HB-ELECTROPHORESIS

N.V. Shirani (Ph.D of Hematology)
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o i pa3lie 3 snine conelG a8 ol 31D Coslii 1) Jsaar

RBC (*10%uD) 5.0 35 5.7
Hb (g/dl) 15 8.5 14.3
HCT (%) 45 26.8 435
MCV () 20 76:1 759
MCH (pg) 30 24.1 250
MCHC (g/dl) 33 315 329
PLT (* 105411] 145450 366 489
RDW-SD (fl) =46 60 414
BRDW-CV (%) <15 =18 155
Microeytic/ Hypochrome = + -
Anulocyte = ++ I
Leptocyte - i -
Elliptocyte - ++ -
Target Cell & i -
Sclustocyte = ++ +
Tear Drop Cell = + =
[ICC - - +
Basophilic Stippling - - e
BM Iron Storage 2-3 0-1 34
Femitin (pg/1) 40-160 <10 =40
Serum Iron (pg/dl) 60-165 <23 =35
TIBC (pug/dl) 250-400 =400 <350
T-SAT (%) 20-55 =15 =20
5-CD7 1H{mg/L) 3-6 =8 <6
Hepeidin (ng/ml) 3-36 o2 >12
ZPP (pe/dD) 12-100 =120 <100
GDF15. TWSGI normal decrease mnerease
Transfern/Femtin 3-7 =15 <7
TiR-F index 1.5-18 =5 <7
sTiR/log Fermtin
Sideroblast (%) 40-60 <10 ~60
Stmptom of ansnus = - -
Sex M=F F==M F=M
‘Heme/Globin Ratio 12 =08 =38
Hb-Asx <3.5 <3 B-TT. =35
o-TT: <3
Hb-F <1 <1 B-TT: >1
o-TT: <1
Hb-H a 0 B-TT:D
a-TT: =1




MICROGCYTIC HYPOCHROMIC ANEMIA

Serum Ferritin
|

. v
Normal or High Low
Serum Iron & TIBC iron deficiency

|
. v y :

Fe low Fe low Fe high Fe N

TIBC N/low  TIBC high TIBC N/sl high TIBC N

Sat>10% Sat<10% Sat >78%

| l l FEP/ZPP
Chronic disease Sideroblastic anemia /\
Normal High
Y _ ¥ ¥
Iron deficiency Hb ELP Pb Level
Htmfrmal Hifh
Thalassemia| |Pb toxicity

From: SB McKenzie, Texbook of Hematology, 2nd ed,1996, p.118 (modified)




CBC PARAMETERS (mean * 1sd): Normal, o-Thalassemia, Iron Deficiency
Data from the Hawai'i Hereditary Anemia Project (1992)

Normal (n=155)
1-deletion (n=60)
2-deletion (n=223) |-

e
e
“
Hb H (n=22) “

Iron Deficient (n=79)

3.00 4.0 5.00 6.00 7.00
< RBC x 107 12/L



Hemoglobin lg/dL)

Hed cell count (x10°*/1)

Mean cell volume (fL)
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(IDA) a1 2 =T J (B-Thal munor) spice eV ke G13M ol nallod s ge Hlos gl Sad g (DF ) s joms aJpe b $Y-FA Jyor

=S S g Jge b p-Thal mnor (IDA) Camnee 7,
Child/Adult
E&F ACV-RBC-5Hb-K' <D == 85/87
England and Fraser EF=62-6-5(13.5)-4.5=-5 0—Thal
EF=72-3 8-5(11.3)4.5=72—IDA
Shine-Lal (S&L) MCVIMCHRBC < 15300 >15300 92/ 70
62°%21.6/6.2=13392—Thal
72%x24.4/42=30116—IDA
Green&King (G&K) MCVI-RDW/Hb~100 <65 =65 84/ 67
627 x14/13 5%100=39 §—Thal
72°x19.5/11.1x100=91.1—IDA
Mentzner Index (MI) MCV/RBC <13 =13 88/ 89
Hemuston and Mentzer 60/6=10—Thal
61/4.1=14.8 —1IDA
Benington-Serivasta MCH/RBC <38 =38 89/ 84
(SI) 18 6/6=3 1—Thal
22.4/41=54 —IDA
Kerman Index 1 (KI-1) MCV-MCHRBC <300 =400 95/ 97
(Mentzer= MCH) 300-400—IDA+Thal
62%18/6=186 —Thal
72%23/4 1=403 —IDA
Kerman Index 2 (KI-2) KI-1-10AICHC <85 =>107 95/ 97
186%10/33=56—Thal 85-105—IDA+Thal
403x10/31= 130 —=IDA
RDW Index (RDWI) MCV=RDW/RBC <220 >220 81/ 93
62x13/6.1=132—Thal
i 72%19/4 3= 318 —IDA
MDHL' MCHD+RBC (MCH*RBC/ICY) M<10y:>1.75£0.12 | M<10y:<1.75 10/ 66
(Mean Cell Hb Density= MCHMCYV) | F<10y: >1.98:011 | F<10y: <198
18.6%6/60=1 86— Thal M>10y:>1.8120.12 | M>10y:<18
22 474.1/71=1.29—IDA F~10y->1.7620.11 | F>10v:<1.76
RBC _ =5 <5 90/90
RDW = <14 >16 74/79

Mean Density of Hb/Liter of Blood (MDHL) Index




The twenty mathematical indices and formula that used for the discrimination of [}-thalassemia minor.

Discrimination index or formula Cut-off value
Bordbar formula: (| 80-MCV | x |27-MCH | ) > 44.76
Shsani Formula: (MCV-10 x RBC) < 15
England and Fraser formula: (MCV-RBC-5 x Hb-3.4) < 0.0
Green and King Formula: (MCV? x RDW/Hb x 100) <72
Huber-Herklotz Index: (MCH x RDW x 0.1/RBC)+ RDW <22
Kandhro index #1: (RBC/HCT + 0.5 x RDW) < 8.2
Kandhro index #2: (RDW x 5)/ RBC) < 16.8
Keikhaei index: Hb x RDW = 100/ (RBC)2 x MCHC <21
Kerman Formula #1: MCV x MCH/RBC < 300
Kerman Formula #2: (MCV x MCH/RBC) x 10/MCHC < 85
Matos-Carvalho Index: (1,91 x RBC) + (0.44 x MCHC) > 23.85
Mentzer formula: (MCV/RBC) <13
RDW index: (RDW x MCV)/RBC < 220
Ricerca index: (RDW/RBC) < 3.3
Shine - Lal Formula: (MCV® x MCH/100) < 1530
Sirachainan index: 1.5 x Hb-0.05 MCV > 14
Sirdah Formula: MCV-RBC-3 x Hb < 27
Srivastava formula: (MCV/RRBC) <38
Zaghloul index #1: Hb + Het + RBC Male & females > 52.5
Males > 55.7

Zaghloul index #2: Hb + Hct + RBC - RDW

Females > 51.6

Male & females > 37.1
Males > 40.4

Females > 35.6




Index Formula 1T IDA
Mentzer Hermiston (1973) MCVIRBC <13 =13
England Frazer (1973) MCV-RBC-5HB-3.4 <0 >0
Serivaztiava Bnington (1973) MCH/RBC <3.8 >3.8
Shine _Lal (1977) MCV*Z x MCH / 100 <1530 [|=>1530
Bessman Index (1573} RDW CV <16 >16
Makris index (1984) [(MCVIRDW) / {((MPV/PDW)] / RBC <1.84 >1.64
Ricerca Index (1987) ROV | RBC <33 >33
Green King (19893) MCV~Z x RDW / HB x 100 <65 65
Kerman Index 1 (1937) MCV x MCH/RBC <300 =400
Kerman Index 2 (1997) Ki1 x 10 / MCHC <85 =107
ROV baszed Index (1999) MCV x RDW / RBC <220 2220
MDHL Index (1998) [{MCH ! MICV)] x RBC Click Click
Ehsani Index (2005) MCV - (10 x RBC) <15 =15
Keikhaei Index (2007) HB x RDW x 100 / RBC*2 x MCHC <H =21
Sirdah Index (2007) MCV -RBC -3 x HB <27 =37
Bordbar Index (2015) (80 - MCV) x (27-MCH) >44.7T6 | <44.76
Disrimination Score (Male) (0.096xMCV)+(0.415xRDW}-(0.319xRBC)-12.722 <0.2095 | >0.3095
Disrimination Score (Female) (0.096xMCV)+{0.415xROW)-12.722 <0.3095 |=0.3095
Matos Carvalho Index (2016) (1.91 x RBC ) + {0.44 x MCHC) »23.85 |<23.85
RBC RBC >5 <5

M- 10y:> 1.75 - F<10y:>1.98 - M> 10y:>1,81 - F>10y:>1,76




Intormaton

MName [FiaM Family [SHIRAN Namber | 10655
FE mec [0 Ferrttn |25 WbAZ |40
|+t O put
REC |cee o Indox Formula L 1DA RHesul Interp
e v | Mentzer Mermiston (1973) MCV/RBC 13 | >3 sames |17
' v | Engtand Frazer (1973) MCV-REC-6H8-3.4 a | wes |17
MCH [139 ¥ | servastava Brington (1373) MCHRBC as | >as | 2mm |1
WCHC [3221 v | Shine Lal (1977) BMACN*2 x MOCH / 200 <1530 [>1530 16002 ™
A E— | Bessenan index (1979 RDW CV <16 | »» 9.7 DA
= ¥ | ks incex (1984) [IMCV/ROW) | ((MPVIPOW]] | RBC <484 | >134 | orses | v
HET 42 v | micarca index (1) ROV | RBC a3 |23 | zen |n
MY (172 ¥ | Green King (1989) MCV*2 x ROW | HB x 100 <5 =45 46.585 | 1T
row 154 ¥ | Werman Imdex 1 (t897) MCV x MCH | RBC <100 | >400 arers | v
v | Kenman Index 2 (4997) K1 x 10 | MCHT =35 407 ] T
ADW [16.7 v | row based index (1098 MCV x ROW | RBC g | >z | w0 | 1T
i I **_* MOHL hndex [1899) [IMCH | MEV)] = RBC Cick | Ciick | 22084 ] 17
| Ensani index (2005) MCV - (10 x REC) <15 | »% 7 7
Geder " M O F | Keikhae! Index (2007) M x ROV % 100 / RBC*2 % MCHC a1 | n w5067 T
v | Sirdah Index (2007} MCV - RBC -3 x HB ar | o ez |
fll v | Bordbar Index (2015) ( B0 - BCV) x (27-MTH) 4476 Jesars | w22 |7
& v | Disremnation Score {Mase) (0. 0BSxMC V) +{0.415xROW-(8.399xROC)-12.722 2098 |>0.3008 | 2083 |17
Dinrwmination Score (Femle) (D OBEMC V(0. 415xROW) 12,722 =0.3006 | ova1y |17
v | Matos Carvaimo index (016) (1.91 X RBC ) » (044 x MCHC) *J1B5 |<11.85 IT.264 1T
v | ac - l 4 <3 .00 "




Infcermaton

Name |HOSEIM

Family "yal iPOOR

Number 17531

FE | mec (3@ Fermtin |53 HBAZ |41
In st Out pudt
REC |38 v Index Formula LI IDA Result | Interp
v (73 v | Mentzer Hermiston (1573) MCVRBC <13 | »13 14565 | ma
v | england Frazer (1973) MOV-RIBCSMB-3.4 <0 > 48 |11
MCH 270 '~ | serivastava Brington (1873 MCHRBC s | »as | sows | oa
MCHC[ 2 6 v | shine Lal (1977) MCV*2 x MCH | 100 <1530 _|>1530 | seeus | ma
W[5 f"’ Bessman Index (197%) ROW CV <16 | >t 184 1
= | Makrin index (1984) LINRCVIREDW) 7 [IMAPPOW | | B =134 »1.84 1.4 | 1T
HCT [ue % | micerea maux (1387 ROW ! RBC <3 | »a I 2608 | 17
MY 113 v | Green King (155%) MCV*2 x ADWVY 7 18 x 100 <65 | »as sas1e | 1T
S T | Kerman index 1 (1997) MCV x MCH | RBC <300 | =00 | 39696 | maeTT
¥ | Kerman maex 2 (1997) K % 10 | MCHC <85 | =07 | 12148 | oA
AOW 141 v | ROW based Index (1959) MCV x ROVY { RBC <220 | 220 | 20878 |11
Ao [ v | ML index (1989 [{MCH / MCV]] x RBC Cick | Cuek | 18610 |10
¥ | Ensani index (2005) MCV - (10 x RBC) <5 | 5 251 DA
Gander " M F v | Kewknae Ingex (2007) ME % RENY x 900 | RBC*2 x MCHC <21 21 24 | oA
¥ | Sirdah index (2007) MCV - ABC 3 x W8 <21 | >a w5 |oa
= ¥ | Bordbar Index (2015) [ 80 - MCV) = (27-MCH) 4476 J<4a78 | 0 oA
[ “ | pisrimination Score [Maie) [0.096xMC V) +{0.41 53ROV 40,31 SxREC)-12.722 o.3085 |>0.3085 | 1oz | v
Disriminstion Score (female) 10.096x MV =40 41 5xROW) .12 T2 =<0.3096 |=0.5086 | 0.705 wa
v | Maros Carvaino Index (2016) (1.99 x RBC ) « (0.44 x MCHC) »2185 J<2385 | 244m |77
[« | gBC - 5 <5 538 L




Irdormasiicn

Mame | HaHMAN Farmity Ty Mumber 16559
e | mec 32 Ferritin |46 WbA2 (11 ]
In pud O pust
RBC |5 v Index Formula I DA | Result | Interp
ey [ 7 Mantzer_fermiston (1973) MCV/RBC <13 | >3 | weez |oa
v | England Frazes (1973) MCV-RBC. G634 <0 -0 34
MOH J34 v | sernastava Boington (1973) MCHRBC as | »38 | ssase fia
MCHC 115 w | shine JLal (151T) MOV x MCH [ 100 =530 §>1530 2117 lm
w [ ¥ | Bessman Index (1575 ROW CV <16 | >16 1.2 LA}
_' v | Maakris index (1584) [{MCVIROV) | [{MPVIPDW]] | RBC <134 | »54 | 1963 | DA
Gt 453 v | Ricerca ingex (1967) ROW ( REC a3 | s3] 25 |10
MPY 23 v | Green King (1909) MCV*2 x RDW | HB x 100 a6 | »68 74483 | oA
Pow FTiE v | Kerman Index 1 (1887) MCV & BACH | RBC <300 | >e00 | s0153 | A
¥ | Kerman Index 7 { 195T) WM x 0 f ACHC <85 s§07 179.56 DA
RO 132 v | RDW based Index (1999) MCV x RDW | RBC <N | >IN 7353 A
s F MOHL Index (1299) [MCH | MCV)] x RBC Click | ciick | 19297 |17
¥ | Ensami index (2005) MCV - (10 x ABC) <1§ »16 & 104
Gends: (& M ¥ | Keikhaei Index (2007) HE x ROW x 100 | RBC*2 x MCHC < >21 nass | oa
| Sirdah Inclex (2007) MCV -RBC -3 xHB <77 27 ns DA
i ¥ | Borsibar Indaex (2015) 180 - MCV) x (27-MCH) 4475 J<aars | a4 L
. Digremination Score (Male) 1096 x MC V=10 A18xRDW)-(0.310xRBC)- 12,722 <3006 §0.3006 | 007 LLI
Disrsmanation Score (Female) 10.096xMCV )+(0A15xRDW)- 12,722 0.3005 |>0.3095 | 1588 DA
iv | Matos Carvaiho Index (2016) (194 x HBC | » (0,44 x MCHC) 188 <1388 M.6T2 1
v | RBC — > <5 52 11




Infpematon

Mame [ROVA famaty [SHIR
e | Ferritin |13
In put
REC (432 Farmula Interp
MY [753 S i
MCV-RAC-SHB-1.4 LA
MCH (230 Fv— DA
MCHC 7011 MCV*Z x MCH / 100 L1
. 5 ROV CV 0A
HMCVRON | LMEYIPDW]] | RBC m
HCT (e FE— e
MRV 93 MCV*2 x ROW / HB x 100 DA
POW [138 MCV x MCH / RBC DATT
It x 10 / MCHC 04
ROW [1a5 MCV x ROW | RBC 04
Age [ {(ACH | MCV)] x RBC L)
MOV - (10 x REC) 0A
Gender M B x ROV x 108 / RBC*2 x MCHC DA
MCV - ROC 3 x Kb A
(i ( B0 - MCV) & (37-MCH) A
. DA
A
DA
0A

0. COExMC V] +{0. 41 Sx ROW) (0. J18xRBC)-12.722
(0. 0PEaMNC V] + (0. 416 ROW)-12.TH

{199 x RBC ) » (044 x BCHC)




Shiran Index=[3+(3RBC-Hb)|xMCHC/RDW
TT>9. IDA<5 and normal:5-9

H2

A
1| RBC
2| ss
3| 461
4| 538
5| 439
6| 5

HB
9.3
9.3

13.3
15

HCT
36.7
30.5
44.6
41.6
44.6

S

D
MCV
62.3
66.1
78.9
5.9

89

=(3*A2-B2+3)*F2/G2

E
MCH
15.9
19.8

27
23
31.5

F

. MCHC

25.5
29.9
32.6
30.1
33

G
RDW

19.3

14.1

19.5
12

H |
#VALUE!

13.84286 ITT

11.97549 l1T

9.571915 1T

4.430103 IDA
8.25 Normal



(a} Hemoglobin [b} lIron-containing heme group
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ly+Succinyl CoA— ALA—+ PBG — HMB — URO-III —+ COPRO-TIT—+ POROTO-IX — Protoporphyrin-IX — Heme

Porphobilinogen
UROPORPHYRINOGEN |
SYNTHASE
eyl I
mwmmzu m l‘
/"‘ """-\EFONTANEUUS
6H
Urupcig:lmil Uropn!phwﬁwgm Uroporphyrin
0
% < UROPORPHYRINOGEN
EH DECARBOXYLASE 6H
3} 4C0, 4C0, f
Coproporphyrin Coproporphyrinogen Coproporphyrinogen see—e- Coproporphyrin
L m Light I I Light
r
COPROPORPHYRINOGEN
OXIDASE
Protoporphyrinogen Il
&
e PROTOPORPHYRINOGEN Or light in vitn A P AP I M P M P
§ E, CXIDASE e A N A : P Mmoo M
E Protoporphyrin Il A P H P | W P P
P A P A | P M P M
FERROCHELATASE /‘ Fe®! Uraparpinsin | Uraparphyrin Il | Coproparphyrin | Copraporphyrin Il
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5 untransisted Start

codon
[ i
Transcrigtion | oo oter
5 capping
H!w' m
adenylation
CAP TN [T AAAA
= s
Procening
(removal of
introns by cAp
splicing)
Y
L W:HAAM
Initiator
NUCLEUS codon
CYTOPLASM
S

:P mANA
'...-.'

Translation 4  initiation  Aminoacyl

RMNA P glebin chain
- * attached to
polyribosome

l aand p globin chalns

> combing to aff dimer

lobin chai while § globin ks stil

“FF " .:] attached to ribotome
ribosome Released

CAP = 7-methylguanosine cap
AbAA = polyadenosine taill
GTP = guanosine triphosphate

Messenger RNA (mRNA)

QLD

Haem

from
mm. M
Dimers assembile
& to haemoglobin

tetramer
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£.7.0.B {a B b slS glasl
LCR HS-40 (LCR-like) J¥isagp pb
146 141 ntine T Saund slass
IVS2=>IVS1* IVS2=IVS-1 T ——
11pl5.5 16p133 S
-+ - 0J g3 peediln . pailed] 2529
8 (A-H) D usss Js T(A-H) g e abuag
= - 3l o) S S sl L

by o WIT ol 09,8 52 40 Soagal slajl Jab 5 a9 3] slapsas sloas P41 Jgom

*Inter Vening Sequence

Exonl codons IVS1 Length Exon? codons IVS2 Length Exon3 codons
a-like (a) 1-31 117bp 3299 140bp 100-141
a-like (£) 1-31 1265bp 3299 341bp 100-141
p-like 1-30 122-130bp 31-104 830-904bp 103-146
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Gowerl Portland-1 = Portland-2
Gower2 Fetal Adult-2 Adult
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Gowerl Gower2 Portland-1 | Portland-2* Fetal Adult Adult-2
De2 a2el 0y2 2p2 a2y2 a2p2 1252
5 4—S | PASPAGM | PASPAGM FL.BM FL>BM | FL<BM BM
16w 3-13W 3-13W Thalasemia* aw oW 35W
20% 35% 35% 0% 10% 0% 0%
0% 0% 0% 0% 55-95% | 5-45% 0%

0% 0% 0% 0% 1% 95% 2.5-4%
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Basal promoter

TFIIB TBP TFIID
I
-37 31 | Hy 427 32 ATG
— BRE TATA Inr MTE DPE }——L-
“ _ Congensus | SSRCOGCC TATAWALR YYANWYY SSAACGS RGWYV _
HBB |GGGCTGG CATAAAAG TTACATT ACAACTG AGCAA
HBD GGACACA CATAAAMNG TTACACT ATAACAG AGCAR
HBGT CGGCGGC AATAAMMG ACACACT GGAACGT AGGTT
HBE1 CTTCGGC AATAAAMAG GCACATA GCAATCA AGCARA
HBA CCGCGCC CATAAARCC GCACTCT CAGACTC AGAGA
HBZZ CAGCTCC TATATALGS CTACCAA CCAACTC AGTGEC
Consensus for| SSRCDSC HATAAMAG NYACAYW VNAACNN AGNTW
globin genes
D=AorGorTH=AorCorT,V=AorCorG,andN=AorCorGorT.
S=CorG.W=AorTR=AorG.Y=CorT.
A. Basal promoter for HBB
o Human Mar. 2006 chr11:5,204,841-5,204,920 (80 bp)
5204840 5204850 5204860 5204870 5204880 5204890 5204900 5204910 ;- 5204920
+312 -31
G@GTMTMAE}E@CMT@T@WMT@@HHA@&DCM@&
AACGA CTCAACA TTACATT AdAATAC GGICGGG
DP E Inr {T | | BRE/PBDRE
Compilalion of Human Digsease Variants and Other Mutations
(C->G) beta+ (silent) CAP +1 (A->C) betas+ -25 (G>C) i
5'UTR; +22 (G->A) beta+ I -28 (A->C) beta+
5'UTH; +20 (C>T) beta+ -28 (A->G) beta+
-29 (A->G) beta+
-30 (T->A) betas+
-30 (T->C) beta (0 or + unclear)
-31 (A->C) beta+
-31 {A':‘PG] beta+

-32 (C>T)
-32 (C->A) bela+



250 Upstream regulation 40

He8 {BP2bs H NFibs H GATA H BB1bs}-{CACC HCAGE HccaaTH poRe H poRE
HBD GATA BDRE |-
HBG1 ———— yPE H GATA |{ ocT }-{CcAcC HCCAATHCCAAT SSE |-
HBE1 YyibsH GATA H GaTA | sse }-{CAcc CCAAT

HBA CCAAT alRE
HBZ2 GATA CACC CCAAT

Human Mar. 2006 chr11:5,204,911-5,204,990 (80 bp)
5204910 5204920 5204930 52&49‘0 5204950 52&4%0 521149?0 5204980 5204939C

| 40| | 50 70 | 88 | 100 | | a0 |
40 TGCCCT r mcmam r CTAA 250
CGGGA GGACGGGAG TAACC Tl: ACACG TCCCACTCC
BRE/ BDRE BDHE CCAAT % CACC
TFIB/ BDFIF BDRF NF-Y, CP1 L EKLF
Compilation ol Human Disease Variants and Ot fians
-86 (C->A) bela+
-86 (C->G) beta+
-87 (C->A) beta+
-87 (C->G) beta+
-87 (C->T) beta+
-88 (C->A) beta+
-88 (C->T) bela+
-80 (C->T) beta+ B
-92 (C->T) beta+ (mild)
-93 C>G

-101 (C->T) beta+ (silent )l
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it i § Sl Cilites kol pd )5 CBC (glaws e Cunid g ¥ Jso=

o Globin ; 12 o/ ratio
Benotype Age (y) Hemoglobin (g/dL) RBC(x 10'?/L) MCV(fL)  MCH (pg) & Hiss
1-4 126%0.8 4.55+0.3 79+ 4 275%20
5-9 132108 46%03 814 285%2.0(1.06%0.11
ac/ac  10-15 13.9%1.0 47+0.3 84+a 295420 0%
16M 155%1.0 5.2+0.3
i 14.0%1.0 46403 90=5 30120
1-4 101417 508+030 630%61  19.9*6.1
5-9 10.8%1.4 50205  662%30 215209 | ;7540 1
+ SEU,
o0~ 10-15 12.0%0.9 5471049 721%87  221*23| o
16M 139+1.7 5.980.81 .
“UF 120%10 530049 /1641 229713
1-4 11.2+06 579+058 607*49 196%1.2
o 5 11.0%08 5471048 625%34  203%08
-al-a 10-15 122110 5832070 675%34 214*18 0.650;0-12
M 137411 6.28+0.63 N b
=16 1215 1.1 5e5t049 031=44  217x17
1-4 10.8%1.7 578+030 69.0%6.1  187%6.1
5-9 11.4%14 579£05 602130 197209 o, y00a
o'al-a 10-15 12.0%0.9 5471049 721287  221%23| "
1]
M 12.3+1.05 5.78+0.81 "
=180 l06+085 510037 001%33 21015
1-4 798+32 425+230 633*29 189+28
59 6.94*1.4 359%05 68230  197*09|, 474018
o'ala’a  10-15 10.7*x28 5.97X0.82 58.3*57 178%28|105+76
42 M 11.2%0.5 5.8210.35
=16 : b c014056 605477 189%12




Distal positive regulators 5 to genes
HBB locus control region

HS2 UECIR-H VT8 CACC [ E-box | GATA H E-box H E-box |~
Hss IR cata H cace H Gata H vvibs H Gata H Spibs H GaTa H CACC |-

Hse  JUNE— cara H Gara |-

HBA HS-40 — GATA | CACC H CACC H GATA RG-S GATA -

1700 Distal positive regulators 5 to genes

HBB locus control region

HS2 CACC H E-box H GATA H E-box H E-box |-
HS3 AR GATA H CACC GATA = YY1bs = GATA Spibs |4 GATA  CACC -
HS4 -m— GaTA H GATA |-
NE-E2
-250 p18+45 -40
| Upstream regulation |
269 208 -163
HBE1T H Y¥YibsH GATA H GATA |H SSE CACC CCAAT|—DR-1
DRED
GATA  GATA  GATA SSE EKLF CP-1 TRI+TR
A»tt wl -i'i.l:t BETF NF-Y COUP-TF
SP.1 CDP Tnh
LELF NEE3
FELF GATA-]
Basal promoter
-37 -3 +1 +27 +32 ATG
— BRE TATA ;:.;L|— MTE — DPE b—L-
HBE! CTTCGGC AATAAAAG GCACATA GCAATCA AGCAA

JPP] sl 2 O Ola 43 0308 gals 5 o lee SIGATA-208 3 S5E DR-1 Ja o slaciise jl 20 52 0 sl =l Fo- 17 J52



— 90-100bp—

Gene CACCC CCAAT homologybox  TATA homology box
homology box 70bp 30bp
[ CCAAT TATAAAC
aland o2 CCAAT CATAAAC
£ CCAAT AATAAAG
Gyanddy CACCC CCAAT/CCAAT AATAAAA
B CACCC CCAAT CATAAAA
5 CCAAC CATAAAA
104 850-900bp 105
/ hN

3 ‘ .

F O il CAG'GTRAGT. . YMNYYRAG, . YYYYYNYAG'G

C AA 5" splice site branch 3’ splice sile

CAT 122130bp

CTA 30 31 104 . 105 146 codons

Flankin Flanking p
GT AG GT AG
; 1 Kb :
31 32 99100 =20 31 104 105
Wl 1 @ \al /0 r Gy A 3 B

16 1

[17] Ohsl it sl sl U Jaipesss aled 5 sialaen (FA-FY S0




-37 -31 +1 i +27 +32 ATG
A. Basal promoter —{ BRE TATA Inr MTE }— DPE ’

Consensus SSRCGCC TATAWAAR YYANWYY SSAACGS RGWYV

HBB GGGCTGG CATAAAAG TTACATT ACAACTG AGCAA
HBD GGACACA CATAAAAG TTACACT ATAACAG AGCAA

B. Upstream regulation

-250 -40
I |

HBB —{BP2bs [ NFibs H GATA H BB1bs|— CACC H CACC [HCCAATH BDRE H BDRE |-
HBD GATA BDRE |-

C. Proximal enhancers 3'to genes

HBB | GATA [ GATA |H GATA |-

9 12 22 50 86 BT 116 117 125 126
AB A9 B4 D1 F2 F3 Gig G189 H3 Hd
Thr Asn Ala Ser Ser GIn Arg Asn Gin Met

Ser Thr Glu Thr  Ala Thr His His Pro Val

2HIs 10Ala 11Val 30Arg 31Lleu B6Lys 68Leu 84 Thr 106Leu 108Asn 111Val 120 Lys 132 Lys 142 Ala 145 Tyr 146 His
BCAC GC GIT AGGE CIG AAA CTC ACC CTG AAC GTC AAA  AAA GCC TAT  CAC
8 CAT GCT GIC AGA TTA AAG CTA ACT TTG AAT GIG AAG AAG GCT TAC  CAT

St 98 95 gl ey 3 03 P90 gl 93 43 gl 5 g Sl gt T gl p il a2 | 292y eahis S lgd sl g SIS g g pep i i Gy slaSplis FR-FO SIS
Con Tl ks 0 9 U i o (oglice 23050890 1P L) b e Tal |+ 0 a8 s ool oald LT Tl iy el LT 598 Jtd 45 00t aals QL L To il 12 4 by e
e w2 3l O LT o 0SBl 4F 200 2ey
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4 Electrophoresis Pattem —

WBC: 49 x1000/mm3 MCV: 66.1 F
RBC: 5.64 mil/mm3 MCH: 21.8 Pg

HGB: 123 g/d MCHC:33 %

HCT: 373 % RDW: 14.7

L

No. Fraction (%) Flag Normal (%) g/dl |

1 Al 842 L 95-98.5 11.6

2 F 1 0-2 0.1 :j/\q;
3 A2 48 H 1.5-35 0.6 3

_ Chemical Methods

Hb A2 ( lon-Exchange chromatography ): 5 :

Hb F ( Alkali Denaturation ) : 05 %

(AEC) O sSam 3 5usda sl sy 556 soime el s 4 M Jlowy S 53 HD-AD e doeis P77 JS



]il +
CH2-0-CH2-CH2-N-C'H2-CH3
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CH2-CH3 o
— AE
CH=CH2 CH=CH2 CH2-0-CH2-Coo -
Di Ethyl Amino Ethyl-Cellulose
Di Venyl Benzen Venyl Benzen DEAE-Cellnlose Carboxy Methyl Cellulose
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Low HbA; levels Increased HbA,
Iron deficiency lowest with increasing severity | Proven Cases |
G-6-PD deficiency reports are conflicting — levels P Thalassemia 4%—6%, rarely up to 12%,
probably not reduced microcylosis
o Thalassemia related to severity of the thalassemia Sickle cell anemia—o 4%~5%, microcytosis, similar to
Myelodysplastic syndromes only in a2 minority of cases thalassemia HbS—A? thalassemia
Hb Lepore half normal in heterozygotes Megaloblastic anemia modest increases
Gene deletion hereditary half normal in heterozygotes Unstable hemoglobinopathies not uniformly found
persistence of HbF Zidovudine-treated HIV HbA; lower than in B thalassemia,
5P Thalassemia half normal in heterozygotes patients macrocytosis
& Thalassemia usually approximately half normal CDA, Type | HbA; lower than in B thalassemia,
HbA; variants variant can be poorly expressed macrocytosis
Sideroblastic anemia due to impaired «-globin synthesis Hyperthyroidism HbA; lower than in B thalassemia,
Juvenile chronic only in a minority of cases Normal individuals rare, normal red blood cell
locytic leukemia indices, no thalassemia
with incroaasd HbF f ”"‘ﬂ“ﬂ'&m |
Acute myelocytic leukemia minor reduction Sickle call trait

ct-Globin gene variants

hybrid HbA; might not separate

Sickle cell anemia
Hereditary spherocytosis
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Lepore 8 fusion gene
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Amino Acid Sequence” Amino Acid Sequence®
Helix # # « B y 5 s Helix # " a [ 8 ¥ 5 #
G1 2] Asp Asp Asp Asp =] H1 118 The Thr Thr Thr 123
52 05 | Pro Pro Pro Pro 100 H2 19 | Pro Pro Pro Pro 124
G3 6 | val Glu Glu Glu 101 H3 120 | Ala ﬁm 1 Gui Gin 125
G4 97 | Asn | Asn | Asn Asn 102 H4 121 val val val Met 126
G5 98 Phe | _Pha Phe 103 H5 122 His Gin Gin Gin 127
G6 99 | Lys Arg | Lys Arg 104 H6 123 | Aa Ala Ala Ala 128
G7 100 | Leu | Leu Leu Leu 105 HT7 124 | Ser Ala Ser| Ala 129
G8 101 Leu Leu Leu Leu 106 H8 126 | Leu || Tyr Try Tyr 130
Go 102 | Ser Gly Gly Gly 107 H9 126 | Asp | Gin Gin Gin 131
G10 103 | His Asn Asn Asn 108 H10 127 | Lys Lys Lys Lys 132
G 104 | Cys | va val val 109 H11 128 | Phe |[Val | ™t || Val 133
G12 105 | Leu | Leu Leu Leu 110 H12 120 | teu | Val Val Val 134
G13 106 Lau Val Val Val 111 H13 130 Ala [Ala__ | _Thr] Ala 135
G14 107 | val |[Cys | Tw | | Oys 112 H14 131 | Ser Gly Gyt | Gyt |e136
G15 108 | Thr Val Val Val 113 H15 132 | val Val Val Val 137
G16 109 Leu Leu Leu Leu 114 H16 133 Ser Ala Ala Ala 138
G17 10 | Al Ala Ala Ala 115 H17 13¢ | ™w |[Asn Ser| | Asn 139
G18 111 | aa | [His lle Arg 118 H18 135 | val Ala Ala Ala 140
G19 112 | His His His Asn 117 H19 138 | Leu Leu Leu Leu 141
GH1 | 113 | Leu | Phe | Phe | Phe | 118] | H2O | 137 | Thr H-ﬂﬂ——w—l as | e
g2 | 14 | P |Gy | Gy |Gy | we| |21 B8 | Se li0e e il e | WO
GH3 115 | Aa Lys Lys Lys 120 HC1 139 | s |[Us Agl | s 144
GH4 116 Glu Glu Glu Giu 121 HC2 140 Tyr Tyr Tyr Tyr 145
GHS 17 | Phe | Phe | Phe Phe 122 HC3 141 Arg His His His 148
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Heterocellular Pancellular

Some types of non-deletional HPFH Some types of non-deletional HPFH

& thalassaemia Deletional HPFH

Haemoglobin Lepore trait Haemoglobin Kenya trait

Sickle cell anaemia, sickle cell/ haemoglobin C disease Sickle cell/deletional HPFH compound heterozygosity
and sickle cell /P thalassaemia

B thalassaemia heterozygosity and haemoglobin E/f
thalassaemia compound heterozygosity

B thalassaemia homozygosity and compound heterozygosity
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Proportion of Hb F found at various oges

Age Hb F
I00 {months) (%)
Birth 70=-90
| 50-75
o 2 25-60
3 10-35
: 4 5-20
ni S <3
o 12 < ?
2958 Adults Not detectoble
e (< 0.4)
o %
k3 :.':
‘ o
e i
': "l.-lr‘
o .- a
0 s -‘f"' o 2
Birth 3 6 9 12
(cord blood)
Age (months)
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Percent Percent
Gene Mutation A~ Globin HbF Notes
HBGT (") C-202T 89-96 1.6-3.9 Seen with HbS
T-198C 30-100 2-13 20% in homozygote
C-201T 10.2
C-196T 80 12-16 also positive for & y-158 C-T
C-195G 85 4-7
T-175G 60-80 38 in HbAS, 41% HbF, 17% HbS; also 40% HbF with HbC trait
C-158T 51 3-5
G-117A ~80 7-19 25% in homozygote
C-114T ~90 ~b
HBG2 (€ y) C-202G 100 14-21 with HbAS 18%-24% HbF, 25%—35% HbA
T-175C 100 22 with HbAS 30% HbF, 28% HbA
C-196T 8.6 also positive for € y-158 C-T
C-114A 90 0.6-3.5 4%—-11% HbF with associated with p thalassemia
C-114G 90 8.6
C-114T ~30 11-14 also homozygous for &~ -158 C-T
A-110C 97 0.8

Some of these mutations are also associated with B thalassemia. References to these polymorphisms can be found at htip://globin.cse.psu.edu/.

Al ol o HD-F 50l sl b a8 (C—T a0 3501007 05 J1=10A Joxe 13 pasmsdype a1

Jos Lal8 0 sg5309 01 Olgic 4 45 B-LCR @ bgy e HS2 25> —OF+ Cusige 13 (ATLNDGT(AT)y Cidge sl S5 3la25 Glwgs
5 @ Lol 3,135 o 31 0o 3dsd Oljus o 6582 O 03 -0V jb iz 13 LCR puasdyge ol 45 Canl 0385 jasetis joid 4ull 255 o
(ol (it FiST il 5 ST (S BP-1) 23l axsls BP-1 oy JLasl (gl (552 U155 (ATO)T, M5 {AT) 7T7 b duaglio )3 3uuy oo
6q22.3-23.2 ;> BauS| yaidl 5~ jagS ) K3 gz

Xp22.2-22.3 ;5 8uS1 il ;3 w,syg:.. &

Fp95909,5 Ik 0 (523923,5 23 SIS il 5 u-*r-“':‘ Se-0



101 ol Jals 2303 so3) onas § F ouglSgae spse)lssl (p

(U1 (5 o35 85 JiSiml g 5 it 3= Ly i ISz 0T laia 5 (pslS 9o 585 250l (1L HPLC (11 0lgi ge HD-F Jlsie (g mS 010l (510
Oliebl LBHD-F 71 -1 jl 158 uslie 45 o J&z 3,8 oslazul "RIA (S5 jslsisel gl bz, (IV 5 (S b 452 jhey) | LB ol
HPLC (S_iS5 | Juolo golis <2ll 45 3555 0 530 e 5 (5 paganils) gion I 9 40 (2L caslis b HPLC (gl SiS5 13) 5 0355 lizebl
HPLC 5 (g% 55989 5wl s 98 o i (JB (sSST s HD-F 70+ 1 5Vb puslie (610 0280 0 LB il Jhg) il jl 2t Sl
HPLC (iS5 15 8108305 S1) 1) (2o gl LB ol p3lie pl 4> 451 3358 o 0315 g 5 RIA 5 LI Lol (618 y9) 0 Coness
ELB s 50d (VL sl |y 205 S J13 Sl 3550 55 4 45 Caslgo 8Bt sapl S giley S abs OLis 1) 4> 95 BB ol 331 HD-F
090 bawsi OF Cadls ool o 320 7 )+ I G HPLC SiSS 3 HD-F Jlade ,81 5 358 oo 2 lolil HD-F oLl 4 Siligl 218 1 4l 4SS
HD- (5801351 08 081 &S (5 5b0led 358 (505 3k HD-F Glsict TUN slaguslSgan 2Ll jacets 16 5,80 )18 25U 3550 S5 sl
B9 sm) )2 (Sl 2l (god 4o gT JoB 5 039 Jlose3 e (9P ool Ghas (] (9 Sl g OB O RIA e SUjslgisesl Juss SO LE
3903 02latl (5 pteguilssld id Olinebl LU s IS ole)T Jl Olgi g 5 o3 SledsalS o HD-F

U 3 $dul S huzs 43 Ugmalyszls 5 olad S pundd 4 HD-F Ciaslis (slie o (g WlE Ogenly3zbs) (oLl i Jlo olont sl s, ol
23 35S o gm0 59765 B wslS b Ale 5 005l BU 03556 s HD-F (oly) KOH jU jga> 53 45 02 W oL s he jogas
Gl 1 45 48 Jhg) 38l oS HDF jualie j51:080 g0 3055 52 6 ot 2SSl G50 33 w033 HDF Oljwe 4 iony bl ]
4S5 3502 0leS HPFH 5 j55le ponlb 35050 b GU 3 055 550 2 GieleiT Ogzmed ST Js 295 oo dleitey ol 13,55 0 (50000 vl

= 1, L5 g E.ILuj plgs E’JIFL]AMS;IF L;“'j-’ ‘_L.'bl_pl.-".ﬁ- Jl.H.-I:-hJ*FﬁHJJH JJ’JF u.o.I,E‘g.oh du g2



iy QAT gbg) ()

L pudhs oo Ol 4ids Su 0T Jlamy 5 S o et g3 1) LT 5 03505 Bl il jdgen |- -1l g Jlo s+ /- AF ol |/5m L 2olejT dg) SO @
22335 Oljms g i 3 F 2 (61aislS e (VL Cand 4 s 2008 )30 5 005 09505 LB e (] s HDF oty 1 slS 5en 4on
P/ by pe Olaj O3 (& pps Il 300 335l o U suadi G539 Ly i HPFH 3 535l eVl a3Un% 055 tigei &5 I3 355 0 Blal Jglos
Jalowe 05 S5 slaw ezl 09710 SIS gad 9 BUglew 43V 03,5132 b Jploe (] 45 355, 0 GL1 Uyl @ (gl LA 2 pyuige | Silalgan
S a5 o gt FI-FF 0les b aily Bl 3215 SO jI 1) F9d Joloma 4iSs B jl o .28 o F 12 (olbpolS gl jlaie b olize jL 45 395
ol 03 o bile o U A EIS (65, 03 025 090 SLauslS e Bile 5 03,5 e Sl B215 1 353 ile 43 Uslone F (oalS san baid (O 51,0

S o Cad OD-F Glgie s 3 03905 (50801051 OF - —AFOIN 43 1y o3 05 Jolome OD al>
A8 e i OD-st Glgeas | 0TOD  balse Jhie T Ml b1 coljdgan 5IF - pl s 3 laikl Jolowe g5 (510

19 eages Syde il Vo o - IPIN (SUL 95 53 3030 St Sl ams 903,85 o ke OT Fo -l Ja ) ead el JuuSy ) - -l iciilisdoes gl sl
AUS e u:umlc_a)g,.sgi,:qgilﬁ,;ah

LS, o byl jhie T 11 -ml b LIN Gulsy ) omil lade se /e ARN ol asgl sy

AL e g ELA pasisel Olilg 5 83505 byliue ybie T 1o el b1 pyel Slilger A+ 2 il sssaanl glib] 14 eoaine] olilow aygd sl
Ol & Ble HCL ¥ = - pl s Calgs 0o 085 o i 1) gL 12 paaigel Sldlgew 9 bylia 1855 Shis T F-ml b1y gLl Jglome jIF-ml oo
S n g 1 (53l ELANE ppiga Sililgs g 53y 531

13091 s 40 15 Jge Bl Jen F (oS 0un 30,5 3T dls s o

%HI}Fz(m}ix 20
(OD-st)
) Sl jad g P o L o ladlial g 43 (5 39 o0 Jo Jadone DI o Sl judpads |+ = Ji] il Giged 42 45 Cawl Capzr (ol 0 P e s Cale
e/ 11 . 5sen OD-F 151 Jl Ulgied 395 0o Ve Jpasd (5 omite ) 2 0 iy b DLzl U 45 255 00 Jor Jplows DI o (Uiged ooty
391 303 7.+ /% 59 HO-F Jlaia 33 - /PY) ODSL b



21)gd £683.0 ) 30008 00d A5 (L)) Cund

L oo adgite 005 3liss Sigainl @ule b Jlguol cfl piinl (3830 10320 J513 035 2liia a5yl (gl Ssils b (APt Test) T cund plidy giuwd 12
ol 323 3155 (OB3) (£3155 el 3,09 s3le U9 3l Ol o> O3> S b 431> L5155 (550 2595 31ig5 LT 45 23S jasie 503,85 plulis
Flei>l O3 U i o bylses shis OTL 1Ll Signinl @l U gadne flitwl Ui il sulaie 0T 1> 45 353 2o solitwl jap S wlie s i
Ve jlacey g oges balis 1) allE sgm b Gl ML L L oT 250 gile 5 93900 Sty sl | diol> balies 32y Ao ey 355 judged 0T 13 3525
2Ll baome 4 ol HD-A I VU uslie 2ls Juds 4 sole 095 35S o owo s 2 1 290 @ile Jai sibe 4235 0 9 UgawlisSSl 4ids
Si) 5 et 0932 LB < psLis HDF (280> s 4w gieiz> 035 (I3 235 g0 ool iled (sloged @le S 5038 o poliy b Sguw 13 Lo s
DB s 1S S 350 L dLigs (LUlsS s 3 peuP i b anils (S5 3925 Jleiml 5 B 530 SS9 Bulpd (pl 4 2le e SU Soge e S
Pt Bot L Gl (] 45 558 5303 ol (Sas i ol (02 Ol Sl e Doty pLS0 Oleyl) plSin s cpadne b ELidiul 43> s> g
adgie 555 0laljgs peled 48 Gl 1S3 4 oY 393 3Bls3 ate CuT/ 913 o o Gl (oo €2l 398 0o 3305 3Ljgd 4o 0lais G315 plSin
i 4 s § Corltes OB a4 Cnni 13 g 315 15 obs 0> Jl s ralie 333 £adie uo Jau V-0 U olesl) sxids (0 g Bl ol Juds 4ol
g il 6 8L 2 Cll> ;_..JT 5 S0 s (OBT/APIT) 3ad o Canle Cannd 9358 <398 paas Bl o s (OB+/Apt-) sizwd  aie Apt
HPLC U jsgdg aSHl Cansd ploil (510 El sl b 035 305 B gl b Ole o sl 05V 3 35 525 00 18 020l 3550 (S iy oo Olels3l g1
350589 B s 3090 35 L LejT b pls b 33,8 Jluyl s

e i b e | I gl Hb-F G, o e ke b g pile Db sl L Hb-4 ﬁl—- oy aleagi ke il FRAY i



"o Gt 500 bosd e sladele Olpe g LL L A3 4oL sladsla 150k (e j3(UR 4=2b) F-Cell 3 (UL 42L) fRBC (LR 42L) EBC Jsho o 4w Olo s 3ot F7-70 JS2

102

L L Edds

UR

O = fetal RBCs
O = matemal F-cells
O = maternal RBCs

Hb F++
HbF+/CA++
HbF-/CA*+t

LI = 1930
11.01.05.007

L o '.'.{-'il = -'

10
CAFRTC
K8 rasr 1La0%

UL = 0.36%
19.01.05,002

3

T LT
CAFMC
K8 test: 0.27%

LIL = 056%
- 20.01.05.005
w

Ty
GAFITG
KB rest: (L60%

i

Thallasemia patient
i.01.06.007

o® 10!

WF DE
105




Power source

73



————
E.“_.' ‘umnﬂ |1
s &

Fin ail clrsian

\ W JsBENCEDhotoLERARY

S 4 Jonte Blss By g 59T e Sl g 4 Sl 1 FRY S8



(Haemolysante) coljdson 4.5

1o La JpelS clowally 2oy 9o jl o 3 038 Joud il L 0T 9 Jime slals) 0 1) 033 g 3055 Bsline s g 3 48,5 EDTA (55l Jby 43 1) sl 035 G3es
ity Ay 0 5T 3y (0515t LBl oo duialona b saled (505 01331 1) 833 G 5 05120 035 wralS e 5 303 sl 555 5ud p e b UL 4
33,51+ g/dl 330> g jaVsed sl gen 4 suled jul phie T L 9 0 | UslS

iV pbie ST oo 353505 03l VICI=VIC: Jge b jlasl Fog/dl O uslS gon o 1ml gt do ju o 5T j1 a2y 051 e S5l oo 81 JUe lgicws
—1x40=10xV; .5t aales Yml jLi 350 phiie 0T e 1 10l 530 (1l 3 45 1euS o danalona 1) 280 €22l | 0 2/d] 5900 2awslS sod 5 2 julged 45 g
— ) Used g sed Jlofe TS e U ged 0ol Sl s g 20l e Sy VL CBLE © 4255 b (Gl 35 i ol p==>) 4-1=3ml — total V,=4ml
Sy oo Pl sl 095 emm 1 OZ/AL Jless 035 wslS sen 5T W g0l @i 0T 1) il idged 2led wslS ged w3 8355T sy gt J8 1 Ol
e T oo (3-1=2ml — total Vo=3ml —2x15=10%V; ) —ViC=V1C1 Jsa B oluizl b .38 ) - g/d] il den JTossl sl sen 3 1l ot iunds
2 2alss Yl woslidges 445 6l Jld 25

LS Saa uF e otpm e bl oo Ysen Jsloe ams o e 53.353,5 jud 5 g alS s JoulS G oals OS5 1) ol iV sen Jalos 4233 |+ o oS3 s ot
b s 4 tlas ) LARBC o)l5ss wgwy @yad aslitoljT Jsome sl )suis sle Vsene <8 51> 0T 3558 s € Bske 8155 LU b 83,8 Sody il
22 b G adsh o)l s jlulaz ol pmp 13 253 e O 4o )2 IS Czge 1358 (oo Js99,5S)l &5 sliiges o 1 5L LAl 3 oly polie 3923 502

SRy Sz

Db ca A3 B9 Solidsen Joad uSie el 5 alSisle;T s eSS g plasl Fr-10 JS

LA



23345 bylie uSiys L oy 3 93303 GLb 6T & 1) 39,15 b 5 (Toluen) oiglss ACCL) 15 19 4813 Jio JT SBUMS J| Sy cilialped wons 1o ane 4
Bl B S Ly S s IS5 ) S G i 8100 o adgha 42V 1L Sl idsen 5855 e Sl e e erpm pa L L) Solpdaen i35 ) 0 am Ao e
o9 355 g0 N8 il pdaen 0T (59 9 (WRBC 43 5 s SSW sk sl JpadS (s9lo) S0 e by S0 0 S5 LT VU 5 03 )5 o) ol G 3 030 93
T atls i e 4 45 by 308 g0 S5 (P3lys TV G 53 9 S G9b S5 sk L s GV OT WU ) 53 S jeVsed 3sled 23kl 5y 1 ST
P S S lo OT 1 s el 5 U0 oy 3 Vsed U3 ged 133 piglyd a3kl S ypus 43 223 S0 3013 (PoleS U a5 20 J133 B p 109 IS 3 (0 S 13 JS1 5
e L L L B L e L e R
393 g 4ol SMalsl SIlidsed caile Sl 038 S b sms > e 3 398 M OT GUWRBC 3 sesia lay po 035 U 3285 00 0051 5 a3y ol 11 Pl s 1) 008
Sl 433 F Jlgin 43 Jusds 25U ploodl pl8ia U g oz 1) Sy juVpad o 13 aged 40 ) ol il idsed Ol o AT sladlo L 0T 03,5 byl L &S
S ped s Uy 5 2STlah U JanSTL Sl 15 G alS e 1 s lade (Ul g3 (=) Sliddsen Gale H1 0 a3 S 20il 2L 2y 00 5 1085
- (Hb-A M) ol 30l oty 5 slalbys Suails o 25 b S5 sbol 2eb MAHD <5 13 0352 plawil s 0led 13 Gl SoleJT18 32 0 a5 (M-HD)

2t slalF b b ol (S 5 552

76



100015080000 JaSh3 ) (5)a50le sl Calplgas aygl

pamlty Sl 9 EDTA JI (S )5 @ Blgs 43 45 03w 0318 jud U 00 S5 e OT Sl Ol go e 8 S 38 1 caslin Sl judgad g (510
a5 ged Cus oSS ok Ll pged £95 0l U (el Sl i 43 08 oo |+ v Lo NA4EDTA il 45 0,8 1) 515 18 eslitl 590 1) Canl
Sl Sl gad (S50 4 sgamme 519 3,050 18 aslitnl 390 Sl go tid S (b3S 10> 9 839 el ianST S Sl gad 3 K0 S0
NS5 (50 Ut 45 il judgad 45 S50 gy atls Salgs Comr )l (tOIUSNE) (S5lgi b (2,8 30 U515 Uplows JI o3zl sl (SVsb e
H90 =) 00 el bl s G )8 (S JgulS Ol bSO S deonie 139 g0 SIS J3U S kS ged 5 J LS D3 s 3 e S se Lise SUgb
) odeal S gl (203 ,8 jusnd 0Jg s 9 M2 damie ju )8 JgalS DS oS By 9 ALS o0 BL| @le 0900 )1 S0V G 1) a8 JglS Ol b
L solomil S glwliss )3 sl tulejT o Uled jo o8 JaulS Ciljdged (gilw oolel Jhg) 2l co (515450 4y - F « (sles y3 SVgb WL U
LS Cbls ablys oo puld g 43 o oWl PH 5 S)BT UJ ) ade S0l jleslizul U HD-H (508 518l Jls wlgie 4 .28 g 138 g0 LA
3 IS5 1 pest 2 g S oaliicnl U Sl jd et 45 o8ty DS LT dalllae S o 08l o0 dugd (8 30 IS0 ) el U Sl jud gt
g (st 2 gt ot HO-H (6 )loy el pas 4 ponie Casl (Sia pal (0] 303,80 o lolis HD-H I (5205 Sl p00he 2 g0 4 (05
G 2 loml a0l S mad 9 2Ll GualS ged 1 U uolie 1o 48 sl Sloats o 03 023 s B S gadS I eoliinl oS ged gdg Sl (51 4
GYL Sl SLBCBIE U Loty wlily 399 39t 5oliis] (Laolly + JorriSy) JalS &9 1 2810080 3loms! Lowslly (51 5ali g 0 299 e
oL TSy 3 STl (] 0 398 sl SOl Gt ol gad S L 45 25,8 ainin 3L 3yl carge Canl (S0 JUSIS | y 5Lyl 5098 55
Copd O pladl sl e ool b | 8 il (288 L3 S8 390 38 2L Sy 392 108 g0 ool il ged g sl JeS UpS Il S
Sl Sae 451y 398 plonl Sl jdged g gy Olod 13 Jgds siSIl Canl g JIULU (S0 alS gad 3590 U3 39ed hnnd ST U9 I il igen
e IS hie A Lagl g 9 gl Clliged Sl 393,85 Cgwy Ay U i Jlasu sles o B



a T T T T TS TS T

) cos oss o esss ssss e

C LN N N ]

ol jl plaS a 58680 5o SR 3 e LC 3B A opats ola,siS Ll lag o FP-1Y S5



10015088 slaxly ()Laglamils § SRSOT sl blhid (shsls)
S (1 Jlis Olpieay 395 o walinal ool SSS, Jl gl plesd 535 @ G iod jl 0ol S5 dlge soeb T 1iands S plesl 1 any
21 S Bl sad (gl (iii (Oil Red-0) )20 )L (SBB) B sbuw Olsge j1 Baii9 10 gad (510 (1 o 15 S goails j1 B (a9 0 (§ 30155,
W) @1 35T 0T 295 S1ISS 9 (eobazs! (1 immgon il iliine S @2 55T (g1 (V 5 sl Hleze 1SS 95 (b mal (10 (IV 12050 b 5’ ulesS
= Jet olaiS] (uglS sen (650 155, (1 (2 jis 45 23S, o 23linl (ANBE jl 2l jl jlud (g1 0 5 Jgii- 1 -5 S —F jl jlaanST s 5lee (5l
Seir S 3l 5o 5 B oy ol gdplen Silil s gy s goilesS 2T 5 S guils Jio iy 0 SBSS) jl olitl Sy 43 S 2l OF jl.oiS
s 9 CA 3L A5 ol 43 S 23U o 3595 12 2 Vb Cagll 5 oilesS 2T 5 23950 pobiazsl S5 1 otz 13 cxigd go S 3 ol

Taghige Jat i 5 @ jglale Oliwl doio 03,5 St 5 eSOl (il Blad (55 TS5 12 issds Sl il sy

—F e S Gl gl 4iSs | s ) ¢ Jgikie 4R35 B py 1Ol aaw] 4233 B Jsl D Szl suwl 4855 0 S ganily ) 4GS D
L1, palls Jgikio FOMI 0358 Bliss Jylone 445 (512) 1035 31 pIAS 13 pauss 300,53 9 (8 iapianil (paass 9 B Sl —F°C 93,5 33310
sl Ol 3218 b g 1S 50 (GBSl 1al )9S 3e Jol o 3 (35S g0 B puie 3 53905 balis (53 puwalS P 3 alls Suslsnwsl ) DI
Aomys 5 oat 3db (g3, 3hw 3218 28, ol Sel Sl @b (g5 S Ui 5 e b Sl sl s 2050 0 S5 S gl by
G Ll 13 9 (09l yauds) 038 8T Lals Jsilis usd 1Al )3 3990 T 3 dl 1o 43 . 355le g0 SU Glb 4 Juate 222 55, (slasil
2l SIS pelal> 3590 43 31 B A5 o 18 (6 jTegmnild) gominn JE> SIUT 5550 5 83,8 S25 43 Fo ysd 31, 25 gl gyl Blis

392 oo o3litul Stusl 3l 3 51 Sl balies jl Vgast jglghes Sliwd 3905 Blad Cap J9 350 o L5 3,50 > 0



haemoglobins A and S (sickle cell trait)
haemoglobins Aand H (haemoglobin H disease)
haemoglobins A and H (haemoglobin H disease)
haemoglobins A and S (sickle cell trait)
haemoglobins A, Fand S (sickle cell trait in ababy)

haemoglobins A and F (normal baby)

AFSC, control sample containing
haemoglobins A, F,Sand C.

K
"

AFS C

(8Yhaemoglobins Aand Ay (normal) = JF
(7¥haemoglobins Aand Ay(normal) ~
() haemoglobins Aand § sickle celltrait) w - R
(5)haemoglobins A, Fand C (haemoglobinCtraitinababy) « il W
(4 haemoglobins Aand A, (ormal); <
(3) haemoglobins Aand$ (sicklecelltrait) = SR
(2) haemoglobins Aand A,(normal) e« -

(1) haemoglobin Aand increased A, (thalassaemia trait) = . B

TR

quwn J 4
u"‘g

sl Sgplia 455 bl 3003 K ) (o w12 30) S sl by (Canil) s iglass) oy T By S A F.S.AD Cilzien (gl ol g Sl 40 by ja (sta il FP—PY JS8
[V F] 35k pastin |y Ol lany (51 5L pipn B 355 00 0l b (Sl ppbina 35 55 095 b AFSC (5l J5i5) e U5 €9 53 b oS ppone 8 igad JUS 35 150

b
C

'
¢
Arsc| W8

&

%

\

S
'| AS +yglobulin
AS

AFSC

(AS) JSb il taens 3 (MM) oSS 5o Gloen 5oy 33 4 Yta 39 5 > (OTIGIN 3k | Jb 22) S0 o Jp o 38 S 2929 FF-PF JS4

= =]
e



(8) haemoglobins Aand A, (normal) =
(7) haemoglobins Aand A,(normal) ~ .
(6)haemoglobins AandS (sicklecell trait) w  JlH

(5) haemoglobins A, Fand C (haemoglobinC traitinababy) » il M
(4) haemoglobins Aand A, (normal); = .

(3) haemoglobins Aand$ (sickle cell trait) m -

(2) haemoglobins Aand A, (normal) es. .
(1) haemoglobin Aand increased A, (Bthalassaemia trait) «~ . &

44

HAEMOGLOBIN ELECTROPHORESIS <wn g IZ
oH 8.6 1.12.82 J ”g

D1F] 258 e oamrne jolal Sl b o L5 jj9dp S0l 950 3T s 555 BT U5 b o PH=8.6 5 LI j 909 80 :FP-¥] JS&



1-—"'_“\_[_

Flag  Normal Range aldl

Al F
No.  Fraction (%)
LI AL 62.8
20 F 35.5
3 A2 1.7

L
H

96.5 - 98.5
0-2
1.5-35

10.8
6.1
0.3

el 22 (5250 TN el el sy b O sl gadninn Jlake €5 il ol g (5208 )3 HD-F GBS sl 5 sbowl 3 ataplf genicae w3l PSPV US4




e

- T ;

No. Fraction (%) Flag Normal (%) g/dl

Mo. Fraction (%) Flag Normal (%) g/di <3 . oyl y
1 1 L = 7
; :1 a;:? l ﬁﬁ? :f: 2 F 02 0-2 0
3 SDG 4086 H 0-0 6 3 SDG 207 H 0-0 25
; 4 A2 10 L 15-35 01

4 A2 15 15-35 02

(S ol e T ol et 4 GSD ke 3L JE& ol il g g 5n 000 4 Yo Jlas 93 51 el g 59 350 (5 smagiils 9 Lol (50801 FF-FF SO

B3



PH= 8.6
Catode - =  Anode

Origin

A2 A2CE, GSDQ, F AAic K. J.
CA (B2 O-arab  KordeBu . .. Barts, N H,l
CS C-harlem  Hasharon
ol p (S s H Lo aals cosse vbalful-L 5 (.3 C. 0. 5.D. G LN K) e ,_;wa,lf,.ﬁ 4 bas e b gFg A2 A ﬁbghw,ﬁﬂ G by b FF-1 52
il sloml A2 jl Jud e 45 200 Ol ) bt ol S oS o 1T CA 3L 5 GgemlSb] Jme Origin 30k (3558 0 slawr A2 33k 55, 45 0. CE Jha) 23980 g meb slail
L1F] 25 olass]

bld DH 3 ek oS doin Jlaasl 1V o 0w ol s cilndes  cla sl olils FF-Y oo

ol > 12 11 10 9 8 7 6 5 4 3 2 1
b A ECO Gun Hill Smiray | GS.D Lepore F A K i Barts, H
C-G Al Zurich Q Koln Hope chesapeak | N, I I I

ool | o




Sl ) 585 ¥

Dl e o3liinl (B s SISO 1 b isegs SOU slow 5 s 8T UJ il gleke bl 3218 slow (i

ko NH3+ 4y LaNH, 5 Co0H @0 a5 goir S1C00- 200z chame HT (sla0gy 0901 5 (g3l Il slowl s PH (g2215 ¥ hals oo o (il
13 5 0t Cndie 203 1) hie LU (2 258 S0 Sslg bl o ST HD-C UL J5 358 0 nlS caie JU Ol e Jl b slS o 38T 50 13 (3dsd o
B o ST 393 (510 e 35U S0 5 pged OS> 31 L b 4 5 e Caows W HD-C

S ) s )T 45 2GS o S (+) 0T o 40355 hio JU Oljee lol 0 3 02,5 B 1) 295 ghie JU Jgin B slS sen 4y HD-C S)s 0 (i
255 50 plovil (51354 4> 1) O1iginl 42U Caomw 33,0 13 &S 1 Sl Juds 4 ugds Sl £95 (0] U3 4omid 3 28L e F—AS 050 4 il
305 o )5 3215 (52515 4 1> alsh bl Jie 5 305 S5 JJ 35 e > Origin 4=b 13

5 0% la> C wb jl C-harlem 5 Ay E O-arab slassl i (aS o &8 > 2515 B0 4 C 25U L 45 SIniraj xb jod Jusds oS g ml s iV
39 3 g0 )18 S 6L o> 4o s C-harlem 3 O-arab b 55 3 A 3L oS> Jo Ay 5E b 50

s3> 3 Q-India 3 Hasharon. O-arab, C-harlem sla ;uwsdS son 55l 0T ol ed 4 J5 283 00 JoS25 a2 30U S i S 25l C 5l siiboa (Vi
3005 g0 I3 sl

23S 0 S, A S Sl ST Ol e 985 SUl s 0id 8 00 JLE S oS> 3 jedskes Oiliwl 4 «5 Handsworth sl (vii

I ol ok oL PH Lo gty a8l 45 (ol S | > (KON (st 9o Jie) Yy (oS 5 o b oslS ged 3925 40 S Dygeo o (VI
Bl (b ok S o 45 sl (Sl PH 5 B Vb oS 5 Jao L Lo 5ol 50 1 (631005 45T )7 33,5 o0 il (Sl PHL 4 985 5!
Cannd 0380 Bl LIS 985,381 )3 45 35 e Sl 1) asede MUF 9 A 33U 55wl Hb-Koln Jts olsicey

s HO-AITHD-Ay S8 @ 538 (a0l jugds a8Ul (IX

il o HD-A 53U juslie ysua> ,3 HD-F o5 uolie silulaz Ghgs ol sblie Jl (X



L) 3)9e slabyas

5wl Ol 5)5)B0 § Selwl )bl

peis P/ =BIY 590 2 L) GTPH 100 S i ] S5 @ 030l Jo i ST e emml s 1) s Sl YR Sipid (ol Sl 3l 4 (51
OB 3 U5 bl st 4 hulejT ploul 180 S ()lnaS Ulasy o0 (sles 3 1 0pedd il awiles o 3 | @0 bids LT L OF e g 33,5
Sl (6l Jlowiu (gles 43 9 403 1) (IS Uskne 303300 385 e OTL 1+ 1 G 1) Spnal Usloms 1539 2801 SO s 30

$)0d9)I5 (5)0)5T-¢, 3305 yiuy ayed
S Glaj 2as )3 g T ol (2 3 b Gl g 3 93505 Bl (g3l 2ol jm) ) 30 1) e eml & 1 S5 BT pogy 0,8 1E (650 i AU S5 53
S 690 1y 391 o3 030 T IS ol sl 9 05k sy o FP-OMM Faz b g V/Bx1 s slal 1> S8 1 45 1) oSime 3 b Soimolly sladlB 3t Clad Jslons
Dl L 230 033 9 C3132S0 wilio alatass U5 pd 0038 3 s 1 300 B 3550 500 0T J313 3 1) 58T 0,5 Uploe s 3 9313 S5 3 50 3 Gl iy
S5 o 51 e b s prige e 1 e Sa S35 b 1y 3L 835 ol U (it 1A Sl (Sion 45 1 13n ool (slasli 5 05 3 pee 1 B 30l fan
23+ 389 S STb S 53 U5 03hs U S am 3 035 o (gt 5 b 1 0T LS sladd Ol oe oJ5 il salinal s pidi sl sen (clasil,
WalS U3 5 2 g Dol 3 0 53l b o o ab 0 1) 0T pubw o F G5 030 T 1 30 3903 ol Sl judsads 03,5 33) Cagr 1) eSals | a3, 0T day

R e

ushel 33 Jolas
gty K3y 12l g el a2 | 41 OT e s g 03300 Jo Sl sl Vol s L) ol Lsag 0 K5y yagg 1) e emE g | Gl S s
b 2 S @ b ST L) e 3 o) 605 S0 NS5 3 1) sl Seiils S 60 V/OE 9 sl U5 BB Loy5 (pl 43 &S 218 nalizal 55 S

1whale)T (g
2315 J9 B9 80l 5 gilSyl gdiie il (10 .0 0 (Usd)) a8 T UJ Logeasee s SAL> 3 1) AFSC U 08 3 Siljdged diged b 1 1=l 593>
L 4ol 10 o 4 el e 45 3ubs ol ouds plonil jali buag 53 1 5155 Gges i3S 0l 1 JssBT JJ 45T wgay 5 03500 2508 Sl
Ly 52 S0 Ob o was OLL Jl sy 08 B i35 5o sy 2 1) Olej g el oo 0 (590 0 L POWer S S0l OL o 08b eles 3 gl
9 38 o ESuT Olyy 0T U3 902581 3 1) Sgds G 35k g abgk sl Jgag o b S gunnily S5 3l Ul 43 G B P Saa w1 jgl) 5 ghi
P o 4 A= (glos 43 5o 0313 13 b ol 3 2083 13 038 CBlid Jglows 3 1) 0T 5 i A N Qde a0y S gl
Sl s g ol iy diuw 4o Bdlos 0alil S U513 L O e sal) SBUL 3 Gas JYsh ol 4 ble € Josw o 08 S5 L ol wasle

i s



Angde% pH:B -—) CathE

+

' S
F A, A2 C
G,HD,E g-ara  origin - sirira
Barts Q-india

R TR L T SOV [ON P P [ PR NI W R L L S S ol Y

a b cd e f g h @ ® © @ (@ 0 {g) M O G

Fﬂﬂmﬂ- _. e pe —= Origin

- ..
L T 2 7 T A = - -_-—-
= - = =

Crigmn

o .-
=l L

PN
Pwvn N

C
Fe’ s S s s
A A
—~ = § 8§ 8 Kdin Kdln
- — €€ ¢ - —-@ F F F F F F O

>
»
»

~ S e (0] (58 ils TS F sla oS e (D). C.SAF sla sl pun b J oS s (3) PHF-F ¥ 2 ST S (55 sl sein i) s 25| sl Sl i F5-15 JSt
Conas) CA gl €aen (2) (J58 oy o TVHB-S () (JSb ls Jos o5) Hb-S(e) (Hb-C anas) C.A s malf gen (d) .(Hb-Koln s 55 28) A, koln, F la
a3 5 5] gy s Jal (Hb-Koln el js ) AKOINE s ol st ((JAF.CS ola pepdf ot b oS Lnad (1) TS AF sla sl gats U J s s (D). (€ s lE gt
sl pan (€). T A (gla (o olS g (d). Hb-G-philadelfia olajes i jlys b (HD-S.A) ol Jabo (€) ek Hb-A (D) . b Hb-A o(3) pHE-5 F 13 JET Sl 55700005 e

LVF]SA s oslfsan (1).5 pualS sen (Z). C.5 slo iy glf s (). C.A sla



Variant

Cellulose acetaie
— +
CiAzS F A J N

[ ]

Andrew-Minn

Bethesda
Beth Israel
Brockton

C Harlem

Camperdown
Cheverly

Dallas
D Ibadan
D Iran

D Los Angeles

Deer Lodge
Detroit
Dunn

Evanston
Fannin-Lubbock

Fort Gordon
G Ferrara

i
|

Variant

Cellulose acetate
CiA2S F A J
1

=+

T
CiA2S F A J N

C S AF

G Fort Worth
G Galveston
G Honolulu
G Noriolk

G Philadelphia
G San Jose
G Waimanaio
Grady
Hashaton
Hofu

Hope
Hopkins Il

I

| Interlaken
Inkstor
Istanbul

J Baltimore
J Bangkok

J Broussais
J Cubujuqui
J Honolulu

J Morfolk

J Paris

J Rovigo

J Toronto

1

CiA2S F A J N




Variant

Cellulose acetate

- +
CiA2S F A J N

Citrate agar

+
C S5 AF
1

Jackson

K Woolwich
Kempsey

Koln

Korle Bu

Lepore Baltimore
Lepore Wash-Bost
Lufkin

M Saskatoon
Mahidol

Malmo

Manitoba
Matsue-Oki
Mobile
Montgomery

N Baltimore

N Seattle

New York

O Arab

O Indonesia

O Padova

Chio

Osu Christiansborg

1
CiA2S F A J N

C § A F

D

Variant

Cellulose acetate

- +

CiAz2S F A J N
|

Citrate agar
4 =
C 8§ A F
1

P Galveston
P Nilotic
Presbyterian
Providence
Pyrgos
Queens

Q India
Raleigh
Rampa
Richmond
Rio Grande
Riyadh
Russ

5

S Travis

St Claude
Sawara
Spanish Town
Tacoma
Tampa
Tarrant
Vanderbilt
Waco
Wayne
Winnipeg
Yakima
Zurich

cmgeHA.JN
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|Group 1 (H and |)

Examples: H 1
I

Group 2 (N)

Example: N Baliimore
N Baltimore®
Baris*

I-Toulouse
Hikari

Group 3 (J)

Example: J Baltimore
J-Oxdford
Hiroshima
J-Bangkok
J-Cairo
j-Chicago
J-Iran
J-Meerut
J-Paris 1
J-sardegna
J-Sicilin
J-Taichung
Jackson
Pyrgos
Shepherd’s Bush
Ottawa
J-Raovigo
Hopkins-2
J-Cambridge
Hofu
J-Camagficy
Anantharaj

H#

gls Jhs g Sl sllr w302 e Lt AJA B PH=ASF 5 55500 280 Sy ¢ Slasia

M-Memphis
J-Morfolk
Magasaki
N Seattle

s s g ey sl 03y 2 e Ul AJQ 5 PH=ASS 3o 55052500 55 1 Slasuta

Grady
J-Ankara
J-Broussias
J-Calabria
J-Habana
J-Kurosh
J-Mexico
J-Rajappen
J-Sicilia
J-Tongariki
Lyon

Riyadh (7)
Tochigi
Lufkin
Zambia
J-Birmingham
Austin
J-Guantanamo
Moscva
Cardeza

Aetn o I8 g ph gl o 7 s g0 g2 a L AJS B PH=ASS 3 5,505 2501 55 1 Dlaskia

I-High Wycombe
J-Altgeld Gardens

Hijiyama

Chesapeake
Haceltepe
J-Baltimore*
J-Buda
J-Cape Town
J-Kachsiung
J-Medellin
J-Nyanza
J-Rambam
J-Singapore
J-Toranto
Providence
Seattle

Wien
J-Jackson
Ube-2

St Clude
Fannin-Lubbock
Thailand
Wayne

(Y]
[y



Group 4

(K and Camden)

J-;.-...l,_]'::_,;i& MﬁwqwﬂwJﬁq;ﬁwlﬁlﬁfﬂ UpH—ﬁj’F’_}JjJ_,i_}fﬁIJﬁ; :

Example: ], Camden

Andrew-Minneapolis Camden* Camperdown
Hope* K-Ibadan K-Cameroon
K-Woolwich New York Singapore
Tacoma Yoshizuka Porto Alegre
T-Abidjan Prividence Cretéil
M-Hyde Park Osler Sherwood Forest
Vassa Detroit Lufkin
Prato Wayne
Group 5 (A)
Wl A #ﬁﬁl Lwlis L.il_] Lol a"n,':i '.:PH"‘#JF" FL] ijJJiJJ‘-‘ﬂI Q-EJJ— Llasi.
Example: Bethesda
Mequon Heathrow Little Rock
Arlington Park Koya Dora M-Saskatoon
Brigham M-Boston Malmd
Créteil M-Milwaukee- 1 Olmsted
Hammersmith (also position 79  Memphis Philly
Kéin (also position 9)* Peterborough St. Antoine
Louisville Rainier Southampton
M-Iwate San Diego Volga
McKees Rocks Torino Djelfa
Olympia York Syracuse
Rahere Madrid Raleigh -
Ta-Li# Hirosaki Bicétre
Wood Dunn Coventry
Helsinki Altdorf Indianapolis
Perth Bethesda Milledgeville
Crete Beth Israel Mizuho
Abraham Lincoln (alse position 7 Christchurch Petah Tikva
Atlanta Genova Potomac
Bristol Nigeria
J-Camaguey

Durate



Group 6 (F)

Example: Kempsey
F

Caserta
Hammersmith
Kempsey
Manitoba $
Yakima
Burke
Spanish Town
Santa Ana
Strumica

Bryn Mawr
Savannah
Tarrant
Suan-Dok

Group 7 (G and Lepore)

Examples: Lepore
G-Accra (Korle-Bu)
G-Audhali
G-Coushatta®
Lepore*

P-Nilotic

Chiapas

Richmond

Ypsilanti (also position 6 and 11)
Az-Flatbush

Rush

Motgomery

Ay-Coburg

G-Galveston

3pSt MBS 9A o) aas baly o U8 AR B PH-ALS 5 3,005,550 oS 3 Slrasida

Port Phillip
Abraham Lincoln
Deaconess
Hiroshima*
Horise

Kansas

St. Louis

Tokyo

Richmond
Ypsilanti

Borfis

St. Lukes
Cochin-Port Royal
Deer Lodge

G-Georgia
G-Pest
G-Szuhu
Lincoln Park
P-Congo
Mobile

Tak

Baylor
Sawara
Q-India

St. Louis
Okaloosa
Handsworth

Singapore
Atago
Denmark Hilly
Dhofar
Freiburg
Sawara
Tubingen

Rush

British Columbia
Newcastle
Niteroi
F-Sardinia
Athens-Ga
Presbyterian

PR SN SOV VICSRCI P JOK S vy PR Ty LI M NP S L I PR A PP ED

G-Hong Kong
G-Waimanalo
Fort Worth
P-Galveston
Q-Thailand
Rampa
Winnipeg
Alago
D-Ibadan
Tabingen
Q-Iran
Alabama
Vancouver

Lo
[#5]



Group 8 (SDG)

4 Coaei (53 1) e 5t AJQ BPH-AJE ;5 05,5 ol sla e IS sen (555 585,550 Jls gl oS 3 Slast s
Example: D-Los Angeles, S, G-Philadelphia

Alabama Queens Fort de France
D-Iran » Arya « D-Los Angeles*
Edmonton D-Ouled Rabah Daneshgah-Tehran
Hamadan . Etobicoke Montgomery
St. Lukes Inkster Stanleyville 1T
Ottawa Titusville Russ
G-Galveston G-Paris G-Philadelphia*
Hasharon G-Copenhagen G-Taipei
Serbia Beilinson Setif
Osu-Christiansborg Bibba Ann Arbor
Shimonoseki Ocho Rios Az-Roosevelt
Cranston Martsue-Oki Castilla
Abruzzo S-Travis Dhofar
Ziirich G-Hsi-Tsou Koin (also 5)
G-Pest Caribbean L-Persian Gulf
Memphis G-Chinese F-Dickinson
Sydney Persepolis G-Ferrara
G-Norfolk F-Victoria Jubilee Chiapas
G-Makassar Riverdale-Bronx P-Congo
Sogn Saki D-Bushman
G-Taiwan-Ami Belfast Williamette
Hirose Henri Mondor 5"
Connecticut Gavello Chapel Hill
IGrnup 9
ool pan & o (cathodal) Jla g1S e jo «AfS EPH-AF 3 55558, oS o volaS sla s A5 un Lol 5l oS ol :-:.:L.n.s-*:-‘-;
Aol
Siriraj Santa Ana Ypsilanti a4

F-Port Roy: F-Victoria Jubilee



| Group 10 |

II_g'l.lm.'g.:h._:-_- nlJL'F.fIL__JM ng.JJ.."IJ_J:ﬁi L:,.-sl_:.d- “JIT"JU:"JEJ‘—"‘ t’.l"_ll jll_,_.S:‘uJ.-.: :"J-'-:' |J.-IT1PI'I—J\.IFF' JL j'uj_g;:il| '_,:i_]. P Slaseia

Example: Istanbul

Istanbul Dijelfa Bryn Mawr Buenos Aircs)
Sabine Gun Hill F-Hull

Newcastle F-Kuala Lumpur O-Indonesia

F-Alexandra Kenya F-Malta-1

Bushwick Ypsilanti F-Victoria Jubilee
An-Babinga

Group 11 (CEQ)

s s 518 Ly oo 548 e Lol pH=ASS 55 5505 ,5801 35 1 Slasiia

Example: E, C
E* Istanbul Miyada
C-Georgetown Sabine F-Texas-1
(C-Harlem) C-Ziguinchor F-Texas-2
O-Padua Chad St. Claude
M-Hyde Park O-Arab* S-G-Philadelphia
E-Saskatoon Agenogi Seal Rock
e Nottingham (?)

Group 12

Lzt 536 0y, S opl o gl ol s g 251 (g Ll s 515 ol kg ot 00 9t L PH-ASF 55 5558 ,801 385 1 Sleasnie
sdea L sla J b oy YL 5y oS Constant SPring cpw o pas .3 45 0 0> 15:.1_1.;[ Olabaws V7 3 3da 53 35 A2 (B2) o oS yen bl
208 Joes 33 92 /R0 Bl il sl S g S g HDAZ oy oy il o5 dmo o0 0L i (i COnstant SPring o ol pes 3 35 o0
2y en 0443 353 2SN 35018 a3 3l K3 g8 oy et L 5L AT oy IS g 145 a0y 3505 2SN

Example: Constant Spring (a-chain extended), Ap'*

Constant SpringE* Ag'* As Indonesia

Icaria F-Kuala Lumpur C-G-Philadelphia

Aa-Sphakis 95




SSSD

aappB aadd aayy aasSsS
AA AxAy FF SS
Expected Tetramerization

dad a4 4 4
N AV AX AU A9 44 4

aafo acfy aafS aayd aavS aadS
AA AF AS FA2 A2S
Unexpected Tetramerization
2345 55555 L o-y 9 0-0 @-S =P el Elgl Ogamwljs pol 59 om 2 o JSS
P hid Cundly 53 4T Ul 98 0 Calidee aS 5 )+ JS2T 4 joxie $gene

Des o 8393 jgde xSl S UGS L LLIS j)ed9 2SN o 2L



AF AS S A2
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ad o 4

=

a0

af  ay as
959559555

aafp aafy aayy aafs L o i ooy aahs aafh

AR BF FF &5 F5 Fhp r =3 Aghy
Ay AF  FF AS e £e Akg Fiap Ags ApAa
2 22 [=] g 2 29
8 2 B 22 g R 2 RR
wT m = ™ =< el D‘lg
) - - W b w th © N

Combmation | A:eff | F:ay | Az:ed | S:aS
Aaf AA | AF | AA | AS

F:ay Al FE FA: SF
Az:ad AAz | AoF | A2A2 | AS
S:aS AS SF A2S SS

S L ‘,S'| <5 (VL) Ii.f""h Lasar )> dyrge le;l...i; S el )P S5

A=) S Cglazs 2l oo (glls ":""‘il"'q_f" AN oo gund ol y5
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AF GG Az G:
R R ] a o
Combmanon | A:af F:ory Azad | G | GhaSy | G293

A:ap AA AF AAz AG AG! AG
Fiay Al FF FA:2 FG FG I
Azad AA:; A:F AzA: A:G A:G' A:G:
G:a“p AG FG AaG GG GG GGa
G aCy AGT FGF AxG GG' GG GG’
G2:a%3 AG: FG: AzGr GG: G:G' | G:Ge

iy 25 BB el 5 ¥ (0o ”-B/P) Hb-G s jg % danas 43 1V JS2
Foolaas (Ciljadgen )3 uslSeen 0o peald 4us 8 8,5 LB L Js ooy
(L) F (00) A 3L F (o bl 039 S0 55 S 4 €5 395 0 7 ohe jesld
G 3L .23b ge 030l LB j 989,550 1> (LF) G 9 (1) Az (/¥9) G+G
23 395 gei 0303 e (G 4 (6555 9 (F b +/¥D) 3uad 039 Sl o 4
Camale il I 7P0 13 395 g0 Joad 0° @t 0F F (S5 4S5l Ju> o gily

bl ales (Cawl A 25L jI 2P0 S G L s F 5L 7PD s G J) G



[ Combuwton | Atafl | Fioy | Avod | G®B | GRe®y | Gr:o98 | S:0S [ S9ufS |

Acafl A AF Ady Al Al Al AS AR

Flery AF FE FAs FG FG! FiG: SF F5°

Azid AAx | Alf Az AsG Aaiy Aaliz A As8Y

(a® A FG As(i Gl G G S0G (57

(ay AG | FG | AGY | GG | G| Gl | SGE | SOGE
G208 AGy | TGs | AcG: | GGr | GoG' | OiGe | SG: | SY9Ga
5o AS | SI A8 SG s St 55 550

§5-a5% AS% | F§% | As8% | GS© S4Gt 59G. | §8° gUgG
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@

pH 8.6
v . e
G+S+Gf z . . —
A2+SG+G2 W —
5 2 B 3
@ 1 A
2 ©

9 Hb-S Trait Hb-G traut jleu 4w ;5 (pH:8.6) LIS j, 489 =S :1 0 JSO
> G 9 G S b sl 3902 <5 (5s9b0kea HD-G'S 098059 5 Jugo
D er Sl D509 Ji9d Dl 4 S (B Jy s OlSs 2L
93 jl (§real> glg 5 45 325 o Dbl Gog Ar b ule 55 SG 5ljke 3L SO
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pH:6.2 AA:D 3

normal F GG E S E C
AA; 2

Hb-S trait F GG S 8 C
AAs 2

Hb-G trait F GGs 5 -y C
- AAs 3

Hb-S'G F GGG, S§¢ S B C

Hb-G a@anas Hb-S dauas (Jls 6 3,3 15 (gaumwl jgde 2SIl 56801 :) § JS2
283 e 0L 551, G 5 SC S ke 33k 4w S HD-S/G 098,59 28 Ji93 9
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0 1 2 3 H 5 3

G A2 A sl (RT) pobb o235, Bio-Rad-Il o8y ;3 b ga (1Y JS
9 Hb-S wavas ol 4 130 g 0395 5.1 94541 3.6 2.5 554 CyS
Hb-G trait jo Jy aoua jasls LB 3e5 ulae slasil 5 b jl Hb-G
saalie b 3 RT=2.1 LG%0% 3L g RT:4.7 L G2:0%5-0%0 S5 3L
23 S Gshs 33L g0 b Yl HB-G'S Slulis ;3 HPLC cueal :1C .a2zun
$:4.5.G:4.2 A23.6 A:2.5.Gh21 Fil.3 glasil poglle HPLC jlogei

gt o0 0203 | joe Cojgen 4 S%:4.9 Solasl 3l (G2:4.7 5



10] 5bn e ot 38 3o b S b il et s el bl (Sl oSt 9 2535 b LT oSSl 5 WP + kb i slail - g

. Name Symbol Structural Formula Name Symbol Structural Formula
With Aliphatic Side Chains With Side Chains Containing Basic Groups
Glycine
lye Gly [G] Arginine Arg [R] H—?—Cﬂa—ﬂh—ﬂﬁ

Alanine Ala [A) i

Lysine Lys (K]
Valine val V]

Histidine His [H]

: Leucine Leu Containing Aromatic Rings
. Histidine His [H]

Phenylalanine Phe [F)
Isoleucine lle ()

Tyrosine Tyr Y
With Side Chains Containing Hydroxylic (OH) Gi;llpi
Serine Ser [5) CH, =EH =00

e Toyptophan | Trp W)
Threonine Thr [T} CH,— CH |
|
£
Tyrosine Tyr [¥] See below,
Y P Imino Acid
With Side Chains Containing Acidic Groups or Their Amides Proline Pro [P]
il T
Asparagine Asn [N] HN—C— CH With Side Chains Containing Sulfur Atoms
S e
iH
Glutamic acid Glu [E] Methionine Met [M] fH;—- CH;
5= CH;




Hb-I. N

//T\:. 3
! Hb-=k, ., M

1- 1- m -

— 0 +  GlulAsp-  val'Ala/Ser/.. Arg/lys+

IANE e A/

Hb-C.E0,A3

G.5.D.Q A2C.O

Hb-D-Iran F22 | G- | G0 | 1+
“Hb-D-Tbadan BE7 Thr0 | Lys+ 1+
Hb-D-punjab P21 | Gl | Glo | I+
/Los angeles

Hb-Q-Iran a7’ Asp- | HisO 1+
Hb-K-woodwich 132 Lyst | Gly0 1-
Hb-I-Cape town pozx Arg+ | Gln0 1-

105



CEOA2

Hb-C 6 Glu- Lys+ 2+
Hb-E 26 Glu- Lys+ 2+
Hb-O 121 Glu- Lys+ 2+

Hb-S 6 Glu-
Hb-G 22 Glu-
Hb-D 22 Glu-
Hb-D 121 Glu-

F-A-A1C K.JB NIH

Hb-N 95 Lys+
HbI 59 Lys

Hbh-K 132 Lys+ Glve 1- woodwich

Hb-J
Hb-J

Valo
Alao
Glno
Glno

92 Argt Glne 1- cape town
"6 Alao  Asp- 1- chicago

1+

1+ cushatta

1+ Iran

1+ punjab/Los angeles

Glu- 2- baltiimore
Glu- 2- texas

106



G — Terminus

‘o

Hh-Hupe lM:’Gly.Aip\

140 H 130 6
Hbs-Charab 1210010 L.}u}/ -

Hb-[-Los Angcle:ﬂlll D-pumjab 121{Gin- Gl

Hb-Kansas 102{Asn-Thrj,
100 g

110

Hb N baltimore 95(Lys-Glu)

0-—1— N - Terminus

Hb-I-ibsudsm 57 Thr-Lys b G Hill 9195 deleted

\Hl: M-bhyde park 92(His- Tyr)

Hb-C 6{Gin-Lys)
FB (Proximal histiding)

Hb-§ 6(Gh-Vali

Hb-Maobile TR Axp. Val)
Hv-EKorle Ba 73(Asp-Asn)

ET (Distal histiding residue)

)II.M sakatoon 63(Hiv-Tyr)

Hb-C-casbimiin 22 (Gha- Al
-1 Tran 22060 n-Cn)
HB-E 26 (Glu-Lys)

Hi- G- Galvestone 430C1u-Ala)

el w2l LA Sy v g e g e DL | G D il gl A gl L et g sl RSV S
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Caplllary surface CO; NO O

s Al
390 sRES (glajliy Sl hugi 5y 4 Jabo Joo el a8 oL2E 458,50 glagob jula L5205 9 oL28 TTT 20b 55 5 4 FB g Bart H gla aslsgen Jlasil :¥e JS
Spdign Bask il Siidgen ol 5 Sga st sys 0 )l
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H A
dh N 4 AR
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Cellulose acetate — pH8286 || cour 4o -
A F S C .
Control ‘ i ‘ ' (41T 11,
> ‘ ______ Carbonic anhydrase
D-Iran, D-Punjab, ] 0 R,
oo B C ...._A, E, C-Harlem, 0-Arab
G-Ferrara, Lepore, || i
D-Ouled Rabah | S ......D, G, Q-India, Hasharon
Korle-Bu 0 ... Lepore
Hasharon i ______ E
D-Norfolk 0 A
Hanc O S T | K-Woolwich
Q-India 0 W
5 l —_.__Bart's
E A, ‘ i
O-Arab ‘
Siriraj 0 fq
Setif 0 N |
C-Harlem : g Anode (+)

[1F] 355 a5 o 3 2 3 il s T 1 5l 305 0 B C S F A S F 1 (S 3 6 wiliinn ol lp (510 urslf 3o 40 Bgepo 3 sl alsler 5 ¥+ JS4
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ad+ ad+ ad+ ad+ ad+,... B4- B4- B4- B4- B4-....

ad+ ad+ ad+ ad+ ad+... B4- B4- B4- B4- B4-....
Hb-A:100% Hb-V=0%

ad+ ad+ ad+ ad+ ad+,... B4- B4- B4- B4- B4-....

ad+ ad+ ad+ ad+ ad+,... 83-83- S3- 53-83-....
Hb-A:65% Hb-5=35%

ad+ ad+ ad+ ad+ ad+.... B4- B4- B4- B4- B4-....
ad+ ad+ ad+ ad+ ad+... C2-C2- C2-C2- C2-,...

Hb-A:75% Hb-C=25%

ad+ ad+ ad+ ad+ ad+,... B4- B4- B4- B4- B4-....
ad+ ad+ ad+ ad+ ad+,.., KS5- K5-K5-K5- K5-....
Hb-A:35% Hb-K=65%

ad+ ad+ ad+ ad+ ad+,... B4- B4- B4- B4- B4-,...
ad+ ad+ ad+ ad+ ad+,.., N6- N6- N6-N6- N6-,...
Hb-A:25% Hb-N=75%

ad+ ad+ ad+ ad+ ad+,... B4- B4- B4- B4- B4-....
G3IHGIHGIHGIAGI+.... B4- B4- B4- B4- B4-....
Hb-A:70% Hb-G=30"%

n:.ail.?,.-t)._-.quij&ﬁé,ﬂ1;huﬂhixsaéj,ﬁhﬁlubw,]§,ﬂ

115



aa/aa: B/S

a4+ ad+ ad+ ad+ ad+.... B4- B4- B4- B4- B4-....

ad+ a4+ ad+ ad+ ad+,... S3- 83- S3- 83- 83-,..
Hb-A:65% Hb-5:35%

-a/-a: B/S
al-a: —— B4- B4- B4- B4- B4-,...

ad+ ad+ ad+ ad+ ad+,... $3-S3- S3- S$3-S3-....
Hb-A:75% Hb-S:25%

aa/aa: Bﬂs‘S

ad+ ad+ ad+ ad+ ad+.... s

ad+ ad+ ad+ ad+ ad+.... S3- 83- S3- S3-83-....
Hb-A:0% Hb-S:100%

aa’aa: B+/S
ad+ ad+ ad+ ad+ ad+.,... B4- B4- B4- ———n-....
ad+ ad+ ad+ ad+ ad+.... §3-S3- S3- S3-S3-,...

Hb-A:40% Hb-S:60%

k1,5 55 Hb-A 4 HD-S (G515 Cibuly (sl ged (o o8 S :FF JSS
(02551331) Suom VU L 3 (02:015) Sone Dl LT Lalises
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aa/aa:B/K

ad+ ad+ ad+ ad+ ad+.... B4- B4- B4- B4- B4-....

ad+ ad+ ad+ ad+ ad+.... K5- K5-K5-K5- K5-....
Hb-A:35% Hb-K=65%

-a’-a:B/K

o B4- B4- B4- B4- B4-,...

a4+ a4+ ad+ a4+ ad+,... K5- K5-K5-K5- K5-....
Hb-A:25%  Hb-K:75%

ﬂar’au:B“;’K

ad+ ad+ ad+ ad+ ad+....

ad+ a4+ a4+ ad+ ad+,... K5- K5-K5-K5- K5-....

Hb-A:0% Hb-K:100%

aa/aa: B+/K
ad+ ad+ ad+ ad+ ad+.... B4- B4- B4- ——-—-,...
ad+ ad+ a4+ a4+ ad+.... K5- K5-K5-K5- K5-....

Hb-A:15%  Hb-K:85%

bl 5 ) Hb-A < Hb-K tS-_'_.ﬁT Cails ylo U‘ﬁ'f"ls}"" Lfﬂ)'i'” i BB J8S
(03221331) Samnsll L2 5 (0251 381) S V5 T Ll
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A+ at+ ab+ att at+ ad+ at+ ad+ at+ a++ B—B—B-B-B-B-B-B-B-B- . 000
at++ at+ at+ at+ a++ at++ at+ a++ a++ a++ B—B—B— B—-B—-B—-B-B-B-B-

a++ a++ at++at++ at+at+at+at+at+a++ B—B—-B-B-B-B-B—B-B-B-

. (1]
at++ at+ at+at+attattattattattatt S8 8 S 8§ S § S- 8 S8 i

at++ att at+ at+ at+ at at+ at+ a++ at+ B-B-B-B-B-B-B-B-B-B- ,.-g0,
a+ at+ at attattattatattarta+ C C C C CC C C C C

at++ at++ at++ at++ at++ at+ at+ a++ a++ a++ B- B—- B—- B-- B-- B-- B-- B-- B-—- B-- A:100%
B-B-B-B-B-B-B-B-B-B-

a++ a++ a++ at++ at++ at+at++a++a++a++ B-B-B-B-B-B-B-B-B-B- A:100%
at++ a++ at+ at++ at++ at++ at++ a++ a4 at++

a++ at++ at++ a++ at+ at++ at++ at+ at+ a++ B—-B—-B-B—-B- A40%
at+ at+ at++ at+att+at+tat+at+at+a++ S- S §S S S S S S S-S

at+ at+ at++ at+ at+ at++ at+ at+ a++at+t B—- B—B—B-B-B-B-B-B-B— A.709,
88535885 538888

a++ a++ a++ at+ a4+ at+ a++ at+ at++ a++ B-- B-- B-- B-- B A:60%
a++ at++ at+at+attat+attatta+at+ C € C € C C € € C C

a++ a++ at++ at++ at++ at++ at++ at++ at++ at++ B-B-B- B—- B-B-B-B--B--B- A-.809%
e 8 R E e B B R E

a++ a++ a++ a++ a++ a++ at++ a++ a++ a++ B—- B—-B—-B—-B—-B—-B-B- B-- B~ A:40%
at+ at+ at+ att ad at+ att at+ at+ att J— J— J— J— J— J— J— J— J—

$:0%

S:40%

S:0%

S:00%

S:00%

5:60%

S5:30%

S:00°%

S:00%

J:60%

C:0%

C:0%

C:30%

C:00%

C:00%

C:00%

C:00%

C:40%

C:20
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Haemoglobin Abnormal Usual percentage  Mobilityon HPLC Usual ethnic origin
globin chain agarose gel
atacid pH
S B 40-45* S Swindow African ancestry, Arab, Indian
D-Punjab B 40-45* With A Dwindow  Punjabi, Northern European,
Greek, Turkish, Yugoslav,
Afro-American, Afro-Caribbean,
Chinese
G-Philadelphia « 20-25% With A Dwindowt  Africanancestry, Chinese, [talian
25-35%
35-45%
Lepore 8B fusion 7-15 With A A,window  Greek, Italian, Turkish, Cypriot,
Eastern European, English,
Spanish, Afro-Caribbean
Korle Bu B 40-45 With A8 A,window  West Africanancestry
G-Coushatta B 4045 With A A,window Native American, Chinese,
Korean, Japanese, Thai, Italian,
Turkish, Algerian
D-Iran B 3645 With A A,window Iranian, Pakistani, ltalian,
Jamaican
Zurich B 22-35 With A A,window Swiss, Japanese
Hasharon o 15-20(if Jewish)or WithS BetweenS Ashkenazi Jewish, Italians from
30-35 (if Iralian) and C* Ferrara district

HPLC, high performance liquid chromatography.

*Lower if coexisting a thalassaemia trait.

tVariant haemoglobin A, also present.

i Depending on the number of normal & genes present.

§Orslightly on the Sside of A; if present with 5, gives a broader band than Salone.
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Haemoglobin Relevant Usual percentage  Mobilityon  HPLC Usual ethnic origin
globin chain agarose gel
atacid pH
A, o 2-3.5* With A A, window Normal minor
haemoglobin
e ] 40-45t C C window West African ancestry
E B 30-35 With A A, window South-east Asian
O-Arab B 40-45 Slightly on BetweenSand C Eastern European,
Csideof 5§ windows butcloser  Afro-American,
toC window Afro-Caribbean
C-Harlem ] 40-451 With S BetweenSand C West African ancestry
butclosertoC
window
E-Saskatoon B 35-40 With A Swindow Scottish, Turkish

HPLC, high performance liquid chromatography.

*3.5-8% in most p thalassaemia trait.

tLower if coexist ng o thalassaemia Irait.

$O-Arab and C-Harlem are more readily distinguished from each other on citrate agar than on agarose; on citrate agar at acid pH, C-Harlem

moves with S and O-Arab is between S and A but closer to A.
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Condition % Hb A % Variant Comment
S trait 60 40 See footnote
C trait 60 40
D trait 60 40
E trait 70 30
O-Arab trait 60-70 30-40
75 25
G-Philadelphia trait 70 30 Trimodal distribution
65 45
J-Oxford trait Same as G-Philadelphia trait
J-Baltimore trait 45 55
Lepore trait 85 15
H disease 85-95 5-15
COIn disease 75-80 20-25
Ay’ trait 97 about 1.5 A also about 1.5
Constant Spring trait 98 1-2
S-C Disease 0 5-85%
C 45%
S thalassemia 25 A 70% F 5-15
S-4° thalassemia 0 S 85-90 F 10-15
S-a thalassemia 65-75 S 25-35

(-- a-Thal 1 trait 4s /¥4 spae (0-/aw/BS) a-Thal 2 trat js JF+ (a0/a@/BS) ssle dacas 3 0T Jlaie €6 g pb 4 08l JStda b gm0 S danas g0 do) oo B &
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300 points with 15 zones Curve

Zone Hemoglobins (Hb)

1 Hb 8A2, Hb aA’2, other Hb A2 variants, Hb A2 Hasharon and Hb A2 Winnipeg variants

22 Hb C, Hb A2 Setif variant, Hb Constant Spring

23 Hb A2, Hb O-Arab

24 Hb E, Hb K6in, Hb A2 variants (and degraded Hb C)

25 Hb S (and degraded Hb O-Arab), Hb Hasharon

Z6 Hb D-Punjab, Hb D-Quled Rabah, Hb Lepore, Hb G-Philadelphia, Hb Korle-Bu, Hb Koin,
Hb Setif, Hb G-Taipei Hb Winnipeg (and degraded Hb E),

27 Hb F, Hb Porto-Alegre, Hb Richmond, Hb G-San Jose (and degraded Hb S)

28 Hb Atlanta, acetylated Hb F

29 Hb A, Hb Okayama, Hb Camperdown, Hb Fontainebleau, Hb Toulon

210 Hb Hope

AL Hb J-Kaohsiung (and degraded Hb A)

212 Hb Bart's, Hb J-Providence, Hb J-Mexico, Hb J-Baltimore, Hb J, Hb J-Broussais

213 Hb N-Baltimore

215 Hb H 1z
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S 15 ldpead 1y olS e 1 3505 50 b T jl 5w Bio-Rad (VersionlD) slfaws jo cobls b oxeb 1800805 e 0 skegs 1 0 4 b RT U olas! Glaj FF-V Jyae

Window' Retention time (min) Window Haemoglobins that may overlap

F 1.10 0.98-1.22 Okayama

P2 0.11 0.28-1.50 Beckman, Geelong, glycosylated A, Hope, I-Philadelphia,
K-Woolwich

Pyt 1.70 1.50-1.90 Buffalo, Camden, Fannin-Lubbock, Grady, ]-Bangkok,
J-Meerut, J-Baltimore, ]-Norfolk, N-Baltimore

A 250 1.90-3.10 A, glycosylated S, New York, Kéln (when not denatured)

A, 3.60 3.30-3.90 Deer Lodge, D-Ouled Rabah, D-Iran, E, G-Copenhagen,
G-Coushatta, G-Ferrara, G-Honolulu, Kenya, Korle Bu,
Lepore, M-Saskatoong, Osu-Cristiansborg, Spanish Town,
Zurich

D 410 3.90-4.30 Alabama, D-Punjab, G-Norfolk, G-Philadelphia, Kempsey,
Osler

S 4.50 4.30-4.70 Q-Thailand (Mahidol), A,", Manitoba

C 5.10 4.90-5.30 Agenogi, C, Siriraj, Constant Spring

* A glycosylated fraction of haemoglobin A.
T Aminor peak representing modified haemoglobin A.
}Plusasecond peak in the C window.
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S 15 ldpead 1y olS e 1 3505 50 b T jl 5w Bio-Rad (VersionlD) slfaws jo cobls b oxeb 1800805 e 0 skegs 1 0 4 b RT U olas! Glaj FF-V Jyae

Window' Retention time (min) Window Haemoglobins that may overlap

F 1.10 0.98-1.22 Okayama

P2 0.11 0.28-1.50 Beckman, Geelong, glycosylated A, Hope, I-Philadelphia,
K-Woolwich

Pyt 1.70 1.50-1.90 Buffalo, Camden, Fannin-Lubbock, Grady, ]-Bangkok,
J-Meerut, J-Baltimore, ]-Norfolk, N-Baltimore

A 250 1.90-3.10 A, glycosylated S, New York, Kéln (when not denatured)

A, 3.60 3.30-3.90 Deer Lodge, D-Ouled Rabah, D-Iran, E, G-Copenhagen,
G-Coushatta, G-Ferrara, G-Honolulu, Kenya, Korle Bu,
Lepore, M-Saskatoong, Osu-Cristiansborg, Spanish Town,
Zurich

D 410 3.90-4.30 Alabama, D-Punjab, G-Norfolk, G-Philadelphia, Kempsey,
Osler

S 4.50 4.30-4.70 Q-Thailand (Mahidol), A,", Manitoba

C 5.10 4.90-5.30 Agenogi, C, Siriraj, Constant Spring

* A glycosylated fraction of haemoglobin A.
T Aminor peak representing modified haemoglobin A.
}Plusasecond peak in the C window.
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Hb Lepore and Hb A2

Bibliography
« HbAZ2 values around 10-15% with a somewhat asymmetric A2 peak will indicate
Hb Lepore with a reasonable degree of confidence (...) Hb Lepore, which migrates on

top of the HbAZ fraction on the VARIANT IITM apparatus, is well separated on the
G7 apparatus, but within the HbD window »

Evaluating five dedicated automatic devices for haemoglobinopathy diagnostics in multi-
ethnic populations

P. Van Delft, E. Lenters, M. Bakker-Vermeij, M. de Korte, U. Baylan, C. L. Harteveld, P.C.
Giordano

20089 International Journal of Laboratory Hematology

« HPLC methods, although precise, have some limitations, including (...) coelution of
various hemoglobins, including HbE, Hb Osu Christianborg, HbG Coushatta, and Hb
Lepore with HbA2»

Quantification of HbA2 in patients with and without B-thalassemia and in the presence of
HbS, HbC, HbE and HbD Punjab Hemoglobin Variants

T. Higgins, A. Khajuria, M. Mack
2008 American Journal of Clinical Pathology
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Hb D and Hb A2

Bibliography

« The HbAZ2 fraction is regularly underestimated in the presence of HbD-Punjab, but
then again, in these cases, the HbAZ2 estimation also has no diagnostic value»

Evaluating five dedicated automatic devices for haemoglobinopathy diagnostics in multi-
ethnic populations

P. Van Delft, E. Lenters, M. Bakker-Vermeij, M. de Korte, U. Baylan, C. L. Harteveld, P.C.
Giordano

2008 International Journal of Laboratory Hematology

« HPLC methods, although precise, have some limitations, including falsely
decreased HbAZ2 levels in patients with the HbD Punjab trait due to a rising
baseline »

Quantification of HbA2 in patients with and without B-thalassemia and in the presence of
HbS, HbC, HbE and HbD Punjab Hemoglobin Variants

T. Higgins, A. Khajuria, M. Mack
2008 American Journal of Clinical Pathology



Hb A2 on the Capillarys

Technolo

« it is desirable to have a machine that is able to constantly define what is
considered a low, normal and elevated HbAZ2 level (...) Diagnosis of the high HbA2 b-
thal carrier is obtained without problem on the CE apparatus»

Evaluating five dedicated automatic devices for haemoglobinopathy diagnostics in multi-
ethnic populations

P. Van Delft, E. Lenters, M. Bakker-Vermeij, M. de Korte, U. Baylan, C. L. Harteveld, P.C.

Giordano
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Hb A glycated and Hb F

Bibliography

« Using the Beta Thal programme of the Bio-Rad Variant Il HPLC instrument, a false
elevation of haemoglobin F as a result of an elevated haemoglobin Alc percentage
is observed in an appreciable percentage of diabetic patients (41% in this study) (...)
Haemoglobinopathy laboratories using this programme for thalassemia and variant
haemoglobin diagnosis should be alert to this possible discrepancy and should use
an alternative programme or method for quantifying haemoglobin F when this
problem occurs »

Inaccuracy of HPLC estimation of HbF in the presence of increased HbAlc

V. Grey, M. Wilkinson, L. Phelan, C. Hughes, B.J. Bain

2006 International Journal of Laboratory Hematology



Hb A glycated and Hb F
Bibliography

« HbF values higher than 1% after the age of 2 are considered ‘abnormal’ and
should eventually be investigated. Elevation of the HbF expression can be secondary
to bone marrow malignancies (...) Because of the different integration factors and
to overlapping with the HbA1c peak, the HbF fraction is often imprecisely
measured, especially in the low ranges (1-3%) (...) If the HbA1c fraction is
significant, the HbF fraction may become falsely increased to above the normal
limit of 1%. »

Evaluating five dedicated automatic devices for haemoglobinopathy diagnostics in multi-
ethnic populations

P. Van Delft, E. Lenters, M. Bakker-Vermeij, M. de Korte, U. Baylan, C. L. Harteveld, P.C.

Giordano
2008 International Journal of Laboratory Hematology

» On the Capillarys Technology, HbAlc co-migrates with the
main HbA, peak and do not interfere with HbF



