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Fig.7.8. Visualisation of PCR producis ofornithine decarboxylase on an agarose
gel. Lane 1 - negative control (no DNA); lane 2 - positive control (cloned omithine
decarboxylasefEgment, z160 bp)j lane 3 PC R size markers; lanes 4 and 5-PCR
product using lat liver genomic DNA and the ornithine decarboxylase p mers used in
lane 2. Lane 4 shown product after 1 5 cycles, lane 5 after 30 cycles of rcR.
Photograph counesy of Dr I McKenzie.
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N e xt- ge neration te chnolo gie s that make
reading DNA t'ast, cheap and aidelg accessibb
are comingin less than a decadz.
Their potential to reaolutionize research
and bfing about the era of truly personalized medicine
means the tim? to $art prcpa ng is noTD

By George M. Church
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Figrlre 3-5. A Point Mutarion Changos the S€quenc. of Amino Acids
in a P.otein. DNA reptication is very accurate, so the nucteotido se_
quence In the progeny DNA {b) is usually identicat to that of normal
pa.ental DNA lal. Occasionatty an error is m6de. In this exa.npte, a pa,
ticular A .T base pair in parenta' DNA changes to a T . A pair in the
mulant, progeny DNA {c}. During transcriprion, the informaiion in DNA
rs converted into messsnger FNA. The mutation in DNA resutts in a
conversion of particular GAc codon in normat messenger RNA {d) into
a GUG codon in mutanr messenser RNA {e). During t;nstation of the
information into protein. cAG codes lor th€ amino acid gtutamjc ac'd(Glu) { l ) ,  whi le cUG codes for vat ine (VaD {gl  {see Figure 2-6).  The two
amrno acicls have very different chemicat propedies. Since the nruc-
ture of the resulting protejn is determined by the precise order ofthe
amino acids, the mutant protein wifi differ significanfly from the nor
mal protain. The differences between the normat and mutant mote_
culss shown are id€nticalto those iound betwean healthy peopt€ and
pati€nts suffering trom sickte,cett djsease_

Clrr7< ti
D.r/

J'|a1c 
tti

tt,,,t'A

.l'
llpta i

?e.L}/;

t,

th4*2c r,'

?tcvlv



Aw €la&oaart c6
,kvzitk n.o'j"7*,:X:"

/t A€Oqrico ,c ,.ee...€
?tQoTttul €^.<.aaa ,?, 1p€<.Fi
--- Gaalftt

/7 7ake,r avts
72 €r /aert

(-r,< ,<t4e.AJ
4 6aes//

From Gene to Prdt€in this diagram summaizes the procels-
gene exprcssion in prokaryotes. In eukary,ot€t the p.oe5!€5 are



tql*A

/n t\i

C€p€rl< <aoE 4zb.tt 7t/€ f€?./pl'<a, 
zfuzzez 1a 7721ri ,; 4rra^'4 ./ f,-r" f/nan4

1*tte ,6 4 /ea,v.r( < *4 /; /a

4 4,<a '/wzn 4<.Zg i /f ar4.i,r

Figlre 3.a D€@dh8 a rneseger RNA *quene inro a polypeptjd€.

la*a
d,t,
v

.ta ?E : f,a4t 4c.v<6 ti na*a (- futtp &1 f*oa^,I)

t j  /?act<<tc. r.-r.1.(= 4-2i n,a1 , fot< )

t .r[,,fa.; -hala ui 
"e"' / 

' l ;  '4'1 ' �/

U-11 2'h<<{a,- ,.. zt^J+.+t5 tti 2ttta

"4, <- t; V-.tt,i1



Z4R4€ .V4&t€et ar A&<t ,RF
,.(a7€..t I

s@
I 2,500

E z,tn

ftrfl t tunclioiat cat.godes ir ark ryotc prclodn€3. fto classficabn cst6sori4€
str€ &nyed lron tuncrofEt ctasslflcatfi s!51sn* nduon! h€ loF|6letbtotog.,l
$m0. carsldy 0t dt€ C€no ondoov proier lco. s nn! /4rw.O€nsfibt0gy.orgt.

4 3r& &;1'ea ,uteJcl F*
Q .t'1. alt<iirt., I fZlvtl-{i

14 AQrl, a.14



7'1- 6.-r.li 6t< tj 4P'Y*-I-Z /l

ffi
D

DIII,A

ffiffiffiHffiffiffiwffi
D D D D D D D D

ruRwffibffiffi,*ffiffiffi
D D D D D D D D D ' )

iitr;;" 
eachd.inorcida!.

?A 3q22ie<.1 ,o; Ftz a'-a'/r; 1u46<cog / Clw
-Ntle 

4t^?5 Qrohct a Da.rr! ?aat4 4.7 a*ft4/

cap gx 2.qtr &aqlt Fa... O* az2 }r*ci n- 4ta l&. .rt

ffi
D

(('vtvczr& @ Tr,iol-( @ an <tL<-04

Tuoal ftg aCa.<t or 4€e€ - tk '+'t 4r

''€gue ":< € aF y'Ra7ti, at,1/ dt^*ni <.1<



Ac-< tr I 1a2 n <ir t /2 tE ,zo €l.v .t4 <1 &7ro ., .f.R/a!F-c€
a F 1 aaya * atoab a</a f€azc.xa

gene 1 gene 3.....

d{

mRNAI

I

*
mRNA2

J  t -  - r  
t . ! ' . -  

-D  
t , - - .

itiiffYffiffY ffYfiYi?if?iifif?ifYffff iiitftii'"*
t tv v * ry,t<1n'Yp)

Drotein 1 protein 2 protein 3... I a<4.tF I
._-: r-_ _:;--:--1 r _- ^..^,*--r5 J

,"-@fu @@@ @" 
Protein/ -\--'

?+FIGURE 2.6 Adjac€nt sets of base pai$ comprising ditrerent gener 
* 

'

.1, .b r 
"t,

!1<.,Jx.'>ztai> f2<q.L'7V-.+a \ , 
h

7'n"- 
'r;ry+: i<.,h a.rg

--\-), A.vA 24a 7€n)

gene 2

f2<q.L'7V-.+a

Fta<fu)L

untwisted
view of
DNA

! /

tzu€)ti

=%'o'&tt



Atlo.w<c.(ei ,1.,2 <aa 72,,; t A, t4t<
aF -r\,4 4e,l c t'l

{a) {b)

o

o-

NHz

rr9:c-1u,.
I ll 3CH

Hc< r jc-i i/

PURINES

PYFIMIDINES

HoqH? o
lt

nri9:c-|,.
sCH

H,N/ ' \ t i ' ' -N

O NH,
I -

HT: '  ; f -c4 Tt.  i?H

^ 
cl-;,)c!t 

^ Cli jcH

H H

o

srrri9>cr.,

ka'�-A:eH

@

Ad.ndln. shonoPho.Phrt

/\ FIGURE 2-14 Common structur€ of nucleotides.
(a)Adenoslne 5honophosphate (AMP). a nucl€otide present
in BNA. By convsntion, the carbon 6toms of ihe pentose sugar
ln nucleotides are numborsd with orimes. In naiural nucleotrdes,
the 1'cafton is joined by a p linkage !o the bass {ln this case
adenine)r both the base (blue) and the phosphate on the 5'
hvdroxyl (r6d) exle'd abov€ the plare oI lhe '"ranos€ 'ing

(b) Ribose and d€oxyrlbose, the pentoses in RNA and DNA,

l FIGUBE 2-15 Chomical structures of the pnncipal bases
in nucleic acids. In nucleic aclds and nucleolides. nltrogen I oi
purines and nitrogen 1 of py midines ked) arc bonded to th6
l'carbon of ibos€ or deoxyibose. U is only in BNA, andT ls
only in DNA. Borh RNA and ONA contain A, G, and C.

a<" v2 r, / arl

Z/'t ttt cl"rrr,i l, Fa2ofpr.



!..pt qrlE fal|euu <^nr, a4r.2^.€ae
<€2a tabcQ..)t -4

(t -*,;c )

61 2tal,d
(lc'a<e1

FIGI]IE 3.4

ldl aD. ,..ra? na* 4.*;\"t- .. ,a.et ,/a...a ,rr;aa,./
o-.'fri.--.*-stgcinlPoteing.(a)cou.Sen.sEinesof.teMisdcl.tfromgUttisci(,)6bri!:seDiDgdectron
uiqogEp! of r Hood clot (J00Ox); t) kcntinr a peacock f..th*i (4 sillc ' Aidefs webi (') i{edtin: hu.' hd'



tRofElr'rt <aR2t 447

Cf4 favefioi' auc

trt2F <u1i-ze t€4at<
af TcSttx. r/

CR?62tt:

Tnnsport tiroqghout body

Stomge

Met bolnn (C,talysis)

FF 4'a^4 --,
c-Jr^a1F

Ion bindBg

Kinases

MHC proteins

Myoglobin

Sodtum-pot $iu pmp

Collagen

Fibritr

My*in

Insulin

Fqntin

Calmodulin

Clsve polysacch.ridd

Phosphorylate $gars and

M*k foreigr proteins for

Carrie, O, and CO? i! bl@d

C.riet O, and COr in musd€

c.nilege
Hai., ndls
Bl@d clot
C,nBaction of mls.le fi bers

Connaction of muscle fibes

ilhintai6 osmotic concentration

Regd.tes Eus.ription

Conrols blood sbse levels

IncrcM @ter ret{tlon by

R.guLt6 ft erine @nuactiont

Stofts iron, esp€cirlly in spleen

@

(9
Motion Muscle

Osdotic r€gulation Albmi'

x.-Fr.'6i-.-r6"t6-"s Homone,

'  
* 2 v ' 4 ; + ^ * c f i ' Znaf$ d*t +f-+ Ftcliat



/AO lzit AR€ ,ve.E .

rErLgr,
f&sSs
g^L^LJ-r.
r,rlir

Za lunb 2<t,i/s ,, /h. tl2 4utttlVt



AtIha )<tot ,12€ -ratryz ,y 4i4 600/,

Cota.rro^

*a

a
XY/:n'

,trrl,i

ri d.rd.a.LFriddh. rE ol! d p.dh . b 6d@d bv v.r

PisE:.u ^ pdtld oa rh. F@ nrbr.r i. r'slohin FlvFph&
od d ldb in Ur toli.d, trrLh pob?€?rid( ,'rb sl€m i! ln iilE
dd ti, ! :lhd L' tlr ,ahle, rolyp.ptidr h "idledl dille.

. .1e+
Pqid. bofl! 6€fl-n ru.d& n

c^1

/74+&+t4t,

24,.".. \iG# t(  _ -  
, _  p
" {#&S66**,*"*, ry*":

CAa4c f1<o
e/rru7< ma<fin

!,!'/t,n.t-

&OaR aF atr) ' .  ac.au) $<e, l t i t*.*$
t F4a4



?u.Qcre 9gr*s /k, t A€Lra.v"--de

//t d 0.6r

Ret c.te la
lrolc n I

tutk:
F.a.t

9 a,art1

h'E !-u A 6ned6 orD-bln mr..ul.r,3hdn.t th. !d. r.ir. For 6mprn$n r DNA morxul':ohd b ' 
1o:IIrl

--an- ,o.J|r c 'J"a"t ..p* ' dis. .r , a 16 'htps H4osbb'n uose Ponn rrc'rFr ddtdtu!rc' sd oFtu
'tet"-r* * s*i,r r'". m;t* sdd o'sbln|c Th. sHl dom - rtuo $r I ParFEd h ddl 'n trd r-2lPP- r!t-M' (4fr'r

.,id t Gsitdl Olr tt hdbr N.!8. NdYo*:SPdngeFv.nB l99c)



y ,2noxae,rZVZ
Gle4re €x/r.<tt/.a /-a<afr<.,

ot//t-- ft.Sl t';

G"a./o <o /. /,1" f"t"
6."tu4 &o".ro, q4 fiq<

d r - 3 , 1 _ . . _
3 r _ s 1 " * "

/ n t , , , , . . . . , .

.n r l ^ . , "
n ' l - ' -

n$87-rs Compdson ot. brd.rtst
teDe slth ! d@!t!d. gene The ba.krid
geie conshrs of a stn8te sirerch ofuninler
rupted ducl€odde sequen@ that encodrs
tne mho acld seqlen@ ola protetn. ll
contiasl the codtng sequenc$ of hosl
eucaryodc g€ne5 (@tu1 d€ jnrenpred
by noncoding equen$ (inroEl,
PrcmoteB for trdsdipiior aE hdicol€d

€a,L-2o tE o"^qff-. ".-"t pu.o,|-l- c.<,71r
t*at-<a4)y rarr2 s

/r.kqar92 4aq tnts /-n <.t"11 t'<St.' ,/

74us : €-2"-5./r;
v'e.2zas. ti

2ya zna,v- calti I
5t<-a.-/,; .441 

"

c.- -4e y'a-z r(.-t-/ CaL,7 ,rn aa.tt 
, ./

Rp @

<"4
zlz 2rvz/

zooo

,vaL 3
Irt -rrt^

6a4
4." L', xtt)zt

t zth5o

fu172p6t
AqQ4€

aa
lhatl*i-

T'

?urtr/autr
, I  T

s'

@zy4-*2'/
{to-r.t/



€4kAer4nc 6<.rai Havs /av?.\.,
OQ rUap<o Oia O.re /a ipt tftfl

li aoJni rlrec.Eat €e 6+.u!

6c.a

RU <,

5,rr.'.of
\a

r4sl

t!* ti n<e/<atA n .a.!" ?^*1 etl; <<a fl;aou!
J-,.6< <.1.//

w t H
upst€am Bsgtjaroriftomoior EXoNI |NTFONI EXON2 |NTRON2 EXON3

INTFONS ARE SPLICEO OUT OF ]HE ILIESSAGE

atApe

t*:::-t tias 7?Qavcqp26 61
6u7 /t& rf ,t g2t,i.J

EXON1 EXONz EXONS

t
Aft€r Otller Ch6micat Modflic€tions
orfit s rnd 3' Ends, THe Mosssoe
13 rEnsport€d to he cytoptasrn

FIGURE 3. | 4 Exons, inrrons, ard splicing.

.to7/i-ltofi

/nz

'@

.--'- Codtng S€qu€nc€, lhe pordon ot ris pdrhafy rranscdpt .Ihar 
Encodos protstn

- htons. pan ot |he pdmsry Trarc.dpl Thal ts Re'trov€d By Spticing

E&id,3;Frfli5p soqu.nce" Thd $ay in rh€ Maturo mnNA, Brn Do Nor

?rj<7a-tZ Qa.t pa ,ni
,?avc Gp7^.,*r: y

fu ate7 /RtcArf
€uea72; ,l,w/c.,/



fa/ J{i != n/on.*1,

inhon

-GT..............Ac-€xon

The sequmces shown here arc for the DNA nontem-
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1 4.4 The structure and T6nscription of a Eukarvotic Gene The

0 globingene isabout l,600bp long.The exons-the prcrein-coding
sequences-contain ,141 base Pairs (tdplet codons for r 46 amino
a.ids plus a tnplet stop codon). The introns-non.oding sequen<es
of DNA-between codon5 30 and 31 (130 bP long) and 104 and 105
'850 bp long), are iniiially trans.rib€d, but arc spliced out of the initaal
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The cl.ssrcal vlew of Cene expr.ssiotrw.6sllnple: a 0NA Bene
is li6t vanscibed into 8{A form, th.n cellul.r splicing
m.chinerg edits out'juhk' 3$etches call.d intron6.nd ioins
meanlnd{lportions call.d.rons Into a fi nal messenC.f RNA
IniNA]v. r . ion,whlchis therr ranslar .d intoaprote in.Asi t

iqrns outith$. rul.s donoi alwagsapplg,In conplex
ory.nisns,th. initial RNAir.nscripr can be Eltern.tivetg
splic.d-.rons mag bediscard.d an.l introns,orponton3 of
them, rerain.d-lo produce avari.rg otmnNAs, and tnu6
differentprolein., rron a shgle gene.

CLASSICGENE EXPRCSSIOT{
A 0l{ls.q!.nc€ is tr.necrib.dinto a
3and...rrind.d copg mdeorR[A.
c.llul.rn.chin.rg ihcn'splic.s'thir
prim.ry tr.rccripr: an$ons-.ach oa
which is d!ti.d b9 diErinctiv.nucl.orad.
s!q!qc.s.l ils b.!innint.nd e.d,
known,.€.p.criv.lU,.srh. 5' (nv€,
pdn.l.nd 3' [th'..-prim.J splice sit.s-
.r. r.mov.d and disc.rd6duhil..bns
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Spticed Gene Determines Objects of Flies'Desire
The Eale ftuia fly is a wi.gpd Casanol€. He
Dunues lady flies witb a r€pertoire of sory,
dan€, a'd well-plaocd licks that many find
impossible to resisl Noq by 61€ating Seneti-
oaly €nein€erEd ftnale flies that mimic th€
mal€ courtship display, rcsearchers have
raketr imporbtrt st€ps toward undastanditg
the biotogical basis ofthis complex,

In a pair ofpa!€is in lhe 3 Ju€
issle ofC€I, Barry Dickon ed
collpagues a! the Institute of
Mol€cular BioteohrologY in
Vi€nna, Austria, report that a

s""" caledlgi4sl44.l$f q
,b"s.Agp.@.sEl:.\
courtsbrD benawot ro ,/osoprx4
r€rdo%ler lemale llles arrereo o
""€+r.4.cs.@ggry.
D{SlPll9r,E4e{se.qPsr4fl$.sFD
0l Eal€s do. Addrtlonal e*Penmenrs oy
DicLsoDi tffm idmht a cmu't or neurons
in the fly brain that ap!€ars io m€diate such
courtshiD b€havior and sdual orieniati@

"l think it's quite renarkable," says
Catherin€ Dulac, a neuroscientist at
Harr"rd University. The work oonvincinglv
denonstntes tbat a sipsleS.eT cetr 'eiu-
late a c^mnr.w.m'FnF or

meuts'repr€sent 'a slart toward uDder-
.tediDs how an iDtrate behavior is Iaid
down i;a n€rvous system," says Edwa{d
Kmvitz, a Harvad n€uioethologist

In the 1960s, scientistr dkcov€red that
mde fl ies wjjlgts4l1g!*!4e

i#{ffiffiri#
beafis reDorlld uat tne./ni gme ope@s oF
fcrentlv in m&les and femalesi the cells of

€ach sel r€ad th€ g€ne in distitrct 'at\SUF

;*ffi:*-es|ffiH*
d;stinct Droteins. *her€as the femrle mRNAs
sesn to le€d to none. The DNA sequence of

lz suggEsts that it encode! protliIs tlaire$r
l&te th€ expression ofother 8€DeFbut no

G E N E A I C 5

one knows\rhat tlFse 8€des night be. "bebavionl switch s4$" Iike/'tl provid€ a
Scientists have b?othesized that nale ray io b.nl\vtu€ adalive b€hsviors iDto the

/u DroteiDs arc necessary dd sufficient for braio so that an animal can p€rfonn Lhm
male@uninebebaior. bu DicksoD spaper ioslinctivelv Still. be and othErs cautiotr
is rhe I'rsrio show ihat dir€crly, s;ys asaiDst e,(tmpolaritrg rbe resulrs to sexual
DaisukeYeanoto ofTohoku Univenitv in behavior in hunans. "Cl€aiv' \\re 6i€ vastlv
Smdar. JaDa!, who led one ofthe teds ltal . moE complicaGd cEatures lhan nies. aod

- dis;ovftd the spricins ditrercnce lf orll colm@ €4erietre r.lls 
f,q,:yYl

rhe key t{g:!-gAi y- ual interests N not imeveNibly s€t by our
e g06, DcksoD says.

n.iE-s. The team's "very eleganl exPeri-

GolnS @rhn'. spu<ed lhe dght aEy, tu 6t blith6!'drtshiP"
cnoit of neurcns (s@n) in the male fly b6in and makes hFal6
coud oths tenal6 (,hsef).

To investigate howts programs the
counship routine iDto the fly brain, Dick-

sont team €ngineered addi-
tional fly strains. ln one, a
smetic marker idmtified all
ofth€ neuons in nal€ flies
that normally express the
rnal€-s?€cifi c nRNAs oftz.
Many of the lab€led neuros
app.ared to form a circuit.
Key el€nents of lhis ctucuii
are olfactory n€uro$ that
rnay be sp€cialized for
pheromone d€tection- Inalti-
vatine th€s€ cells abolish€d
courtship bebavior in malc
fli€s, Dicksont team folmd
Somewhat puzzlingly, th€
r€s€dcbers also folmd a sim-
ilar circuit of Deurons in
f.msle flies. This $gg€sts !o
Dickson that cour&bip
behavior depends trol on
ansionical differences
betll(r€m rhe mle and female
brain but rather on hojn this

Kravitz suspects that/nr
may also be involv€d in other instinctive
behavioG that differ b€t*€cn the sexes-a
possibility he will be inv€stigrting $,ith a
visiting postdoc from the Diokson lab
"W€'r€ pretty sur€ these same genes are
involved in wh€tber flies fisht like males or
fqnaled' he says. r sq/ir nay turn ou. !o
nake nal€ fruit flies fiehters as well

d
I

E

F

E
E

--+

fwing f€male flis, for€xample, io splice the
g€ne as inales nodaly iio. Althoueh me sex-
ual anaroEy of these f@ale€ ryp€ared to t'e
€ntir€lv nomal. their bebavior was &dsan-
caly aiterEd- ftey couried otler femab nies,
usiry all steps ofthe rnol€ couiship ritual,
slprt ofadenptjng copulation.Y€! Eale flies
altered to splic€/,'/ as f€nales do b&€ly
courted at all. DioksoD hwoth€sizes that
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Pllnt5 .s bioregctoB to produce etibodia Cloded cDNAs
€ncoding dte lidr and h€rvy chains fton a mouse nono-
clonal anlibody were ligarcd itr$ separare T-DNA vecros
and pl.ced nnder contol ofa constitutive CaMV pmmoter.
The pl.sDids were transfered sepamtely into obacco
phnts by Agntklt;rn intection. TEnsgenic pllnt! oDrain
ing tle ligltF a.d leavy-chlil geles werc senally sossed
to prcduce pmgery plans that contaired bot! genes. Exrmi-
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progcny planB Other experimens showed $.r rhe
presence of a signal sequence was nece$!ry fo. high-leecl
cxpBsion. These resulrs rugget thar the plant secrction
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