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t0actaosaru rlernon rD aorraru (dO )r)
uavriruiou r;r'ro n% tfli lb \6v <12)
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la *rho.rdTllna0u r flnduularu o( fi{nl snr.:
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uavdw:6njr dudz a.r o(In e0r.rfiraoraq'r,r.r

ftt'll? t,rroo Qenllo'lyrrri t,to u.rr 6116_

ll{lud ruirrt ;uu"lq'iirigu6iarntu f, _

throonine urud

rr< 0rFlrJ1iu{\!fi.0
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0 urnner rinntuaaan (;.) nrrdnu '[ -

Hb F rforlurolr:1urJ::urn:riu?lrr..rn-

aJr.rd vrili'an-jr f-chain gene nrr:lrl
hir flueorrdu r duuie unfig.r! rtsonrjo.! TU
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t .. t
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r.nnn.h (a) nla r0u rfius d-vrrist trr

ldr ulou Hb F Sariinia (d,ro) 6fl-

lr:nr:ndl n*r-r:finrnro,l Littte ur! 2n

(or) lao Restriction Dapping ana -

lysis (l:n drrfi.::,r uac r[un1un oun{rr )6

Jluon6.rnr:! d - chain locirflu\, bd!

tnrri! d.raq'il\.tfIltul lrJ.to gt.. KiIobases

fi'.rriw {n5ru rdoefi, ?6 - geae dslrjrfa.r

nodcc r duuurJr.lasl r rdaeffuciueu J _
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luur':nrnrrlFednfi 1n2rJ

d1 rnqt.tn single anino
nr:air'r!1u-lnatudanilnqr'eulnl 6 rfiu

a Cnnozfia dlu':n vrilf riaaeeufiar-ffid-

lnr.rairs (Structural Abnorma li ty) fu

drt.clrodrlt{uirnmlhadnf,fi r flufl1n r lue

1un'irioo#u1lurlc,rulna0! ffn:nos!1ufie-

ndl oergn rrJduul rJ r fluon*rnd.r fis{ficrna,

tilqf;{ rittfr og?nC1 oln fi.rufu ri r iJduul rl uon

rn0arrnnrrs udnosn:nocllu 1nrsai, s-

tastlrllnaorarclntlnfil iqrnar uqdu r riu

maocOlultd\tfie n'!on arsltrrnrsl Ul ou'l(De-

letion) nlo rdlfilr (Addition) nlo! rftr

lunlrlaru (Elongati-on) nlorintrnn, rd

0 Qrossing over ou'tt'6ld rdolnrlulslfs

eosfrl tlta riloslthrniYu (llnequal cross-

ing over) ltoovddourunr;uri.rfrtllada

*rutrrlnhnis.l rrrhllot0.reralf tflalu t aga

tavf,h1nrondfouqanrn r du! high oxygen

effintty t11f rfu polycythenia uloioo

rdlu'rartt [rmstable henoglobins ) n11i
o

rltn hemlytic menia rfo variant, thrh

}ifqcortfilr'tfilnurroJrl r rjdtrul rhrn r ttl

rdu m s rtllfirnnrsickre cell anenia

i.o;tr.i?n Hb !s #'11f rnn netheooglo-

' acid substitution r 0urruuflnulrnffqnfia

njt "'oo 
fie lurlu'ru{lq: r flutorr Jd- chain

rdu r g! rJuf,aslulru llulnaiuhndnid r:T

'l , o':r c;l6 rorrlurlrc r tflrufi r? Hb Sian,

Hb Thailand, Hb Anantharaj, Hb Suan

-Dok ua; Hb Doi SutheP I d,rrlf2u'rfla1n

llnorf,untrg r .n. fi?rrn $e 3co \tf?lt f\tn 1n

urr'tn:nfru t0uslnu

dnuruvdldco.r n11i6nr:ai'rlriouc.r

ainfulna0ur:T sf,1u LlDbalance Synthe-

sis) riu rnqlitr nnllnlqntilunr tdr"r't

{uqiifu rfunlulna0u rfla liuLn thal'as-

senias s0nd, .rt uieurlrlnoolzlalnuan

nionqlnr:air.r r riu oc- thalassenia,

, - thal assenia,6[,,;B-thalassenia th3

rrrrlnuttuleiir riuun.\dietnnlltosf.r d-

ra3 rp- thalsssenia llurnfl tfiurluunu

lnnrrntosrh: ttn

{nuo:nllr.rnnioN$u!dar!fio tfi anrl0

dluhn'r':a{r r r}duur rnnrrair.: Fetal Hb

lrjrflun.r:oirr adult Hb nnrldui.".n-
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trhlln:rri (Dlsorder of hernoglobin

switching) vri}ifin-r':rirs ttb F no'lrJ

r{au1 tr rlulnd d.r rlon'jr Hereditary

Perglstance of Fetal Henoglobin LHPFH)

nlltarJrfitlrifunrrufui#.r o uu! rflu

dfrnffnrulrf rilor !q)inr.: nr 
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ruo{umlrln

rierrls.rle nfiir1i lng rorr: thalassenia

d.rlilf r f,uaprrlnqivn.rfrrnr: unvrti rfufl

r fur'l: frlldolr Cooleyrs 4nsn[ 4 ua; !{e -

diteranlan ansnia nurr,rnluntrjrh ;r-rnr

unutlfi rnairrr0uuunrnlg'[s {a !n.rlua:

qrlt dalrluir'i rrrifu rnluuounrn{unct!-

oan r irvlf ltlalrrlu Ba :lur,irJlIr{?nrnirnj.:

nlfie!, uiluliou:rnluqjrruoreql :tJrou .

trr0o.l iruft nto.r henoglobinopathies

fu iuir grlt rru,v,run j.r ooo ml unieulnnjfi

rfidwnrlurr.rourir drrftai.r r?tm1n point

ria^rlrjtkr lytifirdnttlqtFnrrq.r rrhr rb r
1u ra riun cTroan r iu.rliue: Hb S d[r:uer

ffu1u{tutr{l nr ur rar n ua: uiun'lur;lloon
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frRl'o!,uo\tfl 1t?1tn'r.:di1\t rp-chain ua:ol
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2a1i6n :;nir,o j nRl.lA ft! JB-globin

structural gene nelhln0?'1luh 3 nnne

adlu reticulocyte r.u (rb,rn)Ba!lda

q6na.rl ttni, rfuanirairrr,l r rr 1r:ridufi atn r.r

6nuir iiy sav J structural genes:rilu

l rJr,rt rnua (r, t<1 dru lpFH llnnmsuuuds

lnr-lrir .r 1un {r,rtudu 1 u.on rnflm.rnrrulra1fl

tri t durrio.:ffr.r ;-globin gene dele tion

("<) u1}id.rdnr:air'l

Sr:ffwort Hb F l\.1

fiarjnfitor: u'[nr0u rdonrrl0r{uI:a rnelr

fl rinr ulusou rgndnirrgrrwoe!ar df rflar

*a:fr.rl6nr rdlriurmu rfiul lln t!nr:-
n:er r doriu fi'w cir r th ynouir o nr:yr'r

Electrophoresis d alkaline na! acrd

Hbn aqfrlrr r'uflu

mrtalon t.trnn'jrdr ci!1un{lrl.rezrnr ua: rio.lr$tnnrrliell orcn.rmnral!
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uic drll g5 anrlnedlnloLi ub A, Orlnls

gg g nlo Hb Bartrs?tlotrhir nrrni acid

elution j65s l ih'llnrrflir urrn rfia.rud{l

rlif rtoafll rrtlrlnlil ue;i.rtiuri.ra.r1l

ao96 ethyl alcohol u lTfl ua:irulrJ1u6n

u urfllu o.r% Anido blackrptu <o% al-
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d.rrJ{u pH rifu o . c Sr.oirurl'-rfion

rlarwoltnt! fetal cell thT ngoflrnnrr

o. t% 6u'iriua;.ri, lnluQnrjnfi ri#u rduefir.r

nlrc;1 \r!1!1n.0ru6e lnu r otr s l 0ufrd.r

lonffilrndrn {u Jp- thal as senia Bai HPFH

Crn{u h6lslegfgote f thalassenia 'iu

6n r :n'recduonl fudlolio::fitnor Hb Ac

d.r1.rdl"" n o% 1unulffi6l c-<% ilnr:lr
ttb A, fil1liirllau nicrocolum chro-

uatogtaphy fi\ I hu lcllol,lalac riluiu;rlu

er:m: r&d (tb ) n11i1?1! Inilusion

bodies r iulrmdldarrq :vriiru r dotirsh

n1t?0r tru o(- thal as s eDi auc ! 0!rir u uon d.t

nrr! rurs ta,b le henoglobin duliirurdo

rhrrElior,rnnn lnouoq'1u rir l coaur.t
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1'rndri, lvronlivrrsnr:utYr{ riulrnd

lthJn rlrn ,i.rd rn'r-r: r rrLiarrr roo; lnvr ti
rTucrnl:n'16 1'r nn: ufirq'airulnqifiu f.r un

rflu rin r5n1 fido.rorfiunr:r]rcal ::n\! tflu

fi r fluc r n0nti lr nr *a s*nnJdlfil iuntnurn'rr

or n'r r n loriro ilo\rffirn,l,rr,lu $r w oll'r r rCo

qinaT lriolunli'lubtu6uqn raufinfiujr'lrn I

liistsffar.n udl uo;oqj:oano!J't 6ruf rdqn

6'r{rJe u{r:duir nurlr rflu.:ir.r rf,s,l ehetero-

zygote) fiomr:ioudtlirnuos arGonrr

drurluoT rqnurrf,.rnf ornunul ifirsAnir.tdfi

ui rtn fi d.r r fhlrrn :t o.r1r nriuni un aal r$1n

nr.rn::lfiu{0nr.rurilaunrrrlo\ffu artr1f -

16n'r:d r !unei ,rcenetic Councellingu

1 nuunrr J{ rdarurqlvrr.rirufiuqarani 1fa1

Ulnu"l uurlh qi*n 
'r.ou rduefiu'l:n rna.r{lua:

a
nrnrodi:o'ruyroalrlo1p1 ouir1timl ge-

netic cornce!ling fi!0qp rrr n'iunr rr rfitFi

"lrja'rleroc;6o rihnT :uri li rfis'tgno"lcra

qtlnr:r arl: al irir sri'rnil6orir r:f rjr:fn! -
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6.r urir:iar.r r a uyrtr iri 6ir 6n*uflq nt os
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$1n fr fr afi rr; nrjeu r 5n 1 n' nlrr a{1u1-rt:1r'r1 ur

du s i5 g 6!2!#rn'rfitw ua :ner gl4nii.rlno drtr

f,.: uiinuorgyn.!nronr 6latr n oonoulqfinr:r.t

g oudlfif,tr un dsin{ududni{lq n tln tHuaonlt'r

flarioul rrt r6fi6eune, lq"dl !11utza\rurln.r

rlnriunirl{u rTnflu l or:rr nlr!{uza\t6 r rlr?r1fr

LjiT rtrr pr drrilo sril nrruris rdo}i't 6nrt:i

oJr'r rioe larcrilne, urir ldauiu11ir.j'::l u?ni

lurrlnrru rJ nr1aro-r:oqrfinr:. lln'odtrriotl

naraout idnlrlr6aoil::JuEritulr, nro vrili
Ir dllas rfiuurr, 'r'l 

rJqilnun snr: rlolfiu nfoufr
I

it!1 rner a\n :r!fiu fur.roeir.r'l 6

rioudut aliriT lyrunrunrrun: srh r duefir.r

rrqnr:nitnroJr'tn-ru1u rzai uula:fu -lsr

d.roqjludrrrg o.rne l nioaz or rza4n1 rtariu r iu

lrdacAuriq s0s'rrd-rta,rn D}.lA d.:oanqrnle -

Inttdlt][\lEln a'railfna nRNA d'rfirirjrr

a,.tru.lq,]n INA structural genefe rRNA

ro.rfirorulnied r flu suhrnilun r r dr l nrr:ri-
'lrrrfiudndr'e riir: d_\ 5rll, rrn specific

nr rufiu{neraai,r\r Inre.rn point mtation

/0i

r-rr,r DNA 6.:ei.:Ha1ri rfinnr1!nn nfi!u1!-1iu

nhlfivrisru"ll"l 6nsa\rifi uSofr qsrol:tTfi rrs

aie.r rrJdau'lrJ 6lnd m: r [uUnfr qtto.:r.rquJ

fi i'a.: r uduull rrfu1:oo rs1 litf,rr

1: nvr r.r n: r:rfi'u q d r dtrtrio.:fi'unr: aie.:

6}:1na0u rlu r 0unqulnrg'nqrrnds rsa;iqrJfi

nr: ir:dqnnirl': nn::rr{uqtf, ndul ua;iJnr':

) ^ ^a2.,ftnl'l n!n?111ulJl nvrEn n?1!r.lnlnnlvt\ tu

ru.iqon, n [Henoglob inoPathies]!a!lu $i

Slrq (Thalassernias) fi1ln'na'relrrir

nT ':fintri{ud r naui:.rr 1u:; u;riou1 ov rflu

nr':i r n:r:riHa erinn aulae ulla !1rL1na0u

nia6n rdr'l rj6nnr.iouf,o i rn:e;f mRNA

lu rio r dan*nr:d'edau (reticulocyte)

ri1frnr n?trrd'nuu:aeer.rRn nfi zosfu eil6r]r.l

6sqi r fu;'asnri6l r n:T :vidEudl n un r.:

uvrlj.]yna.t Reverse lr

nr':finul Globin gene.

r Sudn':eur'tufi iT riueuBuioir ir:

: isd"a.{Eurifiu16 r iurhrleuirul dui rrnori '.J..,t!-'..1lrn Lt{O !}1 Lnn21! t,u 
.) te?lQnn o\d}Jv.:tll llt,'l

gene fx1 natmro{ DNA+RJ,,rA+protein ui'rsr.l1uJri, ioiueu$a :?tflnrlu'lirieunr :

rlv r firlanarrtlah f;qpral0rlu r aqa 1:nrrs globin genes oanorn

ri'rL:'ill6nr :fr rufl aufi'r

1 :f,u *a: r au'torin'rr1 ta.ras!6ln6rqs

ma Jn\ I o't I ol{13

l nrIll?trJrn6nur
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q Juri lun;rdlh rnr;urnndrqrnr;  I  au.td{vl l

fi rfiue rdariounrirrtu izr"liiB*un ,'u. ,0"-

cif ic globin DNA aanorn genes rirs"1

-[nil 
indirect rethod nairefla riuiuiea

nr t rn iur  nRM lnunrr" [ {  a f f in i ty  co-

h:o chronatography (u"u) rdarornglo-

bin nRNA f, poly A nucleotides mrs-

da1il  ", ' { . :1i poly U-sepharose nfo

ol igo Td.ce lLulose r ih f?{u Globin

nRi, iA ars$ufle1fl ret iculocyte inlarf{u

surnd\tf i  14.W. rJ:; lra bbd,ooo (ua) nffrt

qrnfud'o\ar fiu r au"l $idahFfqfr":rdrrq r.n'l ela

fio RNA dependent DNA polymerase rle

Reyerse transcriptase (oa) f iurfrorDNA

sequence nffriqrn mRNA lnudu[u trar tfiur

tfu fi 1{fi r n dl a'l yr,i'dn n oar n or : 5r: fi r a r "[ i6r u

Nucleotide sequence ff' rzrd.: r n:T vri{u'l fi

1fiilflrisrn"r conplenentary DNA riacopy

DNA I cDNA) 1nu16dr?"]arrniur cDNA

?ro\ oe lnanu'[n'Jnrr'[i nRNA qrn reticu-

locyte ra.:nul{.rD thalassenia homozy-

gote *a; rnisu cDNA ,uar:-p-'1na0u"[61nu

1i nRNA qrnmrl{ Hydrops fetal is (d-

ouli  Chiang i, lai Alt lS

thalassenia horle zygote) d.r chaif

speeific rrrRNA flunaeul.fi nu cell -free

.protein synthesrs systen 1u wheat

gerrn (ru") ohnfu globin sPecif ic

cDNA d rn€url6fftfi r nuqnuh"!il1drflug'rn:eq

m1 BRAIA 1u1:n thalassenia tflnnrsl

adr.:"16ernmuir fi"1asi1\ t?ilflT ri tn:rtvi

total ce11'nRNA leru cDNA"/rnRNA

hybridi zati Jn vrhln'vr:rler -B- thal as s e

nia ur'r :r u"lJl;-crrain nRNA .aq't'ul $'in

ilaradl I au (ur,rou ; "[utrru;durr::rafltu rflu

,p-chain mrulA danr-Jnfi (rnro,rrn) cDl',lA d

6n rtiufi'ud rzruhlrj"[{sri?adau DNA tas

5globin gene lnruiGnr: DNA,/cDNA Hybri

dization (u< ,ua; 1na'[ i laniral f iavrh

1{cruqj,ua.: DNA qen t?tadqvilhnrtnl?ano1il

f ieaanqrntYuie€Jn'truiaunfa high salt

solution trul tfrueffufi"lei cDNA probe

r dr'[ rJ u6'e6.:rh'iri r 6ua.: c DNA I : r {r 1 r.tt'u{

(reanneal) f i 'u specif ic DNA fi  comple-

mentary fi'u ornriual uq$aidlu t duezar

DNA q;qnuunoenfiuJhu hydroxy apatite

'lu colunn chronatography Q'lfln1:nt?a
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lndtu A,nneAled Lr6g unAnnealed- cDNA

Prqbe rs.rfid1:J'r:finrillr:rrusal globin

gene \ fi' 1 nu rnnfl nd'urf r 
"1 

d1lr'l :nfi 6o iaanl r

lrier o(- thalassenia rihl :nd rfinqrnnr:

rrntrrg' lr-hrot oGglobin gene (r"e) nrr:orn

sirulnqitre.l rF tharassemia dsnudrfi ,p-

globin gene aqjuil (r,r )

uylulytza\ Restriction endonuclease ffu

@.

nr:ui r ar rJ':sTu?rfrar Res triction

endonuclease :rr1{1unr: i  l  n:r:r i1l r"q^

tas DNA (r"'i ) ni}i'nr:frnurr{uqn::uzard-

1 u J n.a 0t1 frir ^nr'u'[ :-t€ n rYun d rr a J T .: r fi' u n r n 4 st'iu

fiatdnr:ra\l gene rrapping d.:lfrnreuirdue

fit globin gene aonur:lrnurerflrfiul

Endonuclease rflu rauluid\flulu$un -

fi t la fi n':rilfl'.M rfl 
'[unr 

rfi'nor u ldqj.u a rne n fi

Ialnilu DNA as'r\:qi r tr ;1 nufi'naanqrnfi'ufis

oa{ars rdrlq'iruunfi riufl rau"itnifi rarli"lfi

a"T yr furJe tfi'l#r r art q r nl e fr' * a ;dt'e *u nfi , 1 I u

t a.rl;r]arrfi'u DNA tatllu"lilnu methy,la-

t ion f l  susceptible site rdu Restric-

tion enzyrnes llrirurunarsfrqrn$unfi rirJ

S#r.r1 un a;#afi arnfi nrr:.rqi rm g"[un rr eias
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ahfi'usasf,r nfiI alvrtiuu DNA unnn r.:rful r-hh

\runier.Jfi'u specific proteolytic en -

'zyne f,infu site specific endonucle-

"s" 
fl qnriunu#r:udfl o<rro nrnrf*fi'frf;fril:s

qnri r ar r au"[ mi rnai, dlrldlun r:i t n:r ;r,i'

viral genone lsrulryufl 1ro<) nolr rdasnr:

6unu r au"lsJgt'lrau prndu q'N r l:!flnr:u,r

chronosone napping, l tn:r;r i  nucleo-

tide sequence ra\t DNA, uunfludnr.:1

aan!1 naanaun,t:naln':.roirwar: DNA

nucleotides duluri (r"oi ;
J o
ttunaunllyli Globfn

DNA za.o rva rdabiqnrjauJnu restriction

enzyne radtluie arq'[#5udeuoa.: DNA

,uur rtrir I 1 fi'uaanu r:.r rn:J r utluq iu eur{u "[ fr6u

f 1 4 ^

i ru rraairf ir  vqnuhlruunTnu electropho-

resis uu agarose gel dlarffundnnr, r
. : .

unn"isn'uso\rzu1n 1nur{dueieud r 6nq ;C.r"[ il

lnon'ieduaeuf{1n,J rdaorrr:nusrn DNA fi\t

rufl?as r?taaon!1 r iha'eu1 aqjuu s lap gel

aJrrdu6'e dunatufiaa nrni*ru.rrar: glo-

bin gene d.ofifra.r1iqrucll1fiza.c DNA/cDNA

trflr lai zationdn lnu rn€u! radioac-
' - a

tive cDNA(Lnlin),ual globin gene rda
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rtirtt|rr a(- rSorp-slobin glne '[u ele-

ctrophoregranlfuciee,!!nr:vrirjll rtre

l:jetn:nq;ri hybridizarion 1u rdo r an

d.rfrri.:trrau DNA n'.rs1 c.roq\6 r:ioruilrr
{uaut11 absorbent filter uie{s hybri-

dize ff! cDNA plobe r air sirfun.r rr;.rffu

rurui*i x-ray rdo}ili radioautograph

?,o\r,rt{rrd cDNA 6nnonndrr lnuldnr.r;,ru

o"ru rr r flun.r gueunrrdl fndrelr nird ccli
nrarilq;fi,raaorur r flrulrn (map)drJ::lin Qn-

io\ $acuulJawo\ globin gene dnulsro\t

nrltdc:li tnrcalfifunr:iiaa DNA ieu res -

trlction enzyne fierd.r1 lunau*rn

bu]1 Ciriang ttai AtitS

trcst4rrt

Elcotropborcaia

| *"-r* of Dxa to
aitloo.lluLoac
filt.t

E&riiliget ion ritb
31 .oxr1"..1

lr..fl o udns?in.r:1un r:ni GIobin

gene nap launr:Jousas Restliction

endonuclease h{uriu cunr:tirrli auto

radiograph to.l globin gene nap. G

rurufir globin gene

@
fr"w*

,^---a
ttt

I

[:ltlll
lutord.logrq$r

I
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!q;d rsrn'1 o<')-erebin

gone lrps oonnlulrJfrnror;d r fioul;orlrri

si1 ua;lrurrnfh:,: r ar r ;rirmru:r o\t rru -

arlfi',rn im lurrul rid! ne.utnrjnlrolnr :ai-,.r

tlllne0ul i laun-lr rtanli restrlctlon

enzlc Ljf,elrfif?xdl rtFtuu rflullffiJ glo-

biD gene Eap to\tn Lffidr'riru,l! rluefi'u

nT rl r a.rr:ri0uilaunr:ni globin

gene Dap dni li tinr.rlida: riunasoofa-

lrslh6r rduriYu{u!.run?1!nnrJni"ol0udir-

nirrlu Thalassenia ugarirrrl rrnnr.:finm

riornrirdieu rra0ruor DNA/ c DNA hybridi-

zation 6'r1!i1drtnu jeor txelti|.ll rio\t

thalassenias riu'lrL r flul rluanrior: riuelfu

nre (! heterogeneity) rdu tp FH r mrn

nrrtrrmr ul rho\r JB-globin gene (rb,oo)

of -Ihatassenia ! finq1nn11!ralr ul Ur 0u

urlizuta.r qflra: J-globin coding

soquences (t<, ao ) hrp-thatassenia

Auln{.,,;l- gtouin gene d.rioqirfluilnt 1rr;
,r"'Iaod nrue neul ur tottnlrrurioa a1 (5u ;

url'rralrufiuonir nruA 0 r0uilnfi 1u0r rnflu6;

ru\rh!'ishr-trr.6r"0\ erfthroid ce1 ts
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(oo) *e rurlrru.rrtrSrrnr: qRllA dn;rinfi

laud coding sequence n1\r;1 lh,ru 
"

rT lrral! 1u; artrirnfi{l1i{rnr:r:rq

NEtJlao globin gene Dap n.rui,runlt

uir (u,*) JB thalag.csia llrlj1.rn,lnr

ir rfucrrrrn gene nutation ("t; tiru

,4 thelas scriafi'lffrrnrrlpriririrlwj

t flrtrnnrrtlinrul dua.r o4-chain gene

nd.:6u n'toao.rdld.:at r fluntqrn rmequal

crossing over (oa) uifid.rldruriaad.r

rrtrir'trj1ti gene deletion (o<,oc) dson

rflu defective caloci (nb) rdolr6.,l

noldr c!o,r rf;ulioai.,rdrr rruifs heterge-

neity ralar rrq{u5rutar: thalasse-

nias aruunni, .rdudrihqltujsr\u tha-

lassenia l0r r iortYu lurdrilu{rf,urrYu

uutnd r':rr:uon1i'il rcul rrui-r tha-

lassenia tOariu rllar.rn gene deletion

sulroufi lal! qunricll;ailuciuru l:fi
nrs,r? thalassenias lirnnnridrt rd, nr -.' 

"
linr:1 r n:r sfriusoqjoJr.rf,ui':nrrd16n Eir r

,rJT vfu

oJr.rl:6ntr rnffl ir-r nnrr li,l8nr:
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9la{r.duiau $ a !?t,tqoa.t nlun r':rh Restric-

tion napping ni1rinuiisriirdI od', sndslu

globin gene fiortrnujr globin genes

1l\i rf,rraru-kitr oilalvridn o rdasfiulthaan

luun acdu rrn l nliu'tiirrtir.:tol DNA oJes

d1riu intervening sequence ("'"r) drrrtr

tidai.r inserts 5a introns lutrrnnr,r

u1?fi !he1u;ou base pairs to;dd'o'hi$1n:

rlluni,rd"o\ lnserts rna'ri rrirlcirarc

leorrunrnorjlu0uridlliru n'r':6unududvrili

orrrtl!'triir luts:d rua transcription

lutorlurat]rre!!1! transcribe \i nRNe

trorrr dlo'to,tsnir l0u pre-nRNA riourri'e

{s!n, rtrarra:dolnri 1"o; rdo}i16 nRNA

tas glob in Ptotein 6nflrioldr:indsl t5'r

\slnftT a{b.r

@)
Chrooaonc llo 11

{ Spficing r.rcti.o!

G1 A; 6-u&81fr--;;---u,....

$) , Fcgqix s."c
#

/ ft"otolriYtioo
Y

c+
J"----*
A.sr[Dlcal globi!

nRnA

grln' rn (a) trf,n\$Nun,rrlo\t non cl-globin

gene loci dtoqiuu chronosote d " dos

ir.r1u gene fia introns dtru dsittlo

R?1uu1'r rflu kilobase pairs (Kb)rrlfie

r a,udnifiuoqj

(b) uan.rlf rf;ufnrrflln 1'$nnou ro1

intervenilg sequence aonn{\:t'rn

transcription 16' nrul aruu're (pre-

nRNA) 1nt-rs caP structure zos globi-n

nRNA ursrJa, a c'eier., AIA nr:ruds poly-

adenylic acid urs aru o



\'^r rr,, vr. rJ .ro, J September l gb0

ririofu0 
5 

-ru dl6 r fluc l'r r trfiJm; n 6jre,li
aur ! rd!rhn rn'lnijr .iulntoln,rlfnnanRNA

il lonr #r; r nanr.:0nna rn r flu.irjl fii arusfl,J

rarlnarr, dng.q saa'r.rlldtioo.rdu nilinn roo

1UAnjrar ! hqrro.0 n1.),.Jnn nfilunr:oirrri1rr
'lnaglluuizos 

thalassenlas Be! heno_

globinopathies 
u.r rrdu orr rftnfllndlilnr

I on,]r|r?nd! globin gene og,nrrJ

all fun.rl$tol thalassenia dnldud
lJl-rngod uill'fnrrair.rlna0ud rsrliaor:
frnurgdr rirl-r:.lr ro 1ei r ar 6roi.:u?,ol DNA

d! gtobin gene nr.r1 firnare rrir,l riu
bacterial plasnid (o<, o*) r?arujun.h

Er).throl euketd a cells ua,vt1 (<o)lrn
ftfit:uunroerq r; clone fl! globin
gene m 1!.,1d.lilftitl.rrurnnafic;u -uJr -
rtrrlrntr:ri sequence lal globin gene

tdoQaerlaa 'nf nlo rdo },ibi grouin
gene /s1gf'Jl lr.nrrorrnlnh r ih.r c DNA

probe rrerrnor url'luriud lr r1in.-urr6.r Bir
'lautt{n,l{ur.r 

uirudn arunrul fri: s duxadi

rirhnrr ll.r: hunan g.lobin gene uie
trnifur rlnf, uag{'r}rt 1ra thalassed.a
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1n if,n rHaoonlrndll lo:flrduuwnr nr6,ud6

!-:-i t_r t.ruarnnr.:n : rl .,,p thal assemia gene

' ra;oCthalasseDia geno fies ryln0nrlvn6irr

fifilfaanr-rr$;'r (<u, <l )

rJ:: I oziludrunr .: uyivri

r f,udvr :-rufijri.: nzovn.::!ryuiugu fnu,r

lrinr uz rnll'[rira g r: r flulifi rn' rfi orr,luu,fu su

n-r':r1a.rfiuL-'}iInndu rvririr: flil1 lu ThaI as

senj.a lancr nlnu,:dn,t.r?as genetic cor.ul

celling ui.: 6!l6ni prenatat diagnosis
duri r rie s 6n !r.: lrdrr d.ll.rnauu:n r"11{1;_
n rrctndn:rnr:airv globin chain ra.l
rian r 6n1uar rri.lu:: u 3 Mid trinester
( <", <<) t6nr: inrdioudr.rr:q\u.rnrTr.rri.r

Crugfr unnJ uat,ltnr:riluriorrrJflr)lnr: 
dn

r's r adl f fi hign r qu 1 lnirrrfitr 1r u..) n

rfiscrnd! ryln0as?\, DNA,/ CDNA

hybridization uo: globin gene napp-

1ng tfindu {nrutrosn-r:ni prenatal

diagnosis rasi.rnfi.rnairfi r fulilli.fi :fu
!r n r x.:r c rfi u\,!!i rlr c r oriin:"11r? r ntr:ri
'i naairunr trt'r anmiotic cell culture
r dalil irJilr nnrar DNA r.rrnra DNA f,t:rflfu

fir unufiuqn::loavfir iFnlunrrri rvrn0 ntrud

nrlnro!i,),ruAirJnln r.r 1 dd.rl rjyr.: runitrr
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6livrhnurrielur:fiut os tfitIin r:'l0ldu (<c'

db)

Globin gene *aP f4 orkin uolrfiou

ilr.t"rlsos tt,T n'rni.r ur nlunl:l0l dtr )-tha

lassenia 1ur;u;orjl uar':ririu rtrli Res-

tliction endonuclease u iTe fis Eco

RI d.r*r GM'ITC ua! Hing III d'ofin

AAGC|I; Eco RI r:tjou DNA so'raurjnfi'tri

< fragnents do; srouin gene sequan-

ce tornt'r''r n 1u c fragnents inrulrJ1u

.P-thalassenia 
ua: HPFH irlJ Hina rrt

r:tiourhf;lri o fragnent di gtotin

gene sequence li'lnoi, e uo; u fragnents

luir:nT utiul thalassenia honozy-

gote (b)

uonl1n thalasseni'a uie nr:m'e

prenatal diagnosis d't tiulrjliahn;u

henoglobinopathies urlduieu (dc' ) f1

otiru,du Hb o Arabia gr2leto-rrls)

ltlii,1n urtation 1u DNA sequence q1n

GAAfiC lrjriu AMTTC d'rvr'r1f Eco RI

fialrjlifi rauli' fragnent 1n{uuu t frag-

uents rlnnrltlnf,u! globin gene naP

nlo'l':ntos Sickle cell dstfialrn Hb S

BuI I Chrang Mai AMS

(Pb glu4rar) tirunr: trJdauu attos

GAGGAG 1urfir GTGGAG iifi-tofl1dflrs h

prenatal diagnosis 16 rdonu r 5e1f ir rdu

'[rnj r'nt I drafi'n'bi'qrn Moraxel la non

liquifaciens dr 1ofrn iuclootide

sequence GAGG 1; nrrun isahn{uprena-

tal diagnosis tos Sickle cel1 dise-

ase i Kan ual Dozy kivr"r rfulaah riruie

(dd )

fuldi, r rSur : u: r'rar r fiusao 'rfl ''r'irriu

dinr:u'r r a ll::1u?t;t -lnHalrul{udu{urT u

ia{ nolecular genetics t'r!iaJr': r6u-

rt\r ! rfufi:l; I ut:lftttosnlruvnrJ,l0rda

FII -$rc'1x5uoumt

nr ru t rlqimnrirlu6'tunr:n'r Hurnan

gene urapping lirrfulilstir':flr r 51nn1u

:uu0di"ut" r douri-irluLirird r:rt: rirlr

'osdulrunrlrlnrJnfi ootnr:airtr6111na0u

6nnarulaJrsdffs u ndoaqj ua:rie r:rfinrtr

rirlr r f{u'rfi'unalnn r;ritrutol globin

gene laind.rti.r{ruuiefi a'rc Yrreninoll i'j'r

n11c;1$1nef, ulldacs{ln fl nrr$vlldrf'u'l 6-

orir.:'l: ua:6eurh{uo:1':nr :{u'il'r:rir'r

nr': r rlqlutietrtotrr':n1un'::iua:ndtneon
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(Henoglobin Sw j.tching) reoagulurre :f{

!n'r: n'::{u1i'fi ntr d;1\r feta} henoglobin

6nlui'lnnltnr m rruruthlfiud r r rrjlijne lr
irioulrn r duefiurh{u ua: na'l nd r darrioslu-

nlrreullnrr du r duunr :air.r!L.rl na0usin

r r.r1 ua;1au , qrr:oJe.r[i.! d+] chain

switch li{unerrrtluh !iufirflu (<*) lna

r onr:1u!.sir:u'-uj r1i*::i uvrin::r{u d -

gene lufl?rnjrCs o1!r1$nt0n firodr.r r du

01 1n t t,.}c,lu,ll na !d;1\tr1,r 3fl;1U HpFH

lunulri Sickle cell disease,nloJD tha

lasseni.a }isie fic:de aann"rrrlu ut\,sa\,

ornrrlul rnfi'snirrl ri 1co; fi.rdcggul;'rflu

irelnlgundslunr: Jnyr I :ar alryuqn rtrl

uoncrnd ne rldrlrr o1un1r( un gIo_

bin gene oon!.r r 6.J,t1;rjlqn61u bacteri

aI plasnid nlo erythroleukenia cell
rY.rl ineirrur uie o,ri riurio.rvrrrrlf r tr l rii

Ionrs/n suil rJldlftunrltid grobin gene

granrulthrlatl globin gene !.rri.rru d.t

rirrrourufrnn.rruiefi'tririrl : r nu?au rsn?ro\,!

aerl riutrJlf uiodr.:'[.:fin.rrt r {orso.r-

ifuqnr.rl r f,u r {ord! oe el qdutuiauuagn; r5un

o'awrn nrtru1nu e:ttlnri.r.r r ::ra.:rj-uLI

2rI

'[i'r as rd-ir rrmcarrlr:o1d glo6in gene

rrir'[rIu genone ?Ja\r !dr'linrrsgfin oun.r:

li.ur h lirIu d.r r a:r;rilna0llffin r un rrrfid.r

d'o 
'r 

r fluvrrsdnlnefi r fitrrfh:;re LJ6w"udr g-

r3uner Gene Therapy dmic l\, unfeour.,

th.yn rd rfiulii.ra1 rdu globin gene rft-

neirmcl6irirlilfr r,uehu tirvrrui{n heno -

poietic cells 6arrq;aoujr sten cell
'l.r 

r n'r r n.:rl I riufrrulnol henoporet j.c

cel I nsr es uric;ft1a:uonlfuuuouir

stem cel I addllru. i1!j.r.tou'r s1.r ua:6,1

luJls?ll sten cell nu[arconla globin

gene lilirl.ruir fis:io.rllr r noqrTurJQrrll

nrrt{n henopoietic cell Iine tfnn,Unt

so.rfrrauU6n rColf rr.rfro roxr: cell I ine

lnrifluri'ltr ude d r f,u rf,u!#rodrrrftynrdarlf,n

fiulriluto;d ril.rfiuutft r :firftpnn rul16nu rn

urtrfi rf, ue rdoardon'rlyurlrrl otirrl:rinrrll
i1n rnirtrnlio Jr.r rflrJrnjr neerifududrrJu

1!1lt1; Inshaallah ilrd.rirtnrir6ird r :"
rluni, urnlulud orcr;ners rr5!ir u'l 'l n-

tdo r ra rrir.u.r,rf l fi.:n'rnnredir rl{hat se emed

distant to us years ago t s now at

our thresholdr.
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