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Abstract

Project Code : TRG5080002
Project Title : Motecular analysis of abnormal hemoglobin in southern Thailand
investigator : Vannarat Saechan (Ph.D)1, Suthat Fucharoen (Prof.)z, Chamnong Nopparatana
(Assist. Prof.)1, Chawadee Nopparatana (MSC.)1
1 : Faculty of Medicine, Prince of Songkla University
2 : Thalassemia Research Center and Institute of Molecular Biology and Genetics, Mahidol
University
E-mail Address : svannarat2002@yahoo.com, vannarat.s@psu.ac.th

Project Perldd : 2 years (2 July 2007 - 1 July 2009)

Hemoglobinopathy (abnormal hemoglobin or hemoglobin variant) is an inherited disorder
that results in abnormal structure of globin chains of the hemoglobin {Hb) molecule. Many
abnormal Hbs have been characterized worldwide, including more than 14 variants in Thailand.
The Bic-Rad Variant | HPLC system is used for investigating hemoglobin variants at
Songklanagarind Hospital. This system has been shown to be a sensitive, specific and
reproducible method, but some Hb variants such as Hb Tak and HbD-Punjab cannot, as yet, be
clearly separated by this method. The aim of this study was to investigate the prevalence of
hemoglobinopathy in southern Thailand using molecular analysis. A total of 58 abnormal Hbs
were cbtained from blood samples undergoing routine hemoglobin typing at Songklanagarind
Hospital. Genomic DNAs were extracted from the samples and the globin genes analyzed using
PCR-direct sequencing and reverse dot blot hybridization. The molecular analysis revealed fifty-
gight abnormal Hbs: 28 HbC, 12 HbD-Panjab, 7 HbTak, 4 Hb G-Makassar, 2 Hb Lepore-
Hollandia, 2 Hb Q-Thailand, 2 Hb C-Indonesia and 1 Hb Hope. During the study, the test was
also applied to fetal diagnosis of 2 couples at risk of beta-thalassemia with HbC disease. The
result showed normal genotype in both fetuses. Another one couple at risk of Hb G-Makassar
with HbE. The result showed fetus with heterozygous of Hb G-Makassar. In conclusion, reverse
dot blot hybridization for detection of abnormal hemoglobin is useful for characterization of
abnormal hemoglobin types, including prenatal diagnosis of thalassemia with abnormal

hemoglobin, which is endemic in Thaitand

Keywords: Abnormal hemoglobin; Hemoglobin varant;, Reverse dot blot hybridization;

Molecular diagnosis; Thailand
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Ab Abnorrmal

Hb Hemoglobin

DNA Deoxyribonucleic acid

ASO Allele-specific ofigonucleotide

RDB Raverse dot blot

PCR Polymerase chain reaction

RT  Retention time

HPLC High Performance Liquid Chromatography
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Abnormal Hemoglobin gene defect gene interact mobility on
Hb Anuntharaj[m ot e a-globin gene > A
Hb Siam' o° S a-globin gene <F
Hb Queens' oA a-globin gene <F
Hb Mahidol™ " o a-globin gene <A
Hb Suandokns] o A o-globin gene <F
Hb Constant spring[1 o Bmine e a-globin gene <A
Hb ¢ B6 Gt B-globin gene A2
Hb ° % o Gyl [3-globin gene <F
Hb G Makassar i B-globin gene <F
Hb Siriraj proee B-globin gene <F
Hb Malayla' = me*ser B-globin gene A
Hb E” i B-globin gene A2
Hb J-Bangkok™ " > g Cly->Asp B-globin gene >A
Hb Pyrgos'" g Gly->Asp B-globin gene >A
Hb D-Punjab’ > g Glu->Gln B-globin gene <F
Hb Dhonb;;i 2] [3126 Va",”G‘Y B-globin gene A
(Neapolis)

Hb Tak'" Bm Them->The {3-globin gene <F
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1. WarawnsanamenuiaUndlussavluenazesdlulnaiinfianddwitineds aan
unan lau3laiwyu (Reverse dot blot hybridization)
A - L™ U3 Y -l -~ . AJ L r.

2. iafinwgUAnTaluasritavesdlulnadufeundninulumeldvastszinging Taumafnen
snafadndluszduluagasasilulnaduiiednfiuBoudieuduis HeLe
‘ ot ot a g -l - -~ - ] s -l

3. iNafnwanuduiutvedlulnsiivdalnfviiad s giuarapuusizaslalasSomiioy
fnrivediafianund (blood indicies)



14

A nRUNITINY

1) ;atatien

L 1 - - - _-— A ') & - A ¥ [ - -~ s
saiamesnwululnsinfndnfsfiafinyldlivas  wasiwofianlilsslulnadufiaung

- (] -~ - o J - 8 3

viadlulnadud flulnadunonauaudsss wazdlulnaduiey Swau 45 o lenndnilgiswueg
of LY [y -~ o . s

lumaldveding laodoyadldnsnmedniszi®deunsuly 2 ¥{u (generation) uazdanam

Hemoglobin typing ™ wwitlafaingn madmweodinen  asicuwnoeaad  awinense-
mvauaTund amalng .m0

L . . L] J L] - - - - J [ ]
datadaadmmia Mo nngtheieanmuidiaizdlulnsduiednfriianwuidives

INATIATIIN Hemoglobin typing #2835 HPLC utsl w.q. 2543-2548

4
2) w3l

1.

o o N &k Ww N

m*s'amﬂa"imﬁﬂua:ﬂ?mmﬁ'[u'[naﬂuﬁ'ﬂ'[uﬁ‘ﬁ'l'i’m'mﬁufy (HPLC, VARIANT®, Bio-Rad,
USA)

wdasiudinifeaunsdaluld®d (Sysmex® XT2000i; Japan)

DNA thermal cycler 480 (Perkin-Elmer, USA)

horizontal gel electrophoresis (Mupid, Japan)

UV transilluminator (UVP, Inc., USA)

Microcentrifuge (TOMY, USA)

Shaking water-bath (Julabo, Germany)

Avant 3100 Genetic analyzer {Applied Biosystems; Thailand)
m‘:'aaﬁaua:qﬂnmf‘a"u-‘]ﬁi’mﬂu'lmmﬁm molecular biology

H4 - -~ “
3) smailuazdian ndegleund

1.

‘qu'lmﬁﬁ'ﬂﬁtﬁma Genomic DNA Minikit {Blood/Cultured cell) (Geneaid Biotech Ltd;

Taiwan)

Biotinylated oligonucleotide primers (Biobasic Inc., Canada) #1137 Lﬁ.uﬁ'}mmﬁlﬁma Tae
Ufjn3en Polymerase chain (mﬂd\"l‘.Z) .

Amino-linked allele-specific oligonuclectide probes (m‘s‘N‘FI! 3) FmTuamamisiiavas
#luTnsdin TaeT reverse dot blot hybridization aufildWaINTw
'luaaummmuﬁﬁﬂ’:i}'ﬂu (Pall Biodyne C transfer membrane, P/N: BNBCH3R), (Pall
BioSupport Division, USA)

1-Ethyl-3 (3-dimethylaminopropyl) carbodiimide HCI (EDC, Sigma E7750)

Taq DNA polymerase, Recombinant (Invitrogen, Brazil)
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7. Streptavidin-alkaline phosphatase Code: RPN1234 (GE Healthcare Bio-Science Corp,
USA

8. 5-Bromo-4-Chloro-3-indolylphosphate-p-toluidine salt, BCIP: M41538013 (Molekula, UK)
9. p-Nitro-blue Tetrazolium Chioride, NBT: NDB0379 (Biobasic Inc., Canada)
10. Microcon PCR kit (Millipore Corp., MA, USA)

11. DNA sequencing kit, BigDyeTM terminator cycle sequencing ready reaction (Applied
Biosystems, CA, USA).

12. POP™ Polymer (Applied Biosystems, CA, USA).
13, ihenduqiduinluaudin molecular biology

4) 3t

41 misnarinelafeing wezmsevsusntisuasSinuadlulneiy

diBeandimitudsauds EDTA $1wm 3 B8dda1 hminsndmalafiaingdaoedas
wioatuifiafonuaidalul® (Sysmex® XT2000i; Japan) Faurldewialtil Hb, Het, RBC, Mev,
MCH. MCHC, RDW uszamaswisiisrfiedlulnadiufnunfussimenSinaslulnafiudmatasia
siauazBundlulnsfiudalud@ldnnudugs (HPLC, VARIANT®, Bio-Rad, USA)

42 MIANGALIULEINA2BENIREN
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ufnnta 4.1 InanadEue dugaosiadiine Genomic DNA Minikit (Blood/Cultured cell)
{Geneaid Biotech Ltd; Taiwan)
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s [ -l - - 1 . . -l - -~ I3 -
HR00IRBULBNINTIURY retention time maaa'[u‘[nauuuﬂﬂnauaﬂwm PMmIIaTIImn
' L J L
FUURAIULATEY  Avant 3100 Genstic analyzer (Applied Biosystems; Thailand) uiTued Tamary
H uacnnie [29] N1 Nopparatana C Uazamz [30]

4.4 My iimienamenuiadndluwssivluenaseslulnsfindminddisid

F1a¥% o uaen louiletrdu (reverse dot blot hybridization, RDB)

mafintese aan vsen leuilarsu szislimnsaamansiamainmeiuirasiiunas
al - » 8 - e - -r - L 3 ~ sl L3 J
§invlgaSisnmorie wannTIaamafiall Aan1Iadns ASO probes nana Jrianiidaisdraniiaiin

' - - ' ol X 5
ny oxdilu (NH2) danfiafauuuinlusauiuuuu (nylon membrane) Miflutlszgay udh Adwae
ol - - [ s g . ae

vauihuflévin PCR TasldfandleIndunsofiinefaaainag iy biotin an hybridize #2u ASO
probe NuRLEwtavadiiy Tasm i color detection EnmImanansshidaunsanmuriievasny
' . » . ge . . 2 - vy .
tmsetinle Taunsvin hybridization Woeasadins wnadlumnh@iduevadiliom hybridize
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[ - At - ] v 1 - e -d:d‘ - al -

ny ASO probes WR1EQTUA numﬂaguuuuu membrane WHWHDINWITRINTWIThRzINT IS
g - ' L 14

MaNzFInIUaTIImITRan T MM 11 iniufInIsuaann munau’lum'sﬁnmﬂ::nﬂuﬁ'ﬁﬂ

‘I B J - - - 0
4.4.1. MuANBINuUAEweRIuNABIM IR TRT T polymerase chain reaction
L= ] - J - LY -' » - A

datvaduenldnnte 42  swdsSuadswdnIswoa inadulasldwnyeti

LY - - o . - - - - - el w [~ -
ihwn:nuuummmauaaﬂ'ﬂnauwuagnumamwnnﬂnmjmn'[uTnauun‘lﬂ'i'mn'mﬂ-mﬂ
flulnadudalud@lianusugs (HPLC, VARIANT®) Tasusiozgalwswafefnamnday  biotin
-l v . r-l‘l - X -
fimu 5 nswanltlunsdnsasiiiuaaslueimen 2

- o W - - " . el v asas &
A171IN 2 1“7luﬂ’m“7un7ﬂ.wulﬁu']mﬂlﬂulam“ﬂﬂﬂ\’ﬂ'ﬁﬂ?ﬂ')m‘ﬂﬂqf

Twnued deuusesinnwas

RDS 1 Biotin §' AAC TCC TAA GCC AGT GCC AGA AGA 3’
RDB 2 Biotin 5" TCA TTC GTC TGT TTC CCATTC TAAAC 3
RDB 3 Biotin 5' TAT CAT GCC TCT TTG CAC CAT TCT &'
RDB 4 Biotin 5' CAC TGA CCT CCC ACATCTCCT TTT &

RDB 5 Biotin ' CATGCCTGGCACGCTTTGCTGA 3'

RDB 6 Biotin 5' GATGTTCCTGTCCTTCCCCACCA 3’

44.2 SmeseumianuiaUndluszdulusnsvesiluinafinfiaunddisitinefasen usen
Tovilardu Yaznausptunousair
M hybridization Tasialy axvlasmieda (ix) fiduie 'fm‘iﬂ's:qauuumiu nylon
membrane 1323u7n usn1311 Reverse Dot Blot #84MT93¢ oligonucleotide probe Axdrotu Tanlw
e & Hihnafleinddvagiunye:diln ‘& membrane #AlfiRana probe udnsilyzany
uazdauezlifeanssdu (active) carboxyl group U% membrane faudatas EDC [1-Ethyl3 { 3-
dimethylaminopropyl) carbodiimide HCI, Sigma E 7750] né’ammfuﬁmuamm:mu ASO-probe UHAL
TUARIUK membrane ﬁﬁﬂ:zqaufn

MILATHA allele specific probe strip

#9ee allele specific probe ﬁaaamnngazﬂu (NH2) e 5 Sedeuiuswes allele specific
probe  FwiuaTamriiavesBlalnadufinunfudasriiousmeiimsefl 3 wentwih  allele
specific probes ms'muu‘luaaumummﬁﬁﬂs:qﬂu (Biodyne C nylon membrane) auATn13ves
Winichagoon P u8:Ate [5] NU Cai SP uazate [31]

m3lauTlawwau (hybridization) uae detection

WAGaininte 4.4.1 aiiteniy aliele specific probe strip laumuih
-~ . [V L P -l . .
#fe1Snauil 40 i denature solution u§2dY 5 wfl Nnuwdnaslugsfil allele specific probe strip
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Fautaglu hybridization buffer (2xSSC/0.1%SDS) incubate igainaii 45°C win 1 2lus miudha
WINLITUAE washing buffer (2x8SC/1%SDS) ﬁqnmgﬁ 49°C Wi 10 w1
nmsasuraTianufadnfvesdlulnadn (Enzymatic detection) \flasanfidens
il biotin ARBEIINUTITAATIVINALNN hybridization dlaeld enzymatic reaction
M1 hybridization strip incubate iy 4:1000 streptavidin alkaline phosphatase u
§1382818 blocking solution ¥EHWA% 30 wafl ﬁqmﬁqﬁﬁm w1898 0.3% Tween20 1w buffer 3
W 5 Ui LR8I detection buffer (100mM tris pH9.5, 5SmM MgCi2, 100mM NaCi) W% 5 Wit

- - . -~ -l - -
\fiu substrate NBT/BCIP finzanuiu 5 mi detection buffer m‘lﬂunﬁﬂmuﬂqmnqwaeﬂszmm 30
wi savnasiiamiidunIedaty

‘4 . . . " - ol - -~ . -
A1TWA 3 Amino-linked oligonucleotide probes EwiLaTIanTHavesElulnslinfnlndlay
maiisitaigaon veen lauTlaosu

o
Falwiu

fauiusyeIlwiy

HbO-indonesia N
HbO-Indonesia M
HbQ-Thailand N
HbQ-Thailand M

HbC N

HbC M

HbS N (same as HbC N)
HbS M

HbG-Makassar N (same as HbC N)
HbG-Makassar M
HbD-Panjab N
HbD-Panjab M

HbHope N

HbHope M

HbTak N

HbTak M

NH2- 5' ACCTCCCCGCCGAGTTCAC 3
NH2- 5 TCCCCGCCAAGTTCACC 3
NH2- 5' CGCACGTGGACGACATGCCS'
NH2- 5' GCACGTGCACGACATG 3’
NH2- 5' CTGACTCCTGAGGAGAAGTC 3'
NH2- 5 CTGACTCCTAAGGAGAAG 3'
NH2- 5 CTGACTCCTGAGGAGAAGTC 3'
NH2- 5 ACTCCTGTGGAGAAGTCT 3'
NH2- 5 CTGACTCCTGAGGAGAAGTC 3'
NH2- 5 GACTCCTGCGGAGAAGTC 3'
NH2- 5 TGGCAAAGAATTCACCCC 3'
NH2- 5 GGGTGAATTGTTTGCCAA 3
NH2- §' TGGCTGGTGTGGCTAATG 3'
NH2- 5' GCTGATGTGGCTAATGCC 3’
NH2- 5" AAGTATCACTAAGCTCGC 3'
NH2- 5 GTATCACACTAAGCTCGC 3'

4.4 mifwandimesiie Wisudisuanatandnarassmmilarainmuasdlulnadnfisdng

uinzrHaf uafif non-parametric kruskal wallis test
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HANN3I9Y

1. mIaramamulafiaing

nnmadufinnuraslasiminiudiuil 2 nsngiau 2550 feTufl 1 nangnaw 2552 sunIn
tﬁuﬁ"mai‘mﬁamlaag‘{ﬂwﬁﬂn‘n:ﬁ'[u'[naﬁuﬁmﬂnﬁﬁﬁwm 45 T NnMmethadeafisasiamn
Hemoglobin typing o winlaainm MAITINETING ATZUNND TS
UMINDIRUFIVRIUATUNT WU 9,126 1B ua:mmsmﬁm‘hnﬁulﬁawm@’ﬂmﬁmzmﬂnhﬁ
madlulnadiudinUnan lilsdlulnadufeundrfiedlulnadug  slulnaduneusuaudsds  uas
#lulnadiuies 99nMIATIIMT Hemoglobin typing #2833 HPLC Iug291) w.a. 2543 fis Auil 31
WOEMAY 2550 $1M% 13 T8 NEazBuarasimMalafiaingnYeIf TN IALEAIANIN TN 4
uazununnlasanlaunsuvasns Hemoglobin typing ugaslunwil 1

P - o " - L% oot -t a - -
AN 4 THUATIDUAUDINIDEILRDAY ﬂ\Tfdﬂ']ﬂﬂ“ﬂ']'):ﬂ‘[u‘[ﬂﬂuuﬂﬂl’ﬂﬂ

et [ - A J 1 - - - b [ ar J
n. ﬂ'.’lDtﬂdtﬂﬂﬂ'ﬂﬂdf:‘fﬂ']!lﬂl.ﬂUﬂ'S'}'U"J"IflJ'I']’J:ﬁhltﬂaUHNﬂﬂﬂﬂuﬂ’ﬂuﬂ'Nﬂ W.6. 2543 19 TuA

31 woenay 2550

DNA mAviiveudiadeauas (blood indicies) S o
CODE ['Rgc [Hb [Hct |MCv [MCH|[McHC [Row | Hb_Typing | %A2 | %F | "% | ool | eak
30298 | 446 | 10.2 | 31.0 | 70.0 | 229 | 327 18.1 AF+ Ab Hb - 7.7 | 122 A2 3.45
20600 | 511 | 12.0| 38.0 | 74.0 | 236 | 31.9 16.2 AF+ Ab Hb - 4.0 | 144 A2 3.48
28957 | 5.01 | 13.0| 380 | 76.0 | 259 | 339 13.6 | AA2+ Ab Hb 1.8 0.0 | 355 D| 4.04
31460 | 467 | 12.7 | 37.0 | 78.0 | 27.2 | 348 14.5 | AA2+ Ab Hb 36 |393]| 0.0 D 4.12
24377 [ 421 [ 11.4 [ 330 | 780 [ 271 348 | 134 | AA2+AbHb | 39 | 0.0 | 384 s| 454
29032 [ 373 [11.2] 31.0 [ 840 [ 300 [ 357 | 137 [ AA2+AbHb | 32 [ 0.0 [ 405 c| 512
26240 | 592 | 15.7 | 45.0 | 75.0 | 26.5 | 352 | 14.0 [ AA2+AbHb | 36 | 0.0 | 36.9 c| 514
25072 | 455 | 10.6 | 30.0 | 68.0 [ 242 | 356 19.9 | AA2+ Ab Hb 3.0 0.0 | 36.3 C 5.156
24092 [ 512 [14.1] 41.0 | 79.0 [27.6 | 347 [ 139 | AA2+AbHb | 3.3 | 0.0 [ 325 c| 515
25512 [ 513 | 13.9[ 39.0 | 75.0 [ 271 | 366 | 13.7 | AA2+AbHb | 34 | 0.0 | 38.3 c| s.16
31112 | 530 | 14.7 | 420 | 80.0 | 27.7 | 34.8 13.3 | AA2+ AbHb 3.1 0.0 | 38.7 C 5.16
30940 | 572 | 159 | 46.0 | 81.0 | 27.8 | 343 13.3 | AA2+ Ab Hb 3.3 0.0 | 40.7 C 5.16
31043 | 4.36 | 11.8 | 33.0 | 76.0 | 27.1 35.4 14.7 | AA2+ Ab Hb 3.1 0.0 | 37.2 C 517




19

Y ' w o a a a al | - o o
2. detwideavasfihoiiinidlulnadufaUndluteiui 1 figuisu 2550 fiui 1 ningay 2562

mdriveudiaifieauns (blood indicies)

DNA %A2
CODE ['RBC | Hb [ Hect | MCV [ MCH [ MCHC [ RDW | Hb_Typing - %F %sz v;fc'[oi, p':Zk
35814 | 4.25 | 8.7 | 28.0 | 64.7 | 205 | 316 | 17.6 |F+AbHb - 2269 A2 |368
34832 | 504 [13.9]| 408 | 811 | 276 | 341 | 123 |[E+AbHb 31.5| 0.0 [622| D | 4.01
36087 | 4.21 | 11.4 [ 38.0 | 90.3 | 27.1 | 30.0 | 158 [AA2+AbHb | 31 | 00 [402| D | 4.04
36089 | 4.22 [ 11.7] 39.1 | 857 | 257 | 336 | 158 [AA2+AbHb [ 32 [ 00 [394]| D | 4.04
36105 | 5.95 [ 16.2 | 48.0 | 81.1 [ 27.2 | 335 | 142 |AA2+AbHb | 32 [ 00 [409| D | 4.04
37032 | ND [ ND | ND | ND | ND | ND | ND |E+AbHb 246 | 00 [628] D | 4.06
37369 | 546 [ 14.9| 43.0 | 78.8 | 273 | 347 | 141 [AA2+AbHb | 57 | 0.0 [340| D |[4.06
38183 | 7.84 | 18.0 | 51.1 | 652 | 23.0 | 352 | 254 [FA2+AbHb | 74 [ 79 [789| D | 4.06
36626 | 6.21 | 158 | 53.7 | 87.0 | 254 | 294 | 159 [AA2+AbHb | 35 | 00 |[352]| D | 4.07
36789 | 4.61 [ 116 34.3 | 74.0 [ 252 | 338 | 147 |[AA2+AbHb | 36 | 00 [342| D | 4.08
35685 | 5.54 | 154 | 40.0 | 72.2 | 27.8 | 385 | 147 |E+AbHb 42 | 00 [514]| D | 4.11
38368 | 6.0 [164 | 473 [ 764 [ 265 | 347 | 128 [AA2+AbHb | 19 | 0.0 [344| D | 4.11
32017 | 5.43 [15.7 | 466 | 855 | 28.9 | 33.7 [ 129 [AA2+AbHb | 30 [ 00 [408[ D | 412
32019 | 4.98 [13.0] 39.1 | 78.0 [ 26.1 | 333 | 14.3 [AA2+AbHb | 71 [ 00 [307]| D | 4.16
32679 | 4.02 | 96 | 294 | 731 | 239 | 326 | 17 |[AA2+AbHb | 19 | 0.0 [367| D | 4.16
36786 | 53 [159| 447 | 842 | 299 | 356 | 132 [AA2+AbHb | 53 | 00 (353 D | 4.16
34326 | 5.39 | 164 | 458 | 85.0 | 304 | 358 | 126 [AA2+AbHb [4.80 [ 00 307 ]| S | 426
33553 | 571 | 17.3| 51.3 | 89.3 | 30.0 | 336 | 122 [AA2+AbHb | 43 [ 00 [343| S | 428
37624 | 486 | 157 | 442 | 90.9 | 323 | 355 | 133 [AA2+AbHb | 31 [ 00 [417] S | 448
32591 | 432 [ 10.3] 310 | 71.8 [ 238 | 332 | 175 [AA2+AbHb | 39 | 00 [381] S | 454
40205 |50 [11.7] 352 | 71.0 [ 236 | 332 | 140 [AA2+AbHb | 36 | 00 [390| S | 455
33357 | 461 [12.3]| 375 [ 81.3 [ 267 | 328 | 17.9 |AA2+AbHb | 28 | 0.0 [156]| S [ 464
32658 | 4.04 | 108 317 | 785 | 26.7 | 34.1 | 142 [AA2+AbHb | 29 | 0.0 [292| S | 465
35815 | 5.43 [12.3 ] 39.0 | 724 | 228 | 314 | 143 | AE+AbHb 25 |00 [ 76| s |[484
32185 | 361 | 10.3| 306 | 84.7 [ 284 | 335 | 137 [AA2+AbHb | 19 | 0.0 [201| C | 495
37190 | 4.59 [11.7] 319 | 69.5 [ 255 | 36.7 | 156 | E+AbHb 308 | 00 [576 C [5.10
34854 | 415 [11.5| 314 | 757 | 27.7 | 366 | 143 [AA2+AbHb | 350 | 00 (388 | C | 5.12
35007 | 4.87 | 122 | 362 | 74.3 | 25.1 | 33.7 | 189 [AA2+AbHb [360 | 00 [373| C [512
36836 | 4.14 [12.0] 34.1 [ 82.0 [ 29.0 | 352 | 145 [AA2+AbHb | 30 | 02 [404| C | 512
37714 | 559 [13.0] 36.7 | 65.7 [ 233 | 354 | 157 [AA2+AbHb | 34 | 00 [373]| C |512
37622 | 554 | 152 | 43.0 | 776 | 274 | 353 | 138 [AA2+AbHb | 11 | 00 [329| C | 513
32088 | 4.50 | 11.2| 342 | 75.5 | 24.8 | 32.7 | 19.7 [AFA2+AbHb | 48 152611 | C | 515
32044 [ 424 [116] 323 [ 762 [ 274 | 359 | 144 |[AA2+AbHb | 38 [ 00 [ 38 | C [5.16
32471 4.60 [ 11.1] 32.0 | 69.6 | 24.1 | 347 | 1756 |AA2+AbHb | 34 | 00 [336| C |[5.16
33426 | 3.84 | 71 [ 226 | 58.9 | 185 [ 314 [ 19.8 |AA2+AbHb | 33 | 0.0 [309| C |[5.16
34588 | ND | ND [ 302 | 793 | ND [ ND | ND |AA2+AbHb [390] 00 [381]| C |5.16
34793 | 478 | 11.7 [ 335 | 70.1 | 245 | 349 [ 161 [AA2+AbHb [370| 00 [372| C |[5.16
33136 | 578 | 14.9 42.0 | 72.7 [ 258 | 355 | 138 [AA2+AbHb | 35 | 00 [351| C |5.17
33718 | 523 [13.7 ] 408 | 78.0 [ 262 | 336 | 16 [AA2+AbHb | 38 | 00 [415| C |[5.17
38651 | 56 |14.7| 429 | 77.0 [ 264 | 343 | 143 [AA2+AbHb | 36 | 00 [390| C |5.18
38943 | ND [12.2] 340 [ 770 [ 265 | ND | ND [AA2+AbHb | 36 | 00 [399] C [5.18
39402 | 4.7 [11.7] 333 [ 704 [ 247 | 351 [ 154 [AA2+AbHb | 34 [ 00 [342| C |5.18
40064 | 56 |105| 204 | 52.7 [ 188 | 357 [ 211 [FA2+AbHb | 56 | 28 [91.0| C [5.20
40173 | 3.8 [10.1] 29.2 | 77.7 [ 269 | 346 | 19.0 [AA2+AbHb | 33 | 0.0 | 41 C [520
40444 | 39 [112] 317 [ 81.7 [ 289 [ 353 [ 141 [AA2+AbHb | 37 | 00 [390]| C [5.20
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Case no. 37032, RT peak 4.06 Case no. 37369, RT peak 4.06 Case no. 38183, RT peak 4.06 Case no.36626, RT peak 4.07
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Case no. 36789, RT peak 4.08 Case no. 35685, RT peak 4.11  Case no. 38368, RT peak 4.11 Case no. 31460, RT peak 4.12
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Case no. 32017, RT peak 4.12  Case no. 32019, RT peak 4.16 Case no. 32679, RT peak 4.16  Case no. 36786, RT peak 4.16

it 1 mwuaaslasanlaunsavadns Hemoglobin typing WEN@AAAN retention time (RT time)
2Uad peak
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Case no. 34326,RT peak 4.26
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Case no. 32591, RT peak 4.54
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6
Case no. 29032, RT peak 5.12
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DNACODE | HoTyping | 282 | wF [%abhp | HPYC p':aTk Abnormat Hb
30298 AF+ Ab Hb - 7.7 | 122 A2 345 | Hb Lepore

20600 AF+ Ab Hb - 4.0 14.4 A2 3.48 | Hb Lepore

35814 F+ Ab Hb - 22 |69 A2 368 | HbHope

34832 E+Ab Hb 315 |00 [622 D 4.01 HbD Panjab with HbE
28957 AA2+ Ab Hb 18 {00 |[355 D 4.04 HbD Panjab
36087 AA2+ Ab Hb 3.1 0.0 |402 D 4.04 HbD Panjab
36105 AA2+ Ab Hb 32 oo [409 D 4.04 HbD Panjab
36089 AAZ+ Ab Hb 32 |00 [394 D 4.04 HbD Panjab
37032 E+ Ab Hb 246 |00 [628 D 4.06 HbD Panjab with HbE
37369 AA2+ Ab Hb 57 00 [340 D 4.06 Hb Tak

38183 FA2+ Ab Hb 74 |79 [789 D 4.06 Hb Tak

36626 AAZ+ Ab Hb 35 |00 |352 D 4.07 | HbD Panjab
36789 AA2+ Ab Hb 36 0.0 [34.2 D 4.08 HbD Panjab
35685 E+ Ab Hb 42 00 |[514 D 4.11 Hb Tak

38368 AA2+ Ab Hb 19 {00 |344 D 4.11 HbD Panjab
31460 AA2+ Ab Hb 36 1393 [00 D 4.12 HbD Panjab
32017 AA2+ Ab Hb 30 |00 408 D 4,12 HbD Panjab
32019 AA2+ Ab Hb 7.1 0.0 |307 D 416 | Hb Tak

32679 AA2+ Ab Hb 19 {00 |367 D 4.16 HbD Panjab
36786 AA2+ Ab Hb 53 |00 |[353 D 4.16 Hb Tak

34326 AA2+ Ab Hb 480 |00 |307 S 4.26 Hb Tak

33553 AA2+ Ab Hb 43 |00 |343 S 4.28 Hb Tak

37624 AA2+ Ab Hb 3.1 0.0 417 S 4.48 HbG-Makassar
24377 AA2+ Ab Hb 39 |00 {384 S 4.54 HbG-Makassar
32501 AA2+ Ab Hb 39 |00 |38.1 S 4.54 HbG-Makassar
40205 AAZ+ Ab Hb 36 0.0 39.0 S 4,55 HbG-Makassar
33357 AA2+ AbHb (28 [0.0 15.6 S 4.64 HbQ-Thailand
32658 AA2+ AbHb 129 [o00 |292 S 4.65 HbQ-Thailand
35815 AE+ Ab Hb 25 |00 |76 S 4.84 HbO-Indonesia with HbE
32185 AAZ+ Ab Hb 19 |00 |201 c 4.95 HbO-Indonesia
37190 E+ Ab Hb 308 [00 |576 C 5.10 HbC with HbE
29032 AA2+ Ab Hb 32 |00 |405 c 5.12 HbC with beta 3.5 kb del.
34854 AA2+ Ab Hb 350 |00 |[ass C 5.12 HbC

35007 AA2+ Ab Hb 360 |00 [a73 c 512 | HbC

36836 AA2+ Ab Hb 3.0 |02 [404 C 5.12 HbC

37714 AA2+ Ab Hb 34 |00 [373 C 512 | HbC

37622 AA2+ Ab Hb 1.4 00 |329 C 513 | HbC

26240 AA2+ Ab Hb 36 |00 [369 C 5.14 HbC

24092 AA2+ Ab Hb 33 |00 |[325 C 515 | HbC

25072 AA2+ Ab Hb 30 |00 [363 C 5.15 HbC
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%A2

HPLC

RT

DNA CODE Hb Typing | Pob | %F| %abHb | i ¥ pesk Abnormal Hb
32088 AFA2+AbHb | 4.8 15.2 | 61.1 c 515 | HbC
25512 AA2+ AbHb | 3.4 0.0 1383 c 5.16 | HbC
30940 AA2+ AbHb | 3.3 0.0 |[407 c 5.16 | HbC
31112 AA2+ AbHb | 3.1 0.0 [387 C 516 | HbC
32044 AA2+AbHb 138 |00 [380 c 5.16 | HbC
32471 AA2+AbHb (34 |00 {338 C 5.16 | HbC
33426 AA2+AbHb |33 |00 {309 ¢ 5.16 | HbC
34588 AAZ+AbHb 390 {00 |381 c 5.16 | HbC
34793 AA2+ AbHb (370 {00 [372 c 5.16 | HbC
31043 AA2+ AbHb | 3.1 00 |372 C 5.17 | HGC
33136 AA2+AbHb |35 0.0 |351 c 517 | HbC
33718 AA2+AbHb |38 00 |415 c 517 | HbC
38651 AAZ+AbHb [36 |00 [390 c 5.18 [ HbC
38943 AA2+AbHb |36 0.0 |399 c 518 | HbC
39402 AA2+ AbHb | 3.4 00 [342 C 5.18 | HbC i
40064 FA2+AbHb |56 |28 [91.0 C 5.20 | HbC
40173 AA2+AbHb | 3.3 0.0 |41.0 C 5.20 | HbC
40444 AA2+AbHb |37 0.0 |390 C 520 | HbC
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af 6 mnsapidaiussaiiavasdlulneiinfaundfinulumaldveszinalng

siadlulnaduiadnd Fwom | anaid
(3w} (%)
Hb ¢ (B ° ™ 28 483
Hb D-Panjab (B121 ") 12 207
Hb Tak (3146 Term - Thr, AC insertion) 7 121
Hb G-Makassa (36 ) 4 6.9
Hb Lepore-Hollandia 2 34
(The cross-over region between & ez and 3 IVs"m)
Hb Q-Thailand (c74 **) 2 3.4
Hb O-indonesia (116 ° ") 2 3.4
Hb Hope (3136 °7"*%) 1 1.8

26
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CA
CAC CCTE ECAC CAGT

GA AT T
Cxr ATT

A A A
CCATCAC TTTG GCALAL A

HbD-Panjab (B'*! Glu-Gln, GAA-CAA)
(case No. 31460, 32017, 32019, 32679)

“ [ - - - .
nnin 2 mwlasnlaunsuuaasdiavwavasdlulnadusfia HoD-Panjab

TG CGG AG A A
ACAC CATGGTGLC ACCT GAC TCCTG AGG AG LAGTCTI

| ’ f | \ l? |

T
AR ,.\Amf AR RSARAARR! /\ Anﬂlngﬁ.

HbG-Makassar (B° Glu-Ala, GAG-GCG)
(case No. 24377, 32591)

- [ - -~
nnn 3 nmwlasunlavnsuuassdrduiuavesdlalnadiviia HbG-Makassar
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The cross-ovex region batween IVSIMA2 and IVS1#56. of the 5 and  B-globin

G A O 0 C© Ak A T OB|O & & A € T B O O € 4 T O Y G|T o o BSgchin
& ® @ F X Ad T S| A a1k € T & & 8 C ¥ T ¥ &f0 a 0 case
¢ & B K T e A k& T AlG A 4 » € T B O O C & T & T OfjG & O Ppgobin

Hb Lepore-Hollandia
(The cross-over region between IVS1#42 and IVS1#56 of the 8- and B-globin)
(case No. 20600, 30298)

4 - - -~ .
n i 4 nnlannleunsuuansdrauiusveslulnaiivefia Hb Lepore-Hollandia

st 1 L bsan B0 00l .78 a6 cTCcEcCc 1T T
6 6 €C € £ A C & L & T & T € A ¢
A C T A A G C cC G C T
A Cinsertion

SN

Hb Tak (B'*® Term - Thr, AC insertion)
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Hb Hope (B Gry-Asp, GGT — GAT)
(case No..35814)
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Hb Q-Thailand'(Hb Mahidol) (074 Asp-His, GAC — CAC)
(case No. 32658,33357)
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Hb O-Indonesia (a'"® Glu-Lys, GAG - AAG)
(case No. 32185,35815)

E s M - - ~ ;
nnn 8 mwlasnlaunsuusasdrauwsvosdlalnadusiia Hb O-Indonesia



|

Case no. 30298, RT peak 3.45
Hb Lepore

Casc no. 20600, RT peak 3.48 Case no. 35814, RT peak 1.68
Hb Lepore Hb Hope
o
)

A
)
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Case no. 36789, RT peak 4.08 Case no. 35685, RT peak 4.11  Case no. 38368, RT peak 4.11
Hb D Panjab Hb Tak with HbE Hb D-Panjab
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Case no. 32017, RT peak 4.12
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Case no. 34832, RT peak 4.01

Hb D Panjab
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Casc no.36626, RT peak 4.07
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Case no. 31460, RT peak 4.12
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Case no. 32019, RT peak 4.16 Case no. 32679, RT peak 4.16
Hh Tk Hb D-Panjab

Case no. 36786, RT peak 4.16

Hb Tak
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Casc no. 35815, RT peak 4.65 Case no. 32185, RT peak 4.95 Case no. 37190, RT peak 5.10  Case no. 29032, RT peak 5.12
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Hb G [p*(A-C)]
Hb Hope [p'%*(G-A)]
Hb Tak [pHé(+AC)]

Hb D [P%(G-C)]
Hb Q-Thailand [x™{(G-C)]
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Molecular analysis of abnormal hemoglobin in southern Thailand

Saechan, V.", Nopparatana, Ch.', Nopparatana, C.!, Fucharoen, 8.}
! Department of Pathology, Faculty of Medicine, Prince of Songkla University, Hai-Yai, Thailand
! Ihalassemia Research Center and Institute of Molecular Biology and Genetics, Mahidol University,
Bangkok, Thoiland

Hemoglobinopathy (abnormal hemoglobin or hemoglobin variant) is an inherited
disorder that results in abnormal structure of globin chains of the hemoglobin (Hb) molecule.
Many abnormal Hbs have been characterized worldwide, including more than 14 variants in
Thailand. The Bio-Rad Variant Il HPLC system is used for investigating hemoglobin variants
at Songklanagarind Hospital. This system has been shown to be a sensitive, specific and
reproducible method, but some Hb variants such as Hb Tak and HbD-Punjab cannot, as yet,
be clearly separated by this method. The aim of this study was to investigate the prevalence
of hemoglobinopathy in southem Thailand using molecular analysis. A total of 50 abnormal
Hbs were oblained from blood samples undergoing routine hemoglobin typing at
Songklanagarind Hospital. Genomic DNAs were extracted from the samples and the globin
genes analyzed using PCR-direct sequencing and reverse dot blot hybridization. This
molecular analysis revealed six abnormal Hbs: 22 HbC, 11 HbD-Panjab, 7 HbTak, 3 HbG-
Makassar, 2 Hb Lepore-Hollandia, and 1 Hb Hope. Four samples are unidentified and will be
subjected for further analysis, During the study, the test was also applicd to fetal diagnosis of
2 couples at risk of beta-thalassemia with HbC disease. The result showed normal genotype
in both fetuses. This confirms that the analysis system is useful for characterization of
abnormal Hb, including screening for thalassemia, which is endemic in Thailand.
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Molecular Analysis of Abnormal Hemoglobin
in Southern Thailand

Introduction: Hemoglobinopathy (abnormal hemoglobin or hemoglobin variant) is an
inherited disorder that results in abnormal structure of giobin chains of the hemoglobin
(Hb) molecule. Many abnormal Hbs have been characterized worldwide, inciuding
more than 14 variants in Thailand. The Bio-Rad Variant Il HPLC system is used for
investigating hemoglobin variants at Songklanagarind Hospital. This system has been
shown to be a sensitive, specific and reproducible method, but some Hb variants such as
Hb Tak and HbD-Punjab cannot, as yet, be clearly separated by this method.
Objective: To investigate the prevalence of hemoglobinopathy in southemn Thailand
using molecular analysis.

Material and Method: A total of 58 abnormal Hbs were obtained from blood samples
undergoing routine hemoglobin typing at Songklanagarind Hospital. Genomic DNAs were
extracted from the samples and the globin genes analyzed using PCR-direct sequencing
and reverse dot blot hybridization.

Results: The molecular analysis revealed fifty-eight abnormal Hbs: 28 HbC, 12
HbD-Panjab, 7 HbTak, 4 HbG-Makassar, 2 Hb Lepore-Hollandia, 2 Hb Q-Thailand,
2 Hb O-Indonesia and 1 Hb Hope. During the study, the test was also applied to fetal
diagnosis of 2 couples at risk of beta-thalassemia with HbC disease. The result showed
normal genotype in both fetuses.

Conclusion: Reverse dot blot hybridization for detection of abnormal hemoglobin is
useful for characterization of abnormal hemoglobin types, including prenatal diagnosis of
thalassemia with abnormal hemoglobin, which is endemic in Thailand

Keywords: Abnormal hemoglobin, hemoglobin variant, molecular diagnosis, reverse dot
blot hybridization, Thailand.

PN
RV Rl oo

T purmey of RoRty w guaidy i pecolonce






