA - AGA A i
i et ) ana [US  agg A [ encoded by multiple
- _ _ codons
GUU GCU GAU | GGU u
s cuc| = accl, —GaclA® eac| . [6
GUA [Y® Gca ™M Gaa gy GGA L
GUG GCG | GAG | 7Y GGG G



BRI R A2 T - EERS RN

Amino Acid SLC DHA codons
Isoleucine I ATT, ATC, ATA
Leucine L CcTr, CTC, CTa, CTG, TTA, TIG
Valine W GIT, GTC, GTA, GTIG
Phenvlalanine F TIT, TIC
Methionine Gl ATG
Cystelne i Ti3T, T
Alanine A GCT, GCC, GCA, GCG
Glycine (3 G0, GGC, GEA, GGG
Froline P CCT, CCC, CCa, CCG
Threonine T ACT, ACC, ACA, ACG
SErine = TCT, Tcc, TCA, TCG, AGT, AGC
Tyvrosine i TAT, TaC
Tryptophan W TG
Flutamine ] Chbk, CAG
Asparagine g AAaT, AAC
Histidine H CAT, CAC
Flutamic acid E (3A8 , FAG
Aspartic acid D GAT, GAC
Lysine E Ann, AAG
Arginine E CEr, CGC, CGa, CGG, AGA, AGH
Stop codons mtop TAA, TAG, ToA




¥Fr o34 5 /DNAZ A 7 H

1. Recombinant DNA (Gene cloning)
2. PCR (polymerase chain reaction)
3. Genome sequencing




Recombinant DNA (£ 2 DNA & & 7|3 %)

Recombinant DNA: ix i#® 14

ALE.
R e

w41 % 2 DNAA 3 - #
DNAR 7| » & & it 8 b o i i3

Gene manipulation (& )3 {%) or genetic engineering (& #]11 #2):
Few * 0 Hi3E 2DNAZ 7 b HF

Clone: a population of identical organisms derived from a single
parental organism

Cloning: #-¢¥ 2 DNA% ** - B #sk i L e (4o * 545 ) 2 5
7o 4ot ¥ A 4 3F S > 4p 2. DNAR 7

Gene manipulation( £ )3 i% )involves the creation &
cloning of recombinant DNA




b NEE SR )

A (B) C DEEA T

o\ -7 2 DNAA +
+ || (i é”*%ﬁﬁﬂ
\ g R~ 2 ‘, 4
VeCtg'r\'(j‘ gﬂ) DIV S ( 3 ) A & w2 DNAA &+
Agﬁw i>\
<<::» @%QZ(V o)(i ﬁ@
¥ 22 DNAA F | l

e . ﬂ
gg%%.fﬁm%gﬂ,

2FHME % AP A= - Bclone




Polymerase chain reaction (PCR; DNA X & '#:8 4 & J&)

PCR¥ #-4; 2 #DNAZ ¥ & F2 #ic g

dth cvele

wanted gene

Exponential amplification

= 3thcycle

A

I

/\

/\

lst cyvele --=--------- 3= 351h cvcle
template DNA < 'C:
2 = ) = < < y
4 copics Bcopies  l6copies 32 copies 2 = 6% hillion copies

{Andy Vierstrocte [999)




PCR2 # + % 2

(1) 4t > 5% PEAFIAEFZDNAS F » 4t 25 i F

- 3 S T T T TTT T T T T TT 773

3 5

e I B I I B

(2> br ~ 57f§-f.@5]-3-(pr|mer) ) {% I«LL‘: 51;*%‘$'%/\DNA/77\-3-_} = )}é
I Y

1 e e e e R STTTTT I 5',3’
gLl Il llllllls 3"5’ :|3I||||||||5,
(3) 4v » % £ (DNA polymerase) » o 513 2 @ & & ¥ — 3%DNA
STTT T T T T 1T 3 5T ] 1] 3
| L 3’ 5’ - | - * 5
gF s gFTﬂ'/ HEREIEN

(4) == - :E;f'g%l/ﬁﬁi » VR A e H fL'r’ﬁ 5 F % m;_% . ;@nii??ﬁﬁl
Vﬁﬁi > P 1‘%’——}% 31]1&\-159;151_ F] gL f%i%’(Zn)



T || > ¥ 272 DNAL &

Vector (§#8) #1i » 2
DNA DNAZE 7]

53 ~ 2.DNAE 7]: ¥ d PCRE# » &d — 5EDNA® "5+ “B ¥

DNAz_"3 *#": restriction enzymes (*X#4|fs > * F 4] p\ 7 fF ) o
7B 2 ARAERE e F B ERRL 2 B e s ¥ 0 i@ 2t 3 i DNAdA
tEAA BT DA BRI H B e A o b4 ECORI

Cut
site

b bAAthd

é ’ EcoRI: l«ljrjrcg-mvlam

B—
O R
_Jn

HO A A C - NOMEG GAOMEME
T-DTT AAGT T- DWMOSNCTTAA T
3'- + 5




fE % LA R B 7| 7

BamH| 5'GGATCC | 5---G GATCC---3'
3CCTAGG | 3---CCTAG G---5'

Pstl 5'CTGCAG | 5---CTGCA G---3'
3GACGTC | 3.-G ACGTC---5'

Smal 5'CCCGGG 5'---CCC GGG---3
3GGGLCC 3---GGG CCC--5'

EcoRV 5'GATATC 5'---GAT ATC---3'
3'CTATAG

3---CTA TAG---5




Vector (§*#8) DNA

DNA i & fis
(DNA ligase)

Recomhbinant

oA




Plasmid: an example of the vector DNA

Lac /7

fgalactosidase

bane insert

Ampicillin
Resistance
Pat 1

Himd 111



#-F 22 DNAA F i » L 24 ¢

- Electroporation
- Chemical transformation

— Competent cells (3 = @?2): make cells more
permeable to DNA

— Preparation of competent cells Ampillicin
 Calcium chloride (CaCl,) treatment sensitive

Ampillicin \/@

" Recombinant
resistance Piasmid

Transformed
Call

Host Call




Lac £
f-galactosi IIHBI

Ea D

Non-transformed
Cell

Ampicillin
Raesistance

Nutrient medium
o+

ampicillin

Ovemnight Growth

Selection for bacteria can grow in
the medium containing antibiotic

(e.g. ampillicin resistance)

Ampiclilin-resistant colonles



Gene (& F): it 833 4 rRNA, tRNAZ 30 52 DNA Y £
& 57

Genome (A F1R8 AL Flle) iz 23t - Blore ? 2 B v A F)(F o
R ¢ _i»:'ur»)g g ’?.‘r)

Genomics (# FIEE) &7 7 A FIRA F B4 AT 17 2
SN ‘%PM;-* X2 v FE2PE

Functional Genomics (# i A FI2 8 ) A 5 A FliF ¢ 2 FL F]2

H v IR 2F 5



Genome sequencing (£ F14 2 5)2 f§ ¢

1984 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

i o e o S s e e NN o

Discussion and debate
in scientific community

NRL report
]
Bacterial genome sequencing >
& _ . i E. &oif 39 species
& 5. cergvisiae sequencing
= - . -
% C. elegans sequencing
o] i - ... R e
& D. melanagasier sequencing
_.n_'__. . . O O N O S S N e . - - -
o A. thaliana sequencing
Genetic maps Microsatellites G e aMPs -
% Physical maps -
T: Full length
E cDMNA sequencing 2L — —o ks Far
i
Genomic sequencing -
= | 'L - il - P
Genetic maps Microsatellites aMHS -
= i Physical maps
"1_= = g T Fi1ill & I
£ | cOMA sequencing ESTs + Full length
I Working
Fi i C ".-.__.'!""l i | L Fi SIF Z B
Genomic sequencing - o] e i draft, 30%6 ey 4
a3

Chromosome 22 Chromosoma 21



Genome projects (& F4g+41)

©1995: 4 R == - BmEAL AFTA

(

Haemophilus influenzae, Mycoplasma genitalium)

28, U 3r Bz AFIT R ZARESFEE K

ome - Genome - NCBI - Windows Internet Explorer

=
@v f-j nih.gov, el Bt [F || X protein classification by functio

B REE BRO FHSEW IAD HAD

Q- m & (L AVIRA @ Web Protection is astivated () Update Avira i Facebook ~ 7] B-mail ~

RRIGE | o5 @ FEEATEL - 2| BETHEE 2| BEAY Hotnedl (5 Jovmals PubMed = (5 Medical Info & Encvelop... = 5 Ondering ~ (5) Windows ~ & BCM Search Lamncher @ | FEMS meetings & | Genoy
Home - Genome - NCEI | -8 1o - EEE - TERES

2 NCBI  Res

Genome Genome v

Limits  Advanced

annotations.

I Genome

This resource organizes information on genomes |nu:|ud|ng sequences, maps, chromosomes, asse
.

.

Using Genome Custom resources Other Resources
Help Hurman Genome Assembly
Browse by Organism Microbes BioProject
Download / FTP Organelles BioSample
Submit a genome Plants Map Viewer
Viruses Protein Clusters
Genome Tools Genome Annotation and Analysis External Resources
BLAST the Human Genome Eukaryotic Genome Annotation GOLD - Genomes Online Database
Genomic groups BLAST Prokaryotic Genome Annotation Ensembl Genome Browser

http://www.ncbi.nlm.nih.gov/sites/entrez?db=genome
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« DNA sequencing (DNA z_& )
 Genome assembly (A F1%8z2_ %2 &)
» Gene annotation (£ F]3:1f%)

- Databases (FH &z & )



DNA seguencing: the shotgun method

Souwrce

Vecior
‘ wwinset o (Generate library representing
| : whole genome
S 8202y —
Feom O Cu seavencing o Pick random clones for
22 N clonis
¢ (1-2 kb inserts) Sequencing
 Assemble from overlap of
WA S - - clone sequences
. e o
| Siomommors R - Rapid & simple

(http://lwww.bioteach.ubc.ca/Bioinformatics/
GenomeProjects/)



Genome Assembly

e Sequencing reading from
clones are overlapped —
using sequence identities
- to obtain large segments

“Contigs”

e Resulting contigs are
combined to assembly the
whole genome

* By overlapping individual
readings, a genome may
be covered several times

. genome

g
I-"
N

(Bini, 2005)



Gene annotation

» Gene finding: determine putative open-reading-frames (ORFSs)
e Translate ORFs
« Searching against databases of sequences

hit a protein of known function

hit a protein of unknown function

no match

« Assignments for molecular functions

Functional assignments
Structural assignments



Genome Databases

* The National Center for Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov/genomes/)

e The J. Craig Venter Institute
(http://www.jcvi.org/)

 The DOE (Department of Energy) Joint Genome Institute (DGI)
(nttp://genome.jgi-psf.org/)

e Individual genome sequencing projects
(e.g.) Saccharomyces Genome Database (SGD)



Mycoplasma genitalium A F|%§ 2. )%
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Human Genome Project 4 #F £ F)482+ 3]

— AT A A FIRE PN DNAZ B 7 (9 3 185 %4c)
- A kA f’]%“'”ﬁ'h_ 7B 4551990, 2003 % =
- AR TR £330 :,@(3 billion) i k& & ¥t, 5 3~ 7 38 A 7]
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Person3 GCA AAA GAT AAT TGT ...
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Person 5 GCA AAA GAT AAT TGA ...




SNP & Pharmacogenomics (Z# A F1HE )
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http://www.pharmainfo.net/reviews/role-pharmacogenomics-drug-development
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(http://www.accessexcellence.org/RC/VL/GG/microArray.html)

http://www.bio.davidson.edu/Courses/genomics/chip/chip.nhtml
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Some examples of transgenic plants




Some examples of transgenic animals
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Gene therapy (£ %1k %)
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http://www.genetherapyreview.com/
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How Is forensic DNA analyzed?

the DMA, In’r:: agments using
pecialized protein “scissors” called
2striction enzymes. For every perso
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then it is very likely that the
idence DMA came from the
uspect.

http://learn.genetics.utah.edu/content/labs/gel/forensics/



Genetic fingerprinting: an example
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