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3.4 WHAT CAN YOU DO WIIH A CLONED GENE? APPLICATIONS I]F RECOMBINANT DNA TECHNOLOGY
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The Molecular Genetics
of Hemophilia
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Your Genes, Your Choices descibes the Human Genome Project, the
science behind it, and the ethical, legal, and social issues that are raised by
the project. This book was written as part of the Science + Literacy for
Health project of the American Association for the Advancement of Science
(AAAS) and funded by the U.S. Department of Energ]'.

AAAS has a strong commitment to scienca literacy and the public
understanding of science, Through its @
Rgsgglegs Programs, AAAS has been a leader in identifying and meeting
the needs of underrepresented groups in science. Science + Literacy for
Health fits into this vision of making science accessible to everyone.

Most people think that science is remote from the work they do, the lives
th€y lead, and the decisions that they make day by day. Nothing could be
further from the truth. Your Genes, Your Choices poir\ts out how the
progress of science can potentially "invade" your life in the most direct
ways, affecting the choices you make at the grocery store, your own health
carc and that of your family, and even your reproductive decisions. The
connection between science and health is a direct one, and your ability to
understand the science behind health affects your abilitv to understand the
issues and the stakes.

Science may seem difficult, because scientists often use technical language
to talk about abstract ideas. This book has been wdtten to inhoduce you to
important ideas, but also to convince you that you can understand the basic
concepts of science and that it is important to do so.

Most people are curious about the way their bodies work (and the ways they
sometimes don't work very well). This curiosity goes beyond irnrnediate
concems about any specific health condition. We hapa that your Genes,
your Choices helDs to feed that interest.
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Hemophilia: Successful Tieatrnent
of a Once Deadly Disorder

a snall d€f..t in in impdtdt ge .d .aue . faial hman
disass ln ihe past, hmophiliz, exess bl€edi.g eued by
a d€f(t in blood .lotting, eis such a diserofi€n 6tal
€arly in lif€. lefore th€ 1960s, {hen $ieqGtsphysici4 dF
weloped the fist eit(tive tEabn6t, tie life qp€.tmry ot
individuals \id1 hdoohilia wtu about20 vea. Todau h+
m"or'rnc," nciilffii?li-lFln'llnf,iomii rir.
exFThncJ,. an unde6randing of ihe nol4b; basis ol lhe
disse sulled in the dev€lopnent oi a4 eiftctive tEabhent

Tt'ft .€ two najor 9?€s or hemophilia. About 30 per
.dt of the individrnls with ttds disea* have henophilia A
(da$nd nenophilial, and about 20 petenr hare hedophilia
B {also dled Chlishras di*ase bequse it { as fiist delected
in a patieni tuhcd steprla Chrjstda9. Both t?6 o{ h+
mophnia aF ca@d by de1e.iiR gme on dE X chmmc
some, d€ hman chlonosone thai is pl*nt in trvo co?ies
in fdal6 rnd ono 6!y i^ males (Ch.pier 61. MGI hemc
philiaG aE mals, b€caN rhey onlj. need oft c6py oI rh€
dd(tive gen€ to bave dre di*as. Hemopnila is 6re in le
nal6, beca$ th€y need nvo.opi6 oI tn€ defecrive 8ene,
de on €ach X .hmnene, to h.F thc disorder

ll€mophilia A i5 $Betifta ailed "byal hmoph ir"
b€.aE of its prevalen@ in the oyzl fanin€s oi Eurcpe Erg-
land's Qu€6 vi.roria (Figur€ 1) did not nare h€mophilia, at
dDWh sh€ cmied the delp.tiva gda th.t 6ll* hedophili.
A on one oI nq x chrcno$ns. Hoeever, sne psed th€
def..tiva Sanc to hvo ot her daughl€u-Aljce, who lraF
nin€d the aene io dre inFid Iadilies of Rsia (5e Fig-
ure 69 and Cernd, ed B€atricq wno passed the s6e ro
the oyal fdiry of sp.in-md to nd en Prince Leopold,
wbd died at ag€ 3t trom ndd.rhagd aher a tall@ S.fml of

dle quen! grandsons dd grat-gr&&oa died edly in Ufe
be6$ oI exffi ble€dilg o. hdor*.ge aft€r surBdy or

in blood .oagularior-th€ €Kde ol hcrioG thrt .ar*s
blood io clot at th€ site of a woud A simpffed ve6id ot
p€lt or rhis pathway is sh4n in Figw 2. hdividuals witlr
henothilia Aae defi.imtin a gee ptududaued factc \4II;
tnose with hdophila B ft la&inA factD. t( ln rhe abse
of either of ih* bt@d-clotins factm, an individ$l @
bl€ed to death aner sutrdin8 a snarl .ut or c.n die iili in-
heml ndodDg* afb ar oth€m!* minor brui*.

Whm siqtists dis@v€red that hdophnja nd ourd
by lbe absc oi s?{in dood-doiling fa.ho6, tt€t @lized
that thc d*a* .orld b€ i€at€d wi$ hatuausiore ot onefr
trntts of $a ni*ing facror lnitiarl, b€gising in drc 1960s,
the proleiro w€€ puited from btood obtained dnd LrB.
numb€rs ot ddo6, This pres wd dptuive, .rd tlE @-
.enbates w@ eifier mlailable o! w€F t@ eDdiv€ tor

wd to prepaF @n mhates lor E in hsfrsiore. As a e
su.li, bo$ clolti.E lacioF @.ow availabl€ ir Nntially u-
limited qldlity to Eeat p6plc sd.ring tm henophtu-

FiEure I A po.t ait of G@r Blirain's
Q@n Victoria, he. lstand ftine Albert,
ad 6ve oI rneirnine c dm. Quffi
Mddia peed the deletive E€ne dut G
Epo6ible 60r h&ophilia io ar l@sl thre
oI hd chndFn. Ite, in rm, pased tn.
8ft to the oyal fanili6 ot Gerl@y, Re
sia, ad Spain Ge liguF 6.9). The llent
British royal tnny is fte of henopnnia.
Tiey e deffiddrs oi Victorja'3 $n King
Edward rr'[ *ho did not inherit the henc
philir gene tu hii modei

--'..lnE iJdAt6qi$ion ol hmophnia hs pebably
Eo3ni"€d in mcior civilizittoN. th.la,ish Trlnud, whid
dales lo about 1()0 rc. dd ws .mpil€d inro a sinAle dm-
mnt in tnc4hdd 5rh @tu.j6 A.D., doEd iiat bo}€ wh@
olds b!er,\e6 or Bale esim ha,i rticrt fton €irsive bleed-
in8 after .ifficGion {* ddpt frDm tiis pE

s
16is predE, cel cultuE lin6 w@ ?mdu.ad
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Bactorial plasmid <t,
v6ctors (circular)

ffi;:'(i,3l,�.-
Cosmid (circular)

Bacterial artilicial
chromosome (circulal)

Yeast artificial
chromosome {circular)

Ti vector (circular)

Maximum Insert
5126 (kb)

-6-12

DNA

-25

-35

-300

200-1,000
(1 mesabase)

Va es dspending on
type ofTiveclor us€d

Applicalions

DNA cloning, prot€in
sxpr€ssion, subcloning,
direct sequoncing of insert
DNA

oDNA, genomic and

CDNA and genomic
librades, cloning large
DNA fragmsnts

Genomic libraries, cloning
large DNA fragments

Genomic libraries, cloning
large DNA fragmonts

Gene transfer in plants

Llmilations

Bestrict€d insert slze; limited expr€ssion
of prot€insi copy numb€r problems;
replication rcstrjct€d to bacterja

Packaging limits DNA insert size;
host replication problems

Phage packaging restficlions; not jdeal
for protein expression; cannot be
replicated in mammalian cells

Replication r€st.icted to bacteria;
cannot be used for prot€in expr$sion

l\,4ust b€ grown in yeast; cannot be

Limited to use in plantcells ontyinumber
or Estdction ait€s randomly distdbut€d;
larle size of v€ctor not €6sily manlpulatsd.
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Figuro 5-5. Eleciron Micrographs of Bacteriophases. (al Bacterio-
phage P2, magnification 226,000 times. lb) Bacteriophage lambda,
magnification 109,000 times. {cl Bacteriophage T5, m6gnificatidn
91,000 tim€6. ld) Bacteriophage T4, magnification 1B0.OOO tim€s. {pho-
tomicrograph8 counosy of Robley Wittiams, Univsrsitv ot Catifornia.
Berkelev.)
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l FIGURE ll-lil Th6 bact€riophlg€ I g€nom€ and
Fcl<aging of bactenophage I DNA. (a) Simplified map ot the r
phage genome. There are about 60 genes in the I genome, ony
a iew ot which are shown in this diagram. Genes encoding
prolefs reoLr red for assemblv of the head and tal! are located ai
lhe left end;those encodins addltiona protelns required for the
lylic cycLe, at the risht eid. Some regons of the genome can be
rcpaced by exogenous DNA (dlagona lnes) or deleted (doted)
wrlhout afiecting the ablity of I phage to lntect hosi cells and
assernbe new virions. Up to =25 kb oJ exosenous DNA can be
stably inserted between the Jand N genos. (b) In vivo assembly
oi I virons. Heads and lails are lormed from mullipe copies ol
several difierent I proie ns Duing the late stage oJ I iniection,
long DNA molecules called concatomers ar€ formed; these
mltimeric moL€cuLes consist ol muliipe coples ol the 4$kb I
genom€ linked €nd ro end and separaied by COS sltes (red),
prole n-binding nlcleotide sequences that occur once in each
copy ol the I genome. B nding ol I head prct€ins Nu1 €nd A 10
COS stes prcmoles inseftion of the DNA sesment beMeen iwo
aolacent COS sites into an empty hsad. After the h$ds are iiLled
wilh DNA, assembled I tails are attached, producing complete I
vrrons capable of lniecrlns E coli ce s.
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FIGUFE 7-12 CoMr!.rio. ot. llnontc  b6ry ot
Dl|A In ! brd6toph.q.,[ v.croi Tho nonossondt G
tho dshr hatt oi rh€ l q6nom€ {don.d 6reas jn Fiq!rc 7,iob)
usuanyare d€let€d1o m6x miz€ rho size ofth6 €xosenous C
r€smentrhatcan b6 ins6ned. Th6n ihe r DNA is r€at6d to
remov€ the centhtr€ptaceabt€ rcgion. tn ihis €smDtE, th€
roprac€ab o r€sion is cur our with AsnHt, 6nd fi€ totat DNA
lrom hlman €lts is paniaily digesisd with S,u3A. Th€se
rcsrict on 6nzym6s prcduce f€sments wrh comptem.niary
st cky ends {r€d llnes). Th€ l vebr ams and -2ckb oenor
tasmonis ar6 nlxed, tiq6led, snd packagod in vitfo 10
recombin6nt l phaqev ois, which ar€ ptat6d on a tawn of
col ce ls. n rho diasEms ot DNA.€qio.s, tighl and da*
ofth6 sam€ color indicar€ @mdeh€nGrv st@nds.
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18.7 RFLP Mapping
Restriction fragment length polymoFhisms are differences in
DNA requences that serve as genetic marke|s. i,{ore than 1,000
such ma ers have been described for the human genome.
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Factor VIII

Active Ingredients: Antihemophilic Factor (Human)
Pronunciation: an tee hee moe fil' ik fak tir aDJ
Representative Names: aHF (Human), AHG, Alphanate, Factor VIII,
HemofilM. Humate-P, Koate-HP, Monoclate_P, Prcfilate HP

who is this for?

Your doctor has ordered antihemophilic factor (human), an
antihemophilic factor. to help your blood to clot The drug will be either
iniected iirectlv into vour vein or added to an intravenous fluid thal will

dr-ip through a needle o. catheler placed in your vein for approximalely
5-10 minutes. lt will be given as often as your doctor determines you

need it, possibly as often as every other day. Antihemophilic factor
lhuman), a substance naturally produced in your body, activates
;ubstan;es in your blood to form clots and decrease bleeding episodes'
This medication is sometimes prescribed for other uses; ask your dodor
or oharmacisl for more information. Your healLh care provider (doctor,

nurse, or pharmacisL) may measure Lhe effectiveness and side effects

ofvour treatment using laboratory tests and physicalexaminations lt
is imDortant to keep all appointments with your dodor and the
laboratory. The length of treatment depends on how your symptoms
respond to the medication.
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