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3460
11778
11184
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3243
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32gl
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!814
E344
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gSC'

r0006
t2245
t4?09
15023
r5990
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fiitAct'

NNAC'

rRNAotr

LHON
LHON
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NARP
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MEI.AS
MEIAS
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Pto

Enclph.loprdrr
MIRNF
MERRI
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PIO
PEO
Myoprth,
htrl infrnlih nMllttitcn dliordlr
Myop.tht
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humant. {A) Elecrcn micrograph olan
abnormalMERRFmltochordrioncontainhS
Daracrvsblline inclusions. 18 )Th€ pedigree
;hows inheritance of MIRRF in one famllv and
rhe percenkSe of thc r lochondrla lneach
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i"1. sho-ffnlr, M. T. L;t, A. M. s. l,ezza, P. sclbcl,
S. w. B6ulnger and D. C. Wall6ce. 1990. Crr 6l:
93r.1

u
15 10 100 100 100

94 94 93 97 96 96 E5 90



Rflf, Cr,v 3e er€o 7a zOtat ftr/

auO../.O Ails' 4f *a,

tBl

Mitochondrial DNA
patt€m lor lndlviduals
lndicated ln bluc

4.6 kb

II

III

4,5 kb

4 , 1 t b

1.3 kb

0.4 kb

Figurer5.r Malerna I inherilance ofhuman mitochondrial DNA. (A) PauemoIDNA lragments
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rhe leh includcs. fragmenlof3.6kb (r€d).TheDNA typ€ at the righr contalnsa cleavage rit€ lor
flaell within rhc 8.6-kb fragment, which resuks in srnall€r fragm€nrs of4.5 kb and 4.1 kb (blue).
(A) Ped'8rec showinS marernal inheriranc€ ofrhe DNApanem with lhe 8.6-kbfragment (red
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Vlhat was the the Human Genome Project's budget?

U.S. Euman Genome Project Funding
($Millions)

FY NIHI U.S. Total
1988 10.7 t7.2 27.9
1989 18.5 28.2 4.7
1990 27.2 59.5

---- 
P=l

t99l 47.4 s14 134.8
194�2 59.4 104.8 164.2
1993 63.0 t06.1 169.1
1994 OJ.J 127.4 190.3
1995 68.7 153.8 222.5
199�6 73.9 169.3 243.2
199,7 77.9 188.9 266'8
1998 85.5 2r8.3 303.8

These numbers do not include consbuction funds, which arp a very small part of
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Description

Tr.nshted potions of the 2 t,000 scncs dttered about th. .hrnmnmm.s

Noncoding DNA thd constiNte, $e gred mriority of erch hunrn s€nc

Regions ofthe senone that hrve becn dupliorcd

S€qnen€e th$ h$ chmcrcristis ofa scne but is not, frnctjonil sene

Constltutive hctcrochromrtin, localized ned cendoheres and telonrcr€s

Srurering rcpsB ofr f€w nucleotids snch s CGG, tepeated thousnds ofnn6

2I%: LonginrcEpeEedelemenB(LINrE,'hichrerctive@nsPosons
I I %: Shoft intesp*sd el€nenc (SINES), which rc 'ctiv€ @NPosons
8%, RetrotrinspoioN, which coit in longt.nnind repeiE (LTR' d crch end
t%: DNA tmnsposon fo$ih

7E ,laaet adt wE t?At
O.A fe? 4ocd, ?*eatl aqrce
It Oc4 .t lct ca)-.1 /tt zr ,t '

E LINES
E SINES
Ef LTRS

9.1 A huixn Lryotyp. corulrB of t6 chronosom.l A
karlotyp€ for a m.h b $*n hel€; a k ryotyp. tor a female would
have two X chloinosoffi //sMlPnobt.t€. /

Table 20.6 Ave6ge charaderistics of genes
in the human genome

Slze of intemal .xon

Size of intron

5lz. of 5' u r.nslat€d r€gion

Size of 3' unirdnslated rcgion

Size of codlnS ltgion
'rotal length of Sene

8.8

145 bp

3,365 bp

300 bp

77O bp

l,l4O bp

27,000 bp

,?ttqae 4.1
leE (aata 347

ntr/j,
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oxido@ductrs6 (656, 2,1 %)

Fi[un l2r0: A tunclionrl cl..tifictiion ol huo

cyost€leral slilclud por€h (876, 2.3%)

(2&r,0.9%)

srrui,turit potiin a mu*te lzso, t ov")
Potoorcog4. (902, 2.9%)

s€lect carciun bindhg pot€in {34, 1.0%)
InlEelluld lE rsporiEr (350, 1.1 %)

Moldula. tuncrbn unknown fl 280s, 4r '?%)

Tiai6r/ernd Pot€in (203,

T6scdpnon iacror (1850, 6.0%)

Nlcteic.cid enztda (2308, 7.5%)

signding md6ul6 (376, 1 .2%)
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tho Advrnc6msm of Sci6ncs,

6a<ay'.( /<a/<rSr.)



74.-. .1e € <aQ.? 2*iZit ti
Ooa fF/atoctt 7) ,1/z,ttt toqala/tat

.4.24 go+r.. t?tAet 4t

- ,t/e/tJ

)alru,/.- /,



o
l<
oT :

oo,
a,

T'q,

o
\)

ql
3-o
q,
s
a,o
o

r|F
o
o
Eg
o

IL
{-g
ql
3-q,

t{-
I
d o l t



41,h,/., lct ?a,vreaa.ec Cibobp?+t

g.notyp6 Ab g.notyp. CC

Figure 2:2 K€y concepts and tcrms used ln
mod€m genedcs. Note rhar s stnde Bcne c6n
hav. any numberol6[ales in th€ DoDularion as
.a whoL, but no morE rhan two alites crn b.
prclant ln ary onc indlvtdu.l.
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Two cystlc fibrcel€ g€nes iren lwo hoalthy indlvidu6h

Arows indic€tobaso,pairdifterences

Agsrc 9.2 B.rep.lr drfeEn.cs b.trt.6 oNA <tonc.t ftm
tnc <tnk flhorl.lo@r of tuo hahhy IndMdu.t.. rh€!€ b.l+
pan diftare'Es h.ve no phenotypic eJh<i appaentt they neitner
encooe nor Egutare €xpcss€d Egion5 ot the qene.

To be otr th€ safc side,
suppose you assume that only 80% (0.8) of the 3 bilioo bale
par$ m_|De geDome ffe noDcodhg, and on average only I base
palr In./w rs potymorphjc. Wirh rhese assumpdons, you can
determine rbe ftequency of polymorphjsrn wirhin a single in_
dividual by nulriplying 3 billion by 0.8 and tlten multipling
that amount by lr00j

(3 x to1 x 0.8 = 2.4 x tor, (2.4 x l0r) x + = 3.4 miflion.
The resuk ot3.4 million is aston ishing: lt means rbat Uere arE
millions of difrerences berweeD any rwo haptoid sels of humatr
ctuomosomes. Combined with differences in coding and reg_
ulatory sequences (which occur much less fr€quendy), th€
millions ofpolymorphisans at atronymous loci contnbute 0o an
etrolmous pool ofpotential DNA d|a lels.
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T^.BLE 9.1 Fve (|rtsr of D A Polymorphbm

Rrte of Mutrdon r{|mb.r Fr

Single base Muta9ensor to-3- lo-e l/700 bp 3 million

/D**)
9 a l

Slippaq€ during I  o - ' r/30,000 bp 100,000

Minisatellite t o  r Fewer than 1 00 families
known, yi€lding t00O
copies in all

Delelionr

Duplications

(elcluding thore rerulting
lrom micrc' or minisat€llite

Tmnrposable elementr

Compler. haplotype
(any lo<ur of 5 kb or mor€)

Not applic.bl€ Notapplicabl€

f<..2 a /24.1 Cor"
/<./ z1 - /zti./z<
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CC€ l€p€at8 Orsodng DM

l?.10 rh.COO R.prr'lntl.flrF, G.n E9.ndwlth E dl
Odrrluon nE g6n6tc d€hcl h i4iex syttdDme h caued ly
2@ o. rndr r€p€d8 cf trb CGG tidEt.

14, Ibh![]Xdrfilaon|.h-dadwtd|.d|.rd..td.
cor|ELd.t| (htf..lb) 6d. tsl3:tr! It&/.b ur{rrtodJ

lea-/ .ti <r,t,l, qyoaa<../

Table 18,1 Examples of genetic diseases caused by expanding trinucleotlde repeats

Pt€ nuEr.d .lLl.: l}|€l€ al€ nol sardl
tddors ro cals€ lro€ o-x ryndrcrn€. but
lhsy trEy dpErd in t|€ rBl g€r€raton,

ffrb |*zm-z,ooo ceo repds*l

w

Numb.r of Copl€t of R.pc.t
Dls..r. R!p.!t€d s.quenc. Nonnd RrnSe Dl3€.5! R.r!.

Spiftl and bulbar mlstular atrophy cAc

ccG
cAc

cTc
CAG

CAA

CAG

4-44

7-19

9-37

z-3

4o-EZ

50-1500

r00-1000

37-2ZO
ilzF300o

200-9m

49-75

lz-t3

lecobsen syndrome

SplnocerebelLr atarie {s.v.rat typ.3)

Autosomal domlnant cenbeller stixl.

ffi
FrlcdBldr atad.

Dentatorubrdl-paludoluysl.n eroplry
t'ffdmut.plLpiy of th!
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(cGG)5

5'
3'

{ 1 )

5
3
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5'
3

5'
3

E
Dltoa.saauslng all€ls

n
n
tr

(cGG)${.o
5'
I ,.\/\/V\-r\/

(cGG)>roo
5
3' ,r\/\,f \.f \J\-f \.f \,r

Hsl.ro2)!ou3 or h€mtzygoo8

EguE a Amp|tflcrtlon of rh. r.tpt n r.tci (cc Gond't.,
*fth th. fr.gn x ry.dro.n . (1) 8egion ot rn x chrcmolome
containing a oormal FMR-I gene wirh 5 rcpeats of the CGG seq!€nce
on one nr.nd. (2) FM8- I 9en6 in unaffeded p€opte g€nelatt hav€
tutrer th.n 50 FFars; unsiabte prcmut Uon alets of the g€ne hde
beth€$ 50 and 200 copier of the repear. Futtbtown di*aleoustng
alleks haw morc tnan 200 CGG Ep€atr lome mutlnt a el6 hde
moE than 4000. (3) A fBgite X p€dtgrce showing rh€ numbs of CcC
r€p€aB in dir€rent individuats. Note that Indivtduab affected bv fradite
X tndrcFe aE dmon always the progeny of mou€rs who cr;ed-

>200 >200
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Thb eEmpl€ .sutrr€r th.t Bob is homozygour lot
the A patErn and Jo€ i5 homozygoG fo. tle B pattern.
A p€En lEcrcrygous fo( tne nn wluld dlspLy
ban(|s re6n in both the A and the B p.tternr,
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tB)tal

Mltochonaldal Dl{A
pattem lor lndlvldualr
indlaated in rcd

b'.fi:' 8.stb

'1.3 kb

Smrll€r
9NA 0.4 kb

4.5 kb
1t.1 tb

Fisurer6.r Ma lcrnnl inheritancc ot hrma n mitochond rial DNA (A) Paitern ofDNA fragm€nts
obrairrcd when milochoDdrialDNA is diSestedwhh lh€ retlriction €nzyme tlatll. The DNA lypeat
rhclelt includcsa lragDrcnl oI E.6 kb (red). The DNA rype at the riShr conlains a cleavaSetitetor
ga.ll wirhin rhc 8.6-ib hagmenr, whtch resuhs in smatler lragmenls of4.5 kb and 4.1 kb (blue)

tB) Pcdi8re. showir!8 maremal inheri tance oI the DNA Panern with lhe E 6-kb I.68ment {red
symhdlsl-Thr milirhondrial DNA type islransmirkd onlY rhrough the moih€L lAlkrD C
wallac!. 19a9. tehds inGett.tits 5t9.1

All th! progeny of a Dardcular female
hav. thc same psttem of miiodrcndrlal
DNA bands as ln the mother.

hrla.lon/-Z *ee*br
71< dt4<-a.J .tt;oo
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Allele 1 froo

will E*rr Lr'o

Rourt 9.7 t.trtlGtlon .h. PolymorPhlsnt <D be dct€'t'd
m;t .ffdcdly wlth P(r-b$.d PEto<ok. (a) PcR amPllfic'tion
of tm allele. of a DM locs with a Btriction site PolymolPhism
All€le I ha5 an EcoRl site that is €llminated in allele 2 The PCR products

amDlified ftom both alleles aE identrcal in 5ize (b) txpotuF ot thse
?CR Drcducrr b EcoRl caus cleavage of the allete 1 prcduct blt not

urc aitete z proaue cet etctrophoEis and ethidium bremlde
!t ining diliingulsh t|e thrc. gmtyPer possible with the two alleles
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1 . Oetomine s6qusnc€s flanking micmsaiallnes

2.Allplit alleles by PCR

==3
:-

9 = 5

--a-

3. Analyze PcB poducls

(b) All€les present in populalion

Qfto ra
/0e1rry
/a./i ty'u<(r

Diploid g€notypos presenl in population

'll1 212 313 112 1t3 23

3

2

1

rlguE 9.r2 n€tetlon of nl@r.telltt€ PothotPhlrm! by
P(n .nd 9.1 d<trepho8k. (a-l ) t\,licrcetellite allels differ fmm
one another in l€ngth. (2) sequ€nce detetminatio. from both sides ot
a micErtetlite enables the const uc,tion of prineB that can b€ used to
amplify the miclosatellite by PcR. (3) Gel electrophoresit and ethidium
bromide sraining distinguGh the alleles lrom each other
(b) Micrceteltitee aE often highly polymoPhic with many diltercnt
alle|8 prcsent in a population. Wth iust thE allele5, theE aE su
porljble g€nows. \rltth ̂ J (any number O allele5, theF will
be j{N + l) qenotypg.

/SQpav

/? 4+r<i

ry91L.
$aa-7
7k.Qqt

L".14s
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lot

bitlucls
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Fiiu.€ r7.r2 C,cn.ric varirtlon in a VI{TR uscd
lr-DNAtyplnS. E€ch numbercd lane co ains
DNA hom s slnglc persoD the DNA has Deen
de.vcd wth a r€stdcdon cn4rme' scparac!
bv .lectoDborcsis. alrd hybridized wlth radlo-
a&tvc probc lxl. ttc bncr labclcd M contatn
nolccller-wdgh nrrlcn. lcourcry ol
R. W. Allcd.l
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SIR,l
slR-2
STF.3
STF-4
STF,5

15,16 15,16
8,8 7, r0
3,5 7,7

12,13 12,12
32,36 11,32

STF-I
srB-2
STB-3
siR-4
STF.5

15,16 15,16 15,16
8,10 7,8 a, lo
5,7 5,7 3,7

12,13 12,13 12.13
11,32 11,36 32,36
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Dig6sl DNA to oblsln minissl€tme r.agm6nrs_

r * 1

rndividual lndividual
B C

lr* I t;

t{,e.

I
A B C

a
6
5

3

4oy...l

- S rt<./n

ft lr't.Zy'
t41?

ztt/a)tlaJ
t]

{-J l--J _t-_\
f f i f f i f l *

t l l t l l
-m: -E== ffi

- 5 T F r y
Run tEgments on a get. pgrfom Southen btor,
Hybridi2e wi|n pob€ containinq minrsqtgtht€

tlgurc9.r3 Mht.|tettft€ .n.trtt prevtde5. ndB of
.lmuh.ncoul|y d.t€<tlng potmo.pthB .r mltttpte to.t. A
hypothet(ar minisatellite Fquence E prer€ntat ihree qenomic tocin
rhrce indMduali Each oi rhetocie. be potymoDhiq;b difieEnr
allel*defned bv di,leenr numbeB of Epearina units. The rhree
individuals aE all heteDaygols at each tocus. T; detect me
hinisalellite polymorphirmt you digesr tnegenonrc DNA kom each
individualwith a renri<tion enzyme thaL cut5 ouBde rhe miniiatelite
r€gion. You rhen *pardre the digested ONA br/ get etecrrephorcri,
maie a brot, and prob€ rhe bto( with the minisatelite sequen(e. tn thi5
sanple, ea(h individual prcdu(s a ditteent panem oi,x getbrndj
I ne pupose or urir proto<ot is nor to astion a soecifi( band (o a
sF<ific lGUr bur rathe, ro obtlin a whoF gen;me finge.pdnr baed
on simulranedty derected polrno@hism;( muttiohjo(i.
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(X|.3doi: How <an th. ld.ntlv of DilA from blood, halr. or s!m.n b! d.trrmln.d?

Samole collected at a scarn ofcrlm!

;templat€

: l

Multip'e mkrosarellhe loci

on th€ gel.

Conclu3lon: The patt ms of b.nd! produ.cd by d,ff.r.{t rrmptds are @mpar€d. The
bloodrt|ln rp€<lmen mathes DNA from ruipoct 2.

19.:fo DNA flna.rprfndnt c.n b. qt dto ld.rntty. p.ts. [6d cou,ety of oftttad c. !n ,
A4nnant ovn. M a tyl an d. l
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DNA

V

ro PcR.

number oi .opies of the
mi(roFreliire r€qu€nce.
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The t69nen$ are s€parated

Ditf e.ent.rize f ragments
appear as difiereni bandr.

collected at the (ene of rhe
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sequence\ 8 repeats of cA
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FigureiT.r3 An example of DNA typin8 in a criminal case. Each pan€] is lhe res lt of DNA typing lor
a diller€nt VNTR.Thelanes mark€d Sr,52, and Sl coniain DNA from blood samDl€s oI th r€e malc
srspccrs; rhose in columns Ul firough U7 contain DNA from semen sampl€s colleoed lrom seven
femal€ vicrimsolrape. Th€ lanes mark€dMconbin molecular-weight markers.In each case, rh€
DNA from suspec52 marches !h€ samples obGined lrom ftevidims. ICourtesy ofSlevenJ.
ReddinS, Offic oI lhe tlennepin CounlyDistrict Alrorney, Minneapolis, andLowellC. van Berkom
and Carla J- Finis, Minnesota Bureau of Crimina I Apprehension.l
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Eptdemlology and food ral€ty 6clence.
DNA twing also has imponanr applicarions
in tracking the spread of viral and bactedal
epidemi( diseases, as well as in idenrifying
the source o[ contamination in contaml-
nated foods.

Human populatlon hlstory, DNA poly-
morphisms are widely used in anthropology
to reconstruo the evolutionary origin,
global expansion. and dlve$ifiaation of the
human population.

Improvemcnt of domegtlcated pliants
and anlmals. Planr and anlmal breeders
have tumed to DNA polymorphisms as
genetic markers in pedigree studies to iden-
tify, by genetic mapping, genes that are as-
sociated with favorable traits in order to
incorporate these genes into cuffently used
varieties of plams and breeds of animals.

Hirtory of domesticatlon. Plant and ani-
mal breeders also study genetic polymor-
phisms to identify the r4ild ancestors of
cultivated plants and domesticated animals,
as well as to infer the practices oI artificial
selection lhat led to genetic changes in
these species during domestication.

DNA polyrnorphisms as €cologlcal In-
dicators. DNA polymorphisms are being
evaluated as blological indicalors of genetic
diversity in key indicator speaiei present in

biological commurities exposed ro chemi-
cal, biological, or physical stress. They are
also used to monitor genetic diveKiry in
endangered specles and species bred in
captivity.

Evolutlonary gcnetlcs. DNA polyrnor-
phhms arc studied in an effon to describe
the patle$s in which different types of
genetic variation occu! throughou! the
genome, to inler the evolutionary mecha-
nisms by which genetic vadation is main-
tained, and lo illuminate the processes by
which genetic polymorphisms wirhin
species become taistormed i o gen€ti{
diflerences between species.

A patern ity t€sl-for win€s, cen€tic res€archers
have shown rhat the nodon ot "puriry of breed"
rhouSht to be so critical to rhe commerclal value
olcen6in wines is ill-Iounded. DNA rests
indlcate lhat wine grap€s such as rh€ cabemer
sauvignon and chardonnay (shown here) arctn
fact hybrids.
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Locui ot , "dl3ot!6 gono"
l! genltic rilk t ctor,, O

ONA polymorphlsms
(g.nstic mart€ral along

Figur€r.29 Concepts in genetic localizadon of gen€tlc risk fadors for dlsease, Polymorphic DNA
mark€rs (indicat€d by the venlcal linet that are close lo a Senetic rlsk faclor (D) in the chromosome
tcnd to bc hhcrtted rogelher wlth th€ discase ltself. Th€ Smomic location oI th. risk la(lor i5 d€t€r-
nined by ex.minlnS th€ known Scnomic lo.atlons ot the DNA polymorphlsms that arc llnk€d with lt.

ilriQ*all' rt* aari*t t t4<c

SBE|g.n.

o o a%,
t n

{al tcl
G€notyp.

S€od
ONA PhanolYps
Dnpl€x

t
Ia

18, SBE|gsno with lmenion
lmutanr''f tttle.t.wl

D
(

auJ
<a

Tr!n.oollblo ol.mint
in!€rilon Into sBEl gon€

Fieur€?.2 (A) lt, (round) ls an allele ofa gene ftatspedRes th€ amino acid sequence oI st.rch
b;nc[in! enzvmc I lSBEll. {Bl w iwrtnkled) is an allele tharencodes an Inactlve lorm ol lhe
enzvme decauie iE lHi sequence ls interrupted by lhe Insenion ol a lnnsposable elrment. (c) At
rne ievel of the mo1fiffip6Al phenofypc, w it domlnant to wl Genotvpe wwand wi' hav€-round
seeas. whercas cenulluii rvw hat wrinkled tecds. The molecular dlffercnce between lhe alleles can
be dcrecred as a-restiiZton fragmenl lenglh polymoiphlsm (RFLP) using thc enzyme ErRIand a
Drobc ul hvbddlzes at the she shown. Al ftc molenrlar l€vel, thc allcles ar€ codominanl: DNA
iron cach genotype lelds a dilferent molccular phenotypc---€ singl€ band differing In slze for
homozygous tywand ww, and both bands for heFrozySous l'rw.

Cttc /al aa 22a Tvlryt * 4.r4: ott)otttq/
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G€nomic DM lrom:

Sicklecell Fglobin gene

' r 33 i3133m '  -
l l l . *

Msttr Mutaltofl sttr witr
Msttr

Ilomal aduh FSlobin gene

5 ' t * : lF iFF f f i 3
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t i r
t t l

Itlsttr MsuI sul

-
Hybidization

pobe

Figur€ ZL7 kection of the sickle-cell hemoglobin mutation by South€m blot .ntfFis
of $rromic DNA3 cut with r€6Eiction €nzyme Mtttr

Southem blot
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nguE 9.1t Dl.gno.l. ot h.rnophlll. thNgh tft. Indlrlct
ikt <ald ot 96oBp. .a di. Lctor Vlll lo<u.. The factof vlll
prctein panicipates in a casde of rea€tions that sult in fomation
of a blood clot. (a) A polymophic 8./l restdction sit€ within int on I I
ol the foctor Vllr gene has no elf€ct on gene function but can prcvide
a ma*er to follow the segEgatjon of the gene from parcnts to
childrcn. (b) The famit dercnbed by the p€digrce has two healthy
pa€ng but the mother is an obligate carid of the disease mutation
b6aus shehar pa$ed thisx]inked das€ase on to h$$n; her
canis rtatus B signified by a cnch wth a dot in the middle. By
compadng the RFLP patteh obtainedfrom the moth€/s DNAwith
the pattem lrcm her sn's DNA you can se€ that th€ diseGe allele is
dsciated with the 142-bp 8<11 .est ction fragment, and the wjtd-
type allele in the mothe/r genome contains a Ad r€stiction ite that
cau*s this fragment to be cllt lnto two piR$, one 43 bp and the
other 99 bp in length. Using this infomaton, you 6n detemin€
that tlE fEtborn iste. is a @der llte h€r mothe, while the m.le
fetus will be diFa* fe.

Exon 17 Exon

142 bp- Acll s{6 l-

99 bp I aa.ir" i
€bp I P.s36nt _T
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Hybddize wlth lab€l€d

I
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.ffi
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wast' or rnnyorioized prcbe and exPos€ to Jilm

i i t ' - - t - ;3:- ; :  : . - l : :
PCB amplificalion or all samples

r l
l l

Dsnab6,f,'ys e e
t t t l
t , t t r t l

V V.-.-----.-r/ 
\------

,r,>q..:.
2 3  1 2

3;l['ffN'8i""*
I

*l-.-t;":-:

l'-',', i't, ;"|';l

ngur.9.9 Udng FCr Utth AlO. to .Lttnli. q€.|ot'F .t
tti pgt"Un t*-. (u) sefoE Perfoming lhe genoVPing P|otocol
ir is neso,y ro synttresUe mo otigonucl€tids that differ at oot a
sinqle ba$; one of these oligonucleotjds is comPlementary to the
wiE-type F{lobin allelq the other is comPlementary to the ri.lle<€ll
allele, ftese two synthetrc DNA molecules sere as the ASOS for lhe
ickl*ell genotype assay. (b) Genomic DNA emples obtained lrcm
indMdudlpeople drc tubjecled to PcR amPlf(alion wlth Pdms
@npl€mentary to nonPolymoPhic sequen.es that nank the ba* that
mutates to cause tickle-cell anemia. (c) The amplified emple ftom
@ch indtidlal is divided into two aliquotr that a€ blotted diFcdy to
filter papei (d) one aliquot rtom 4h emple is hybddized to the
wild-typ€ A5q the oth$ aliquot is hybddized to the tick!+<ell A5O-
(e) Alto6diog6ptry indl.rtes the g-globin gmotype of each,1, ,i
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1 . Bipo €gqs arc €ln€v€d
lrom lh€ ovary with a sydnge.

4. In 6ach ol six isolalsd c€lls,
sits ot common mulaton in
CFgene is amplfli€d wfih
PCR.

2. Enracl€d €ggs a€
isnjlzsd wilh sp€m.

5. DMd6 PCR Droduct lnlo lwo oodlons. D€natu€.
Apply on€ dot ot €ach samd€ onlo nlirccollulos€ lllt6r.

U
I

7. Hybddlzgwth Aso

3. At6-10c€llslags,
on€ c€ll is Emovsd llom
sach ot six viablo 3mbryo6.

U
I

6. Hybddiz€ ior

(b)

Dlrgnode

Nomal ASO

Muranr Aso
' cslb llom €mbryos la!8r nansplanred inlo orarus

f,g|rr 9.r D.t.dr|g d-.tdc fbrodt gdotyF of Gmb.yonl. cclk. (a) ,, ttrefeniliation and pEimpl.nt lim dbgnoCa (b) C.ll 2 ig
homozygour for tlE nonml .lldq cel ,r ! h€terc4gous for the CF mltation.
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BREAKTHROUGH OF THE YEAR

Human Genetic
Variation
Eqdpped wifi lsstol, cheaporlechnologios loi 8squsncin0
DilAand as56sing variation ir gonomos on scslos rarging
fron ono to nillions ol basot rosoalchals arcfinding out
how truly difforEfi we ars from ono snodtor

TTIE UNVEILING OF THE HUMAN GENOME ALMOST 7 YEARs AGO
cast the frs fainl light on our complete gen€tic mrk€up. Srncetheq cach
nelv genome sequenced and each nery individul studied h'l illuminatcd
our genornic landscape in ever mor€ detail. In 200?, researEhers camc to
apprEciat€ the extent to which our genomcs ditrer fiom p€Fon to perlon
and the implicationi oflhis t€riation for deciphering ihc g€netics ofcom_
ple,( drseas.s and personal trdits.

Less than n year ago, the big news was lrianSulatinS variation
between us and our primate cowins lo get a bctter handle on gen€tic
changes along ihe evolutionary tree that led to humans. Noq $e have
mov€d iiom arking *hat in our DNA makcs us human to striving to
knor whar in Fry DNA makes me mc.

(.6lE:D

c-6-Tl

whlt n!l.t ot !nlqu.. chanqetin
the numberand orderolgen€s {A-D)
add vadety lo the homan genome-

:l

v.l 449118 octots 20o4a.&bEvffai6t ltrutt

A R T I C L E S

A second generation human haplotype
map of over 3,1 million SNPs
The Inlernational HapMap Consortium'

Wo dss.rlb€ tho Pha!€ ll ltapltap, wfiich ch.racl€titos ov€r 3.1 million human 3lngl6 nucl€otlde polymonhlsms (sIPi)

Sgtovp€d In 27O Indlvldual! ftun fo{r Soogrrphlc.lly dlv.rs€ popul.tldls and inElud€s 25-35% of .ohmn sNP vrrbrbn h

ire popul.tlons luw€yed. Tho map i! €sttn.t€d to captrre ungp€d conmon veri.tlon with tn .v€ra8s m.ximum I ot
belws€n O,9 and 0.96 dspsrdlnS on popul.tlon. W€ d€morBtr.t€ that tho ortgtt 8rnorttitn of comh€rcbl SBnons{ids
Sdtotyping prodrcts captur€s cornmon Ph.se ll SNPs with an .Ysra8e maxirnum I ot up to o.a h Aftlctn rnd up to O.95 in
non-Atri.an populatlons, and thrt pot€nti.l grins in pow€r in aslo.lrtlon studl€s can be obt.ln€d lhrougft imPut.tion. Thss€
d.ta aLo rev.rt nov.l .Ep€cts ot th6 structllrs ot llnkage dlsequillbrlom. Ws show tftat 10-an9t ol ptlrs ot Indlvldual. wlthln
a popul.tlon share at losst dr€ t€8ioo of utsd€d 8!n€tk kl€ntlty .ri3ing ftom .s<6t alc6try and th.t uP to l% ot aU
conmon varianB ar€ uitaSlEble prin.dly bocruso thet ll€ wlthin rsGomblnatlon hotlPots. ws *or that teombln tion
rlt€s vrry 3ystornat'rcally .rdlnd 8t!l.3 .nd brt en Sglet of dffddlt tunctior. Finalt wa dqroGH. inctd€d
dfffsrlnuatlon at noo€yndiynoul .ohpar€d to synonymous, SNk, r6ultina frofi 3Ftsmatl. dfhrglcr3 In th. strcnSlh ol
.tfic.ct of h.turrl .6Lctlon hwen populltlons
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It 's AllAbout Me
Along $ilh lhe tlood oI discoveries jn human g€neti6,2007 lawthe binh
ota newindunry: p€lsomlg€nomjct. Dep€ndingonyourbudget, youcan
either buy a rorgh scan ol  your genome or hav€ th€ whote thing
leq uenced. Th e companies 5ay lh€ inlormation vfll h€lp cunome6 leam
aboutthemg€lves and improve th€h heellh,8ut egearcher5 worrythat
these seMc€t ooen |lo a Pandora! box of€thicatirtues-

At 5300,000 to slmilLion per qenome, *quencing all3 bitlion base
pairs i5 nilt too (only for all but a lew. Allhough dozens mote personal
genomer witl prob.bly be sequenced in the coming year, mon llbe
done by pubuc.nd Fivrte research organjzations-jnctuding lhe insti_
rut€ run by qenom€ maverirk,. (raig Venter, {hote peronalg€nornewas
oneollhrce.omptetedin z00Tintheljniled5t tesand china. In a torer
budget etlon, Hafl ardl 6eorge Church this motnh sitl deliver jnitial DNA
requenc€i for the prol€in-coding tection! (10/o of the genom€) to tht fid
10 volunteers for hi5 PeBonalGenome Ptoied.llletnvlhile, i negl com'
panycalled l(nom€ i5 oflerinq full-genome sequencing to 20 ('lnometr
filtlng to pay 9350,000.

Agtimpseolone'sqenom€halreadyvtithinlh€ reach of ordinarypeo_
pl€,lhank5 to several compani€s. Th€yinclud€ 23andl$e, $hich has
financjng lrom Gooqle and may lel $ets link to olh€re with tharcd traitli
Naviq€nics, whid vrill screen for about 20 medjcal conditions; and
deCoDt Genetic, in keland, a pioneer in dieeate gene hunting. For
11000to 12500, lhese comDani€, wjll havp (onsumetr send in a saliva
sampleorcheekswab,then u5e "SNPchip{tos(anlheit DNAtora5 many
as 1 million m.rkeB.lhe compani€s will then match th€ retulte silh the
titest pubtcations on t6itr, common diseaset, and ancenry.

Allhough many cuslomerr may viewthig €xercire a9 a way lo tearn
fun facts aboul then5etver-rerrealionat qenomic, rome calt it-
bioethkir tr . re rary.  Most
common di5ease na*er iden_
tilied to lar raire rieks onty
5lighlly, but they corld cause
needlesr worry. Al the same
time, eome peopl€ may be ter
ified to tearn lh€y have | rcla-
tiv€ly high dsk for an incunbte
disease guch as Alzheimer'r.

lhe rush tovrard perronal
genome sequenct a$0 snap-
enr long-h€ld f lor es abolt
discrimination. A biLlto prelent
insurerg and enptoyerr lrom
misusinq geoet'( data is naled

iril;j tr11

P.dorr'r bot? rhls deek-ffrab kil
(ould rcveal youi inlimale r€crcts.

in Conqrcn. Complkaling maners, your gen€trcinionnation exposes yout

The mon prolound inpLicatione of having onel genome analy?ed
nay nor be whal it reveab now---iehich isnt mucHnt what it may thow
larer on. Perhapslo rid€nep such questions, some companies willli'rit
whkh markerr to dirdore. otherr. houever, willhand cunom€Blheir
€ntire genetjc jdentily, atonq with all the s€crets it may hold.

'locllYll lAlsli
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Th. hlplotyp.r e d.lio.d ii ord6 a lislcd abov. lor ln.* 3 SNP', $, lor .rmpl., $. TCT h.tbryp.
rcl.6 to u7451?4G)-r64tr,263(C)-Fl1355019(I). Thc cmrF cocc b.tv..o diplotyps (lh.t*o
hiploryp.! h on. individu.I) dd $. % ol i ividudr witn bludgiy, gE thev ard bEwD .y. @lor ,
spdiv.ly, *a Ep.n d a follov3 for thc nort 6mmor diploDTclPMID l1Z3 61301:

. TCT/TGn 525.2&0.9.5
I Tcf/lrc:47.l.mi.32.6
. TGT/CCI 24.6. l4-3. t.I
.'IG TGC: n,9,22,1,9,0
. T<{DTC| 25.0,43,6.7
. tlfnti.20.1.31.0.43
r TCT/mt: l?.6.38.5. aa.o
' TGT/CIC: ?9.233.68.8

Thr haplotyp.s shoen in ,otd t rri6 rcptMl tnc ons Epon d by lh. d$oF of tnie 3rudt io b. rEd
|!Bi&n wi|n bdn ay. color, FunnmE, $. h.plotyps ,bosn abov. @ d publih.d, .d 16.
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. oCAz SNP Blsrxxol icrp. prdict bFwo cy. aloi IPMID 12163334 PMID 1588p0a6; OMIM
2IB2@.0ol I 6np:/tusw.Dcbi.nln.nih,sov/.okr'dispomim.csi?
id=2032!0&e2620ojlLlicvridtool l) I

I OC.l2 SNP ulgx)4{t nay b. |!ei .d wi(h tEr^el .y. color i. somc p.pul.liool but nol
dtrn. IPMID l2l6333rt PMID l$49045; oMIM 282@dll2
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introduces the first Personal Genome Service.
tlre secrets of your own DNA. Today.

2007: 23andMe
Unlock

welcome to z3andMe, a wcb-based service that helps you r€ad and understand youl DNA. After providing
a saliva sample using an at-hom9 kit, you can use our inte.active tools to shed new light on youl distant
ancestors, your close family and most of all, youself.

Glllwn r'" o"w at aistrdMe Gene .Iournal

JaI, 22,2@8123andMe now availablo in
Canada and Furope.
Jan 18, 2008:23andMe launches its blog, lhs
spittoon.

What do your
genes say
about you?

r x (
Gene Joumal
G6m Joumal

Order Form

First Nsme Lost NaDe

Getting Started \trith 23andMe

You have rot added aoy kirs yet. Click the b

Ordgr Summary
Kits in Order

0 kits

Pdce per Kit

$999.00 USD

?'utt*,t
l"t*

7rlr.7

httpst/Uw2l.ndn..com/ou6.Me/pG.33/



2randM. - OurS.rylc€: H@ th. Prd.rsworks

Spit Kit

Joining 23andMe is easy - once you've placed your order and signed our
online consent form, all you do is spit in a plastic tube included with the kit
we ship to you. Each kit is labeled with the name of the person it is
designated for along with a claim code. Just use the kit's pre-paid, pre-
addressed shipping envelope to send your sample to our contract€d
laboratory.

GenotJ,Tirg

After receiving your sample, lab professionals extract DNA from cells in
your saliva. Your DNA is then chopped up into shorter strands and copied
maly times via a process called amplification. Next, your DNA is washed
over a small microchip-like device that contains short strands of synthetic
DNA. The synthetic DNA fragments latch onto the pieces of your DNA that
are a complementary match, Then a laser-scanning step reveals which
strands of synthetic DNA are stuck to your DNA to determine your gelotype.
The chip used in our process is the lllumina HumanHap550+ BeadChip,
which reads more than 550,000 SNPs (single nucleotide oolymomhisms) plus
a 23andMe custom-designed set that analyzes more than 30,000 additional
SNPs. What this means is that the laboratory process rcads nearly 600,000
data points on your genome. Find out more about our gglElypilgIleegss.

U 2Al0A 2:29 PM

|TP <1f-r 4at fctv tu2s

f36f 74< GOu,ve

hnpt://lw.23.ndme.<om/ou6.rylce/pcess/
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GenomesforALL
N e xt- ge n e ratio n t e chnolo gie s that make
reading DN A t'ast, cheap and aidely accessible
are cominginless than a decade.
Their ootential to reaolutionize research
and bring about the era of truly personalized medicine
means Lhe time to start preparing is nou)
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lmport nt dlvsloDsrt
In Oll,ll $quonclnr

Efficloncy
bp/per.o year

Effcl€ncy
bD/rnachlna/y6ar

Mi6rch6r: Dilcov6r6d DNA

Avery: D€monstrat€d DNA a6 "Gsnsric i.latsrial"

lvatson & Crlck Discovsrod Doublo Hsllx Slructur€

Holl6y: S6qu6nc6d Y6ast ni|AM
. Specilic RNA diSestion and chrcmalogGphy methods were
used to sequence RNA;it reqrired IaGe quanlities oi sample.

lvu: S€ousncod r coftsciv€ 6nd Dl|A
. Pimed syn$esis concept and 2.D electrphoresis were used;
samples were labeled and less materialwas rcquired.

San8or: Dsvslop€d didoorylarmlnadon s€qusnclng procodun;
Gilborr D€voloped ch6mlcal dslradadon 3oqr6nclng protocol

. Chan leminabon a_d chemicaldeg.adation roncepts '^,ercdeveloped.

. Polyacrylamide gel e ecvophoresis was used to separate oNA lracts.

U$3lng: D6volop6d Ml3 cloniflg vsctors
. Clonine syrtem was appli€d.

Hood: Oorclopod parli.lly afomaiod s6qu6nclng 3yit6m
. Sequencing reactions were optrniled,. Assorted sequencing strateges
wefe appliedand comput€r assisteddala handlin8 rvas slaired.

Vsntor: First baclsrial t$om6i r6qu6nc6d
. Automated lluorescent seque(cinB iistruments and rcbolic operations
rvereappledto lhe process.. PCR sequencing concepiwas introduced,

Pgrtins-Elmor CorD.: D€vololsd and mark€tsd
96-crpillary laquoncsr

. FulyaLtomated 96{apillary el€cirophoresls sequencing system is
available to resea rc h labo ratodes.

Figur€ 2. Advances in DNA sequencing efficiency and
some of the te(hnological developrnents that enhanced the
produchvity of sequencers. Initiatly, all the steps in DNA
s€quencing were perfomed manually, making it a very la-

bor-iniensive process- Howevea finly automated sequenc-
ing machines have now largely replaced human s€-
quence6, greatly inc@asing efficiency.
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FICURE IO.I
Crowthof DNA s€querces d€posired inro rhc pubtic daraba6es (CenBantq EBr, DBIL) fiom lgOS to 2006.
uenEank and rhe orher pubtic darabases beSan their operations_stoing and diss€minating most ofthe DNA
sequenc€s availabl€--in rhe earrv r98os. The increas€ in sequence data resurts from the ;ssjve increase in
sequencint capabilities that cam€ with th€ Human Cenome proiecL pafticularty in tfie tate 1990s when
liql:!:ilg ot the human genome began in eahest. A mitestone was ,ea"h"d in zoos ,rh"n m"100,000,000,000th (one hundred billiondr) base pajrwas deposited into th€ databases.

f.gure 18.4
ATJToMATED sEeuENcrNG. Thi! ,cqucncc Fcility
srmun ncoury ruDs Euttiple .uto@rcd !.qu.dc.n, ..ch
proc.ssiag % s npl€s rr r ti@.
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CH

triphosphate (dNTP)
Dideoxyribonucleoside
triphosphate (ddNTP)

19.25 rhe dideo,(y *quenclng rcaction reqolE3 . rPt i.t
sub3tEt tor Dt{A synthe3ls. {a) stru.turc of deoxyibonucleoside
triphosphate the nomalsubstEte fof DNA tynthelis. (b)Structurc oi
didsxldbonucleoside tnphotPhate. wiich l.cks an oH Sloup on the

6,"a"d on" ti,p" "f I
dideoxyribonudeorde I

L v iphosphare (ddNTp) 
-+dd^Tt

The sequence obtained s the
comp ement oi the orginal

remplate -3,IinmFfiFaiF[m
- Primer-5'HH y

itrmr'n I
r,rro rrm \

+ DNA '

I

f f i ryf f i f f i\  r  i f l '  P\ 1 , , t , /\ o l { , <
t' 5'

! q 1at a./- I e n..-.j
i i Auroradioeram or
G C electrcphoresis qel
c c

5' 3'

Sequence of 'Sequefice 
of

complementary origtnattemptate
strand st.and

the iragments prcduced li each
leadion are sepa€ted by gel

Ihe sequence Gn be rcaddnectly
tom the bands th€t appea. on
the autorad ograph of the gel,
staning irom the bonom.

19.26 rh. dld..r(y m..thod ot DttA sequen.ing h baled on ihe teminrdon of DNA svhthesir.
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Igure 1 /.1 t
]\{{NUAL aND AUToMATED ENzyMATrc DNA sEeuENcrNG. The sequence to be determined is shou at the top as a template strand
fo. DNA pollme.ase {ith " priner arrached. a In rh€ manual method, iour reactions were done, one tor each nucleoude. For example, the
A 6rbe would contain d,{IP, dcTq dCTP, dTTq and ddAIP This lerds ro iragments that end in A due to the dideoxy terminatoi The
fragmenrs generated in each rezchon are shown along wirh l}le r€suits of gel electropboresis. ,. ln automated seqtrencing, each ddNTP
is labeled with I different color fluorescenr dye, whicb allows the rcaction to be done in a silgle tube. The fragments generated by the
reaclions are shown. Wle. rhese are elecrophoresed in a capilla!_v rube, a l.ser at dre boftom otthe tube excites the dyes, dd each will
emir e diff€rent color that is detected by a photoderecror

DNA polymslass -- DNA tolym€|Bso -
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Figur€ 4.9 Pyros€quencing. 
-fte 

strand
sndresis rcaclion is c.nied olt in he
absence of dideoxynudeotides. Each
deoxynudeotide is added ind'vidually, along
wih a nudeoiidase enzyme that degrades
d|e deoxlnucleotide if it is not incorporated
into tle strand being synhBized.
Incopolation is detected by a fr.sh of
d'emiluminesc€nce indLrced by the
pyrophosphate released from lhe
deoxynudeotide. Ihe order in which
deorynucleofidg ale ddded to the growing
st'dnd can therefore be follow€d.
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AHPLIFICATION
8...u..liehtia8n.l..r.ditficuhrod.r.ct.rrh€ecrl.of.ein8l.DflAmol..ul.,
b.....xr.nsion orliiarion r.aciiohs.r. ott.n p.rrom.d on million6otcopis
orrh. s.m.t.mpr.!.svand sinuhaneousls. C.ll'n.. 6.rhods [c ridb] ror
m.kinqrh.s. copiosinvolv. PCion a mini.ruriz.d scrl..

t :

Polongcluior

OPolon ies  po lgm. r .seco lon i .s -c r . . t .dd i . . c r lgohrherur t  c .o f .3 l id .
or8.l€.ch.mt.ihap n.nshich.lchpl.refi aem.ntcanfindrdbindio.PcR
sithih...h polong prod!..s. clu€t...onraining millions of r.nplar..opi.s.

Temolat.

ODropl.t'.6hr.ini^tpolgmerferathih .
6n6 i l .mo ls ionc . .s . rv .aer inq  PCR
.h.mb.rs ro produ.e b..d pob;i.s. when 

-l

...mplarerr.smmtanach.dro I
ab 'adkadd.droechdrop l . r ,PCR or r . , r lu r t -
p ,oduc6rum on( .p r .sor0 .
r.mpl.t.,.ll.na.h.dro ih.hcad.

IIIJLTIPLEXIIIG
Sequencingrhousands or6illions oti.mpl.t. tragm!.t6 ih parallcl maxinizes
speed.lsinsl.'soleccle b.s...!r.^sio^ sgtr.m usingtluor.sc.n!sign.l
d.t.crio^,lor€rampl., pl.ce. hu.dreds otmillions otditt.r.ntt.mphi.
tr.gm..tsonaringlc.ii.slb.,owl._fil.Anoih.rh.thodifrhobilir.smillions
olb.ad poloni.s dn a r.l sorf .c. forsimuh.n€oG3.qu.n.in8 bq ligaiion
*irh nuor.sc.nc. sign.l.,shown in rhe in.g..!.iqhr bolow, which r.pr.s.n!!
0.01 perc.nt otrhe iot.lslid. ar.a.
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At rlrl, G€nohewide arrociation nudies are
addinq to kn6wn etdches ol DIA conn€cred

with lype 2 dirbd€e kolored bars).

SNPedia

. New model for prostate cancer based on 5 SNPs

. rs1815739 sprinters vs endurance athletes

. rs4420638 aJltd rs429358 can raise the risk of Alzheimefs disease bv more than 10x
i rs6l52 can prevent baldness
. rs9939609 tdggers obesity
. rs662799 prevents weight gain from high fat diets
. rs7495174 green eye color
. ts1903146 in 3Vo ot the population greatly increases the risk of type-2 diabetes
. rs12255372 li\ked to type-2 diabetes and breast cancer
. rs2395029 asymptomatic HIV viral load set point
. rs32,1650 influences intelligence and alcohol dependence
. rs1799971 makes alcohol cravings stronger
. rs17822931 determines earwax
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DNApioneer
Watson gets own
genome map

fitF nilgenonE of JatrEs \tibbon x'io
jd{y d!covq€.|tle lhrcin! oi DNA In
1053. he3 !€€n d€ctlfE|rd, mor8ng $tut
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!,!!rnome"

Know thyself.
Knome is the first personal genomics company to offer whole-genome sequencing and comprehensive
analysis sewices for individuals.

Based in Cambridge, Massachusetts, we work alongside leading geneticists, clinicians and
bioinformaticians ftom Harvard and Mtr to enable our clietrts to obtain, understand, and share their
genomic information in a manner that is bolh anonlrnous and secure.

We are cunently offering zo individuals the opportunity to paticipate in our initial launch phase. By
being amongst tlrc first itrdividuals in history to have their whore genome sequenced, these participants
will help pioneer tie emerging field of personal genomics.

Recerrt Neurs

January 22, 2oo8: Knome Commences Whole-Genome Seouencing process For Filst Clients
January 10, 2oo8: Knome and the Beiiine Genomics Institute Enter into Exclusive strategic Aliance
November 29, 2oo7i

Service for Individuals
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$10 Million
to nE Firlt T€om io s.q6tEs

100 Human Genomes

10 Days
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GeDe-sequencing projects keep
getting bigger.
Tuesday, January 22, 2008
By Emily Singer

In a testament to the steady
plummgt in sequencing costs,
today the National Human
Genome Research Institute
(NHGRI) announced a massive
intemational collaboration to
sequence the genomes of 1,000
people ftom arcuod the world.

"The 1000 Genomes Project
will examine the humar
gerome at a level of detail
tllat no one has done
before,' said Richard
Durbin, Ph.D., of the
Wellcome Trust Sanger
Institute, who is co-chair of
the consortium. "Such a
project would have been
unthinkable only two Ye3Is
ago. Today, thanks to
amazing strides in
sequencing t€chnology,
bioinformatics and
population genomics, it is
now within our grasp. So we
are moving forwad to build
a tool that will geatly
expand and further
accelerate efforts to find
more of thc genetic factors
involved in humao hcalth
and disease."

uunng ns two-yqu production phase, the ltOU
Genomcs Project will deliver sequence data at an
average rate of about 8.2 billion bascs per day, the
equivalent of morc than two human genom€s every
24 hours. The volume of data--and the
interpretation of those data--will pose a major
challenge for leading experts in the fields of
bioinformatics and statistical genetics.

The 1,000 volunteers will be select€d ftom those who
participated in the HapMap project, a map of common genetic
variation (see "A New Map for Health"), and will include:

Yoruba in lbadan, Nigeria; Japanese in Tokyo; Chinese in
Beijing; Utah residents with ancestry from northem and westem
Europe; Luhya in Webuye, Kenya; Maasai in Kinyawa, Kenya;
Toscani in Italy; Gujarati Indians in Houston; Chinese in
metropolitan Denver; people of Mexican ancestry in Los
Angeles; and people of African ancestry in the southwestem
Udted States.
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'l.largs ONA clon8s arc
llrsl lsolatod, Th€86 sro

conllguous s€qu€nc€!
bas€d on ova.lapplng
lagg€d sn6s,

tragmBnt€d Inlo smallor
clon6l lor s6qusnclng,

3. Th€ snlirc s€qu€nco ls

ov€dapping largs. don63.

1. Cul DNA ol 6ntrc
cfircmosoms lnlo 6mall
irrgm6nls and don6.

ray -.+

3€gmsnl and anEnge
bas6d on ov€dapplng
nucl€olldo s€quencas,

-==-::_=---=--

figure 18.5
coMPAxrsoN oF sEetrENcD\c MtTEoDs. a. Th€ clone-
by-cloft Dethod u.er ldge dones assenbl€d iDro overlappiDg
regiols by Sfis. OD@ ssmbled, th€s€ @ b€ fiagmetrt€d iDto
sDall€r clones for scquercir8. ,. In th€ shoqun method the
ertiE g€none is Frgm€nted into sndl doaes and scquoccd.
Conrrter.l8oridDs $s.mble de 6n l DNA s.quoe b.scd
otr d€rhppitrg lud.otidc s€quenc6.
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Figure 4.t o lfie way in which the shotgun method was used to obtain the DNA
sequence of the Hdenqph,i,us influetuae Eenome. H. influerzoe DM was sonicaled, and
fraSmenb with sizes ben/veen 1.6 kb and 2.0 kb werc purified iiom an a8arose get and
liSated into a plasmid v€ctor io produ€e a done librdry. End{€quences were obained Imm
clon€s taken fmm this library and a computer was used to identifo o!€daps betw€en
sequences. This r€sdH in 140 sequence contigs, whici werc ass€mbted into the
complete genome sequeflcq as shown in Figure 4.t L
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Clear

)
Genome ects statistics

Orgrnism Complete Drrft assembly In progress total
Prokarvotes 621 g. 416 1563

I 4 30 83
Bacteda 578 456 1tao

Eukaflotes 22 I34 t'72 3A
Animals ! 8 l lzl0

Mammals z 2! 21 46

Bids L 2 1
Fishes l 9

b!E!E I t 9 E.
I 3 4

Roundworms I 4 p t7
Amphibians 2 z
Reptiles I I

Otheranimals 1 t 8 25

Bb!r.: 2 'l 3.t q

I-and planls 2 5 24 3 l

9199! 41res 2 ! 9

Funei !s 52 D. 91
Ascomvcet€s c 20 7l
Basidiomvcetes J. z 4 12
Olherfudei I 2 5 8

Protists 6 l 8 27 5 l

AdleEdereE -! 9 L t l

Kinetoplasls I 2 5 8

Other prolisls 4 7 25
total : 649 594 64t 1891

Revis€d: Jan 28, 2008
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figure 24.8
LIVINC GRiAT APES.

All living Crear apes,
with rhe excepuon of
htrmans, have i haploid
cnromosome numoer

not lost a ctuomosome;

| ' '#S'iss:

3 f
5I

fisu.6 lz28: Sarcoding ol p.imrto chrohosoE.s 63 a way ol nvo.lirg nruduld dilloroncos

Cros-species cotor banding {Bx-Flsd) prcliles show aliqnm0nrof o.tholosous primato chromosomes with human chromosom€s l_22 and
X. Chrc'nosome s€G (wilh numbe.inq accordinq to the human homolosd showllom lolt to right human, ch mpanzos, qorilla, orang-utan
andmacaquo.Toimprovecompaisons.chro 'nosom€s2p/2q, i21, l4 l l5and20/22,whi .haies inqlechmmosomesinhumano. inthe
nacaquo aro shown rogelher wirh ths g€at a9o homologs. Thistype of anaLysis has sugqest€d a prulimmary ancesl6lk3ryotvpe lor
human and srestares Eeproducsd rrom Mull€r a nd Wienbers (20021 Hirm 6erel109,8F 94 with pomislion itum Spdnservs aq

Gorllh
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Sp€cl€s 1

o
F|GUIE 12-t0
Synt€ric relaliondips betwe€n 8€nes in different species, Mammalian genome, arc chaEcteriz€d by ta€e
chromosomal segmenb in which a f€w up to s€veral thousand genes, spanning hundreds of lhousands to
millions of base pairs, are in the same ords and oienhtion in distinct speci€s. (a) Each of the 20 mouse
chromosomes (aulosomes l-19 and X) h colored according to the chromosome(s) in the human senome
with which it shares syntenic blocks. The key to the colo6 of th€ human €hronosomer (t-22 and the X) is
shown at the 6ottom. For example, th€re is a larSe block at th€ rip of mouse chromosome 1 that is ortholo-
gous to a s€gment from human chromosome 8 (y€l/ow). These regions were part of the same chromosome
in the last common ancestor ot humans and mice. The complete synt€ny between the x chrcmosomes of
mice and human beings is striking. Th is is characte stic of the X chromosomes of placental mammals-all
are derived frcm the same anc€nlal chromosome and therc is grear evolutionary pressurc to ke€p X-€hro-
mosomeg€n€s to8erherand not mixed in with autosomalg€nes. (b) Syntenycan be used to id€nrify rhe lik+
ly odholoS ot a protein. The arrouE represent 8enes. Wh€n the sequence of 6/',e gene in Species 1 is com-
pared to the sequence of the entire g€nome of Species 2, two genes in Species 2 are found to match it ar the
fevel of 80% sequence similati\y lgny cicle and hexagon). A similar comparison is done for the neighbor-
ing genes. One ofthe b/ue genes in Species 2 is found to be flanked by th€ same neiShbo ng genes (DroM
and ye ow) as is the blue gene in Sp€cies 1. In conttas! the second b/ue gene in Sp€cies 2 (hexagor) is
flanked by two genes (orarge and rcd that hav€ no similarity to the flankinS genes in Species t. The loca-
tion ot the b/ue gene between two sim ilar genes in Species 2 makes it a very strong candidate for the odroloS
of the b/ue gene in Sp€cies l.

O
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FIGURE l3-I7 Thecircll genome maprof
E coli naine K-12 and Ol57:H7. The circle
depicts the dGtibution of seqlences tpecific
to each strain. The coline4 backbonecommon
to both stains is shown in blue.The positions
orOl57:Hhpecifi. r€qu€nces are shown in
rcd. The positions of Kl2ipeci0c sequences
are shown in gren. The po5itions ofOt57:H7-
and K-l 2 specific sequences at the same
location are shown in tan. Hyperuariable
sequences are shown in puryle.lAfts N r perna
era , "G€nome Sequence ol Efrerohaemorhagic
Eihetichq cali A151:H7: Natuft 4A9 20A1
7529 T533. Counesy of cuy P lnken t t and

E. coli
0157:H7

compared with
K-l2

6200 sharcd @rc g€nes

t
I

Taq€l lor drug dovolopm€nt

figure 24.14
CO;�TPARATIVE GENOMICS

Chagls disease, Aftican
sleepin8 sicldes, and

claim millions of lives in
developing nations each
yed, share 6200 core genes.
Drug developm€nt targeted
at proteiro encoded by the
shared core senes could leld
a siryle EeaFnent for all

Atrlcln d.€plng llckrll!!
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NATIONAT G EOGRAPHIC NEWS
mFomNc YouR tnoflD DAIIY
NEI/I,S HOME ANTMAL NEWS ANC'EI{T VIORL.D €NVIRONMENT NEWS CULIURES I'

llammoths to Return? DNA Advances
Spur Resurrection Debate

ior N€tjonal Geographic Ne\i6
June 25, 2007

Today the only place to see woolly mammoths and people side_by-6ide
is on 7ho F/,hlstores or in lhe movies

ad r€.€lrchds a€ on th6 v€€e d Piedng togeh€. condeb g€ttom€' or brE_
oea rpeoer sua o neanoo.t ls and mn|lmtE {s€e a bdef overvlew ot

So no{ ihe Ug $adon b, wll r€ sooi D.
aue lo bdng 3u.r! odnd lp€cl€3 bad( to
frb?

R€seaftruB .€ dM&d 0l€r ho{dl€ niglt
ty lo do tli! sr{ lNh€lEf lts even bslDle
{Rdat€d: 1/\'oollY Mamholt' R€.un€Guon
'Jlnssh Palt named I,AId 8, 2dlq.)
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Synthesizing a Genome from
Scratch
Scientists ssy th€ results rcgesent a new stage in synthetic Hology.

By Bnily SiDger

MTIOMTGEOGRAPHIC NEWS
nt'of,nNc lour rvonD oArLY

ANCENT $/ORLD EWIRONMEM NEq]s CULTURES NEIIB

Entirc Synthetic Genome ct€ated

a ntdqEdt dffi . ryndEfb rieqphfl l' rll&D enfr dJrhs . drdrt o.Gsd

'tlr- alrlr lr n.*! a.EF n- b-.r e|r|b{dr h !E${ hp..Il -p
brt or-t td* r. strc b !r.csE
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Colonl6co. snir'g cl6n€€ ot
Ed lragrn€nl oi lh€ 6.glml

nEhtalr'€d ar Brs clrtuE.
Elch e0dr oill|E B a l^3llfio'

lndh,ldual €oornbinarn clo{|€6

16.11 Cor|ltlc-thg r Oona Ubrary Hutnan ctvofilo6omd DM b
bolat€d ard hol(€n up Into hagrnfite uslng €sfblion €ruyrn€5. The
n4rn€nt6 ar€ lAsstod ilto !€cds (plasrnkb 6rs shot tl hq€) ard
hk€n '.F by hod betahl o€b, dl ol |rfiidl fl4l h€rbo€ a dngl6
faOrsn ol fb hrtEt onfA TfE ffi.rnatitt in fE tsdtiE bet€tbl
cr,itJrs ard !# ol colonie const'hrt63 a gd|e tbray.
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