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BBEAKTHROUGH OF THE YEAR

Human Genebic
Vaniation
Equipped with faster, choaporlochnologios for s€qusrcing
DNAand asssssing variation in gonomes on scalgs rarqing
fion one lo millions ot bases, reserrchers arefinding out
how truly differe we are lron onb another

THE uNVEtLTNG oF THE HUMAN GENoME ALi, losT 7 yEARgAdo
ca9 the fust faint light on our codplete 8€netic nakeup, Sincedm, each
new g€nome s€quenced and each new bdividual sludied has illuminat€d
our Ssnomic land!€ap€ in ever more detsil. In 2007, reseimhen cam€ lo
apprcciare the c(ted to which olr Seromes difrer frorn pc$on to person
and the irnptcation5 ofthis variation for decipherjng thi genetics ofcom-
pl€x dis€as$ and personBl t€iis,

Less than ayear ago, th€ big news was triangulsting variation
betwem us and our primate cousins to get a b€tter hsndle on genetic
chang€s along lhe €volutionary tree lhat l€d to humans. Now, we have
mov.d from asking wh.ot in oor DNA makcs us human to striving to
kno* what in rny DNA makes m. rlc.
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Wh.t ntl.! $ |ltlque. Changerin
the numberaid order of gen€s {A-D)
add vadety to lh€ hurnan genohe.
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:::33lill3333iTT :Single nucleotide polymorphism (SNP)

Simple sequence repeat (SSR)
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vtuR -
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rocus3-

Jim Doe's DNA
-..----_-lPatrol
- j_4_ I nomo|ogous
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Figure 22.8 Simplilied diaglam of rhe us€ of vaiabrenumber tandem iepears in pr€paring DNA fingeryrints.
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(a)
AGAAGTG

ASO for allele 1 ASO for allele 2

copyrig||t o Ih. t ccl!*Ht cd(a) r. er-uase |lii|iJnl6jiiff;;'ffi,1i";",iffiiEqir'd'orns!'r'cd6ordlebv.
Raiss
l6mpoaature

-)
17la,I

2. zl-base probe/target hybrid with middte mismalch

c
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'-.lllnnnfFrnmm..
Mismatch at base 11

Raig€
lamp9rature

lhi ttztt
llrmnormmrn

ttrrr .rrrr . rrrrrr . rrr t rrrr .

oo 21b.2 t
fed.t? /< i /<-z1et -  *<Lt l

C)tp f*A /to./+
dn I'a
";hZ
+a<. t ; ea <.t'4. 4r,n)
fda-* aa./a aa</<./.{.t

,4?(acl /r<*4

targ€t strand



n;Ak_ a4,
4la/ti Atle/<.

-------......-fl!ttli

chlld Folus

eS ,qS er 'CS
GarrotvD€s ot fsmlly momb€'s
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't?.13 DtlA f€sdns bv Al|€l's-Sp€cifc Oligontdeodd€ Mttdiza-
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iij"."i'i"J.l tn".r"rn",td€ Thef61 dild howet€r' hasinhsned
ir- *tt a "rpro "nO i" ,"it* afi€c'led bry ths di5€6se rP' a cana



Ustua A tat f"
/t.fr.y.26. Qr/,;

4 l / c /<

Site oi 3-bp

tur [- -;-{
l '5dil1 l'
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'l I nvu,iorzarion prooe
a a  a  a  a
a  a  a  a a

Fldure9,l7 Dlr.<t deie<tlon of the hoJt <ommon .''itl<
fi;rorl3 mulatlon. nre ciqen"e^tends acro$ 250,000 base Pai6
ano isoroantcd in 27 ero h encod$ a prote:n wrth I480amino
a. d!. raiThe moit (omron dnease,dusing muralon in rhe Crgene
is a deieiion or th€e ba3e5 in eron l O lt is Po$ible to amPlit the
reqion conrainnq the rite ol rhe rot.ommon mutdtion ov PCRand
or;dF lhe oCR P;oducts inLo tlao aliquoti You then bbt tl"e aliquoB
onto fiher paPer and prcbewith AsOs lorthe wild type and mutanl
drel.! Th; A5O for the mutant allele diffe6 by the absence of thtee
base5 from the Aso ior the wild_tvpe allele. (b) Pedig'ee of a lamilv in
which one dauqhter (child 4) has cvstic fibresis. (c)Analvsis ot the
allrJ ol an A5O hvbndization test provide dire.t information on rhe
cfgenotyp€ ol alliamily nemb€E

(c)
Deleiion ASO

DNA'.GAA AAT ATC ATC TTT GGI GTT TCC''
Prolejn Glu Asn lle lls Ph€ Glv Val Sor

504 505 506 5'07 508 509 510 511

DNA' .GAAMTATCAT. -T GGT GTT TCC ' '
Prorein Glu Asn lle ll€ Gly val ser

f.. /c 2r,!f4r ',

74zqtr*.y't

4l l ,</< r
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Stgac*eia al?P4a<e/tf
ta €cat4

1. Large DNA clones are
ftrst isolated. These are
arrang€d into
contiguous sequonces
based on
tragg€d sites.

2. Large clones are
tragmentod into small€r
clones br sequencrng.

3. The entire soquence is
asssmbled from ihe

E T
I -

I I
a l

t l
Y Y

I
t

I

II

ov€rlapring larg€r clones.

1. Cut DNA ot ontire
chromosome into small
fragments and clone.

2, Soqu€nce each
segm€nl and arange
bas€d on orerlapping
nucl€otid€ s€qu€nces. I
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(4 Hl€mrchlcal s€qu€ncing lBl Shoiqun s€au€nclnol;";fu@
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.(;*) IIIIII
I I I E I I I

ftagments bt a €stricl on
€nz}m6. Tr€ rragm€nls ac

an 'lcial chrcmosome (BAC)

I E I E I I I I I  I I
I I I

-

GlfteBAc r€gmenF e cJr 'nro shdrrp@6 aro I
I seq@nc€d nom malkd b ro*ef. 500 bp al a II I'me '\

I

17.22 Tl|,o Approachesto Sequencing DNA (A)lnthe
hierarchical approach to genome sequenc ng, genet c mari(-
ers arc mapped, and DNA fragments a€ then aligned by

rnatching oveiapplng sites wilh the same markers. (B) ln the shotgun
appoach, ihe DM is lragrn€rned ard a compLt€r is used to lind
overlapping nran€|s.
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4/tra" rc42 oEb€zaPa 1,v7t
f€f atarava

kPs466

|mpoltnt d6v6lopontc
l|| DM .squ6|rclng

Mi63chor: Dlscov6r6d DM
Avory: Damonstratsd Dl{rt r! 'csn6dc fatsrtrt"
Watson & Crlcl: Ol6covar6d D.oubl6 H6ttx Stuctlre

Holloyr Ssqu6nc6d Ysast frllAM. Specilic RNA di8€stion and chromatogra phy methods wercused lo seque.ce RNA;itreqjred larye quantjties otsampte.
lvu: Soquonc€d I coh$lv6 ond DMI. P/med synthesh concept and 20 electrphoresis were used;samples were labeledand less maleialwas reduir.d
San3sn D€v6lopsd dldoory t6rmhaion mquenctn8 procaourei
Gllbort Douolopsd cft€mlcrl dogradadon sequsnctn3protocol. unanlermtnauon ano chemrcat degradatoq concepts *ere devetoped,. roryacryram|de gete,ecuophorcsis was used to sepa€te DM tracts.
M63.lnt: Da!6lop6d Ml3 clonlng voctor3r LEnrnE System was aDdred,
Hood: Dovolopod p.rtialv autornetsd r€quordry q|.t6m. s€quencng reacrons were optmrred. . Assoded sequencing strateSEswere appned and comoder asrstedrdala handline was sbrted
Vontsr: Flrat bactorlal gonomss 6squonc6d. Automat€d fluorescent sequencing instuments and rcbotic operatjonswere appliedtolhe process.. PCR sequencin8 concept was inioduced.

Porklni-Ehor Corp.: DavoloDsd lnd markstod
96-caplllary ssouoncor. Fully aulomated 96rap llaryetectophiesrs sequencrng system,savaIaDE to rcsearch taboratorcs_

Figure 2. Advances in DNA sequencing €fficiency and
sorn€ of th€ technological developmenrs rhat enhanced the
productivity of s€quencers. Initialy, all the steps in DNA
s€quencing were performed ndually, naking it a very ta-

bor-intensiv€ process. However, tully automated s€quenc,
ing machine have now larSely replaced hunan se-
quenc€re gre.tly incr€asing efficiency.

.txpa/rh.*,/-&"Ii. 2,aa2

Elffclsncy
hp/machhtsh6ar

150,000,000

4t'"r..t /ar-/42 /2ratyaeac,g2
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E?t

l/4 x au-et1t? er ft4tae,vcra.Z"^;::"f 3*7:,,!^
(A) 0M labelins and sband diisodafo.

- : -,-- r..1. Libeted 5,terminls

I 
DMso eo'c

I Afaose 8el

-- - t Purit one ol

(8) lte c Eaclion
Mol*ule to be equnced
(maiy @pisl

offin9-tnqffi

| oim€ltryl su alet

offi9-.G-9-

offi9n9mq1.lf

olffi!*9nq-

I pipendm€
I

offi9n_cnq

(C) Rmdine lh€ sequenc irom he autoadiosrdph

c c+T

! t
= l
- I

=

G A+G

- r
! I
- l
= I
! ! l

Fi8'ne 4.8 Chemical degradation
sequencin&

CA<aarc.iy'
I'u'1

Keacfzeai 4a-1L*1, Eeo+k
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2t fFaO€.wT /2aaa|2
Elat-<e 2p4 ltteE aier, /.1

/<a,et 4/a./

(a) G€n€ratlng a nelt€d ar.y ol lragmontg
1. Prcduclng lab€led iragments ending at G 1 . Add pdmer together wilh

polymeras€, nucleotides,
and ddc, ddA, ddc, and
ddT, €ach labsl€d wilh a

'i,""*-na
lAG-aaGTfl
ITE'EG;I
t;Eaatn
l;Ga--
tTd-
ld
E
E

FlguE a.2o G.nq.l prlnclplB ol DNA sequ€r<|ng. (a) All seq!€ncing prctocob rcly on the production or nested arays of iragments; the
kagments allbegin at tne 5ame 5'posiiion in a sequence but end at ditrerent 3'positionr. (l) Ihe€ are two basic ways to produce the frdgments:
chemi@l cleavage, a technique d*loped byA. M. MaxamandW Gilbet and enzymatic enenjon, developed by F. sanger ll|e chemical
me6od uses 5P<afic chemicals to cl€ave the DNA after each type of base-A, G, I or Cj it requi.es the control ol conditioN such that cleavage
atfets only a small fraction of the bonds at a particular base. The enzymatc method dep€nd5 on the ability to teminate DNA synthelis with a
nucletide base lacling a hydrcxylgrcup that B criticalfor<hain extension; conditione are cont olled 50 that only a smallfEction of the Eowing
DNA chains are terminated witi the addition oi the (hain-teminating bak. (2) Io geneEte nested ara)5 irom the fragmenB produced by both of
these prccedlA, rereadeR use polyacrylamide gelel*trcphoE is under conditions that allow the separation of Dt'tA mol€culs diffedng jn
length bya single nocletide. (b.l) lt is po$ible to genente nested fragm€nt5 ending in alltour nucleotides in a single reaction, with each of the
terminating nucleotides labeled with a different.olored fluoecent d)€. (b,2)Altematiwt foursepahte Eactiotu can be p€rformed wirh a
different similady lab€led teminating nucleotide in each reaction. (c.1) lfyou geneate a nested aray in a 3ingle reaction, you can sepa.ate the
Hctjon ProducB in a single rane, with th€ color of each rragment indicating the a$@iated te.minating nucleotide- (c.2) Altematively, if )ou use
iour diffeent rea<tiont to geneEte tne nened aray, yoo must lse fou adjacent lanes to sepa.ate the r€action product' at each porition on the
gel, a band will app€ in only one of four lanes; its p.senc€ specilier the nucleotide at that position.

2. One labelilour lanes
Divide fragment afiay sample

Combin€ each sample with a
slngle label:lorG-, C-, A-, or
Tteininating lragments.

. D€natu€ st ands- Hybndize io
specif ic labeled pimer.

SepaElo in a single g€l lan€.

DNA

3

T T  T T  T _ T  - f - ' T
l l + G l  + c l  + A  l + r
\,/ \_/ \_/ \_/

Chemical cleavage to cut about
1% ol mol€culss at €ach G

I
Add DNA polymense and
nucleotds hinurs (AlP, CTP,
GTP, and TTP) and ddc-

N€wly leplicat€d strands a.e
teminaled about l% ol lime al
6ach C rosidu€ on lomplalo

2. Run the products ol the iour
rsaclions in lour s€parate g€l lan€s.
B6ad DNA s€quence.

DNA

EEEE

5

S€paraie lragmsnls on gel- only
lab€led lragmenls will b€

- c
+ c
+ T

+ G

+ c

cc
T

G
c
c
G

-r4u"EA {€Aasu€;/
Paap a.rai<

b.lr Atto
1ea4to/,/
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.!ucFa7/oa Clei

Each oi iour reactions conla.s:
sin9le-srranded target DNA

Lii(--r- l:It{]
itT.fj iI4.?

+ DNA

n;;;"fi-. .l
I d deoxy bonucleoside
I tphosphale (ddNTP) ]: +dd^Tp

' ' l l l
when .  d ideoryn0c leo t  de  is  l \  t  I  I  V

il:ffllfiil::ftiiiff'"rs;f1""ffi mffi* mff' ffiffi
Incorpora€d nto the gfowing

Tem plat e - 3, ft-|lrJ.U'q-Ti1r! q r s,
Pr iner-5 ' I  oH3'

remptate f$ggggggg $*!g-.{4lt Err.4rsla.lr r lllEgf,iddlc' ta. tt:.a.ar. 4.t qj
chain, synlhesis te.m nates because

The sequence oblained is the
complement of the original

| '/ '-'
t l , - -

A T
C C

-  T A
C C

- ; i  AJtordd,ogram of
c C etecrophoresis qel
c c

r  T A
r  T Ar  A T

5'  3'
/ \

Sequence of  Sequence of

19.26 lfic dided), m.thod of DNA sequen.ing is b.red of, the terhtn.tion of DNA synthesir,

@ T.^p c-L @ f)*r)

. .alllour d€oryrbono. eoede
tnphosphates, DNA polyme.ase, .

lragmenls oivarious lengths, each endinq rn a
ddeoxynucleotd€ wilh the same base

The sequence cai be r€.d dnedly
lrom the bands thal appear on
lhe a!loradiograph of the g€1,
nanrng from the bottom.

g) 0pt? l.l)r."+.te.
@ <nr*



7k //t< q F(haee.rctv7 1(or?s
f t l? - , ) . ,

4tta4t4 fin2a fTerr"ty : 
rq.

A4l"rutlto l .?rtf //r/ 4aglra

A singlertranded Dl!,A traqment
whos€ base sequen.e is to be
detemined (he temp ate) i5 Eolared.

Each oi lhe lolr ddNTPs is tagged
wirh a difierent f uo.ekenr dF, and
rhe Sangersequencinq reaclion s

The lragmenrs that end i. the same
base have the eme colorcd dye

The p.odu<ts a.e de.ar!@d, and the
DNA iragnents produ.ed by lhe fou
reactions are mixed and loaded nto
d 5inglewel on an eleclrophorcsis
9e . The iragmenls mig.ate thrcugh
rhe 9el acco.dinq to size.. ..

5' nrSffIltf ilriniF[|ir.|i|ilt 3,
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Each ffaqmenl appea6 a5 a peak on
rhe compure. prinrou! rhe color oi
the peak ndcat6which base s

The sequence information is read
diEctly into lhe computer, wh ch
convens ( 11o rhe complementary
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Estin,t.d G.non€ siz. (Mb) Estin.t.d Nlnb.r of c.n.s Ycf

f tcuRr l0- l
Growlh of DNA sequences deposiled into rh€ public dalabases (Gen8anft, EBt, DBrL) from t98s to 2006.
CenBank and the other public databases began rhel operarions stoing and disseminalinB most ofrhe DNA
sequences available-in the early 1980s. The increase in sequen.e data resuks from the ma$ ve increase rn
seqlenclng capabilities rhar carne wirh rhe Hunan Cenome pro ecl, particutartv in the tate 1990s when
seqlencing ot lhe human genome began in eame(. A mi estone was reached in 2005 when the
| 00,000,000,000th (one h!ndred bj lionrh) base patr was deposiled into th€ databases.
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fgure 21.10
HISTORy OF EVOLUTIONInI Cgeltct ,ts nrvtlLrD lY
THE FOSSIL RECORD,

Homlnoldr
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Igure J).Jo
A PRIMATE EVoLUTIoNARY TREE. PlosjDians diverg€d €arly
in primare evolution, whereas hominids diverged nuch mole
recendy. Apes consdmre a paraphyletic group becaue some
apes are more closely related ro nonape species (hominid, than
tney are to o$er aPes,
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(a) (b) {c) (d)

Figure 22.5 Humans div€rged from an ancestorshared with chimpanze€s aboui 5 million years aso. Representatives of
primatet alive today: (a) oransutan, {b) gorilla, (c)chihpanree, and (d) human
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A RTIC LES
Initial sequence of the chimpanzee
genome and comparison with the human
genome
The Chimpanzee Seguencins and Analysis Consodium"

H6re we pres€nt a draft g€nom€ saquence of the common chrmpam€e (por troglodles). Through comparison with th€h!m:n 8€nome' we hav€ a€n€nted a laraely .on|Plete catalosue of th€ senetic diff;rences thatiave accumutat€d sin.ath€ fiuman and .himpanzee species diverged fton' our comnion anc€stor, constitr{rna approrrhrt€ry thrrty-fiv€ mirionsin8lo_nucl€otid€ chanS€s. fivs million lBsrtiovdslGtion evantt and various chromosomal rearangernents. wo us€ thiscatalogu€ to Grolore th€ magnitud€ ind r€eional variation of mutational forces shaping th€s€ two g"||omeE and thestrehgth of p.lrtive and n6gattve set.ction acting on th€ir g€n€s. In pantcular, we itndlhat th€ p.n€ms of evorotion inhumanind dinpan2ee prot€in_coding g€nes ar€ higfirv correrat6d and domrnated by th€ fiEtion ot n".rtrarand slShtrydsl€te.ious allel€s. ft also use tt. chimpanze. g€noms as rn outSroup to ihvesflgat€ hum.n popd.tion 8€nsti".;ndld€nttty signatu.€! of sel€ctivs sw€€ps in re.dt human Gvotution.
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An RNA gene expressed during cortical
development evolved rapidly in humans
Katherine S. Pollard'*f. Sofie R. Salamal2*, Nelle Lamberta5, Marie-Alexandra Lambota, Sandra Coppens{,
lakob s. Pedersenr, sol Katzmant, Bryan Kingr'2, courtney onoderar. Adam siepelri, Andrew D. Kernr,
Colett€ DehaytT, Haller lgelr. Manuel Ares Jf. Pierre Vanderhaeghena & David Haussley',

Th€ d€veloptnontal and €volutionary mechanisms behind th€ €metgence of fiuman-specific brain tuatur€s remain largely
unknown. How€ver, the recent ability to.ompare ow g€nome lo that of ourclosest rslativ€, the chimpanze€, provides
n€waverlues to link genetic and phenotypic chanses in the evolution ofth€ hllmah brain. We devised a ranking of
regiohs in the human g6home flat show siAnifi.ant evolutionary accel€ration. Here w€ r€port that the most dramatic ot
these'human accelerated r€gions', HARI, is part ola novel RNA sen€ (HARIF) that is dpressed sp€ciflcally in Cajal-
Retzius n€urons in the developins human neo.ortex from 7to 19 gostational weeks, a€ru€ialperiod for co.ticilndrrcn
sp€.ification and migraiion. HAntF is co-€rpressed with reelin, a p.oduct of C.jaFRetzius nsurons that is of fund.ftental
importance in specityiry the slr-lay€r structure of the human cori€x- HARI and the othe. hum.n acceleratod r€gions
provida nerv .andidat€s in the search for uniquely human biology.
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fi8ure 4.9 Pyros€quencinS. Ihe stand
sln$€sis rerction is caflied out in he
absence of dideoxynlcleotides. Each
deoxynucleonde is added individually, along
!iri$ a nucleotidase en4me that degEdes
he deoxynucleotide if it is not incorpoEt€d
inro $e srrand being synthesized.
Incoporation is detected by a fash of
chemiLumin€scence induced by 6e
pyrophosphate rcleas€d from the
deoMudeotide. The order in v!fiich
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!,!!rnome

Know thyself.
Knome is the firct personal genomics company to offer whole-genome sequencing and comprehensive
analvsis services for individuals.

Based in Cambridge, Massachusetts, we work alongside leading geneticists, clinicians and
bioinformaticians from Harvard and MIT to enable our clients to obtain, undeNtand, and share their
genomic information in a manner tiat is both anon)'rnous and secure.

We are currently offering zo individuals the oppotunity to participate in out initial launch phase. By
being amongst the fust inilividuals in history to have their whole genome sequenced, tlese participants
will help pioueer the emerging field of persoual genomics.

Recent Neuts
January 22, 2oo8: Knome Commences Whole-Genome Seouencing Process For First Clients
January 10, 2oo8: I(nome and tlle Beijing Genomics Irctitute Enter into Exclusive Strategic Alliance
November 29, 2oo7: Knome Iiunches First Commercial Whole-Genome Seouetcing and Analvsis
Seri'ice for Individuals
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Gene-sequencing projects keep
getting bigger.
Tuesday, January 22, 2008
By Emily Singer

In a tostament to the steady
plummet itr se4uencing costs,
today the National Human
Genome Research Institute
(NHGRI) announced a massive
intemational collaboration to
sequence the genomes of 1,000
people from around the world.

"The 1000 Genomes Project
will examine the human
genome at a level of detail
that no one has done
before,' said Richard
Durbin, Ph.D., of dle
Wellcome Trust Sanger
Institute, who is co-chair of
the consortium. "Such a
project would have been
unthiDkable only two yea$

' ago. Today, thalks to
amazing stddes in
sequercing technology,
bioinformatics and
population genomics, it is
now within our grasp. So we
are movitrg forward to build
a tool that will geady
expand and firther
accelerate efforts to find
more of the genetic factors
involved in human health
and disease."

uunng rts two-year production phase, the IOUU
Geoomes Project will deliver sequetrce data at aD
av.ragerateof aboutf.2Giii6rr--6ase-Gi?:tvlthe
equivalentof rnorethanFo]Gfi-EEiffi 'everv
Z4-boue The volume ot iEra:anli-an -
interpretatioD of tbose data--will pose a major
challenge for leading experts in the fields of
bioinformatics and statistical genetics.

The 1,000 yolunteers will be selected from thos€ who
participated in the HapMap projecq a map of common genetic
variation (see 'A New Mao for Health"), aud will inclulde:

Yoruba itr lbadan, Nigeria; Japanese in Tokyo; Chinese in
BeijiDg; Utah residents with ancestry from oorthem and westem
furope; Lubya in-Webuye, Kenya: Maasai in Kinyawa, Kenya:
Toscani in ltaly; Gujarati Indians in Houston; Chinese il
metrololitan Denver; people of Mexican anc€stry iD Los
Angeles; and people of African ancestry in tle southwestem
UDited States-
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A R T I C L E S

Analysis of one million base pairs of
Neanderthal DNA
Richard E. Greenr,lohannes Krauser,susan E. Rakr, Adrian W.8rig8st, MichaelT. Ronan' , Jan F. Simons2. LeiDu2,
Michael Egholm',lonathan M. Rothberg'. Maja Paunovic't & Svante Paabot

Neanderthals are the e*inct hominid group host clos€ly relrted to cortemporary humsnt so th€ir aenome olfers a unlque
opportunity lo identity gonetlc chanS€s sp€cific to anatomically tully modem humans, We hav€ idenilfied39gl@-yeaE9!
N€.ndlrthal foisil that is €xc€ptionally ft€e of contamlnatlon ftom modem human DNA. Direct hi8h-throughput flucncing
of a DNA efraci from this fossll has thus tar yl€lded ov.r one million bas€ pairs of hominoid nucleer DNA !€quen.es.
Comparison wfth the humanand chlmpanzeetenom€s r€vealst@
df$!i!4r&4gfsErl!l|l5l00qu!arE3l& Existing tedtnoloSy and fcsil r! oor.€s arc now.uffi.ilr* to initiate a
l{candcrthal Sanomeaequenclns eff ort,
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A second generation human haplotype
map of over 3.1 million SNPs
The Interrational HapMap Consortium.
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The HapMap b a catalog of @mmon genetic varianb thal
occur in human beings. lt descdbes what th€se variants are,
where they occur in our DNA, and how they are distibuted
among p€ople within populations and among populations in
different parts of the wodd. The Intemational HapMap Proi;ct
b not using the information in the HapMap to 6{ablish
@nnections belween panicular genetic varianb and dbeas€s.
Rather, the ftoject is designed to provide informatlon that
other researchers can use to link genetic varianb to the rbk fo,
specific illnesses, which will l€ad to new msthods ol
Feventing, diagnosing, and beating disgase.

tne
DNA
in our
cells

sre?'-r1n.rr.!6ffi

Figue 1: Mten ONA segugncos on a pa of
dTomosome 7 fiont two nndom inMuals de
@npared, tr;,r'o singb nudedide 'py'y/'l o.d1ktns
(sNPs) @1!r In abod 2,240 nudeotides.

contains long chains of lou chsmical building blocks -
adenine, thymine, cytoGine, and guanin€, abbreviated A, T, C,
and G. More than 6 billion of thes€ chemical bases, sfung
together in 23 pairs of chromosom€a, exist in a human cell.
(See http:/ vrywdnaftb.oigy'dnatth/ for basic information
about gen€lics.) These genetic sequences contain information
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Figure 2: The @ngrudion of the HapMap o@urs in
thtee steFs. (a) SinSle nudeotide
plymo,phisnqsNPs) {e i(tuttifred in DNA sanfles
ton nultiple indivduals. (UAq@ SwPS t at are
inheited together a[e comfiled inb hadotypes."
(c)"Iag" SNPS within hafutyps de idennfed thd
uniquely identify those haplotyFs. By genowng
the fhtss fag SN s slrown in this fgure, res€arct ers
cm idqtity whidt of the four haplotyFs *rcwn here
de Nesent in eaci individud.
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that inlluenc€s our physical baits, our likelihood ol suflering
from disease. and lhe resDons€s of our bodi€s lo substances
that ws encounter in the environmenl.

The genetic sequences ol different people are remarkably
similar. When the chromosomes of two humans are compared,
their DNA sequences can be identical for hundrcds of bases.
But at about one in every 1,200 bases, on average, the
sequences will differ (Figure l). One person might have an A
at that location, while another psrson has a G, or a peGon
might have exua bas6s at a given location or a missing
segment of DNA. Each distinct 'spelling' ot a chromosomal
region is called an allele, and a colloction of alleles in a
person's chromosom€€ is known as a genotype.

Differ€nces in individual bases are by far the most common
type ot genetic variation. These genetic differencea are known
as single nucl€otide polymorphisms, or SNPS (pronounced'snips"). By identifying most of the approximately 10 million
SNPS estimated io occur commonly in the human genome, the
International HapMap ftojed is identifying the basb for a large
fraction of the genetic diversity in the human sp€cies.

r 0
! l

For oeneiicists. SNPS act as markers to locate qenes in DNA
gequenc€sli Jay InaI a spoflng cnange In a gene Increas€€ Ine
rEf6l suffering from high blood pr€ssure, but rasearchers do
not know whsre in our chromosone6 that genE b located.
They could compare th€ SNPS in people who have high blood
pressure with lhe SNPS of people who do not. lf a particular
SNP is nore conmon among p€opls with hypertBnsion, that
SNP could b€ used as a pointer to locate and idenlify thE gene
involvsd in th€ dis€ass.

p€rson's chromosomes would be extrerngly expensiye. The
development of the HapMap will enable genelicists to lak€
advantage ot how SNPS and other genetic vafiants ar€
organized on chromosomes. Genetic variants that are near
each othsr tend to bs inherited together. For €xample, all ot
the p€ople who have an A rather than a G at a panicular
location in a chromo€orne can have identical genstic variants
at other SNPS in the chromosomal r€bn slnounding the A
These regions of linked variants are k,lown as haplotyp€s
(Figure 2).

In many parts of our chromosomes, just a handful ot
haplotypes are found in humans. [S€9 The Origing of
Haplotyp€.1 In a given population, 55 perc€nt ot people may
have one version of a haplotyp€, 30 psrcent may have
another, 8 perc€nt may havs a third, and th€ rest may havg a
variety of l€ss common haplotyp€s. The Iniernational HapMap
Proiect b identirying -!!
l]oodaliQls from dilforsm patts of the vrorld. lt also is
identifying "tao' sNo- that unlqu€ly identify thes€ haplotypes.
By t€sting an Individual's tag SNPS (a process known as
genotyping), researchers will be able to identity the collec{ion
of haplotyp€e in a p€rson's DNA. The numb€r ot tag SNPS that

SMt Arc

Howev6r, t€sting all ot the 10 million common SNPS in a

hnp://ww.hapm.p.o19/wharrrhapmap.html..n
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contain rno€t ot the intormation about thg patterns of ggn€tic
variatbn is €stimaled to be about 300,000 to 600,000, whlch b
tar lew€r than th€ 10 million common SNPS.

Once tf€ informalion on @ SNP8 from the HapMap b
avallable, r@archss will bs able to use thom to locate gtsn€€
Involv€d in m€dically impoia faib. ConsitEr tlrs rgsearcher
aylng to find g€n€tic varhnb associated wilh high blood
pr€6surs. lnstaad ot determining lhe il€ntt/ty ot all SNPS in a
person's DNA, the r€€€archer rvouH genotype a much snall€r
numb€r ot lag SNP3 b detsrmtu€ tho coll€cto'| of haplotyp€s
pr€€ent in each subi€rct The rcsaarch€r could locus on
sp€cific canditatg genes lhat may be sociatod wilh a
disease, or evon look across th€ €ndre genome to fnd
chrorncomal regiorE lhal may b€ assocbned whh a dbease.
p€opl€ with high blood pr€ssure tend io share a panicuhr
haplotype, variants conblbuting io ihs dlseaso mlght be
somewh€.e within or nsar lhat haplotypo.

Home I About lhe Project I Data I Publications I Tutorial
Plgas€ s€nd ouestiong snd comm6nt8 on websito lo

help@hapmap.org

hnpt/wx.hrtm.p.org/rh:rlsh.pm.p.hrnl..n
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The International HapMap Proilct is analyzing DNA trom populatlons with Afrban,
Asian, and European ancesfy. Together, these DNA sampl€s should enable HapMap
researchers to identify most ot lhe common haplotyp€s that gxist In populations
worldwile. [See What le lhe HapMap?

B€cause ot the history of the human species, rnost of the common haplotypes in
human chrornGorn€a occur in all human populations. [Soe Ths Odgin of Haplotyp€s.]
How€wr, any giwn haplotypo may be more common in one populalion and l€ss
common in another, and new€r haplotypes may be found in just a single population.
Efiicienfy choosing rhe tag SNPS needed to ilentify haplolyp€s therefore requir€s
looking at haplotype fi€quencies in muhiple populalions. Abo, genetic dala from more
than one population will enhance the abillty of r€searchors b study the genetic
confibutions to diseas€s that are mors or less pr€valent in differ€nt group6.

The DNA sampl€s for the HapMap have come from a total all 27Q@D!e. The Yo.uba
p€opl€ of lbadan, Nigeia, provided 30 seb ot samples tromiffiaraiF?nd an adult
itriti leactr suctr ffiinird a rio). InJgpg!. i15 unrelalod individuals from the Tokyo
area provid€d samples. InglilA ils unrelaled individuab from B€iiing provited
sampl€s. Thirty U.S. fios p.ovided samples, whlch were collected in 1980 Lom U.S.
residents with norttrem and westem European ancesty by the Cente d'Etude du
Polymorphisme Hunain (CEPH).

The blood samples arc being converted into cell lin€s, which als us€d to make DNA, by
the non-polit Codoll Institute tor itediqql Roeoarch. Corbll povides DNA and cell
lines from the samples for research projects that havs b€€n appro\ted by the
appropriate ethics committ€€s. The sampl€s and c6ll lln€6 arg not linked to any
individual in the populations studiql. However, th€ samples and c€ll lines are idern ied
as coming trom one of the four populations panicipating in the study, which raises
ethical bsu6 ffiociated with conducting genetic research in nam6d populatione [Soo
How Ar9 Elhiqgl lgsueg Bging Addr€$ed? and Guidglineg for Ratgring to ths
Hapiiap Populalions in Public€liorre and Progsntatons.l

To ass€ss how much addilional information would be gained by genotyping othsr
populations, haplotyp€s in a set of chromosomal r€ions are being anayzed in sampl€€
lrom several additional populations.

Home I About the Project I Data I Publications I Tutorial
Please send questlons and comments on website lo help@hapmap.org
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The International HapMap Proj€ct will benglit human heahh by proviring an extensive
.e6ou.ce that r€s€archsrs can usa io discover the genetic variants involved in diseas€
and individual responses to therapsutic agents. Onc€ such varianb have b€en
discovercd, researchers can l€a|n much more about the origins of illnesses and about
ways io pre\€nt, diagno€e, and treat those illnesses.

The goal of the Project is not to ilenfrify th€se disease-r€latod genes direc{ly. RaO€r,
by identifying haplotypes, the HapMap provides a tool tiat can be us€d in what ar€
gald associalill *'4.f. For the6e studies, research€rs will compar€ the haplotyp€G
in inilFftmE with a dlsease to ihe haplotyp€s of a comparable group ot individuab
withod a dis€ase (the conlrols). lf a particular haplotyp€ occu.s more trequently in
atfected individuab compared with contols, a gene influencing the dbease may be
locat€d within or near that haplotype.

Common diseases such as cancer, stroke, hsan disease, diabstes, depression, and
asthma usually .esult from the comblned eltects ol a numb€r ot genetic variants and
environmental factors. Acrording to an idea known as th€ common diseas€-common
variant hypothesis, the risk ol coniractlng common db€as€€ is influenc€d by genetic
vaiants that are relatlvely common in populatons. Not snough data ar€ lr€t availabls to
evaluate the generality of this hypothesis, bul rnore and mor€ wilely disbibut€d gsnetic
vaianb assoclated whh common dissases are being discowr€d, including variants that
contflbute to autoimmune dis€as€€, schizophrenia, diab€tss, a6iima, €troke, and hean
attacks. One ol the many b€nefts of the Internatonal HapMap Projeilt will b€ the us€ ot
the HapMap to learn mofe about the links b€tween th€se common disorders and our
gene6.

Knowledge derivsd fiom use of thE HapMap atso will r6ult in advances thal arg difficult
to predict today. Medical b€atmsnb could be customized, bsed on a patient's genetic
make-uD, to maximize effec,iiveness and minimize side eflecb. Genetic variants
contributjng b longevity or r€sistanc€ to disease could be itentified, l€ading to nev'
thefapi€s with wkl@read bsnefib. As with any new body of knoMedge, the HapMap
b likely to l€ad to both new challenges and to une)pec'ted and unprecedented
opportuniti€s.

Home I About the Project I Daia I Publications I Tutorial
Please send questions and comments on website to help@hapmap.org
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variation present In lhe ances:tral human populalion. Abo, 6 humans migrat€d out ot
Africa, they canied with them pan hn not all of the ganoiic variation thal existed in the
anc€stal population. As a resuh, ths haplotyp€s sesn oubide Alrica tend b b€ sub€€ts
ol th€ haplotyp€s inslde Afrlca. In addiuon, haplotyp€s in non-Atrican popuhtions bnd
to be longr$ than in Atrican populafoF, because populdio.E in Atrica have b€€n
largef through mucrr ot our hlstory and r€comblnatlon has had more lime there to break
up haplotyp€o.

As mode.n humans spread throughout thg r/o d, the ftequgncy of haplotyp€s cam€ to
vary lrom region to r€gion through random chanc€, nalural selection, and oth€r genetic
mochanisms. As a resull a given haplotype can occur at different ft€qu€nci€6 in
difierent popuhtpns, e€pecially wfi9n those populalions ae wktely s€parated and
unlikely t0 exchange much DNA through maring. Abo, new changG in DNA
s€quenc€6, known as mutations, havg crsated nstv haplotyp€s, and rnosl ot ths
r€c€dly adsing haplotyp€c havs not had snough time to spr€ad wldely beyond the
populatbn and g€ographic region in which they originated.

Home I About the Project I Data I Publicalions I Tutorial
Please send questions and comments on website to help@hapmap.org
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tigure 11.25 Haplotype a$ociation allows high-resolution gene mapping. (a) Representation of the same subchromo'omal re-
qion in diff€rent individuak within an ancenral populatjon that lived reveralthou5and yea6ago. tinesofihesame cotor have the same
ietofalleles because of@mmon deecent. The disease mutation (M) o(cured on one an<emal chromosome. (b) After,l0 seneration!,
the original sub<hromo5omal region has broken apartthrough recombination into three smalld r€gions (A on the lelt I in the niddle
nd con the r€hf). Ed<h thaller rcgion nilloc.(]ls in thr€e difierent haplotyper. (c) You now collect DNA samples from a number of
rnrelated people with the diteate and f.om an equalnlmber of people without the diseate and <ompare the frequency of each haplo-
ype tom regions A" B, and c in the dkeaseand controlgroupr. Genotyping of the samples will enable you tocompare haplotypefre-
tuencies inthetwogroups. Haplotypes ofregions not dosely linkedtothe disease locus will oc(ur with the 5amefrequency in both
Ioups. The only tignificant diffe.ence willb€ in the one haplotypethat encompassesthe diseare lo<us (the b/ue haplotype of region B),
nhar. mu.h high€r lrequency (here 100%) in thedkease group than inthe controlgroup.
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Welcome to 23andMe, a web-based service that helps you read and undeBtand your DNA. After providing
a saliva sample using an at-home kit, you can use our interactive tools to shed new light on yow distant
ancestoB, your close family and most of all, yourself.
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A R T I C L E S
Genome-wide association study of l4rOOO
cases of seven common diseases and
3,OOO shared controls
The Wellcome Trust Case Control Consortium'

Th€r€ is increasing €videnc€ that Aenom€-wid€ association (GWA) studi€s roprssent a powsrful approach to the
id€ntification ofg6neB involved incommon human dissases.wedes.rtbeajoint cwAstudy(usingth€ Aftymetrix G€n€chips00K MapPingAnay Set) undertaken In th€ British popllatlon, which fta3 €xamined -2,OOO individuats for each ot7 najo;
dis€as€s and a shared set ot -3,OOO controls. Cas€-.ontrol comparisons idsntified 24 indepEndeht association signats at
P.< 5 x 10 t: I in bipolar dlsord.r, I id coronary arr€ry dissase, 9 in Crohn's diseas€, 3 in rheumatoid artnritis, 7 in rype Idiab€tss and 3 in ryp6 2 diabet€s. on tho basis of prior findlnas and r6plication studiGs thus-fa. camptat€4 allno"t " n otiir"""
sitnals reflectS€nl,irs susceptibility 6ff€cts. We obsswsd associrtion at many pr6viorsty id€ntitiod toci, andround
comp€llina€vider.sthat some loci.ont€r riskformor€than one otth€ dlse:s€! studied. Aooss attdis6as€s,w€ id€nflfl€d alarge number of tunhsr sisnals (includina 58 loci with ringte-point p vatues bgtwe€n tO s and 5 x .tO 7) titety to yiela
addltiona I sus.eptibilitv loci. Th€ inportance ofaplropriately targ€ 5ampt€s was.onfirmed by ths mod€st effoct sizes
ohsewed at most lociid.ntifisd. This studv thus repres€nts a thorougft vatidation ofth6 GwA app.oach, tt has atso
denonstrated that ca.efuluse of a shared controtgroup r€pr""ents a saf€ and eff6. v€ .pproaci to cwA analyses of
multipls dis€as€ phs|lotyp6; ftas g€n€ratsd a g€nome-wid6 g€notype databass for rstu16 studter of common disers€s in the&itish Populatlon; and showtt that, provid€d lhdlviduals with non-European anc€stry are exclud€d. the 6rt6nt oI popula onstratifi.ation in th€ British population is 8€n€rally nod€st. our findinSs off€r n€w av€nuss to, €xptorinr ths parhophysiotoSy
of these impoltart dllord€rs wG antlcipat€that our drtr. r€sutts and softwar6, which wiltb€ wid€ly avritabl€ tooth*
iny$tigators, will provid. a powertul rGsource lor human tpretics r€6€arch.

4rrocili,?a2a/.-y'ruz
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New model for prostate cancer based on 5 SNPS
rs1815739 sprinters vs endurance athletes
rs4420638 and rs429358 can raise the risk of Alzheimer's disease by more than lox
rs6152 can prevent baldness
rs9939609 triggers obesity
rs662799 prevents weight gain from high fat diets
rs7495174 green eye color
rs79q3l46 in 3Vo of the population greatly increases the risk af type-2 diabetes
rs12255372 linked to type-2 diabetes and breast cancer
rs2395029 asymptomatic HIV viral load ser point
rs324650 influences intelligence and alcohol dependence
rsl799971, makes alcohol cravings stronger
rsl'7 82293 | determines earwax
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Genetic Structure
of Human Populations

No|h A, Ror.nb..!,l' lon thrn K. Prlth.rd,2 J.r||.. L w.b.r,'
How.rd M. Crnn,a f.nrrth K lcdd,! l. v A, Zhlvotovtty,'

H.rcut w. F.ldrn$'

W. nudi.d human poPut tron nru.tue u5ing SeDtyP.r at 37/ aut@mal
mi.rGatellite to<i in 1056 individuab from 52 populaiidt. withiFPoPul.tion
diffecnc.. .mory indMdEls accounl for 93 to 9594 of Semtk v.datiorl
diff.rcre amd8 malor SrolPg @Btitute onv 3 to 5%. tleverth€I.s, wlthout
u5in8 pdd infomton about the odSrc of indil,iduah M id.ntlfred six main
lenetic dBt E, fiw of sfii<h .oresPond to malor 8F8npt{< nSiolE and
sub.ltdeE that oftd <oFelpond ro indivlduat PoP{tatio6 Oeneral egreement
of gcnetic and PF.hrined PoPutatiffi $88erts that s.r-GPort€d arestry (.n
feititate d6.$ments of .pldemioloSi@l d.k hn d@3 mt obviat tlE m.d
ro use glmtlc infom.tion in gefttl< aociation 3b|di€5'

M6t .tudiei of hme vdiation b.gin by bctw4tr w.lst d individub fiom 3 tioglc
mplins fion prd.fircd "?opdations." populddd (.1-9). Tltatiq th. within?.P'rla_
Th.e ropd.lion! e !$slly d.fin.d or th. tion .on'lorcnt of g.r.tic vdi.tio4 .4in6t-
b.!i. of.uite q sos,qny dd nidt not .d n E a 93 to 95% (Tablc l), &@ql' fot
cfet ud.dyiry s.n.tic claiioNhip. (l). no,t ofhund sdctic divdily- ldhlP6 s I
B€.@ ldowl.dge about g.r.ti. shuctE rc3ult of diff@.s in @?litg &hm.8
of bodd hm@ Flulatior. @ aid in iG {i0), ou .ttiftalc ir highd ihs Paiou
bcF of hur@ €volutiomry hjsbry, w. .stimabr Aom 3tudi6 of con!@bl. g.c
u!.d rh. iaGDP4EPH ltmo Caom. Di- srehi. 6v@9. (r'-6, 9), on. ofwhich tls
v.dity C.I Linc P4l (?, 3) to tcat lh. u!.d miftsatcllit n{lGF (6) Tltir ry.EU
@Erpo.d@e of pi&fincd grclPl with 3inildity of h@e PcPulatiod i. d$ cvi-
tho* inf@d ton individud multilec Ba d.nt in th. g.og!4bically Pi&3ped ndu.
notJ,!6 Gw!oni!8 or in. t xt). of nost all.la (fis. sl). of 4199 all.Ls

Tlc 6vaag. fllpo.tion of gerctic diffq' pr.snt noE thd @cc i! lh. tuPl., 46.?%
cnc.sb.t*an individul, fion difdathu- .pp.{.d in all bqior cgim cprcentcdl
Ed loput.iids only rlidtly .c.& thst Ani.a EeF, thc Mid<[. E54 Cat l./

,iw.rhreM&orB SCIENCE vol 29a 20 DECEI']BER 2oo2

l.!l. 1. Adyi& .l nFLdhr vtlt* 0{r{ova). Eu6la, {hl.h €nffip@ lurcP. th. MlddL E6l
-d cenrEusoltn Ara, 15 r.et d s 6m nglm ln in. ficEgbn Ar'4ovA blt ls qbdvlded r. tie
m.-Egld d6lgtr Ine wdld-sg7 empl. mlmiB t Pr.vic snidy (4

v.dan.. .ompoftnts aid 95* o.fid.E l.t Mh (i)
Nunb€r Numb.r

SeDb oa ot
r.d6 P.Pubilo6 k- ra+.

4qq othbcacc494.3)
93,9
94!)
90.2)
er4
9q6)
9&4)
99.4)
9&3)
9&3)
9A9)
94,3)
39.0)

9A3 (9&2,
99.3 (99.1.
9&7(9&6
9e6 (9&t
9&7(98.6,
93.5(92,3,
3A41817,

'| 52

f 5 2
5 1,1
1 5
1 2 1
3 2 1
1 A

93.2 (92.9,
9i1.1{$.4,
89.8 (39.3,
969 (967,
9&s (9&4

5A(5.2,5.7)
2512.4,26) 43(40.{.4
z. lzl,zs) !.5 (3r,3.9)
s.0{48,s.3) s2(1.7,sn
3.1 (2,9,33)
1.s (1.'r, 1,5]
12(1.1,13) 05 (0,4 0.5)
0'7 (06,09)
1r (r.2.13)
1411.2,1.5)
130,1, 14)
61Is.f.72)

115{11.q123)
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Mitochondrial DNA Sequences Shed tight on Human Evolution
The mi tochondr ia l  DNA of  a l l  humanr a l ive today t races
back through maternal lineages to the mtDNA ol a human
population living in Africa some 200,000 years aso. such is
the r tar t l ing conclus ion of  two pape6 publ ished in 1987
.nd 1991 by Al lan c.  Wi lson and ro l leasues.  The carr ier  of
this ancettral mtDNA, dubbed "mitochondrial Ev€," proba,
bly lived in a population of 10,000-50,000 people. (ln thit
(ontext, a population k a qroup of interbreeding individu-
a ls  of the same specier  who inhabi t the rame rpace.)

How mtDNAVariations Suggest the RegionWhere
Modern Humans Emeroed
tn ttreir stuaies supportini an African origin lor modem hu-
mans, Wilson and coworkers larrt looked at restriction frag-
ment length polymorphisms (RFLPt in the mtoNA of 143
subjects, includinq Americans of afrkan, Asjan, European, and
Middle Eartern origin, as well .5 Aboriginal women in New
Guinea and Aurtralia. Fouryea6later, the group followed up
their original 1987 nudy with sequence analyser of a rapidly
evolving, highly polymorphic nonroding segment of mtDNA
Jrom 189 individuak, including 12t native Africans from vari-
oue parts of the continent Pipua New Guineans, Europeans,
Asians, AJrican-Americans. and a native Australian. tn both
rtudiee, the reeearcheE found greate. requence differences
among Afrkanr particularly sub-Saharan Africans, than
among Aeiant or Europeans. Because mutationt ac(umulat€
overtime, they concluded that the African population has had
the longesttime to evolvevariation and thus modern humans

Statistical Calculations ofthe Number and Rate ot
Mutations Suggest When Modern HumansAppeared
Having propored that modern humanr first appeared in
Africa, the researrhers calculated the probable date ot
th€ar or ig in by ex l r .pol . t ing the unknown f iom the

known. They had observed rhe greaten human mrONA
variation in a sub-Saharan Afiican poputatjon; about 2.9%
of the base pai6 in  the mi tochondr iat  genome var ied
imong the individualt they siudied from that popu ation.
They also knew that chimpanzeer and humanr diverged ap.
proximately  5 l r l i l l ion years ago and that  human mtDNA
di f fer t  f rom that  of  (h imp.nz€er in  about  15% of  $e
genome. Adjusting these data to account for muttipte sub_
stitutions at the iame bare pair, they estim6ted that the
mtDNA of humanr and chimpan2eet has been diverging at
an average rate of about 13.8% per mittion years. To deteF
mine approximately  how long ago the human popu at ion
containing mitochondrial Eve lived, they divided the per-
centage of maximal human variation by the rate of chimp-

2.8/13.8 = 0.20 mi l l ion = 200,000 years ago
Although there hae been some (ontroveEy over the sta-

tistic.lmethods and asrumptions that formed the basis of rhk
analyrie, most geneticistt now agree with the conctusion that
the women (arryinq our ancertral mtDNA lived roughiy
200,000 yearr ago in lub-Saharan Africa. Recent studies of
parB of the Y chromosome and other pie(er of nudear DNA
support thir conclusion. In one 1997 study, evotutionary 9e.
neticist' ex.mined two nucl€ar DNA seqments on chrornosofte
12 in the genome! of 1600 individuak trom 42 populatione
around the world. In populationt outside of Africa, one combi.
nation oI polymorphismr in the two €lementr rhowed up
almort exclu.ively; by contrart. in sub-Saharan Afri<a, almort
all the posrible v.ri.nts appeared. Recentl, analyser of
Y chromosome polymorphkmr uncovered two an(ient DNA
marker tshared by nonhuman pr imates and a lmal lgroup of
sub-saharan Afrkan men. There markers surtained muta'
tionr about 100,000-200,000 ye.6 ago. Today, .ll men o{!
side ofAfrica ar wellas mortAfrican men carryth€ rnutated
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Analysl. of human mtDNA led io the
Mltochondrial Evo Hypothesis
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Diverse From the Start
Th6 divsrsity of genatic ma*erc is greetost in Africa (multicolotod dots in m6pl. indicating it w63 ths
earli€st homs of modam humsns. Ontv 6 handfulof peopl6, carrying a few ol the marksrs' walkod
out of Africa (cantor) and, ov€r t€ns ol thous.nds ot ve6rs, so€dod othsr lands (right) "Th6 g€nstic
maksuo oI the rest ofthe wortd is 6 subsot of what's in Africa," savs Yal6 gsnsticist Ksnneth Kidd_
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Human pigmentation genetics:
the difference is only 5kin deep
Richard A. Sturm,t. lUeil F. Box,r and Michele Ramsay2

s||mmaB'
There is no doubl that visual impressions of body form and color are imoonant
i  {4e nteraclons wln'n d' ld between hu-"n Comm:-rtreS Renark"Orv t  is
lhe levelsol tLsl  onacne-" lcal ly ne1 alo sldblp vtsJdl ptgne' l l  k-own ds n ;  antn
Inat is responsible for prodlcrng alt shades of humankind lvjaior hurnan qenes
r_vorvec r_ i ts formation have bee- tden t lpo .a.cety rsirg o corpa,atrve gJ.on
Lcs approach and through the molecular anatysis of the pigmentary process
thal occurs within the melanocyte. Three classes of genes have been exarnined
for their contribution to normal human color varation throuqh the Droduction
of nypoprqrne'r led ohenorypc. 61 by gener,c assoc,dton * i t r ,  ,k," ,u0" uno
hdir  coor.  The VSH cel -urfJce eceptot a.d t .e nataloso-" lat  p o,oie,n are
tne two mosl obvols candidate genes influencing va|ation in ptgmentation
phenotype, and may do so by regulating the tevels and activitjes ol the
melanogenic enzymes tyTosinase, TRp-1 and TRp-2 BioEssavs ml12_ 721.
1998. e l998John Wi/ey & Sons, lnc.

TABLE l. Human PlgmentaUon Genes
G.F l$ore

.yhbol h6oto!u. ChEm3oh6

MC]  R

I  tq t4 -21
9p23
13q31 32

16q24.3

s ary (s[)
OCAI Tyrosrnase
OCA3/ROCA TRP 1
U.KIoM TRP.2
OCA2 BOCA P protei.
Redhair MSHR

Tyos ne hydroxtaicni DOPA oxidase

Dopachrome lautonerase
Melanosmal f ansmembrane protei.
G.prolein colpled receptor

FiguE L Vaiaion in heanosome srlclure and disrribL.
.o l i ld f tF  F  ta  oJp \  As 'aqcskr  +" lqv .ece '  ,n re .dq l
laung wilh keradnocyrece s s pa.itorcd n6rhreesectorE.
Sto{  w i l rn  r le  n  p td  o  VrA a ,e  ?  to l .nagp\  o ,1era-o
-roi! to_mato. ron brddilq rror r.p Coto, oppd dtl\. orr" r'r { o'ghp1ted {qq" tv re o-o ome. n,g.dl,lg up rh6
oe-o i rL  p rn-q \ -s  o '  -F  !e ,  d  dseLr " 'eo{ ro rF- (e rdr l
cyles rn Afican popuarions, rhe merarcsomes remain ds
snglar neaviy pigrented panrcles whte in asians and
ELropeans he metanosores crusld in menbrane bound
orga ner es giling d /ferent sktn conptek ons



SLC24A5, a putative Cation
Exchanger, Affects pigmentation

in Zebrafish and Humans
Reb€cca L Linason,l* Manzoor"All p.K Mohld6€h,1t

Jason R" Me3t,r Ahdrew c. won&1i Heather L Norron.s
.. Mtd|.te C. Aros,r Michaat J. Juqme<,s Xianlrun Mao.Gvanessa n Humphrev_illqrg J.sper E. Hrmbelt,.5 Sorriy" Sinh...

Jesjcl L Moore,,I pudur Jag.d€esw.r.n,ro wel ziuo,tGj|ng-lin&' tzrb.le Itakalow3ka,T p.ul M. McKei$6,i1
Drvtd o,Donnelt,lr Rtck xtttles,lz :steban t. paia.t

Nancy J. Mangtni,'a Davtd J. crunwald,B Ma* D. Shrtver 6
Vlctor A, Carfield,a Keith C. Chengla!

tiShter variattons of ?igmentation in humans are aslocEted wirh diminishednulr|ber, size, and density of melanoso,lCA th€ Fgmented organeUes ofmelarcrytes. Here we ,r,ow ifiar-?Effiffi goroe, mutants share tlesemeBnosomal chanSes and thEr gotde, encodes a putative cation exchanSer
Ii_o::--q1"t rhat Locarizes to an inuacelurar membrEne, urev ;heits pre.ursor. rhe human ortholog ts htghly simitr inseqkre and runction€l in zebEfish. The Evotutiona;, *^i,J"a *.J_iduep d . ,numan toding pglyEgIphis pJglgqilarA in Afri.ln and EEt

Fi& 1. Phenotype of goida abralish, Late6l
vi*i oI adllt wlld-tvoe lAl and dolde, lB)
zebrarlsh. lrcets shovi meianooloris t"-i":
heeds). scle b.rs, s mm (ins€r, 0.s mm). 9'01,1dutants hav€ melanoohores rhet .r€. on .v,
.€ge, smaller, more pale, and tranrr.rent:
rffsmlssion etecbon nl@gBphs oI s*in mel-
.nophorc rrom 5thpf wil4rype {c .nd E) and
goP' (D and F) larvae 9oi6r ski. neLnophoE
(arcwhe.dr show edges) aE rhinner and @n-
t in hwer melEnosone tian do those of wttd
type. M.lanosomes of goir, l.N.e are fser
'n number, smarl*. lesplgment.d, and iregu-
lar (ohpdred wrth wrtd tyIE. S(6le bal5 in {C)and {D), locrCr nm; in (E) and (F), 200 nm.

::1iJ:*1.:1.:-'l ::T,",t, t",,"r,""iiir"r" r" .*,ry ri,,"a rn r".p"*populations, ts .sso.iated wfth ;'iipvplcuorE, E 6o.rared wEn a gglLlliilllgl4i.Ain rerional hete;oa_
tosrry, ahd conebtes with littr€l skin pigmentluon in admt;ed DoDULatio;in admlxed popuLrio;s,sugsestins a key role for the srczaag ;;e in human p,ci;.;i:"l

EnhaH Arildn r.esy (%)

:

E &
e

€ 6

:
I
!

g

lE;.?;.Ti*j"ii!,r^f .ggg::.:l-ryq:ft"i1"_lt-"!!i,ed popurrtions. {^) vadaflon orflT,'$11l,:ff !?::ttlt":U;t:'fl :m",tl:,*.g.e"i#ii*iii"t"i;;.,":H::ri' jotyp?5-,a. indi@tad by cot* ud +";J.ei*,i i"i i .nriili"'JtJlm":ll,#tr":':; ",:{^:l :!:l!1+-4i'ii;l 6j""ii;',#"#iril'd: ;:ffi ilff :?
30s1). _rhe, @cpondrns u.-;"i;t;1";;,";:;J'd;;'fl ?;:'s;li4:f j;, ;#r;
l1." nlliejlire cr*n as rorowsi ro, cc. o (8.s),, - 2oz ina"ru,ir.ftc. _z.d?ii.i-_i!, rilM, -9-6 (6.4), " 4 21.

pigdentation art* sdjunme"t r., -;nf i;;,!# [l"ili"l ilii"l,:ilH:]: ltT#::":i
::X,i*,1:":::::_d,,T_"r:nrn index !n. rhe Gr@-rared.cc .gCi;" ii""-i|-t dii;'.;ly * o.Z113x +
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Rac€ r a hrgdy non-b,oloqi;t @nc€Dtcon-
founded by muuDde6ra;dinr and; ble
histo.y of prejud,ce. 1," teltionrt ,p oi
8enon,6 b the conc.pts of race and €rhni-
city has to be @nsid;ed within

betw-;i

g@pinfof ra(ial categories lo cta$ify b,o_
roSrcar tcitr, is prone to m6interp,etarEn,
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aae- /z
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To minim,zesuch nisinrerpretation,the Oio-
rogrcrr and sociocultuEl 6aon rhar hreF
retdte g€netiG with constructs of ace and
etr'nicity need ro be bette. undedood and
communi@ted within the nqr few years.

This will require resarch or how ditreF
ent'ndividuahand cultur$conceiveof ncc,
eu'niciry. Sroup iden!,ty and setf-,denri!x
and whar role rhey betiere qenes or orher
bioloS,cal raclos have. Ir wiliako r€qu,E a
cdrlcal examination of how the scieDtific
comnun'ty und€rstands ard uses tllse con-
cepE in dsrg ng Bsdlch and p.senthS
rfdhSs,and ofhowtne m€dia report l,hese
Arso nec6sry k widerp,ead educator
about rne bioloSrel De.nin8 and limita.
!onsorlesearch hnd'n$in ihjs area (Box 6)
and the lormulation and adopuon opubk-polrcy options that poka asrns
genomj6-bNed discrininarionor natileat
ment Gee GGnd ChallengelII-t).
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figure 20.12
FREQUENCY OF SICXLE CEIL ALLELE AND DISTRISUTION
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ofpcople hornozygous for the sickte cetl ,let€ o ep\e inro
'ickl.d rhap.s wh€n rhe orygen tevel in tfie bt@d is tow' Thc
distriburion of rhe sickie c.lt attete in Africl coincides ctosetv
wi|l). rhat o( P ftkipdtut nata .



6+*.,2/E Orylr,

2VaZ-{p,,r.// &n'-/ * *<
a>vA/ 7 ?1 c,4/ ,,/o.r//., ,.///

Proponior of genetic diversity accounted
fof wirhir atrd b€rween populations and "rHtP-. Mrhin Raccs

Gene H.edi- Wirhh PopujaEoni Populatjots Betw.€n Races
Hp .ss4 .893 .051-Z- ^0s6
As .994 .834 - t {a
Lp .639 .939 - ktc2

/1.-<.
A-/t;atuc-ilS
6,A,a - t  

' ,
*ttt-11;?

L f t - . "

Xn .869 .997
Ap .989 .9X7
6PGD -327 .875
PGM .758 .942
AA .184 .848
kdd .977 .74r
D"ffu .938 .636
Leab .994 .966
KeU .189 .901

.062.

.058

.033

.027

.211

.r05

.032

.o73

.214

.029

.o47

.073

.o63

.011

.067

.o2s

.131

.048

.259

.002

.026

.o92

.o22

.048

.253
,030

rpL/q/
.153 .694

1.000 .949
1.746 .917
1.900 .674
1.241 .907

P
MNS
Rh
ABO

M."" @ Gt\ a6'6n
!;;;' 

* " t *-0".-t 86b of E@t'tituttcbaase(cohnbi. UnivcFiry Pr*,

q
/La4, 4rr../t2, //+t;h
/a.l-l rir t A.L.-u,

44aag,

ZaJtlty'e-/s
Iti o2-/ .qt-Z -1,..),/

@ t+tr.r;rry 7cZ 7 'ltua'tw €''n/i z*i/n)
,$z,t l- 7.*.., 4 /*.<rrt /t+ 1/'-/brit / f,^t-
/./.tce. (PZ) * A/q a/t4 q,l e 1|acet "(tz,/

tiz
,ar)*

4ny 4% t ,%_, d.r./r; z*r;zi4 o;
/; /t/,4.aacet /z/pean /t<..r ( a.r't,9



.Zf f,cZ / 
(4r'-r, 4^-ii /zt-,,..,/-;

ae<...t le/*cq 2t/4o07 /. qao
-ot*4.t q1t ,tcd 22o4a-/r.) //.n/.i<r)

Z / . 2 , /
.<4a.-,, &

14a +t
// 4P.a," tt

7 z  /
tt,<.o

7/.,, ,o"r? -z?
2/z;  tz ,14+"t-,

d.rr.y'r; ?.-n'A;

@tr*g*
<.t2 2"o

.Z,<ea( an<
a-,,.4; t*-r^/-.',1

/ztlAhat t 74-t
A

Y*A

4at{
f.-A4,/

reA ra l .

f rtz ,'(rc2-zz.)J = 2//

H<u< t-t/ /Qaa' - *tt/ 
/ 

t"

,{+c - tQ;*;-/i t +tf t4 /a

@ ': 'h.,qo,, ,tilh A/+'2svu 1? l/6rtJ,t -

8{z
t2
72

o,t4,i 2q-t-8, )q, -/; p-e n4/.t
L/w,t 4qz././*it
L/qq 2 ec€c ).

aa

? he r<<Q '

,n*./a ba)/,/,,

t z {
Jz



e/-t i 24-4 t/

2'*+,7 q- &<riA/,,-.? .vrrr.2€ - /o{
Q-41' 4 a 4-a?* .n.rr'la4r ,2.?-Z-/r)z
-4..* ,/.c -

Z ot/./.o -t' .-/ ')Q #?*?
,oa+t 4 7 4<c.., 4/A-i /<-, 2lSa.ly'

U /y*7 <.ZZ,e/ec /n' e.-n€ /.a-ec. +€
/ner<n/ .t Z-.1L "/tgrr.rr* zn' a4<- ..4<<.t.3

44 /4+a<tt ,/.,- ,n3r,?:r'- J,//+ E /.pa
l*r// ?,/1,; 2t2<./-fz.a y'

A/<-s22-a.5 (u--,;/;). /,sI '; /*t',,
27-t.i,i - l.tzt /2"4/h- <-' /^r"ye,
J <Zz zacz.'/

.l/a fitc| y',lriS ., <
/-q* /.?,tt ?+ti /,-;-

&,.t ,l {l-4; /$zJ F<./q,t i'eT .!/r.ar4-l

V ru 4 €'etr AryvQ 4

2+2 r+<Z
,4-r1.r.r,

@

€q.-",h.-.y' .*wco2zlS ti '4 a =* 
*

'i.,-2" d.'.*ft zz"5 '/"t. n;ltrze
/.;. 7 ,lo,ilo-c tt H')"/si



at ab /./8 a47 7a 2?€1F AS rrn€,?,

A t c ^ s u ' s



a,!V"1 /ia<enu tv<a*rJ -r?.-/ -ut)-c.sJ
/.t<+aat Cz<tr)/zc.
€4trt/rc^/-;- 

ty'7t; * r' .a'/uctt'J

@ f.,z tZ 
, 

/y'.<q, t at-2 .a -*41 .Q e^1
/4.ecr/ar,U)n - .ti 4a-or< 4-a4t>Z .?a..

C4ue lrot- &.^q*
l t -
&<aV*.Z " --.. -
l+ <e.1 <e<cg

,lo,4 Fr.-

O cz.t'raf 6/rie, 2.-.r-'

It? -' t\,2.

2,,<:, /.i<.Si ./e

? 4 - 4  " : - < t c o A
/.(J z,fat/

4 o t l

*a ,*<
X t+2* c2

//a.tu2 -6et J Q/,-s*'/:a'/t; * /"#4 Qo<ft,qit
-, >1t- ,'tot/ /-,,4//i,/-/-r/ -/.?-n1.-.a"-

Qa.d
Aar/-t i

E/1;?i.
*tplte"i

4 Yaa*'-.,/



Downloaded irom bmi.com on 10 Fobruary 2008

HISTORY

The beautifut skult and Btumenbach s errors
Rai thopal reappraises Blumenbach, an important contributor to the scientific concept of race

hebiologicalcon.€ptof human Eces,
a! subspecieschaEdensed pdma'ily
by physiq ue, ha5 a stomy hinoryilh€
consensus afierthe seond wond war-

that6.e is a so.ialronstu.lwith minorbioLogical
@mponents-is now underacademics.ruiiry,
as illustated bythee advam€5in biomedi6l
science. tiElly, the mapplngof thehuma^
genomeis€Mblingth€ importance of geietics in
creatingand p€rpelualingdifeEncs betw*n
populationsto beanaLysed thoEWhly,: Se@ndly,
peuonalised medicine has bei |eiuvenated
byphamacogenonic5,which i5fi ndingncial
cl.ssifr caton,forall itsweaknesses. a@nvenient
though crude DutetoundeGtandingdifferences
indrugEponse,llirdlrin2005.theFood and
DrugAdmini5lationorthe United Statesli.€nsed
thedrug EiDil(acombinalion of hydralazine
and isosodlde dinitale) sdusivelyrorth.Ger
defr ned) bla.k popuhtion.r

Meanwhile, in suppotof nceas a social
conslrucl and to counler acism, mce eq'rality Ms
been enshrined in intemationaland national laws
and in gdemmental and institutional policies.

Bbn$bld'shun.r E l.d.5
ft{dllon6{i6f,S{Ebturvcidl.s@res
io lsos.ob (17t5)

. Feople no,n Asla b lhe crr€$ and som€

. Peoplefion [onhAr€iJca
s.d|dsluocfrE\arld6enleloS.orrdry
(?t0
. P6de non EuFpe (!dne0 hdudrnt

noltt Indl€. North AFje, r{orlh Anedca $or
' P€oplc fiom th. Est of tula" beyond ih.

. Prode nDm Aii.a (eeptih. nold1)

. Pople tum lh€ €st ofAnedca

. P@ple fron he south€n$ond Guch as the

Itddlto|tfi,!SdElcYr|.b 079,

Race, and the rclated and nderconcept of
ethnicity(subgbupinghuman populalions using
cLrlLiEl and physidl f6tur6, theEbysubsumlng
Ece), aE pominst in moden multi-e$nic
soci€ties.1 Rac€and ra(ismaEtopicalsubje.ls
intheUnitedXingdom b*auseof the200th
anniveEryoithe Urs r3071\bolitionof lheslave
TadeAct. tistheeforoa goodtimetoe*mine
lheole of pefi aps thenosl impoft antcontributor
lo the sienlifi cconceptof Ece,Slumenbach,
whoseinsighlsandemEprcvideinpon nt

A 5<i..ii5t and truturitiri:n
Forthis adicL€, draw laryelyon Blunenbach'e
colLected lreatises,'€dited byltomas Bendyshe.
Ilis bookindud€s two memoiE on Blumenbach,
one by Pofessork FH Mauand theother
byM nouens; thef ut and rhird editions of
Blumenbacht MD theslsi some otherqo*s by
BLumenba.I and ane55ayby0riohn Hunteralso
ontheva etiesofhumans published ii 1775.

Mad sintEductionstatesthatinBlumenbach s
tifi e"negm.s and savagts"were.onsid.Ed
haf anidal and lie idea of emancipatiignales
was alien.WhiLe$EMs an exaEgeElion, aslhe
€mancipalion movementMsalEadygathenng
monenturn, ildo.s ren€ctlheethor of those
Iimes. Blunenbach pbcLimed, unequivocally,
lhatsuch peopleweEonlysepaEted i!m other
humans byoppoft unily.Ihis contibutionalone
isnotable. Blumenbachwasr*edforhis
hrmanily.nd hisscience,as indi6ted notonlyby
the l{o memoiE in EendFhet volume, but also

Blumenbach's thesiswas pub[shed inthe
editions. In 1775 rhefi6t edirion discussen four
geogcphicallydefi nedvai€tie5 of hufi ans,
whiL€these.ond€dilionin 1841 outlined Fve
geogEphkallydefi nedvadetcs, f e daeloped
this classif calion tunherin thethid edilion,
which is the definitivewlume,wheE he prcvided
genenc 6therlhan geoSaphi.al labels.

On rt dbal wi.6.! ol @ldnd 0715)
The fiist edition stdns with rhe potential of cDssing
betwenspeciesandmentionshumans mating
with anirols. Blum€nbachfou(d no dd.n.e
forthis. 1r€ conclud€dlhathumans are3 uniqu€

sp4i6,with no intemediatefomsthat aE
panlynon.human. He id€nlifi ed the majorunique
featuEsof humansaslh€ laEeb6in,spe.h,
eect postwe, two f* hands, nak€d skin, and the
I'ymen in women (and po$iblymeNtruation).

Blunenbach! cenlnl question, one otgreat
intee5t atlhe lide and 5till Erelydis.ussed in
science,waswhelhef contempohryhumans
compn5ed one ormore spaies,' PluElityof
human species (polygeiy) wasthe popuhrview
in the 13th century Blumenbach emphasised
the unityof humanlty, howevei He saw
gEdation5 among humans, but no distinct
species orsubspe.ies. Nonelhe lesr, in the fil5l
edltion h€ ventured to desdibe-cauliously and
somewhat rcluctantly-fou.vaieties of humans
rclalingto rou.seogaphkal regions (box). h
thesecondedilion in 1/81 (aLsoappeanngin
afootnotein aepnntngottheliutedition he
identrfi ed rivevadeiles orhurnans rclallngto nve
seognphical resions (bo$.

Blumenbach annbut€d diff€rcnces belween
lhese humanlypes-such asvanation5 in slature
and colour-laBely to climate. Hedismissed
leucoplakia, acondition.nandensed bylos5
of skn pigm€ntation, a5 meElya disease and
not sen a va'iet ofhumanity, never mind a
subspeciet,as Blum€nbach interpreted otheE'
wo*. He noted that m.ny pLant5 and anihals in
northem latituds ae whit€, e5peciallyinwinter,
andalso thathumansareallbom ed.color, he
said,cannotconstituteaspeciesora%detv- He
an.ibuted the shape of the skullto envimnmental
tucloE, an obs€ryation thatti@atened lhe
foundationsof 6rdnlology butEs not pDpeny
heed€d by.Eiiologisc (and possibly by
himsel0, Heidenrified the impoft ant ole that
culture plays inchangingthe bodl

tiv. E.i.t.! of tumn5 (1795)
Tle third enitlon stanswith a letl€rtrDm
Blumenbach toSirloseph Bank,whi.h cladfi ed
thenolion thathumans haelheir@noderof
mammalh, save cEd it to Linnaeus forbeing the
fi Ettoan?ngenEnkind incenainErieties, and
makinglie aGumenlforiiesh thinkingonthie
is5ue4 I Healso lisG his scienlifi c methods,which
ihclude eraniningtkulls,felirses, hair,anatomical
prepaEtions, and p i.tures and d 6sings.
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He k nole sylt.tnatk than ln the n6t
.dltlon; fo.o6nple, the dlfiefences betveen
homahs and anlnab arc llsted as e.ect
posltlon, broad flat peMs, tuo hahds, and
Egularclose set oes ofle€lh. H€ enphaslses
lhat no clear cut sddlvlslons ofhunan solcles
dds! but that lhe'vadetles . . . run lnto one
anoth€r by insGnslbl€ d€gre€s.'flonelhe less,
h€ now dls.ens fiv€van:eil€.-and these labels
h.ve 6luck t0 thls day (boo.lhe conceptual
undeplnnlng of Blumenba.h's d.sslff .rtlon
k laryelyforyott€n and nlsBpE6ented, vvnlb
hls clr$iflc.tlon ls nentloned by most people
tevewlng the topl. ofnt€.

tieBav. €,€mpLs of FEoplefi Enghls n/€
tadetes. N. stat€d hatTutbh.nd Hlndosbn
$onxnr,€n Guoslans b(that ftoobnon
Eeng.land Esqulnaupeoplev€l! uongouans.
thldadfied sz..lEndeE0il5otl5)as abys.
fl€ nto|ltl|ttlat b/plhns ould b! Ehloplan,
lndlan,ora ttDef,lfi'shortdrin rnd pEr nent
eyela He|ttssr4dsed thatoih€r9€ople
a&ib{H Esyplia* b onevF. Elunenbad
Ecogdsed the h€t llFEltyriofn poFlsdolE
ln one land ornaton, sometrlryhahN6!
oveiool€d In hls dme, as ft onen b now.

Elunenba.h put speci.l einphdls on th. study
ofsb s and ftc aduc€d a dlv€Griyofskdls
to five maln \addles. fte lwo k€l, Dlates al€
Epoduced in thEfsure (plates lll and lvln
thetre.tlse). Slpnllngty, alhouSn he had
not.d thatedEnmertlnfl ucnc.dsl.lllshap€,
he dllw nalor and im condu!lonstEn hls
skrlls. H€ryrbl.,'fte neanlnt and use of thls
|till e.llly ba s..n by an o(amln.llon ofplat
lll, wtlclt neE5€nls, !y$ayot5pedm.n,
lh|€e shi-lrllsposed lh the oderhentloned.

Br{trt4@BEi26rlwurE s

The nlddle one 0) ls a very symmetlcal and
beadtul on! ofa cloEhn fe'nal€i on elher
5ld.aRtNsk s dltunsftDm lt In lhe nost
opposlte$ay. The one elongatld ln rlnl and a5
Itw€|c keele4 k thatofan Etiloplan f€tn.le of
Gulnea O)r he olherdllat€d ortnEdlytnvard
th€ sld.s. and as li{€re flalt€ned. ls that ora
RelndeerTunru! (r. h th€ first, th6 rEdn or
the obib, the beautrtuUy narEwed nrlrrboh€r,
6nd the mandlbles lhemselv€. underthe bon€s,
.E concEled bylhe p.nphery ofthe modeElev
e,qanded foEh6d; in t|e s.@nd, the n.n ary
b!n.! aE @mpEssed laledlty, and pmj.ct and
ln the thld, the malar bones, placd In ne.dy
rhe sane hodzonbl plane wnh lhe lltle bon.s of
the nos. .nd the slabelh, pml€denomoGly,

Itlostly, Slumenbach's wddng Etalned 6
sdentmc stame, but he expo!€d hk bl6
on b€rutwhen he w|tte thar thc caus.slan
rkll ofa G€oAlan ienal€ was lhe'most
handsome and be@tning'He slrt€d thatlh€
mostbeaudtulD6.le E In the souhen
dop€ ofllount Caucasus-that ls, tfte 6eo€ian
p€ople. tl. ihen speculated on the ontrn! ot
humans and mad. hh s€cond emr, by 861n8
beyond hc avdLble evldence Whi€, to quot€
Sbnenbadr,'we may hliy assum€ to haE
been lhe pdmltlve 610ur ofn.nhnd." His
leasonlng was that lt ls easy io chanF rom
whlte to bmwn but notvlce veEa. lime has
shown that thls vlcwwrs mtr&

ftes! emE wE notth. E ultofolour
pi€Judlce. Slunmbach |!nn€d lle no0on
that Ehloolans v/erclnf edorio o$erBces.
Blumlnbachwob fa,ourdlly.bo('n€Nrc€5'
qblftE fi.rb6uv, n€nhl abllitler and
add6€menGh llt r?tuE and ohBffelds. He
polnbd t0tanaibns In oppoftnit a! Oe@use

of dffie|Ences. fl k vlavpohtonAfi icanswd oln
oftunewlth thal ofthedncf and mo€ ln llne
l{lthftars€.ndunntthemov€ment brcndl
ngfts .nd equallvli h.1950s.

L.-r.drLt Gr
Blunc||badrr|gE, ln a pl€€s€d toie, lhat
he hd nade no stildnSnevv dlsco!€iybut
had |!ech.d asatlshciory.onctudon thatal
hum.ns aE oiesD.der Hbli*on he unitvof
humanlly oDnogtiDr6s atlnely@ft cf on of
lhe eru|€o|ls mowmentclalmlntd|at humans
conpnsld s.,€ntsped!5J

Blun.n!6.h'sroi(vvas a tlnlng polntln
th€ hlsloryofnce and 6d.nce, athouSh ltwas
nlany200ye.F b€hr!d|e l€ssonswet!Fep€ny
ab6orhed. BlumErbach3 l€sacy ls bnlsh.d by
blase. and .|ro|s, and ltteades u! that 6,€n
gn6t scl€ntlsb can !e led astrcy tpeEonal
vlds 6udr.s mtons aboutbeaut, shap.d by
th. etho.ofth€i ltnei Hls oddnalwods also
shofl how 0|.slrDle, cl.arcut cl.ssrfi.atlon of
ive distlnct hunan '!ces dlsphced-asilrEt
Blumcnbach! Epeaied tamln8Ffi e compl€r
l€alty of@datlons and the mlty olhunanl9
0ncludlng €qu.l potentrD. Blun.hh*h's n.me
his be€n assoclat€d vrfth sdcndffc rdd6r[ but
hlsary m.nb artEllyudemlnld uclsn,
Bhm€nbadr.ould not hav! tu s€ln th.rcmlns
ahise ot hls ld€as and cla!6lff6don lnlhe 19dr
and ti|st halfoffte) 20$ centudes.

Vlbcondnuetostugle ththcconpler'ty
ofdE con!.pts of |ae and .hnl.lty' and
theElulbntlnpdkclasdn.atloner 0v,
SlunEnladr's'/edcd€s of hunFnlty(an be s€en
h$rudtevdynalor.l9. and hioqgh he'/Bual
tredla, gtobaly. BUmenbach's thlnldn& desplt.
lbhult!, ondnues!o b! rebvant, llEpldng, and
lUumha!IE:
q tud b &d.dtohn tEtrlllas.o|lilch€t!
dtlrhlssayof E r!! Bh(bl!lFd€,.ded0.
Itrbto&E Hq{hbn h.s*dais'EiE
b.{yof dFU'ildryof Edlodriocpld/ds
B!nr$.d* drh..Lt$blr,!nArEs||ft .in |dn

lEb.hl,iiqllFBdo dq.r_it
Al5lddtyolslrDmbrillnli.sslo.dtnlq
can drahri*r|aEd.drd
Fqrr'drdFrdb'rllrdi&6rr*4

1 EhoDd6.ei*Atr.qddtatrrrrntdd/Xrrdl
'ddl6r fu.tutd.f/baw 4rhntrhgt Pt7i,ii
tdt, dr'tddra 6lbnlodb.d 0ilr6ly]6,

2 aornh.tnA Ardfldlrqhdl' omt$ xdd
l0(z EbsbtA a{ Gdldcrttdro,huru
r.9dd0.&sdddnxD;rrG2B1.t

I lrh. LIglt lR. Pfimot.dcind
diirolbr&d rfi adesllr2drs'rr0:10367.

4 Bl66b..h lt t Fdrl'op.qld/fds6o/roruri
ttrdr8id-0.6.t n&EA.hripolod.d

t unFcclts.dsFturddndiiEi4crit ard
Nn rlr,?b6 4 ofi ,Qlt y!4d,r/t. od a{NoE
gdrd^ m. bidqr trditrohltr.lrt(

6 nePl €.!6dL!dr,!$fll'li: itrs..htN
ofEe rnd tur&v.ln EDrI|.a$n!4,,

ll|rt driF{htrh.rldof.6.rdsidi.(iird!!.p.db.atontEn E dolEm{
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