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ABSTRACT 

This thesis describes the genetic polymorphisms i n selected 

populations m South West and South Asia. Samples from Kuwait and Iran 

represented the Middle East, while the Panjabis of northern India and 

the Nepalese i l l u s t r a t e d the South of Asia. The methods used to detect 

these polymorphisms were serological and electrophoretic techniques. 

A t o t a l of 162 Kuwaitis were screened f o i 5 blood group , 2 serum protein 

and 6 enzyme systems. No variants were detected i n the t r a n s f e r r i n , 

lactate dehydrogenase and malate dehydrogenase systems. The Kuwaitis 

were found to f i t reasonably well into the known Arabian gene frequency 
d i s t r i b u t i o n s with regard to many genetic parameters. Two groups from 

Iran - the Tehran (196) and Isfahan Iranians (112) - were s i m i l a r l y 

tested for 7 blood groap , 2 serum protein and 7 enzyme systems, as well 

as for abnormal haemoglobin variants. The groups were found to be 

genetically homogeneous. Of especial interest was the finding of an 

appreciable frequency of the Lutheran gtue m the Isfahanis and a high 

frequency of the ABO gene q i n the Tehranis. 

In the Indian Sub-continent, a series of 360 Panjabis tested 

for six blood groups were compared with selected populations of northern 
India. Phenotype and gene frequencies were found to be comparable with 

the northern values. Of the 313 specimens, typed for 2 serum proteins, 

a single individual exhibited a t r a n s f e r r i n CB variant. The results of 

six enzyme systems did not reveal notab'p frequency differences between 

the Panjabis and the state populations of India. The Nepalese (212) 
examined for the forementioned systems were compared with selected 

populations from India and South East Asia. Their results d i f f e r e d from 

the Indians but showed resemblances with the Mongoloids. F i n a l l } , a 

general comparison was made and sone of the characteristic features were 

discussed i n the l i g h t of factors that influence then. 
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( l ) 

INTRODUCTION 

Anthropology defined as the study of the human species i s 

p r i m a r i l y concerned with ethnology, phylogeny and taxonomy. Ethnology 

includes the archaeological study of the prehistoric f o s s i l man and his 

evolutionary progenitors. Hence the study of primates closely related 

to man i s v i t a l i n the extermination of man's place m the animal 

kingdom and his o r i g i n . Phylogeny on the other hand looks in t o the 

o r i g i n and i n t e r - r e l a t i o n s h i p of the d i f f e r e n t human races. Numerous 

questions regarding r a c i a l a f f i n i t y and differences, whether or not 

these relationships are the r e s u l t of human a d a p t i b i l i t y i n response to 

environmental and other selective forces have been raised. To f a c i l i t a t e 

the comparative study of races, a taxonomy of man i s therefore essential. 

However, race taxonomy has been a controversial topic i n the study of 

Anthropolojy. Race taxonomies m the past depended almost exclusively 

on the descriptive physical characters of man. But these taxonoraic units 

are prone to environmental influences and subjective judgements which are 

cl e a r l y recognised by anthropologists. Equally important i s the 

r e a l i z a t i o n that r a c i a l differences transcend differences i n size and 

appearance and extend to the metabolism, biochemical functioning and 

other immunochemical properties. Here then l i e s the important l i n k 

between b i o l o g i c a l anthropology and biochemical genetics. 

Since the 1900s, a new class of physical characters, the 

blood groups, has entered into the realm of modern Anthropology. These 

characters are susceptible to accurate s t a t i s t i c a l analysis. Their mode 

of inheritance i s simple, straightforward and abide by Mendelian laws. 

The gene frequencies of the populations tested can be calculated from 

the observable phenotypic frequencies. The differences of gene 
frequencies observed i n the populations lead to the study of natural 



s e l e c t i o n , m i g r a t i o n , r a c i a l admixture, iput.it] on, d i s e a s e r e s i s t a n c e 

and environmental i n f l u e n c e s l i k e season, c l i m a t e e t c . The f a c t t h a t 

these b i o c h e m i c a l t r a i t s once g e n e t i c a l l y determined at conception w i l l 

remain f i x e d f o r l i f e (Ilourant 1954) makes them very r e l i a b l e taxonomic 

t o o l s . Hence a c l a s s i f i c a t i o n based on these biochemical t r a i t s w i l l 

be more s c i e n t i f i c and fundamental m c h a r a c t e r than t h r t based on 

e x t e r n a l morphology. 

Although the ABO blood group by i t s e l f i s nf l i m i t e d use i n 

the comparative study of human p o p u l a t i o n s , when combined with the other 

blood group systems l i k e MNSs, P, Rhesus, LuLheran, K e l i > Lewis, Duffy, 
Kidd, Diego, Y t , Dombrock and Auberger, i t i s v e r y u s e f u l i n a n t h r o p o l o g i c a l 

r e s e a r c h . Such a s e r o l o g i c a l taxonomy he l p s to s o l v e many p u z z l e s i n 

Anthropolopy, ^he w o l l d d i s t r i b u t i o n s of blood groups have been 

e x t e n s i v e l y reviewed by a number of workers (Boya 1939, Puicc and Sanger 

1950, Mourant 1954 and Mourant et a l 1958). S u f f i c e i t to say t h - l the 

blood group systems are i n v a l u a b l e i n the study of r a c e s , and the development 

of p a l e o s e r o l o g y - a technique of blood t y p i n g m a t e r i a l from the dead -

makes i t p o s s i b l e to i n v e s t i g a t e gene f r e q u e n c i e s of not only the contemp­

o r a r y p o p u l a t i o n s but a l s o of t h e i r a n c e s t o r s and o t h c i e x t i n c t 

p o p u l a t i o n s . 

Apart from the blood group systems d i s c u s s e d e a r l i e r , the 

new b i o c h e m i c a l markers such as serum p r o t e i n s and red c e l l isoenzymes 

are of immense importance i n a n t h r o p o l o g i c a l r e s e a r c h . Such markers 
of human blood e x h i b i t h e r e d i t a r y v a r i a t i o n s i n d i f f e r e n t p o p u l a t i o n s . 

These v a r i a n t forms occur so f r e q u e n t l y t h a t they cannot be considered 

as r e c u r r e n t mutations but could be c o n s i d e r e d to be polymorphic i n man 

a c c o r d i n g to Ford's d e f i n i t i o n (Ford 1940). These b i o c h e m i c a l markers 

a r e being e x t e n s i v e l y used m modern p o p u l a t i o n s u r v e y s . I t i s the 

purpose of t h i s t h e s i s to study in d e t a i l t h e c e polymorphic systems i n 

s e l e c t e d p o p u l a t i o n s of South West and South A s i a . 

http://iput.it
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The organization of t h i s thesis i s as follows : 

Chapter one gives an account of the polymorphic systems employed i n 

t h i s investigation. Chapter two summarizes the col l e c t i o n of samples, 

d i f f e r e n t serological techniques, various electrophoretic methods and 

s t a t i s t i c a l techniques used to i n t e r p r e t the data. The analysis of 

the data collected m Kuwait i s given i n Chapter three The data on 

the two Iranian samples - the Tehran Iranians and the Isfahan Iranians 

i s included m Chapter four. Chapter f i v e deals with the Panjabis 

results and t h e i r comparison with other Indian populations. I n 

Chapter s i x , the Nepalese material i s given and compared with selected 

populations of India and South East Asia. F i n a l l y , i n Chapter seven, 

a general comparison i s made and some of these characteristics are 

discussed i n the l i g h t of evolutionary mechanisms. 



CHAPTER 1 

AN ACCOUNT OF POLYMORPHIC SYSTEMS EMPLOYED IN THE 

PRESENT INVESTIGATION 

1.1 Introduction 

During the las»L f i f t y years, and especially over the 

last twenty years, the discovery of new techniques has led to the 

detection of many genetically determined polymorphisms i n man. 

Genetic t r a i t s now commonly investigated i n population surveys 

include the blood group antigens, the serum proteins and red c e l l 

isoenzymes. The most important technique developed i n recent years 

i s the starch-gel electrophoresis (Smithies 1955a)» Following i t s 

application, workers l i k e Smithies and Walker made a major 

contribution to the establishment of genetic i n d i v i d u a l i t y i n man 

by demonstrating the genetic control of the phenotypic expression 

of the serum proteins, the haptoglobins. In the early 60s Harris 

and his co-workers extended t h i s work to study the extent of such 

i n d i v i d u a l i t y i n the red c e l l isoenzymes. I t i s with these genetic 

polymorphic systems that the present study i& concerned. A l l these 

systems introduced below have been reviewed separately, touching on 

th e i r discovery and genetics. 
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1.2 Blood Group Antigens 

1.2.1 ABO blood group system 

The e a r l i e s t observations on differences between the blood 
of normal human individuals were made by LandsLeiner (1900). He 

tested red cell s and sera and found that i n some cases agglutination 

occurred, whereas i n others theie was no reaction. On the basis of 

these agglutination reactions, Landstemer (1901) was able to divide 

human beings in t o three d i s t i n c t groups and, with the discovery of 

Von Decastello and S t u r l i (1902) of a fourth group, the system now 

known as ABO was completed. 

The c l a s s i f i c a t i o n of four groups - A, B, AB and 0 - i s 

based on the presence of blood group substances situated on the surface 

of the red c e l l s . The red c e l l s of an individual possess c i t h e r one 

or both, or neither of the antigens, A and B; and his serum possesses 

either one or other, neither, or both of the antibodies, anti-A and 

anti-B. Red ce l l s containing antigen A are agglutinated by anti-A, 

c e l l s containing antigen B by anti-B. both anti-A and anti-B 

agglutinate AB c e l l s , while neither of them react with 0 c e l l s . 

The relationships are shown i n Table 1.1. 

Table 1.1 The ABO blood group antigens and antibodies 

Blood Antigens on Reactions with Antibodies present 
Groups red ce l l s anti-A anti-B i n serum 

A A + anti-B 

B B - + anti-A 

AB A and B + + None 

0 None - - anti-A anti-B 
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The inheritance of blood group characters, based on 

Mendelian pr i n c i p l e s , was reported by Dungern and Hirszfeld (1911). 

Bernstein (1924) showed that the foui groups were inherited by means 

of three a l l e l i c genes A, B and 0 (sometimes also called p, q and r ) . 

The A gene determines the presence of A antigen on the red cell s and 

i s present on one or both the chromosomes. The R gene s i m i l a r l y 

determines the presence of B antigen. The 0 gene does not determine 

the presence of either of these antigens, but neither does i t suppress 

them i f the other a l l e l i c gene present i s the antigen producing A or B. 

Thus, the four blood groups represent si x genotypes as shown below i n 

Table 1.2. 

Table 1.2 The ABO groups 

Groups 

A 

B 

0 

AB 

and t h e i r corresponding genotypes 

Genotypes 

AA; 
AO) 

BB) 
BO) 

00 

AB 

In 1930, Thomsen, Friendenreich ano Warsaae discovered 

that antigen A could be further divided into two groups, Â  and A^, 

with a corresponding subdivision of groups A and AB int o A^, and 

Â B and k^B respectively. Anti-A reacts with both antigen A^ and 

antigen A^, but anti-A^ reacts only with antigen Â . Red c e l l s 

c l a s s i f i e d as Â  are agglutinated by anti-A and anti-A^, whereas c e l l s 

c l a s s i f i e d as A_ are agglutinated by anti-A and do not show any reaction 
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with anti-A^. Both antigens, and A2, are produced by corresponding 

a l l e l i c genes. A^ i s dominant to Â  and 0, A 2 i s dominant to 0, 

neither Â  nor A^ i s dominant to B. Thus, the recognition of four 

a l l e l e s - A^, A^, B and 0 - leads to the expectation of ten d i f f e r e n t 

genotypes and six phenotypes as shown i n Table 1.3. 

Table 1.3 The Â Â BO genotypes and groups 

Genotypes Groups or Phenotypes 

00 0 

A-0 ) 
2 ) A 
A 2A 2 ) 

BB ) 
BO ) 

2 

Ax0 ) 

A1 A2 ] A l 
A 1 A 1 > 

B 

AjB AjB 

A2B A2B 

1.2.2 MNSs blood group system 

Landsteiner and Levme (1927a and b) were the f i r s t to 

describe the existence of two human antigens, which they called M and 

N. Antibodies against M and N are not usually found i n humans, but 

are prepared by i n j e c t i n g human blood i n t o rabbits. The serum of 

the rabbit injected with M blood agglutinates both M and MN erythrocytes, 

and the serum treated with N blood agglutinates N and MN erythrocytes. 
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The inheritance of these antigens i s based on the two a l l e l e theory 

advanced by Landsteiner and Levine i n 1928. According to t h i s theory 

there are two a l l e l e s , M and N, either of which determines the presence 

of corresponding antigens on the red c e l l s . Thus there are three 

genotypes MM, MN and NN and three corresponding phenotypes M, MN 

and N. 

In 1947, Walsh and Montgomery reported the existence of 

another antigen i n an Australian blood sample. The new antigen 

called S was shown to be serologically d i f f e r e n t from M and N (Sanger 

and Race 1947). Family studies suggested that persons who possess S 

are homozygous or heterozygous for one a l l e l e and persons who do not 

have S are homozygous for another a l l e l e . In 1951, Levine et a l 
discovered the expected a n t i t h e t i c a l antibody anti-s which agglutinated 

the red c e l l s of homozygotes as well as heterozygotes, thus indicating 

that there are two antigens, S and s, and three blood types, S, Ss and s. 

Table 1.4 demonstrates the genetical i n t e r p r e t a t i o n of serological 

reactions of the complete MNSs system. 

Table 1.4 Genetical i n t e r p r e t a t i o n of the reactions of anti-M, 

anti-N, anti-S and anti-s sera 

Anti A l l 4 Sera : F i r s t 3 Sera : 
M N S s genotype genotype or phenotype 

+ - + - MS/MS ) 
) 

+ + + - MS/NS ) 
) 

( Ms/Ns ) 
( Ms/NS ) + + + + 

- + + - NS/NS ) 
) 

MM.S 
+ - + + MS/Ms ) 

+ - - + Ms/Ms Ms/Ms 

MN.S 

+ + - + Ms/Ns Ms/Ns 

NN.S 
- + + + NS/Ns ) 

- + - + Ns/Ns Ns/Ns 
(After Race and Sanger 1950) 
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The relationship of the M and N gene locus to that for 

S and s i s considered to be very close, and i t becomes d i f f i c u l t to 

postulate whether these are two gene l o c i close together o n the same 

chromosome or whether complex al l e l e s at a single gene locus are 

concerned m producing both MN and Ss substances. Race and Sanger 

(1970) suggested that the linkage bet"een the l o c i i s very close since 

crossing over occurs very occasionally. 
i 

1.2.3 Rhesus blood group system 

One of the most important works i n the f i e l d of blood groups 

was the discovery of the Rh blood group system by Landsteiner and Wiener 

i n 1940. They showed that the antibodies, produced by immunizing 

rabbits and guinea pigs w i t h the red cel l s of the monkey Maoacus rhesvs, 

not only agglutinated the red c e l l s of the monkey but also about 85% 

of the people of European descent. Red c e l l s agglutinated by a n t i -

rhesus serum were c l a s s i f i e d as Rh-positive and those showing no 

agglutination were c l a s s i f i e d as Rh-negative. The antibody was shown 

to be indistinguishable from that reported i n Levine and Stetson's case 

of 1939. F i n a l l y , i n 1941 Levine and his colleagues showed that the 

destruction of the red c e l l s m the new born was due to sensitization 

of a Rh-negative mother by a Rh-positive c h i l d . 

Further investigations showed that the antigens of the 

Rhesus system and the genes responsible f o r them were complicated. 

The nomenclature used to communicate the various findings of Rh system 

was based on two classic hypotheses concerning the genetics of the 

system, one of which was suggested by Fisher and Race (cf Race and 

Sanger 1962), the other by Wiener (cf Wiener and Wexler 1963). In 

the present investigation, the nomenclature of Tisher and Race was used. 
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According to Fi s h e i ' s hypothesis there are three c l o s e l y 

l i n k e d genes, arranged i n a l i n e a r sequence D, C and E. At each gene 

locus there are two main a l t e r n a t i v e genes named C and c, E and e, 

D and d. The occurrence o f the d antigen was presumed, but i t has 

never been demonstrated. As only one o f each p a i r can be c a r r i e d on 

each chromosome, there are e i g h t a l t e r n a t i v e Rhesus gene combinations, 

and these are shown i n Figure 1.5. Considering the f a c t t h a t these 

Rh gene complexes occur i n three orders of frequency i n the English 

p o p u l a t i o n (Frequent DCe, dee, DcE; I n f r e q u e n t : Dee, dee, dCe, DCE; 

Very i n f r e q u e n t . dCE), Fisher-Race suggested t h a t the very i n f r e q u e n t 

combinations may be maintained by crossing over from the three frequent 

complexes. The emergence of DCE was shown due to a cross over w i t h 

one of the i n f r e q u e n t complexes Dee, dee, dCe and DCE. 

E CDE 

D 

e CDe 

C 

E CdE 

d 

e Cde 

E cDE 

D 

e cDe 

c 

E cdE 

d 

e cde 

Figure 1.5 A l t e r n a t i v e Rhesus Chromosomes 
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The Wiener hypothesis suggests t h a t the Rh antigens are 

produced by a series of m u l t i p l e a l l e l e s of one gene. He po s t u l a t e s 

t h a t a gene gives r i s e t o an agglutinogen and t h i s i n t u r n possesses 

a number of blood f a c t o r s , whereas the Fisher-Race hypothesis makes 

no such d i s t i n c t i o n between genes and antigens. The r e l a t i o n s h i p 

between Lhc Wiener and Fishcr^Racc n o t a t i o n i s set out m Tabic 1.6. 

Table 1.6 Comparison of the Fisher-Race l i n k e d gene rheory and 

the Wiener m u l t i p l e a l l e l e theory 

CDE SYSTEM Rh-Hr SYSTEM 

Gene 
Complex Symbol Antigens Gene Agglutinogen Blood Factors 

CDE R 
z 

C,D,E R Z Rh 
z 

r h 1 , Rh , r h " o 

CDe R l C,D,e R 1 Rh t r h ' , Rh , h r " 
0 

cDE R 2 c,D,E R 2 Rh 2 h r 1 , Rh , r h " o 
ede r c,D,e r r h h r ' , h r " , h r 

cDe R 
o 

c,D,e R° Rh 
o 

h r ' , Rhohr", 

cdE R" c,d,E r " r h " h r ' , h r " 

Cde R' c,d,e r' r h ' r h ' , h r " 

CdE R 
y 

C,d,E r 
y 

r h y r h ' , r h " 

A number of a d d i t i o n a l a l l e l e s have been r e p o r t e d by var i o u s 

i n v e s t i g a t o r s t o occur at the Rh l o c i . They are l a b e l l e d Du, CW, CU, 
X w U S 1 u w C , E , E , e and e . However, w i t h the exception of D and C , a l l 

these a l l e l e s are unusual o r rare i n Caucasian pop u l a t i o n s . S p e c i f i c 

antibodies demonstrating the antigens Du, Cu, E u and e 1 have not been 

found. 
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Although the Rh system i s one of the most complex genetic 

systems i n v e s t i g a t e d i n man, i t has been of great value i n d e s c r i b i n g 

the gene pools of various human populations. D e t a i l e d i n f o r m a t i o n 

r e g a r d i n g r a c i a l d i f f e r e n c e s i n the frequency of gene complexes has 

been reported by Mourant (1954). 

1.2.4 Lutheran blood group system 

I n 1945 the antibody which defines the Lutheran blood group 

system was found i n the serum of a p a t i e n t s u f f e r i n g from lupus 

erythematosus dzffusus (Callender, Race and Paykoc 1945). The antibody 

was shown to be immune i n nature. Family studies i n d i c a t e d t h a t the 

antigen Lu was i n h e r i t e d as a Mendelian character, and the blood group 

system i s c o n t r o l l e d by two genes. The n o t a t i o n suggested f o r the 

system was as f o l l o w s : 

T A T B Lu , Lu 

Lu ( a + ) , Lu (z ) 
a b a n t i - L u , a n t i - L u ( t o be discovered) 

genes 

phenotypes 

antibodies 

Ten years l a t e r , i n 1956, the expected antibody a n t i - L u 

was described by Cutbush and Chanann (1956). The f i n d i n g o f anti-Lu* 5 

e s t a b l i s h e d the existence of the antigen and gene Lu3. I n 1961, 

Crawford e t a l showed the system t o be more complicated w i t h the 

d e t e c t i o n of a new phenotype t h a t reacted l i k e Lu(a-b-) to the known 

a n t i b o d i e s . F i n a l l y , an antibody Lu aLu^ was discovered which reacted 

w i t h a l l c e l l s except those of phenotype Lu(a-b-) (Darnborough e t a l 

1963). The f o l l o w i n g Table 1.7 i n d i c a t e s the correspondence of genotypes 

and phenotypes of the Lutheran system. 
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Table 1.7 Phenotypes and genotypes of the Lutheran system 

Reactions u i t h : 

a n t i - L u a n t i - L u Phenotypes 

Lu(a+b-) 

Lu(a+tH) 

Lu(a-b+) 

Genotypes 

L u & L u a 

Lu Lu 

1.2.5 K e l l blood group system 

The antibody which recognised the K e l l antigen was described 

by Coombs, Mourant and Race i n 1946. The antigen c a l l e d K was found t o 

occur i n 10 percent of the B r i t i s h p o p u l a t i o n and appeared to be i n h e r i t e d 

as a dominant Mendelian character. Th<i discovery of the expected a n t i ­

t h e t i c a l antibody a n t i - k by Levine e t a i (1949) made i t c l e a r t h a t the 

system was governed by a p a i r of allelomorph:c genes, K and k, which 
c o n t r o l the prouuLtion of the corresponding antigens K and k. The 

groups of tne system as defined by a n t i - K and a n t i - k are shown m 

Table 1.8. 

Table 1.8 Phenotypes and genotypes of the K e l l system 

Red c e l l s 

React w i t h Phenotypes Genotypes 

a n t i - K 

a n t i - K and a n t i - k 

a n t i - k 

K 

Kk 

k 

KK 

Kk 

kk 
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A new antigen c a l l e d Kp was reported by A l l e n and Lewis 

(1957). Family studies showed t h a t i t was associated w i t h the K e l l 

system. L a t e r , the same workers described an anti-Kp^ antibody. 

I t was suggested t h a t these antigens were produced by a p a i r of a l l e l o -

raorphic genes w i t h i n the K e l l system. 

1.2.6 Duffy blood group system 

I n 1950, Cutbush, M o l l i s o n and Par k i n r e p o r t e d the discovery 

of the Duffy system, u n r e l a t e d to the ABO, MNS, Rhesus and K e l l blood 

types. The antibody a n t i - F y was discovered m the serum of an 

i n d i v i d u a l s u f f e r i n g from haemophilia and who had received a number of 

blood t r a n s f u s i o n s over a perio d of twenty years. Family studies 

i n d i c a t e d t h a t the antigen was i n h e r i t e d by means of a gene expressing 

i t s e l f m a s i n g l e and double dose. The discovery of an a n t i t h e t i c a l 

antibody, anuiFy^, by I k i n et a l (1951), suggested t h a t the system w-i& 
a b 

governed by two a l l e l i c genes, Fy and Fy . 

A t h i r d a l l e l e i n the Duffy system was p o s t u l a t e d when 

Sanger e t a l (1955) discovered t h a t the red c e l l s of many American 

Negroes d i d not r e a c t w i t h e i t h e r antiserum and the phenotype was l i k e 

Fy(a-b-). This a l l e l e , now known as Fy, i s exceedingly r a r e m Whites 

but i s q u i t e common i n Negroes. The existence of the Fy a l l e l e m 

Whites was f i r s t r e p o r t e d by Chown e t a l (1965). Table 1.9 demonstrates 

the g e n e t i c a l i n t e r p r e t a t i o n of the Duffy system. 
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Table 1.9 Phenotypes and genotypes of the Duffy system 

Reactions w i t h 

_ a _ b an t i - F y anti-Fy 

I n t e r p r e t a t i o n Phenotypes 

F y a F y a 

Fy aFy 

Fy 3Fy b 

Fy bFy b 

Fy bFy 

FyFy 

Fy(a+b-) 

Fy(a+b+) 

Fy(a-b+) 

Fy(a-b-) 

1.2.7 Kidd blood group system 

The Kidd blood group system was discovered by A l l e n , Diamond 

and N i e d z i e l a m 1951. The f i n d i n g o f t h i s 'new1 antibody was the 

r e s u l t of a haemolytic disease i n a newborn i n f a n t . The a n t i g e n , c a l l e d 

JK , was shown to be independent o f the other blood group systems. 

Family studies c a r r i e d out by Race et a l (1951) showed t h a t the antigen 

was i n h e r i t e d by means of a gene capable of expressing i t s e l f i n s i n g l e 

or double dose. The phenotypes and genotypes of the system as defined 

by anti - J K were as f o l l o w s : 

Phenotypes 

JK(a+) 

Genotypes 

JK aJK a ) 
a b > JK aJK D ) 

JK(a-) JK bJK b 
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The existence of the expected antibody, anti-JK , was 

described by P l a u t e t a l (1953). At present, t e s t s have been made w i t h 

both a n t i s e r a and i t has been suggested t h a t the genes are i n h e r i t e d as 

non-dominant autosomal a l l e l e s . A new phenotype l i k e JK(a-b-) was 

reported by Pinkerton e t a l (1959) i n F i l i p i n o s w i t h some Spanish and 

Chinese ancestry Such i n d i v i d u a l s vere presu med to be homozygous f o r 

a t h i r d a l l e l e JK. The genetic background of the JK(a-b-) phenotype 

i s not yet c l e a r . 

1.2.8 Diego system 

The Diego blood group system was f i r s t r e p o r t e d by La y r i s s e , 

Arends and Dommguez i n 1955. The antibody, a n t i - D i , vas the r e s u l t 

of haemolytic disease of the new born. I n 1967, Thompson eL a l 

i d e n t i f i e d the expected a n t i t h e t i c a l antibody a n t i - D i ^ . I t has been 

suggested t h a t the system i s c o n t r o l l e d by two a l l e l i c genes, Da and 

Di . No phenotype l i k e Di(a-b-) has y e t been re p o r t e d . 

I n f o r m a t i o n about the d i s t r i b u t i o n uf the Diego system has 

been summarised by Layrisse and W i l b e r t (1960). According t o them t h t 

Diego antigen appears to be confined to e t h n i c groups o f Mongoloid o r i g i n 

Geographically, i t i s d i s t r i b u t e d w i d e ly, having been found i n South 

American Indians, Mexican Indians, Japanese, Chinese and m mixtures of 

Mongoloids w i t h other e t h n i c groups. I t i s excremely r a r e i n Caucasians 

North American and A f r i c a n Negroes. 
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1.3 Serum Proteins 

1.3.1 Haptoglobin 

The f i r s t r e p o r t of the existence of the plasma p r o t e i n 

now kno\*n as 'haptoglobin' was made by Polonovski and Jayle (1938). 

Smithies (1955b) demonstrated t h a t when human serum i s subjected t o 

e l e c t r o p h o r e s ] s i n s t a r c h gel as a supporting medium, haptoglobins 

d i f f e r e n t i a t e i n t o one of three p a t t e r n s : I , I I A and I I B . The 

groups were l a t e r termed as Hpl-1, Hp2-1 and Hp2-2. 

Family study c a r r i e d out by Smithies and Walker (1955-1956) 

suggested t h a t the three groups are c o n t r o l l e d by two autosomal genes, 
1 2 . 1 

Hp and Hp , w i t h o u t dominance. Homozygous Hp i n d i v i d u a l s are 
2 

type 1-1, homozygous Hp are type 2-2 and heterozygotes are type 2-1. 
Figure 1.10 i l l u s t r a t e s the c l c c t r o p h o r e t i c p a t t e r n s of common 

haptoglobin types. Type 1-1 has a s i n g l e , i n t e n s e l y s t a i n i n g band 

somewhat slower than f r e e haemoglobin. Hp2-2 has no band i n the p o s ' t i o n 

o f the Hpl-1 component, but slower bands of d i m i n i s h i n g i n t e n s i t y towards 

the o r i g i n . These bands vary m w i d t h ^nd the extent t o which they f u a i n . 

Hp2-1 has one band w i t h the same m o b i l i t y as t h a t of Hpl-1, but i t s t a i n s 

less s t r o n g l y and contains a s e r i e s of bands t h a t move more sl o w l y than 

the Hpl-1 component. 

Smithies e t a l (1962) and Connell e t a l (1962) r e p o r t e d t h a t the 

h aptoglobin molecules can be broken by reducing t h e i r d i s u l p h j d e groups and 

c a r r y i n g out e l e c t r o p h o r e s i s i n an a c i d gel urea. This revealed t h a t hapto­

g l o b i n c o n s i s t s of two kinds of p o l y p e p t i d e chains, designated as a- and 3~ 

chains. The 3-chams are found t o be the same i n a l l the three Hp types,where­

as s t r u c t u r a l v a r i a t i o n s i n the a-chams show d i f f e r e n t e l e c t r o p h o r e t i c 

p a t t e r n s of the i n t a c t molecules. Thus, a s e r i e s of phenotypes i n the 
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h a p t o g l o b i n system can now be recognised. I n d i v i d u a l s w i t h type Hpl-1 

can have a f a s t m i g r a t i n g o-polypeptide (HplF), a slow m i g r a t i n g 

a-polypeptide (IlplS) and a mixture of both HplF and HplS. Type 2-2 

persons e x h i b i t only one band which i s considerably slower than HplF 

01 HplS. Type 2-1 persons have Hp-2 band combined e i t h e r w i t h HplF 
IF IS 

or HplS. These subtypes are c o n t r o l l e d by two a l l e l e s , Hp and Hp 

A considerable number of r a r e phenotypes found i n the 

hapt o g l o b i n system are c l a s s i f i e d as q u a n t i t a t i v e and q u a l i t a t i v e v a r i a n t s . 

The f i r s t r e p o r t of a q u a n t i t a t i v e v a r i a n t c a l l e d 2-1M or 2-1 (modified) 

was made by Connell and Smithies (1959). A l l i s o n e t a l (1958) described 

another i n t e r e s t i n g missing haptoglobin i n N i g e r i a n s . This type, 

designated as HpO-0 or anhaptoglobinaemia, i s also found i n other 

p o p u l a t i o n s . There i s , as y e t , no genetic explanat i o n f o r t h i s type. 

Other rar e types of t h i s category are Hp2-1 ' C a r l b e r g 1 , Hp2-1 (Haw) and 

Hp2-1 (Trans.). The q u a l i t a t i v e v a r i a n t s are very r a r e and the best 

known are Hp-lJ, Hp-2J and Hp-Mb. 
2 

Factors a f f e c t i n g the maintenance o f the Hp gene have be^n 

a t t r i b u t e d to s e l e c t i v e advantage conferred by environment such as 

ma l a r i a ( c i t e d i n Walter and Steegmullet 1969). I t i s also w e l l 

e s t a b l i s h e d t h a t the capacity of haptoglobin to bind haemoglobin v a r i e s 
considerably among Hp types. The Hpl-1 type has a greater capacity than 
o t h e r s . I t i s p o ssible t h a t the r e l a t i v e l y h igh incidence of haemolytic 

c o n d i t i o n s , e s p e c i a l l y anaemias, known to occur among t r o p i c a l p o p u l a t i o n s , 

i s r e l a t e d to a po s s i b l e advantage i n haemolytic b i n d i n g c a p a c i t y , whxch 

one haptoglobin type may have over others. From t h i s i t has been 

i n f e r r e d t h a t Hp2-2 i s selected against i n areas w i t h p r e v a l e n t haemolytic 

diseases (Baxi and Camoens 1969a). 
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1.3.2 T r a n s f e r r i n 

T r a n s f e r r i n or s i d e r o p h i l i n i s the i r o n - b i n d i n g p r o t e i n 

component of the serum. Smithies (1957) described a slowly m i g r a t i n g 

B- g l o b u l i n component i n human serum termed B- g l o b u l i n D, which occurred 

together w i t h the normal g- g l o b u l i n C. A f a s t e r m i g r a t i n g g- g l o b u l i n B 

was observed i n White Canadians by Smithies (1958). Family studies by 

H o r s f a l l and Smithies (1958) suggested t h a t the genes responsible f o r 

the v a r i a t i o n weie g e n e t i c a l l y determined. Smithies and H i l l c r (1959) 

reported t h a t the formation of 0- g l o b u l i n s B, C, D i s determined by three 
B C D 

co-dominant autosomal a l l e l i c genes, Tf , Tf and Tf , the C gene being 

much more common than the B or D genes. At present, the polymorphism 

o f t r a n s f e r r i n is a t t r i b u t e d to 19 a l l e l i c genes, and about 28 phenotypes 

have been reported ( G i b l e t t 1969). Figure 1.11 i l l u s t r a t e s the t v e n t y 

e i g h t phenotypes, of which twenty one are heterozygous and seven are 

homozygous (TfC, D c h i > B 2, B ^ B L a e and Bo-1). 
Walter and Bajatzadeh (1971) suggested t h a t the frequenci-s 

of the Tf a l l e l e s are not d i s t r i b u t e d e q u a l l y w i t h i n the human species 
C D 

and show marked r a c i a l d i f f e r e n c e s w i t h cespect t o a l l e l e s , Tf and Tf . 

Races l i v i n g i n t r o p i c a l biotopes show h i g h T f ^ frequencies and the 

populations i n n o n - t r o p i c a l biotopes have low frequencies. They assumed 

t h a t such geographical d i s t r i b u t i o n i s a r e s u l t of s e l e c t i v e adaptations 

t o p a r t i c u l a r environmental c o n d i t i o n s . AshLon (1965) reported a p o s i t i v e 
E 

a s s o c i a t i o n between the slow v a r i a n t , Tf , and a tolerance to h o t t e r 
climates i n c a t t l e . The assumption t h a t Tf i s associated w i t h r e s i s t a n c e 
to i n f e c t i o u s diseases such as malaria appears to be unfounded ( C u r t a i n 

e t a l 1965). S e l e c t i v e mechanisms which might be responsible f o r 

m a i n t a i n i n g the f o u r common "aberrant" phenotypes i n c e r t a i n populations 

are s t i l l unknown. 
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1.4 Red C e l l Isoenzymes 

1.4.1 Acid phosphatase 

Hopkmson et a l (1963) found t h a t the enzyme aci d 

phosphatase which catalyses the r e a c t i o n i n v o l v i n g phosphorus t r a n s f e r 

e x i s t s i n several h e r i t a b l e forms. They demonstrated f i v e d i s t i n c t 

e l e c t r o p h o r e t i c p a t t e r n s , designated A, BA, B, CA and CB (Figure 1.12) 

The s i x t h p a t t e r n c a l l e d homozygous C was detected i n B r a z i l i a n f a m i l i e s 

by L a i e t a l (1964). Figure 1.12 shows t h a t each type c o n s i s t s o f two 

or more isozymes. The isozyme of type A e x h i b i t s two bands of equal 

i n t e n s i t y , and migrates f a s t e r than the other homozygous types. Type B 

has two bands but the f a s t e r band i s more a c t i v e than the slow band. 

The m o b i l i t y o f the B band i s s l i g h t l y f a s t e r than i-he A band. The 

isozyme of type C has the same e l e c t r o p h o r e t i c m o b i l i t y , but the slow 

band i s much more a c t i v e than the f a s t band. The p a t t e r n i n types BA, 

CA and CB appears t o be the mixture of the isozymes of t h e i r corresponding 

homozygous types. Family studies i n d i c a t e t h a t the d i f f e r e n t types are 

c o n t r o l l e d by three co-dominant a l l e l e s , P , P and P , at an autosomal 
£1 Si 

locus. Phenotypes A, B and C represent homozygous genotypes P P , 
b b c c 

P P , P P r e s p e c t i v e l y , and phenotypes BA, CA and CB represent heterozygous 

genotypes P aP b, P aP C and P bP C. 

I n a d d i t i o n t o the common types, two rare phenotypes, RA and 

RB, were reported by G i b l e t t and Scott (1965) and G i b l e t t (1967). The 

isozyme of type RA i s c h a r a c t e r i s e d by a p a i r of f a s t moving components 

w i t h e i t h e r A or B or C zones. Type RB cons i s t s of two bands which 

migrate f a s t e r towards the anode. P i s t h e i e f o r e suggested as 

a f o u r t h a l l e l e and was confirmed by Karp and Sutton (1967). I t 

i s found to determine approximately the same amount 
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of AP as does the P a l l e l e , and i s a l l e l i c t o P and P (Jenkins and 

C o r f i e l d 1972). The d e t e c t i o n of another r a r e phenotype BD pointed 

to the existence of a f i f t h a l l e l e , P̂ . Type BD has the two most 

cathodal bands which are not observed m other types. Lamm (1970) 

described DA and DB v a r i a n t s m a Danish f a m i l y and found the P^ a l l e l e 

segregating a t the AP locus. 

Walter and Bajatzadeh (1968) a t t r i b u t e d the high m c i dence 

of P to s e l e c t i v e f a c t o r s s p e c i f i c to t r o p i c a l l i v i n g c o n d i t i o n s . 

Ananthakrishnan and Walter (1972) supported t h i s suggestion by f i n d i n g a 

poss i b l e c o r r e l a t i o n between decreasing P frequency and i n c r e a s i n g mean 

annual temperature. Jenkins and C o r f i e l d (1972) speculated t h a t 
• c s e l e c t i o n could be responsible f o r the c u r r e n t low P frequencies. 

They f u r t h e r suggested t h a t the P a l l e l e could be the product of a recent 

mutation which i s advantageous. 

1.4.2 Phosphoglucomutase 

Phosphoglucomutase i s a phosphotransferase which catalyses 

the t r a n s f e r o f a phosphate group between the 1- and 6-positions of 

glucose. Spencer e t a l (1964) demonstrated t h a t when red c e l l l y s a t e s 

are subjected to s t a r c h gel e l e c t r o p h o r e s i s , seven d i f f e r e n t zones of PGM 

can be observed (a - g, Figure 1.13). Three common phenotypes are 

r e f e r r e d t o as PGM1-1, PGM2-1 and PGM2-2. Tne a and c isozymes are 

present i n type 1 and type 2-1 but not i n type 2. Isozymes b and d 

are absent on type 1 but occur i n type 2-1 and type 2. Isozymes e, f 

and g are present i n a l l the three types. Phenotype 2-1 includes the 

components present i n types 1 and 2. 

Family s t u d i e s show t h a t the three types are determined by 
1 2 

two autosomal a l l e l i c genes, PGM and PGM . Phenotypes PGM1-1 and 
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1 1 2 2 PGM2-2 correspond t o the homozygotes PGM PGM and PGM PGM r e s p e c t i v e l y 
1 2 

and phenotype PGM2-1 represents the heterozygote PGM PGM . The isozymes 
a and c are c o n t r o l l e d by the PGM̂  gene w h i l e b and d isozymes are 

2 

products of the a l l e l i c gene PGM . A number of r a r e a l l e l e s have been 

shown to occur at the PGM̂  locus (Hopkinson and H a r r i s 1966). Figure 1.13 

i l l u s t r a t e s these r a r e pherotypes observed i n human red c e l l s . They are 

determined by s i x a l l e l e s designated as PGM̂ , PGM̂ , PGM^. PGM̂ , PGM̂  and 

PGM*. 

At present n o t h i n g i s known of the f a c t o r s t h a t m a i n t a i n 

the genetic polymorphism of the PGM̂  locus. 

1.4.3 Adenylate kinase 

The enzyme adenylate kinase catalyses the r e v e r s i b l e r e a c t i o n , 

2-adenosine diphosphate adenosine triphosphate + adenosine mono­

phosphate w i t h i n the red c e l l s and other t i s s u e s . The polymorphism of 

the human red c e l l adenylate kinase was f i r s t described by F i l d e s and 

H a r r i s (1966). Three d i f f e r e n t isozyme p a t t e r n s r e f e r r e d t o as AK1-1, 

AK2-1 and AK2-2 aie shown i n Figure 1.14. AK1-1 shows two a c t i v e zones, 

of which the most intense i s found near the margin and the less a c t i v e 

zone towards the anode. The t h i r d zone i s f a s t (very anodal), weak and 

g e n e r a l l y d i f f u s e d . AK2-1 co n s i s t s of the same three zones but i n a d d i t i o n 

a f o u r t h zone which moves towards the cathode i s present. The p a t t e r n seen 

i n AK2-1 represents a m i x t u r e of isozymes present i n AK1-1 and AK2-2. 

Population and f a m i l y s t u d i e s i n d i c a t e t h a t the v a r i a n t s of AK are 
1 2 

g e n e t i c a l l y determined by two co-dominant autosomal a l l e l e s , AK and AK , 
1 1 2 2 2 1 such t h a t the genotypes AK AK , AK AK and AK AK determine the phenotypes 

AK1-1, AK2-1 and AK2-2. This hypothesis was confirmed by the studies of 

Bowman e t a l (1967), Rapley e t a l (1967) and Berg (1969). 
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I n a d d i t i o n t o the common types, three v a r i a n t s r e f e r r e d 

to as AK3-1, AK4-1 and AK5-1 have been described (Bowman e t a l 1967, 

Rapley e t a l 1967, B e n e r c e t t i e t a l 1972). Figure 1.14 shows t h a t 

type 4-1 e x h i b i t s a series of bands which migrate more slowly than the 

usual isozyme of AK1-1. The f a s t e s t moving band i s anodal and very 

f a i n t . Isozyme 3-1 shows a se r i e s of components which migrate f a s t e r 

than AK1-1. Type 5-1 con s i s t s of two major bands . One corresponds 

to the gene product of the common AK*" a l l e l e and the other occupies a 

p o s i t i o n more cathodic than t h a t of the AK2-2 mam band. I n d i v i d u a l s 

w i t h such aberrant phenotypes are heterozygotes f o r the usual a l l e l e AK 
3 4 5 and the new a l l e l e AK , AK and AK . 

1.4.4 6-Phosphogluconate dehydrogenase 

The enzyme 6-phosphogluconate dehydrogenase catalyses the 

conversion of 6-phosphogluconate to ribulc>se-5-phosphate and in v o l v e s 

an important step i n the hexose monophosphate shunt leading to the 

conversion o f hexoses t o pentoses f o r the bios>uuhesis of n u c l e i c acids. 

G e n e t i c a l l y determined v a r i a t i o n of 6-PGD was f i r s t demonstrated by 
sta r c h g e l e l e c t r o p h o r e s i s of human haemolysates ( F i l d e s and Parr 1963). 

The d i s t i n c t e l e c t r o p h o r e t i c p a t t e r n s are shown i n Figure 1.15. Isozyme 

p a t t e r n s of the usual type (AA) co n s i s t of a s i n g l e anodal bond a. The 

'common v a r i a n t ' (CA) e x h i b i t s an anodal band (a) and a cathodal band ( b ) . 

Bands a and b have equal i n t e n s i t y . A t h i r d v a r i a n t , designated the 

'canning v a r i a n t 1 (CC) con s i s t s of bands a, b and c, w i t h the anodal band 

as a minor component. Family studies show t h a t the i n h e r i t a n c e of these 
A C 

v a r i a n t s i s c o n t r o l l e d by two a l l e l e s , PGD and PGD . I t i s assumed t h a t 
the enzyme 6-PGD i s a aimer c o n s i s t i n g o f two subunits, and Ŝ . The 
A C C 
S u n i t dimerizes t o form S S . The h e t e r o v a r i a n t i s thought to be a 

A C 
mixed dimer, S S (Parr and F i t c h 1967). 
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Apart from common v a r i a n t s , a rar e phenotype c a l l e d the 

'Richmond v a r i a n t 1 was detected i n an American f a m i l y by Davidson (1967). 

Figure 1.15 i l l u s t r a t e s the phenotypic p a t t e r n of t h i s v a r i a n t . I t 

c o n s i s t s of three bands, a, d and e. The most cathodal band corresponds 

t o the usual a band, w h i l e the i n t e r m e d i a t e band i s i n t e n s i v e l y stained 
and predominates. Another rare v a r i a n t c a l l e d the 'Hackney v a r i a n t 1 was 

reported by Parr (1966). I t d i f f e r s from others m showing slow m o b i l i t y 

o f a l l the bands. The 'Friendship v a r i a n t ' described by Parr (1966) 

e x h i b i t s bands a, d and e (Figure 1.15). The most anodal band, e, i s 

weakly s t a i n e d , and the other two cathodal bands are of equal i n t e n s i t y . 

A l l these v a r i a n t s are c o n t r o l l e d by a group of a l l e l e s a t a s i n g l e 

autosomal locus and are found normally i n the heterozygous s t a t e . 

1.4.5 Glucose-6-phosphate dehydrogenase 

Glucose-6-phosphate dehydrogenase i s an e s s e n t i a l enzyme i n 

the human system. Most of the i n f o r m a t i o n r e l a t i n g t o the biochemical, 

genetic and a n t h r o p o l o g i c a l aspects o f the enzvme have emerged from the 

study o f red c e l l s i n which G-6PD forms p a r t of the hexose shunt, c o n v e r t i n g 

G-6-phosphate to 6-phosphogluconate. I t i s i n h e r i t e d as a sex l i n k e d gene. 

The d e f i c i e n c y i s expressed f u l l y m homozygous males, but i t s expression 

v a r i e s i n heterozygous females. Some heterozygous females are e n t i r e l y 

normal, some have in t e r m e d i a t e enzyme a c t i v i t y , and some are enzyme 

d e f i c i e n t . 

I n v e s t i g a t i o n s of the enzyme i n d i f f e r e n t human popula t i o n s 

have shown t h a t a wide v a r i e t y of genetic v a r i a n t s e x i s t s . Two molecular 

forms, the B and A types, recognised by t h e i r e l e c t r o p h o r e t i c m o b i l i t y on 

s t a r c h g e l , are usual (Figure 1.16). Caucasians, black A f r i c a n s and Asians 
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u s u a l l y possess the B type, designated as B(+) (WHO 1966). Enzyme 

d e f i c i e n t persons i n Caucasian populations also have the B type w i t h 

very low enzyme a c t i v i t y designated as B ( - ) . The enzyme present i n 

A f r i c a n s shows an increased e l e c t r o p h o r e t i c m o b i l i t y and i s r e f e r r e d 

t o as A(+). American Negroes,who are not enzyme d e f i c i e n t , possess an 

enzyme of high e l e c t r o p h o r e t i c m o b i l i t y , designated as A ( - ) , or simply A. 

I t i s assumed t h a t v a r i a n t s of G-6PD represent s i n g l e amino-acid 

s u b s t i t u t i o n s caused by s p e c i f i c base p a i r mutations w i t h i n the s t r u c t u r a l 

gene f o r G-6PD. Motulsky and Yoshida (1969) demonstrated the exact nature 

of amino-acid s u b s t i t u t i o n and showed t h a t the mutation f o r the A-type i s 

not associated w i t h the enzyme d e f i c i e n c y observed i n Negroes. 

1.4.6 Lactate dehydrogenase 

Lactate dehydrogenase catalyses the i n t e r c o n v e r s i o n o f 

l a c t a t e and pyruvate w i t h the o x i d a t i o n and re d u c t i o n of coenzyme NAD. 

The normal LDH consists of f i v e isozymes. Each isozyme i s a tetramer 

composed of e l e c t r o p h o r e t i c a l l y d i s t i n c t polypeptide subunits. The subuntts 

are r e f e r r e d t o as A and B. They combine randomly t o give isozymes w i t h 

f o u r peptides. The s t r u c t u r e of each isozyme i s as f o l l o w s : 

LDH-1 = BBBB 

LDfi-2 = BBBA 

LDH-3 = BBAA 

LDH-4 = BAAA 

LDU-5 = AAAA 

LDH-1 w i t h f o u r B subunits i s the f a s t e s t moving isozyme, whereas LDH-5 

w i t h f o u r A subunits i s the slowest one. LDH from e r y t h r o c y t e s shows 

three d i s t i n c t e l e c t r o p h o r c t i c p a t t e r n s (Figure 1.17). Enumerating, 
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from the anodal end. they correspond to the isozymes, LDH-1 (BBBB), 

LDH-2 (BBBA) and LDH-3 (BBAA). 

A B-subunit v a r i a n t of LDH was f i r s t demonstrated by 

Boyer e t a l (1963) i n the e r y t h r o c y t e s of a Ni g e r i a n male. The v a r i a n t 

e x h i b i t e d f i v e components i n the p o s i t i o n of the LDH-1 zone, f o u r i n the 

LDH-2, three i n the LDH-3. and two i n the LDH-4. LDH-5 was not 

demonstrable i n the haeiroly&ate. The data i n d i c a t e d autosomal i n h e r i t a n c e . 

Another LDH v a r i a n t of A subunit was described by Nance e t a l (1963) i n a 

B r a z i l i a n f a m i l y . The isozyme p a t t e r n of the v a r i a n t showed no a l t e r a t i o n 

i n the LDII-1 zone. LDH-2 had two components of which the slower one 

corresponded w i t h the normal LDH-2. The LDH-3 zone e x h i b i t e d only two 

components. Changes i n e l e c t r o p h o r e t i c p a t t e r n s were thought t o be due 

to mutation a t the A- and B- l o c i . 

Recently, f o u r g e n e t i c a l l y deteimined v a r i a n t s of LDH were 

rep o r t e d i n I n d i a n populations (Das e t a l 1970, Ananthakrishnan e t a l 1970, 

Das e t a l 1972). They are r e f e r r e d t o as 'LDH Cal-1', 'LDH Mad-1', 

'LDH Cal-2 and 'LDH D e l - 1 1 r e s p e c t i v e l y . LDH Cal-1 i s a Faster-A 

subunit v a r i a n t and i t s zymogram e x h i b i t e d a s i n g l e LDH-1 band, a double 

LDH-2b and a t r i p l e LDH-3 band. LDH Cal-2 i s f a s t e r and had d i s t i n c t 'A1-

subunit v a r i a t i o n . LDH Mad-1 and LDH Del-1 are c l a s s i f i e d as slower 'B'-

subunit v a r i a n t s . 

1.4.7 Malate dehydrogenase 

Malate dehydrogenase catalyses the r e v e r s i b l e conversion 

of malate to oxaloacetate. Two forms of malate dehydrogenase are found 

i n man, one i n cytoplasm and the other i n mitochondria. The forms have 

d i f f e r e n t chemical and physic a l p r o p e r t i e s . The g e n e t i c a l l y c o n t r o l l e d 

polymorphism of cytoplasmic MDH was f i r s t described by Davidson ana 
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Cortner (1967). Figure 1.18 i l l u s t r a t e s the p a t t e r n o f the usual 

and MDH2-1 types detected by them i n a survey of 1,440 White and 1,470 

Negro subjects. The usual MDH e x h i b i t one major anodal band. The 

v a r i a n t p a t t e r n (MDH2-1) co n s i s t s o f three major bands, one corresponding 

t o t h a t of the common p a t t e r n and the other two w i t h slower m o b i l i t y . 

The minor bands have the «?ame m o b i l i t y as i n the usual type. Family 

studies i n d i c a t e t h a t the usual and v a r i a n t types are c o n t r o l l e d by a 

p a i r o f co-dominant a l l e l e s a t an autosomal locus. 

Blake e t a l (1970b)demonstrated another f a s t v a r i a n t c a l l e d 

MDH3-1 i n a number of persons from New Guinea. I t s zymogram e x h i b i t s 

three bands, of which the slowest one corresponds w i t h the major anodal 

band o f the usual type (Figure 1.18). Leakey et a l (1972) reported one 

MDH2-1 among the Amhara of E t h i o p i a and one hundred and twenty MDH3-1 

and three homozygous MDH-3 among people of New Guinea. These v a r i a n t s 

are shown m Figure 1.18. The homozygous MDH-3 has one band which 

corresponds w i t h the most anodal band of MDH3-1 type. 

1.4.8 Phosphohexose isomerase 

Phosphohexose isomerase catalyses the conversion of glucose-

6- phosphate t o fructose-6-phosphate. G e n e t i c a l l y , v a r i a t i o n of PHI was 

f i r s t demonstrated by Detter e t a l (1968). I n a d d i t i o n to the usual 

type, PHI 1, e i g h t v a r i a n t phenotypes c a l l e d PHI2-1, 3-1, 4-1, 5-1, 6-1, 

7- 1, 8-1 and 9-1, were r e p o r t e d . Family studies suggest t h a t the v a r i a n t 

phenotypes are found m i n d i v i d u a l s who are heterozygous f o r a common 

a l l e l e PHI^ a t an autosomal locus. Nothing i s known about the i n h e r i t a n c e 

of phenotypes 2-1, 4-1, 7-1 and 8-1. 
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Isozyme p a t t e r n s of the d i f f e r e n t phenotypes are shown i n 

Figure 1.19. The usual type (PHI 1) e x h i b i t s three bands, one major and 

two minor. The major band i s cathodal. A l l the v a r i a n t phenotypes, 

except PHI9-10, c o n s i s t of three major bands, one of which corresponds 

to the major cathodal band of the usual type. The t r i p l e t p a t t e r n of 

the v a r i a n t phenotypes suggests a dimeric s t r u c t u r e . I t i s assumed t h a t 

the h e t e r o z y g o s i t y at the PHI locus produces two s u b u n i t s , one usual and 

one v a r i a n t . Phenotypes such as 2-1, 3-1, 4-1, 5-1 and 6-1 have a 

n e g a t i v e l y charged v a r i a n t subunit, whereas m types l i k e 8-1, 9-1 and 

7-1 the v a r i a n t subunit i s p o s i t i v e l y charged. Phenotype PHI7-1 represents 

a h y b r i d dimer. 

PHI v a r i a n t s are very r a r e i n human p o p u l a t i o n s , except f o r 

A s i a t i c I n d i a n s , where the frequency of PHI3-1 seems to be considerably 

higher. 
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1.5 Human Haemoglobins 

Human haemoglobins, the oxygen c a r r y i n g pigment of 

e r y t h r o c y t e s , are complex p r o t e i n molecules. The g l o b i n molecule i n 

a d u l t s c o n s i s t s of fou r p o l y p e p t i d e chains each composed of ammo acids 

l i n k e d by peptide bands and arranged i n a d e f i n i t e sequence. These 

d i f f e r e n t polypeptides are c a l l e d the a- and 3-chams, and the formula 

f o r a d u l t haemoglobin i s w r i t t e n as a2^2' '^ie c i ~ c h a i n contains 141 amino 

acid residues and the 3~cham contains 146 amino aci d residues. Each of 

the polypeptide chains i s c o i l e d and f o l d e d i n such a way t h a t the whole 

molecule shows a three dimensional arrangement. There i s one haem group 

located on the surface of the molecule. This haem i s attached to the 

polypeptide by a lin k a g e between the i r o n atom and a h i s t i d m e residue i n 

the chain. 

The existence of three normal haemoglobins, a d u l t (Hb-A), 

F e t a l (Hb-i 7; and Hb-A2 i s w e l l e s t a b l i s h e d (Kuehns and Shooter 1965). 

Hb-A comprises about 98 percent of the t o t a l haemoglobin and Hb-A^ the 

remaining 2 percent. I n the newborn, Hb-F contains about 50-70 percent 

of the t o t a l haemoglobin. The polypeptide chain composition of these 

normal haemoglobins i s as f o l l o w s : 

a 2B 2 

a2$2 

Hb-A2 and Hb-F, l i k e Hb-A, both contain two d i s t i n c t p o l y p e p t i d e s , each 

of which i s represented twice m the molecule. One of these i s i d e n t i c a l 

w i t h the crchain i n Hb-A. The d i f f e r e n c e l i e s i n the other p ^ r of tne 

chain, which i n iIb-A„ i s c a l l e d the 6- cnain and i n Hb-F the V-cpam. 

Hb-A 

Hb-A2 

Hb-F 
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A l l the fo u r chains are determined a t separate l o c i on the chromosome. 

Thus there are fo u r l o c i concerned w i t h determining the s t r u c t u r e of the 

three normal haemoglobins (Figure 1.20). 

Locus 1 2 3 4 

Genotype a/a 0/& 6/6 Y/Y 

Polypeptide chains 
formed 

a 2 B 2 a 2 6 2 a 2Y 2 

Haemoglobins formed Hb-A Hb-A2 Hb-F 

Figure 1.20 Formation of normal haemoglobins 

A mutant a l l e l e a t the locus determining the*^-chain produces v a r i a n t 

forms of a l l three haemoglobins A, A 2 and F. A mutant a l l e l e a t other 

l o c i determining the (3- 6- or-Y chains only r e s u l t s i n a v a r i a n t form 

of the haemoglobin which contains the corresponding chain. Such 

ab n o r m a l i t i e s i n polypeptide chains i n i t i a t e d a search f o r other v a r i a n t s 

and at present about a hundred d i f f e r e n t g e n e t i c a l l y determined haemoglobin 

types have been i d e n t i f i e d (Lehman and C a r e l l 1969). The m a j o r i t y of 

these are rare and have only been seen i n the heterozygous s t a t e , o c c u r r i n g 

together w i t h the normal haemoglobin. However, there are some aberrant 

types l i k e Hb-S, Hb-C, Hb-D and Hb-E which are q u i t e common i n c e r t a i n 

p a r t s of the world. 

The maintenance of the high incidence of the s i c k l e c e l l t r a i t 

(which represents AS heterozygotes) i n A f r i c a and other p a r t s of the world 
A 

i s a t t r i b u t e d to ma l a r i a . I t i s b e l i e v e d t h a t the heterozygotes (Hb 
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Hb ) are more r e s i s t a n t t o malari a produced by a s p e c i f i c p a r a s i t e 

c a l l e d Plasmodium falctparum. A l l i s o n (1954) p U t forward three types 

o f evidence to support the hypothesis t h a t heterozygotes are more 
S S A A 

r e s i s t a n t to malaria than are homozygotes, Hb D lib or Hb Hb Q . 
P P P p 

S 
F i r s t , h i g h frequencies o f Hb were c o r r e l a t e d v i t h the h i g h rates of 

p 
i n f e c t i o n v i t h falavparum malaria. Second, the number of p a r a s i t e s was 

shown to be smaller i n s i c k l e r s than i n non s i c k l e r s . T h i r d , s i c k l e r s 

weie less s u s c e p t i b l e t o experimentally induced malaria than were non-

s i c k l e r s . This evidence could not be confirmed but A l l i s o n ' s conclusions 

were f u l l y v i n d i c a t e d by Raper (1955). He found t h a t though there was no 

d i f f e r e n c e i n the p a r a s i t e r a t e between s i c k l e r s and n o n - s i c k l e r s , s i c k l e r s 

once i n f e c t e d showed a s i g n i f i c a n t l y lower d e n s i t y o f V.falcxporvm. As 

the degree of parasitaemi a determines the m a l a r i a l death r a t e m an endeiric 
area, i t t h e r e f o r e supports the evidence t h a t balanced polymorphism e x i s t s 
m man. Another supporting f i n d i n g i s t h a t no s i c k l e c e l l t r a i t c a r r i e r 

has been discovered w i t h c e r e b r a l malaria. I t i s also w e l l e s t a b l i s h e d 

t h a t malignant m a l a r i a normally k i l l s before immunity i s acquired, roughly 

between the ages of two and f i v e years. This i s the p e r i o d when the 

frequency of heterozygotes r i s e s m the p o p u l a t i o n , suggesting t h a t the 

c h i l d r e n w i t h normal haemoglobin are being s e l e c t i v e l y e l i m i n a t e d . 

At present the theory of m a l a r i a as a f a c t o r i n the explanation 

of the h i g h frequencies o f the Hb-S gene i s accepted by most authors. 

Recent i n v e s t i g a t i o n s have shown t h i s t o be c o r r e c t f o r Hb-C also (Thomson 

1962). Again i t i s b e l i e ved t h a t malaria may be a s e l e c t i v e 

f a c t o r i n thalassemia (Haldane 1949) but the explanation of the high 
incidence of the Hb-E gene i n East Asian e t h n i c groups i s s t i l l t o be 
provided. Although t h i s abnormality m i t s e l f i s "harmless", the 

combination of the Hb-E gene w i t h thalassemia causes anaemia, which leads 

t o death i n childhood. I t i s t h e r e f o r e p o s t u l a t e d t h a t the c a r r i e r s of 

t h i s haemoglobin nave advantages over normal i n d i v i d u a l s . 
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CHAPTER I I 

MATERIALS AND METHODS 

2.1 Blood C o l l e c t i o n 

Blood samples f o r the present i n v e s t i g a t i o n were obtained 

from Tndia, I r a n , Kuwait and Nepal. Most of the samples from I n d i a and 

I r a n were c o l l e c t e d by the author d u r i n g f i e l d work conducted from J u l y 

t o October 1973. The f o l l o w i n g sub-sections give an account o f the 

c o l l e c t i o n of samples from various areas. 

2.1.1 I n d i a 

The blood samples from I n d i a were obtained from four 

d i f f e r e n t c i t i e s o f the Panjab m no r t h e r n I n d i a . Dr J G J o l l y o f the 

Blood Bank, Post Graduate I n s t i t u t e of Medical Sciences, Chandigarh, 

k i n d l y allowed the c o l l e c t i o n of blood taken i n donor sessions h e l d i n 

Ludhiana, P a t i a l a , Jullundhur and Chandigarh. A l t o g e t h e r some 350 samples 

were c o l l e c t e d d u r i n g t h i s p e r i o d and sent by a i r a t wet i c e temperature t o 

London and subsequently to the Department o f Anthropology, Durham. Each 

batch was received w i t h i n 72 hours of i t s c o l l e c t i o n . Personal 

i n f o r m a t i o n , regarding name and sex o f the donors was obtained from the 

blood bank. A hundred blood samples sent by Mr Kulwant Singh Sawhney 

were badly haemolysed due to the breakage of the thermos f l a s k and delay 

i n t r a n s p o r t a t i o n from London. These samples were typed only f o r red c e l l 

isoenzymes. A l l the samples were taken m 5ml sequestrene tubes. 
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2.1.2 I r a n 

The specimens from I r a n were c o l l e c t e d from Tehran and 

Isfahan. Blood samples from Tehran, mainly obtained from blood donors, 

were provided by Professor A A d j i r and Dr J Arbabzadeh of the Red Li o n and 

Sun Society. Samples from Isfahan were p e r s o n a l l y c o l l e c t e d by 

Dr M Suzangai of the C l i n i c a l Biochemistry Department, Isfahan U n i v e r s i t y , 

Isfahan. The samples, well-packed i n thermocool packages, were sent by 

a i r to Durham. No i n f o r m a t i o n apart from name and sex was obtained. 

2.1.3 Nepal 

Nepalese blood samples were c o l l e c t e d from the Gurkha 

Regiment s t a t i o n e d a t Al d e r s h o t , Hampshire. Captain I B e t h e l l o f the 

Army Blood Supply Depot, Aldershot, was k i n d enough to send 10 to 20 samples 

at weekly i n t e r v a l s . Blood t y p i n g , except f o r one of the I n d i r e c t Coombs 

t e s t , was done i n Aldershot. Analysis of plasma p r o t e i n s and red c e l l 

isoenzymes was c a r r i e d out i n the Anthropology Laboratory, Durham. A few 

specimens were stored in l i q u i d n i t r o g e n Ly the sucrose method describee 1 f o r 

us by Mr Davison o f the General H o s p i t a l N.B.T.S. U n i t , Newcastle upon Tyne. 

The procedure i n v o l v e d p l a c i n g equal "olumes of washed red c e l l s and 

cryogenic agent (prepared by d i s s o l v i n g 45 grams of sucrose i n 100ml of 

d i s t i l l e d water) i n the coded polyproplene tubes and dropping them immediate 

i n t o l i q u i d n i t r o g e n c ontainers. Personal d e t a i l s r egarding name, sex and 

caste were obtained from the blood depot. 
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2.1.4 Kuwait 

The K u w a i t i samples, c o l l e c t e d by Dr Eid and Mr A A Bashir 

of the C e n t r a l Blood Bank, were sent i n two batches. The f i r s t c o l l e c t i o n 

was brought by Professor E Sunderland and the second was despatched by 

Miss Jasmiya-al-Marzook. A l l the samples contained i n 5ml sequestrene 

tubes were kept at wet i c e temperature d u r i n g the journey. No i n f o i m a t i o n 
apart from t h a t they are Kuwaiti Arabs was obtained. 
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2.2 Blood Group Serology 

Blood received m the l a b o r a t o r y was e i t h e r grouped 

immediately or stored i n l i q u i d n i t r o g e n . The two d i f f e r e n t methods 

employed t o prepare blood f o r grouping were as f o l l o w s : 

2.2.1 Blood m an t i - c o a g u l a n t E.D.T.A. 

The blood received i n sequestrene tubes was c e n t r i f u g e d f o r 

10 minutes a t 1000 R.P.M. to separate the serum from the red c e l l s . The 

serum was p i p e t t e d o f f and stored a t -20°C u n t i l r e q u i r e d f o r use. The 

red c e l l s were washed t h r i c e m normal s a l i n e (0.9% NaCl) t o remove a n t i ­

coagulant E.D.T.A. A s a l i n e suspension of red c e l l s was prepared by adding 

5 drops of whole blood to 5ml o f s a l i n e . The r e s t of the red c e l l s were 

stored a t -20°C f o r preparing haemolysates. 

2.2.2 Blood stor e d m l i q u i d n i t r o g e n 

A glass beaker o f p h y s i o l o g i c a l s a l i n e was placed i n a water 

bath and warmed to A0°C. The tubes were q u i c k l y removed i n batches o f 

s i x from the l i q u i d n i t r o g e n containers and dropped i n t o the warm s a l i n e . 

The frozen contents were poured i n t o a cooled c e n t r i f u g e tube. I t was 

spun at low speed f o r 10 minutes and the supernatant removed. The red 
c e l l s were washed t h r i c e i n normal s a l i n e . The s a l i n e suspension was 

prepared as described i n sub-section 2.2.1 and grouping was c a r r i e d out 

as r a p i d l y as po s s i b l e . 
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2.2.3 Blood grouping techniques 

Three d i f f e r e n t method used f o r blood grouping are given 

below . 

2.2.4 T i l e technique 

This t e s t was c a r r i e d out by adding a drop of blood c e l l 

suspension ( i n p h y s i o l o g i c a l s a l i n e ) to a drop of antiserum. The red 

cells/serum mixture was l e f t f o r a s p e c i f i c p e r i o d at a c e r t a i n temperature. 

The t i l e was then moved g e n t l y back and f o r t h and inspected f o r a g g l u t i n a t i o n . 

The f o l l o w i n g a n t i s e r a r e q u i t e d a t i l e technique; a n t i - A , a n t i - B , 

anti-A+B, a n t i - A 1 , a n t i - A h e l , anti-M and anti- N . 
J . 

2.2.5 Tube technique 

The tube technique was performed by adding one volume of 

5% s a l i n e suspension t o one volume of antiserum i n a p r e c i p i t i n tube. 

The serum/cell mixture was incubated f o r s p e c i f i c periods of time at a 

c e r t a i n temperature. A f t e r mcubataon, bovine albumin was c a r e f u l l y run 

down the side of the tube to cover the red c e l l s . The c e l l s were r e -

incubated f o r 30 minutes and the r e s u l t s were read m i c r o s c o p i c a l l y . The 

f o l l o w i n g a n t i s e r a r e q u i r e d t h i s method; anti-C, a n t i - c , a n t i - D , a n t i - E , 

a n t i - S and i n t i - c . Only Lu was t e s t e d w i t h o u t the a d d i t i o n o f bovine 

albumin. 
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2.2.6 I n d i r e c t Coombs technique 

This technique i n v o l v e d p l a c i n g equal volumes of red c e l l s 

w i t h antiserum i n a p r e c i p i t i n tube. The serum/cell mixture was 

incubated f o r a s p e c i f i c l e n g t h of time at c e r t a i n temperature. A f t e r 

i n c u b a t i o n , the c e l l s were washed fo u r times w i t h p h y s i o l o g i c a l s a l i n e . 

The red c e l l s were shaken w e l l a t the end of each washing. The t i l e was 

washed p r o p e r l y t o ensure t h a t there was no contamination to i n h i b i t the 

coming t e s t . A drop of shaken red c e l l s was mixed w e l l w i t h a drop of 

anti-human g l o b u l i n . The t i l e was then rocked g e n t l y f o r 5-10 minutes 

and a g g l u t i n a t i o n was observed over a strong l i g h t . The f o l l o w i n g a n t i s e r a 
3- b 3. 

r e q u i r e d use of the a n t i - g l o b u l i n technique; anti-Fy , anti-Fy , anti-J K , 

anti- J K ^ , anti-K, a n t i - C e l l a n o , anti-Kp^, a n t i - S and a n t i - s . 

A l l the c o n t r o l s were set up at the same time, under the 

same c o n d i t i o n s and were read immediately before the t e s t s . 

2.2.7 A n t i s e r a 

The a n t i s e r a obtained from Various sources, along w i t h t h e i r 

methods and temperature c o n d i t i o n s , are ta b u l a t e d below : 

Antiserum Source Method 

a n t i --A Blood Group.Ref.Lab. T i l e , Room Temp. f o r lOmms 

a n t i --B Blood Group.Ref.Lab. T i l e , Room Temp. f o r lOmins 

a n t i --A+B Blood Group.Ref.Lab. T i l e , Room Temp. f o r lOmins 

a n t i " A l Blood Group.Ref.Lab. T i l e , Room Temp. f o r lOmins 

a n t i -" A l Newcastle B.T.S. T i l e , Room Temp. f o r lOmins 

a n t i -A h e l B i o t e s t Diagnostics T i l e , Room Temp. f o r 30secs 

anLi -M Newcastle B.T.S. T i l e , Room Temp. l o r lOmins 
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Antiserum Source Method 

anti-N 

anti-N 

a n t i - S 

a n t i - s 

anti-C 

anti-C 

a n t i - c 

anti-D 

a n t i - e 

Blood Group.Ref.Lab. 

Ortho Diagnostics 

Newcastle B.T.S. 

Ortho Diagnostics 

Newcastle B.T.S. 

Hyland Laboratories 

Newcastle B.T.S. 

Newcastle B.T.S. 

Newcastle B.T.S. 

T i l e , Room Temp, f o r lOmms 

T i l e , Room Temp, f o r lmin 

IDC, 37°C f o r l h r 

IDC, 37°C f o r l h r 

Tube, albumin a d d i t i o n 37°C f o r 2his 

T i l e , 37°C f o r 2mins 

Tube,albumin a d d i t i o n 37 C f o r 2hrs 

Tube,albumin a d d i t i o n 37°C f o r 2hrs 

Papanised c e l l technique 37°C 
f o r 50mins 

an t i - E Newcastle B.T.S. Tube ,albumin a d d i t i o n 37°C f o r 

a n t i - C W Blood Group.Ref.Lab. Tube ,albumin a d d i t i o n 37°C f o r 

a n t i - F y Newcastle B.T.S. IDC, 37°C f o r l h r 

anti-Fy B i o t e s t Diagnostics IDC, 37°C f o r l h r 

an t i - K Newcastle B.T.S. IDC, 37°C f o r l h r 

a n t i - K Ortho Diagnostics T i l e , Room Temp, f o r 2mm s 

an t i - C e l l a n o Hyland Laboratories IDC, 37°C f o r l h r 

an t i - C e l l a n o Ortho Diagnostics IDC, 37°C f o r l h r 
. • * a an t i - L u Blood Group.Ref.Lab. IDC, 37°C f o r l h r 

a n t i - J K a B i o t e s t Diagnostics IDC, 37°C f o r l h r 

a n t i - J K b B i o t e s t Diagnostics IDC, 37°C f o r l h r 

anti-Kp^ B i o t e s t Diagnostics IDC, 
1 T>C 

37°C f o r l h r 
j V-tC f.» I U T 
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2.3 Haemolysate Preparation 

Haemolysates were prepared by the carbon t e t r a c h l o r i d e 

method of Ager and Lehman (1961); b r i e f l y described b e l o ^ : 

An equal volume of water was added to the washed red c e l l s 

and stored at -20°C. The red c e l l s were then thawed before adding a 

volume of carbon t e t r a c h l o r i d e at l e a s t equal to twice the volume of c e l l s 

and a l l the contents thoroughly mixed. The tubes c o n t a i n i n g the mixture 

were c e n t r i f u g e d a t 3000 R.P.M. f o r 40-50 minutes. The supernatant was 

placed i n tubes and s t o r e d at -20°G u n t i l r e q u i r e d f o r subsequent a n a l y s i s . 
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2.4 Starch-Gel E l e c t r o p h o r e s i s 

SLarch g e l as a supporting medium was introduced f o r zone 

e l e c t r o p h o r e s i s by Smithies (1955a). The r e s o l v i n g power of t h i s medium 

has a greater a b i l i t y t o separate complex serum p r o t e i n s , hormones, t i s s u e 

e x t r a c t s , e t c . The mechanism f o r high r e s o l v i n g power i s unknown but i t 

i s b elieved t h a t molecular s i e v i n g plays an important r o l e . Another 

advantage of the method l i e s m the r e l a t i v e ea«e of manipulation and the 

sharpness of the zones obtained. The f o l l o w i n g sub-sections describe the 

necessary equipment, sample i n s e r t i o n , g e l s l i c i n g and d e t a i l s of e l e c t r o -

p h o r e t i c methods. 

2.4.1 Apparatus used 

E l e c t r o p h o r e s i s on s t a r c h g e l was c a r r i e d out i n the 

h o r i z o n t a l p o s i t i o n and the equipment consisted of ( l ) a power pack 

capable of p r o v i d i n g a constant c u r r e n t up t o 50mA and a constant v o l t a g e 

up t o 500 v o l t s , ( i i ) p l a s t i c t r a y s w i t h i n t e r n a l dimensions of 

20 x 15cm x 7mm and p l a s t i c l i d s , ( i n ) a p l a s t i c tank f o r bridge bufTer 

s o l u t i o n ; (IV) p l a t i n u m e l e c t r o d e ; (v) a pH meter, ( v i ) d e n t a l 

forceps f o r i n s e r t i n g the specimens; f v n ) p l a s t i c boxes f o r s t a i n i n g 

the g e l ; and ( v m ) a s l i c e r board f i t t e d w i t h a h o r i z o n t a l w i r e f o r 

c u t t i n g the g e l . 

2.4.2 Preparation of g e l 

For the p r e p a r a t i o n of the g e l , s t a r c h obtained from Connaught 

Medical Research L a b o r a t o r i e s , Toronto, was used. A suspension of s t a r c h 

i n b u f f e r s o l u t i o n was heated over a gas flame i n a 50ml pyrex round-
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bottomed f l a s k . The contents were a g i t a t e d by an e l e c t r i c a l s t i r r e r . 

Heating was continued u n t i l the s o l u t i o n became opaque and semi-solid. 

Care was taken to prevent c h a r r i n g . A vacuum was a p p l i e d to the f l a s k 

f o r a few seconds t o expel the a i r bubbles. A f t e r disconnecting the 

vacuum, the viscous t r a n s l u c e n t s o l u t i o n was poured i n t o the p l a s t i c 

t r a y s . The trays were l i g h t l y sheared v i t h l i q u i d p a r a f f i n before 

pouring the g e l . The g e l was l e f t to set from 2-3 hours at room 

temperature. 

2.4.3 Sample i n s e r t i o n 

A f t e r the g e l had set, a cut was made w i t h a s u r g i c a l blade 

across the gel about two inches from the cathode end. The gel was pushed 

back g e n t l y t o a l l o w space f o r the i n s e r t i o n of samples. Care was taken 

to avoid breakage or d i s t o r t i o n o f the g e l . A piece of f i l t e r paper 

(Whatman No.3 or 17) about 10 x 15min was he l d by forceps and immersed IP 

the serum or haemolysate sample. The moist f a l t e r was i n s e r t e d i n t o t-he 

cut so t h a t i t adhered t o the surface of the g e l . The s l o t was closed by 

a p p l y i n g s l i g h t pressure on the gel so t h a t i t came back t o i t s o r i g i n a l 

p o s i t i o n . A space of 2-3mm was l e f t between the adjacent i n s e r t s . 

2.4.4 S l i c i n g the gel 

A f t e r e l e c t r o p h o r e s i s the i n s e r t e d sample s t r i p s of paper 

were removed w i t h forceps and the gel was l a i d f l a t on the s l i c e r board. 

The r e q u i r e d height o f the h o r i z o n t a l w i r e was f i x e d w i t h the h e i g h t 

a d j u s t e r . The p l a s t i c t r a y w i t h the gel on i t was moved g e n t l y towards 

the w i r e t o cut i t i n h a l f . The s l i c e d g e l was then t r a n s f e r r e d to a 

p l a s t i c box c o n t a i n i n g the s t a i n s o l u t i o n . 
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2.4.5 E l e c t r o p h o r c L i c methods 

The p r o t e i n and enzyme systems a l l r e q u i r e f a i r l y s t r i c t 

c o n t r o l of e l e c t r o p h o r e t i c method, pH, temperature, s t r e n g t h of b u f f e r 

s o l u t i o n and p u r i t y of i n g r e d i e n t s used i n the b u f f e r and i n c u b a t i o n 

mixtures. E l e c t r o p h o r e t i c c o n d i t i o n s should be designed to give 

optimum separation of isoenzymes w i t h o u t any l o s s of a c t i v i t y . The 

plasma p r o t e i n s and red c e l l isoenzymes employed m t h i s survey were 

analysed i n the Physical Anthropology Laboratory at Durham. Phospho-

hexose isomerase t y p i n g was performed i n the Laboratory o f Human Genetics, 

Newcastle upon Tyne. A l l e l e c t r o p h o r e t i c runs were read under the 

s u p e r v i s i o n of Dr R C a r t w r i g h t . The ambiguous r e s u l t s were r e - i u n 

using a t h i c k e r i n s e r t . The experimental c o n d i t i o n s and procedure o f 

d i f f e r e n t methods arc described i n the f o l l o v T m g sub-sections. 

2.4.6 Haptoglobin and t r a n s f e r r i n 

R e s o l u t i o n o f haptoglobin and t r a n s f e r r i n was c a r r i e d out 

using Smitnies (1955a) h o r i z o n t a l e l e c t r o p h o r e s i s and Poulik's (1957) 

discontinuous b u f f e r system. One drop o f a 4 per cent suspension of 

f r e s h haemoglobin was added to 3 drops o f plasma, and the sample so 

t r e a t e d was i n s e r t e d i n t o the g e l using a Whatman No. 3 f i l t e r paper i n s e r t . 

The e l e c t r o p h o r e s i s was c a r r i e d out at 30 mA, 500 V f o r 3 hours at +4°C. 
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Tank B u f f e r 

0.3 M Boric Acid 46.3g 

0.05M Sodium Hydroxide 6.0g 

D i s t i l l e d Water 1.0L 

pH 8.5 

D i l u t e d f o r use 1/5 

Gel B u f f e r 

0.076M T n s 23.Og 

0.005M C i t r i c Acid 2.62g 

D i s t i l l e d Water 1.0L 

pH 8.7 

D i l u t e 100ml w i t h 150ml d i s t i l l e d water f o r each g e l . 

The gels were cut h o r i z o n t a l l y m h a l f . The upper h a l f was stained w i t h 

the s o l u t i o n given below, which detects the presence of Hb/Hp complex. 

The benzidine s t a i n used by Smithies (1959) contained 100ml d i s t i l l e d 

water, 0.5ml g l a c i a l a c e t i c a c i d , 0.2g benzidine and 0.2ml 30% hydrog-m 

peroxide. The lower h a l f was stained w i t h 1% amido black i n 50 : 50 : 10 

methanol : water and a c e t i c a c i d s o l u t i o i f o r 3-4 minutes. Then the gels 

were washed t o remove the excess of s t a i n and decolourised i n the above 

s o l u t i o n u n t i l the gels were cleared f o r a l l p r o t e i n zones. 

2.4.7 Acid phosphatase 

The method used i s t h a t described by Hopkinson e t a l 1.1963). 

The e l e c t r o p h o r e t i c c o n d i t i o n s and procedure are given below : 
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Tank B u f f e r 

0.41M C i t r i c Acid 86.1615g 

NaOH 45.Og 

D i s t i l l e d Water l.OL 

a d j u s t t o pH 6.0 w i t h 4 N NaOH 

Gel B u f f e r 

0.0025M Succinic Acid 0.2952g 

0.0046M Trisma Base 0.5552g 

D i s t i l l e d Water l.OL 

The gels were prepared w i t h 0.0931g of EDTA and before degassing the 

st a r c h lral o f 2-mercapto-ethanol was mixed. The haemolysate sample 

was ap p l i e d on Whatman No. 17 f i l t e r paper i n s e r t s and e l e c t r o p h o r e s i s 

c a r r i e d out at 6 volts/cm f o r 17 hours a t +4°C. The gels vere s l i c e d 

and covered w i t h Whatman No. 17 f i ] t e r paper to which was ap p l i e d the 

in c u b a t i o n b u f f e r c o n t a i n i n g 0.005M phenolphthalein diphosphate 

pentasodium, 0.2944g. 

In c u b a t i o n B u f f e i 

C i t r i c Acid 1.05g 

D i s t i l l e d Water 100ml 

a d j u s t t o pH 6.0 

A f t e r the i n c u b a t i o n was complete, the f i l t e r papers were removed and 

concentrated ammonia s o l u t i o n l m l / g e l was spread over the g e l . 
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2.4.8 Phosphoglucorautase 

The method used i s t h a t described by Spencer e t a l (1964). 

Bridge Bu f f e r 

0.1M 

0.1M 

0.01M 

O.OIM 

T r i s 

Maleic Acid 

EDTA 

MgCl 2 

NaOH 

D i s t i l l e d Water 
ad j u s t t o pH 7.4 w i t h 4N NaOH 

12.11g 

11.608g 

3.7225g 

?.0333g 

6.5g 

l.OL 

Gel B u f f e r 

Bridge b u f f e r d i l u t e d 1 : 10 w i t h d i s t i l l e d water. 

The e l e c t r o p h o r e s i s was c a r r i e d out at 5.5 volts/cm f o r 

17 hours a t +4°C. The s l i c e d g el was incubated f o r 3 hours a t +37°C 

i n the i n c u b a t i o n b u f f e r which contained the f o l l o w i n g i n g r e d i e n t s : 

Incubati o n B u f f e r 

4.6 x 10~3M 

5.0 x 10~5M 

1.2 x 10~4M 

10 - 2M 

0.04 u n i t s / m l 

0.lmg/ml 

0. lmg/ml 

Glucose-l-phosphate 0.1713g 

Glucose-l-6-diphosphate 

( t h i s i s present as an impunity o f G-l-P) 

NADP O.OlOOg 

MgCl 2 

G-6-PD 

PMS 

MTT 

0.2033g 

4.0 u n i t s 

O.OlOOg 

O.OlOOg 

A l l these i n g r e d i e n t s were d i s s o l v e d i n 100ml of 0.03M 

T r i s B u f f e r , pH 8.0. 
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2.4.9 Adenylate kinase 

The method used i s t h a t described by F i l d e s and H a r r i s (1966"), 

H o r i z o n t a l e l e c t r o p h o r e s i s was c a r r i e d out at 10 volts/cm f o r 4 hours a t 
-r4°C. The haemolysate samples were placed on Whatman No. 3 f i l t e r 

paper i n s e r t s i n the centre o f the g e l . 

Tank B u f f e r 

Gel B u f f e r 

0.A1M C i t r i c Acid 86.1615g 

NaOH 45. Og 

D i s t i l l e d Water 1.0L 

adju s t t o pH 7.0 w i t h 4N NaOH 

0.005M H i s t i d i n e 1.048?g 

D i s t i l l e d Water 1.0L 

a d j u s t t o pll 7.0 w i t h 4N NaOH 

Mixture 

To ICOml of 0.1M Trisma base, pH 8.0, i s added 

10. OM Glucose 0.1802g 

l.OmM ADP 0,0439g 

0.4mM NADP 0.0255g 

0.012% MTT 0.0120g 

0.012% PMS 0.0120g 

20.0mM MgCl 2 0.4067g 

0.04 u n i t s / m l G-6-PD 4.0 u n i t s 

0.08 u n i t s / m l Hexokmase 8.0 u n i t s 

Agar 0.75g 
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0.75g of Agar was added to 50ml of i n c u b a t i o n b u f f e r . I t was heated 

to 95°C and then cooled m a water bath to 45°C. The agar was then 

poured i n t o the r e s t o f the 50ml of b u f f e r and mixed thoroughly by 

c o n t i n u a l s t i r r i n g . The mixture was spread over the cut g e l and 

incubated f o r 2 hours a t +37°C. 

2.4.10 Dehydrogenase enzymes 

Tests f o r 6-phosphogluconate dehydrogenase, glucose-6-

phosphate dehydrogenase, l a c t a t e dehydrogenase and malate dehydrogenase 

were performed on the same g e l , since the c o n d i t i o n s r e q u i r e d f o r 

e l e c t r o p h o r e s i s were i d e n t i c a l . The gel was cut m h a l f . The top h a l f 

was stained f o r 6-PGD and G-6PD and the bottom h a l f f o r LDH and MDH 

enzymes. The d e t a i l s of the method used are described below : 

Tank Bu f f e -

A 0.2M Mono potassium phosphate 27.22g 

(KH 2P0 4) 

B 0.2M Disodium hydrogen phosphate 28.44g 

(Na 2P0 42H 20) 

These were mixed i n p r o p o r t i o n s 508A 

492B 

Gel B u f f e r 

The Tank Buff e r was d i l u t e d 1 : 20 w i t h d i s t i l l e d water. 

H o r i z o n t a l e l e c t r o p h o r e s i s was c a r r i e d out a t 12 volts/cm f o r 3 hours a t 

+4°C. 

A f t e r e l e c t r o p h o r e s i s the g e l was s l i c e d and one h a l f was 

stained w i t h the undermentioned b u f f e r s : 
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a) 6-PGD 

Incubation Buffer 

To 10ml of 0.1M Tns, pH 8.0, was added : 

NADP 0.002g 

Sodium-6-phosphogluconate O.Olg 

PMS 0.0004g 

MTT 0.002g 
and incubated on the gel for approximately 15 mins at +37°C. 

b) G-6-PD 

Incubation Buffer 

To 10ml of 0.1M T r i s , pH 8.0, i s added : 

NADP 0.002g 

G-6-P O.Olg 

PMS 0.0004g 

The gel was incubated f o r 30 minutes at +37°C. 

The othei h a l f was stained with the following incubation 

buffer f o r the determination of LDH and MDH phenotypes. 

c) LDH 

Incubation Buffer 

10% Lactic Acid 0.25ml 

NAD (DPN) 0.005g 

PMS 0.005g 

MTT 0.005g 

These were dissolved m 0.1M T r i s , pH 8.0, placed on the 

gel and then incubated f o r 1 hour at +37°C. 



MDH 

Incubation Buffer 

50ml of 0.1M T r i s , pH 8.0, contained : 

L-Malic Acid O.lg 

NAD(DPN) O.Olg 

PMS O.Olg 

MTT O.Olg 

After recording the LDH results the gel was washed 

with d i s t i l l e d water to remove stains. The gel was 

resLamed for MDH and incubated for one hour at +37°C. 

2.4.11 Phospho-hexose isomerase 

The method used for the PHI analysis was as follows • 

Buffers 

0.21M Tris 25.4g 

0.15M Borate 9.3g 

0.006M EDTA 1.75g 

D i s t i l l e d Water 1.0L 

Gel Buffer 

Used above buffer d i l u t e d 1 : 10, pH 8.6 

Bridge Buffer 

Used above buffer undiluted, pH 8.0. 

The samples were applied on Whatman No. 3 f i l t e r paper 

inserts and horizontal electrophoresis was carried out 

at 12V/cm for 20 hours at +4°C. After electrophoresis 

the gel was sliced and the lower h a l f was stained for 

10 mins at room temperature, with the following stains 



Stain 

0.00032M 

0.005M 

0.00013M 

0.0002AM 

0.00013M 

The stains 

F-6-P 

MgCl 2 

NADP 

MTT 

PMS 

G-6-PD 

were dissolved i n 100ml 
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O.OllOg 
O.lg 
O.Olg 
O.Olg 
0.004g 
0.05rag 

0.05M Tns, pH 8.0. 



48 

2.5 Cellulose Acetate Electrophoresis 

Cellulose acetate was introduced and developed as a medium 

for electrophoresis by Kohn (1957). Adsorption of proteins on t h i s 

medium i s minimal so that the t a i l i n g of zones i s largely eliminated. 

This results m sharper bands and also renders more v i s i b l e the minor 

components. Further advantages of cellulose acetate are the speed of 

separation and the small quantities of materia 1 which can be handled. 
Haemoglobin screening was carried out by t h i s method. 

(designed oy Shandon S c i e n t i f i c Co.) which had four compartments, two 

central electrodes and two buffer components on the outside. The middle 

p a r t i t i o n separated the anode from the cathode compartment. A l i d made 

of Perspex was f i t t e d w ell i n the groove of the wall to ensure adequate 

vapour saturation, thus avoiding drying out of the s t r i p s during a run. 

A power pack capable of providing 400 volts was used. 

2.5.1 Apparatus used 

Electrophoresis was carried out i n a horizontal tank 

2.5.2 Buffers used 

The composition of buffer solutions was as follows : 

a) At the anode : 

Tris 
EDTA 
Boric acid 
D i s t i l l e d water 

25.2g 
2.5g 
1.9g 
1.0 L 
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b) At the cathode : 

Sodiui" dicthylbarbiturate 5.15g 
D i e thylbarbitunc acid 0.92g 
D i s t i l l e d water 1.0 L 

The solutions a and b were mixed in equal volumes for the impregnation 

of s t r i p s . 

2.5.3 Procedure 

The cellulose acetate s t r i p was floated on the electrophoresis 

buffer. After soaking, i t was b l o t t e d s l i g h t l y between sheets of f i l t e r 

paper so that no excess buffer was l e f t . A sharp pencil was used to 

draw a straight l i n e i n the middle of the s t r i p . Blocd samples were 

applied by moving a micro-pipette along the edge of the r u l e r . A 5mm 

margin was l e f t on either side of the s t r i p . After applying samples, 

the s t r i p was immediately transferred to the tank and the str:p holders 

were placed on i t to hold i t taut. 

2.5.4 Staining 

After eleccropnoresis, the s t r i p was floated on to a solution 

of Ponceau S (0.20% W/V) i n 3% W/V t r i c h l o r o - a c e t i c acid. I t was kept 

i n Ponceau solution f o r 3-4 minutes and then washed i n 5% W/V acetic ?cid 

u n t i l the background became white. 
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2.6 Zip Zone : Titan IV Citrate Electrophoresis 

Abnormal haemoglobins were confirmed i n the Metropolitan 

Forensic Laboratory, London, using Titan IV c i t r a t e technique. The 

method i s b r i e f l y described below. 

Electrophoresis was carried out m horizontal positions. 

A 100ml of c i t r a t e buffer, pH 8.6 (diluted with a i s t i l l e a water) was 

poured in t o each of two compartments of the electrophoresis chamber 

f i t t e d with a zip zone sponge. The haemoglobin specimens were prepared 

m micro-preparation dish by adding one part packed red cells to 20 parts 

of haemolysate reagent. Application of samples was made by pressing the 

t i p of the applicator on to the gel surface. A Hemo AFSC control was 

run by placing i t i n the middle of the gel. After electrophoresis the 

gel was stained i n a benzidine solution with the following composition : 

( l ) 20ml of 5% Acetic acid 

( i i ) 10ml of 2% Benzidine solution 

( i n ) 2ml of Hydrogen peroxide 

( i v ) 2ml of Sodium n i t r o femcyanide 

*The method used f o r i d e n t i f y i n g the abnormal haemoglobins has been 
taken from the paper "Titan 1V Citrate Hemoglobin Procedure" produced 
by Helena Laboratories, Beaumont, Texas. 
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2.7 S t a t i s t i c a l Techniques 

This section deals with the s t a t i s t i c a l techniques and 

formulae used to analyse and int e r p r e t the data. The derivation of the 

formulae i s beyond tif scope of t h i s thesis. 

of tests m the case of some blood groups, the serum proteins and the 

red c e l l enzyme systems, gene frequencies were determined by d i r e c t gene 

counting. In the case of ABO, MNSs and Rh blood group systems, the gene 

frequency calculations were carried out by using the formulae given i n 

Mourant (1954). i n the Duffy system which involved phenotype Fy(a-b-) 

the frequencies were calculated by the method of Race and Sanger (1958). 

Some systems which involved the use of only one antiserum e.g. Luther 

system, the gene frequencies were calculated i n the following manner. 

The frequency of Lu* was obtained by square rooting the observed 

frequency of Lu(a-) i n the sample. The frequency of Lu is therefore 

found to be 1- frequency of Lu*\ In the Iranian sample t h i s works as 

follows : 

2.7.1 Gene frequencies 

Since genotype could be deduced d i r e c t l y from the results 

l/c~8687 Lu 0.9319 

Lu a = 1-0.9319 0.0681 

2.7.2 Chi squared test 

To test the Hardy-Weinberg equilibrium and i n t e r n a l goodness 

of f i t f o r phenotype frequencies, the chi-squared values were calculated 

using the following well known equation : 
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X (Observed - Expected)' 
Expected 

In order to make the results s t a t i s t i c a l l y plausible, m 

certain cases where an incidence was fourd to be less than 5, i t was 
2 

added to that of the next lowest phenotype to evaluate the X , e.g. i n 
the acid phosphatase the CC phenoLype vas added to the CB phenotype. 

2 
Only X values exh i b i t i n g a pr o b a b i l i t y of 0.05 were considered 

2 
to be s t a t i s t i c a l l y s i g n i f i c a n t and the actual values of X were calculated 

and set out i n the text. However, the systems showing the level of 

pr o b a b i l i t y greater than 0.05 are reported as non-signifleant throughout 

t h i s work. 

2.7.3 Contingency tables 

In testing populations for possible relationships i n two gene 

marker systems, the contingency table used i s shown below. In certain 

protein and enzyme systems each phenotype included one genotype, and 

comparisons could be made i n terms of the number of genes as well as 

phenotypes. 

2 x 2 Contingency Table 

Gene Population I Population I I Total 

P 

Q 

Total 

a 

c 

a+c 

b 

d 

b+d 

a+b 

c+d 

a+b+c+d 

The standard formula for th i s i s : 

2 _ [(axd) - (cxb)] 2 x N 
(a+c) x (b+d) x (c+d; x (a+b) 



Systems which o f f e r three alternative gene forms such as 

acid phosphatase, the relationship of two population groups can be 

obtained using a 2x3 contingency table by the method shown below. 

2 x 3 contingency Table e.g. AP system 

Gene Population I Population I I Total 

P a A 1 A 2 A1
 + A 2 

Pb B 1 B 2 B 1 + B 2 

PC c 1 C 2 C 1 + C2 

1 1 1 2 2 2 1 2 1 2 1 2 Total A +B +C A +B +C A +A +B +B +C +C 
= N 

1 2 1 2 1 2 A , A , B . B , C and C are the number of genes of each type i n the 

population and N i s the t o t a l number of the genes. 

Expected values are then obtained for each of the genes as follows : 

EXpA1 = iAW+C1) x (AVI 
N 

2 
The X i s then obtained f o r each c e l l as follows : 

Y2 _ (Obs A 1 - Exp A 1 ) 2 

1 
Exp A 

2 
The values of the X given by the six c e l l s are then summed to obtain 

2 

the t o t a l X . The number of degrees of freedom i s obtained by the 

following formula : 

(1-r) (1-c) 
Where r i s the number of rows and c i s the number of columns. Hence, 
i n the above system tne number of degrees of freedom i s two. 
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In other cases, f o r example i n 6-PGD and PGM systems, a 

rare a l l e l e can be added to the next nearest a l l e l e with confidence, 

owing to the fact that they have not been found i n any population i n 

high frequency, and then a 2 x 2 contingency table i s adequate. 

In the case of blood groups e.g. the ABO system, genotypes 
were not obtainable from the phenotypes and s t a t i s t i c a l comparison had 

to be done i n terms of phenotypic numbers only. Any expected value 

found to be less than 5 was added to the next lowest number e.g. i n the 

ABO system A and AB were added together, i n the acid phosphatase system 
2 

the CC phenotype was added to the CB phenotype. X values of the blood 

group systems e x h i b i t i n g a p r o b a b i l i t y of 0.05 were c l a s s i f i e d as 

s t a t i s t i c a l l y s i g n i f i c a n t and are given i n the text. 
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CHAPTER I I I 

GENETIC POLYMORPHISMS IN THE KUWAITI ARABS 

3.1 Introduction 

3.1.1 Geographical Setting 

Kuwait i s an independent Arabian state and l i e s between 

28° and 30° north and between 46° and 48° east. I t s t e r r i t o r y occupies 

about 15,900 square kilometres of desert and low offshore islands and 

i s a continuation of the great desert that covers large areas of the 

neighbouring Arabian countries. Located i n the northeastern corner of 

the Arabian Peninsula, Kuwait i s bordered on the north and west by Iraq 

and on the southwest by Saudi Arabia (Figures 3.1, 3.2). To the southeast 

l i e s the neutral Zone which has an area of 4,200 square kilometres and i s 

j o i n t l y administrated by Kuwait and Saudi Arabia. On the western side of 

the country i s the valley of Batin. Mishrif and Sirra are isolated h i l l s 

i n the soutu. Of the offshore islands the largest are the uninhabited 

islands of Bubiyan and Warba. The island of Failaka, situated near the 

entrance of the Kuwait Bay, has been populated since prehistoric times. 

Among the p r i n c i p a l c i t i e s , the c i t y of Kuwait i s the largest 

and i s located i n the Bay of Kuwait. The population of the country i s 

largely concentrated i n t h i s c i t y . The other large communities are 

Ahmadi, the centre of the o i l industry, Al-Jahra, an oasis on the main 

road to Basra, and the settlements of Failaka Island. The climate of 

Kuwait i s characterized by extremely hot, dry summers with an average 

maximum dai l y temperature of 45°C and mild to cool winters i n which 

temperatures of -1°C may occur. The r e l a t i v e humidity i s highest i n 

December and January, w i t h average maxima of 85 per cent. Summer humidity 

i s generally less than 45 per cent. 



Figure 3 1 KUWAIT - GEOGRAPHICAL SETTING. 
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3.1.2 H i s t o r i c a l review 

The early history of Kuwait i s rather enigmatic. The 

scanty knowledge available i s exclusively based on the excavations 

on Failaka Island. The Bronze-age dwellings found at Failaka suggest 

the existence of a c i v i l i z a t i o n some three thousand years ago (Ffrench 

and H i l l 1971). The Sumerians were a non-Semitic people who o n g i n a l l y 

occupied South Babylonia but gradually spread down to the Arabian Gulf 

to form a strong l i n k with the Indus valley. The evidence f o r t h i s 

comes from the excavations at Ur j u s t over Kuwait's northern border and 

at Mohenjo-Daro i n Pakistan. The b u r i a l mounds on Bahrain Island are 

also believed to have belonged to these early mariners whose artefacts 

can s t i l l be seen today stretching over 2,000 miles from Iraq to India. 

In the 4th century B.C. the Greeks came to Failaka Island. They 

colonised the Island as a defence against the Arabs which f a i l e d to pay 

Alexander the respect he considered due. The Portugese inhabited the 

Island i n the 16th and 17 centuries. They established two defensive 

positions, one on the Island of Quam i n Kuwait. Bay and the other at the 

eastern t i p of Failaka Island. 

The founding of the o r i g i n a l settlement of Kuwait i s believed 

to have taken place about 1710. In the early years of the 13th century 

a group of bedu from central Arabia were driven by drought to leave t h e i r 

own lands and move i n search of water and pasture. After much wandering, 

t h i s group, who were of the Dahamshah section of the Amarat, a subtribe of 

the Aniza confederation, arrived on the southern shore of Kuwait Bay. 

Among them were the ancestors of the Al-Sabah, the r u l i n g family of Kuwait, 

and also the Al-Khalifah who are today the r u l i n g family of Bahrain. At 

the time of the settlement of these groups, the present day Kuwaiti formed 

part of the t e r r i t o r > of the Bani-Khalid, t i e powerful Hasa t r i b e which 



57 

dominated north-east Arabia. Abu-Hakima (1965) thinks that at the 

time of the a r r i v a l of the Aniza colonists there were other isolated 

groups of fishermen called Bani-Utub. These people once inhabited 

Najd and the northern part of Arabia. I t i s also believed that some 

of these early s e t t l e r s came from Iraq and belonged to the Aniza and 

Shammar trib e s . 

In 1937, with the establishment of the Kuwait O i l Company, 

the large real inflow of immigrant populations from south-west Asia, 

south Asia and north A f r i c a started. 



58 

3.2 Blood Group Antigens 

The results of the Kuwaitis tested for d i f f e r e n t blood 

group antigens are given below : 

(1) Table 3.1 shows the ABO blood group d i s t r i b u t i o n s i n a sample of 

162 Kuwaiti Arabs, together with the respective gene frequencies. 

There was good agreement between the observed and expected phenotype 

values, thus confirming the assumption of Hardy-Weinberg equilibrium 

and that i t i s a randomly mating population. The gene frequencies 

are as follows : p̂ ^ » 0.1518, p 2 = 0.0213, q = 0.1268 and r = 0.7001. 

( n ) The results for 159 Kuwaiti Arabs, tested with anti-M, anti-N 

and anti-S, are set out i n Table 3.2. Good agreement was found between 

the observed and expected phenotype values confirming the Hardy-Weinberg 

equilibrium. The calculated gene frequencies are : MS = 0.222 4, 

Ms = 0.3814, NS = 0.0509 and Ns = 0.3 o3. 

( i n ) Table 3.3 presents the results for 110 Kuwaitis, tested with 

anti-D, -C, -c, -E and -e. Again good agreement was found between the 

observed and expected phenotypic values confirming the assumption of 

Hardy Weinberg equilibrium. The gene complex frequencies are as follows 

R Z = 0.0217, R X = 0.4920, R 2 = 0.0504, r" = 0.0234, R q = 0.0880 and 

r « 0.3246. 

( I V ) Table 3.4 reveals the results f o r the Kell and Duffy blood groups, 

tested respectively with anti-K and anti-Fy serum. The Kell gene 

frequencies are as follows : K = 0.0187 and k = 0.9813 and the Duffy 
a b frequencies were found to be; Fy = 0.2879 and Fy = 0.7121. 
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3.3 Discussion 

3.3.1 ABO blood group system Table 3.5 

The ABO gene frequencies show wide variations throughout the 

world and i n the Arabian Peninsula and neighbouring Arab states, the 

general d i s t r i b u t i o n of the ABO genes, with the exception of a few t r i b a ] 

i s o l a t e s , show frequency ranges of 15-30 per cent f o r p^, 10-20 per cent 

f o r q,, and 60-75 percent f o r r_. The gene frequencies of the present 

sample are wi t h i n t h i s range and close to the values reported for the 

Kuwaitis by Onsi and E l - A l f i (1968). 

The available ABO gene frequencies for the Arab groups from 

which the indigenous Kuwaitis are known to be h i s t o r i c a l l y derived, v i z • 

the 'Aniza of Najd and the Bedouin of South-Iraq 1, show some s i m i l a r i t i e s 

with the gene frequencies of the Kuwaiti Arabs. The Arabs of Najd 

studied by Moshkovski et a l (1931) have p., q_, and r_ of 0.1420, 0.1782 
A a 0 

and 0.6798 respectively. A report by Kayassi et a l (1938) on the Bedouin 

of Iraq showed Lne three frequencies to be 0.1843, 0.1789 and 0.6368 

respectively. The present sample shows a higher r ^ and s l i g h t l y lower 

p^ and q^ than these groups of figures which probably represent the main 

ancestral populations, and one is tempted to assume that a proportion of 

the present day Kuwaitis was derived from a population with higher r ^ and 

lower p and q_. Three Arab tribes l i n i n g i n Syria - the Rwala, the 

Maulay and the Akeydat - qu a l i f y for these gene frequencies (see Table 3.5). 

I t i s i n t e r e s t i n g to note that the Rwala are a branch of the Aniza t r i b e 

which migrated from Najd to Syria i n the f i r s t half of the 18th century 

as a part of the 'great migration of the Aniza' (Musil 1928). I t i s 

probable that the Rwilas had either joined the 'Bani Utub' on t h e i r way 

to Kuwait at that early date nr arrived at some l a t e r date. T^e second 
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t r i b e - the Maulay - had dominated the area of souLh-east Iraq before 

migrating to Syria and may have contributed a proportion to the Kuwaiti 

population. Although the t h i r d t r i b e - Akeydat - may have contributed 

to the present day population, there i s nothing m the history of 

Kuwait that substantiates t h i s assumption. 

Using a Ch]-squared t e s t , i t i s seen that the present day 

Kuwaitis exhibit ABO phenotypes consistent with those found i n the 

Arabs of Naja, Yemen and Zabid, but they d i f f e r s i g n i f i c a n t l y from the 
9 

Arabs of South Western Arabia, Y.^ = 14.829 P<0.001 (Marengo-Rowe et a l 

1974). The Kuwaitis also d i f f e r from the Arabs of Iraq, Syria and 

Lebanon (Kennedy and Macfarlane 1936, Altou nyan 1928 and Parr 1931). 
2 

Kuwaiti Arabs v I r a q i Arabs = 12.721 0.01<P>0.001 
2 

Kuwaiti Arabs v Syrian Arabs X 2 = 12.109 0.01<P>0.001 
2 

Kuwaiti Arabs v Lebanon Arabs X 2 = 14.469 P<0.001 

I t i s the higher frequency of 0 and lower of B i n the Kuwaitis that 

contributes to the large Chi-squared value, 

3.3.2 MNS blood group system Table 3.6 

To the author's knowledge there has been no investigation 

of the MNS blood group d i s t r i b u t i o n s i n the neighbouring Arab states, 

with the exception of Iraq and Syria which have been tested only for 

the MN blood groups. 

After s t a t i s t i c a l analysis, the Kuwaiti Arabs are found to 

exhibit MNS phenotype frequencies consistent with those found i n the 

Zabidis ( I k i n 1963) and the Shiah of eastern Saudi Arabia (Maranjian 

et al 1966), whereas they d i f f e r from the Yemenis, Bedouin and Sunni 

samples of Saudi Arabia and che Arabs of Southern Arabia (Marengo-Rowe 

et a l 1974). 
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Kuwaiti Arabs v Sunni (Najd) X̂  = 27.463 P<0.001 
2 

Kuwaiti Arabs v Sunni (E.Arabia)X, = 10.963 0.05<P>0.02 
4 
? 

Kuwaiti Arabs v Sunni (W.Arabia)X, = 26.009 P<0.001 
4 
2 

Kuwaiti Arabs v S. Arabia X. = 22.473 P<0.001 

Kuwaiti Arabs v Bedouin 

Kuwaiti Arabs v Yemenis X, = 18.059 0.01<P>0.001 

X? = 38.696 P<0.001 

I t i s the lower incidence of MMS and the higher frequpncy of MNs i n 

the Kuwaiti Arabs compared with these samples that contribute largely 

to the difference noted between them. 

the Kuwaiti Arabs and some of the populations of the Arabian Peninsula 

are reflected i n the frequencies of the gene complexes. The t o t a l M 

frequency of 60 per cent i s comparable with the Beduoin of Baghdad 

(Kayassi et a l 1938) but is considerably lower than the values reported 

for the populations of Arabia. The Kuwaitis exhibit a lower frequency 

of the gene complex MS, whereas the ot^er Arab populations included i n 

Table 3.6 are characterized by a higher frequency of MS. They have a 

similar frequency of Ms as found i n the Shiah, Sunni of Saudi Arabia 

and the Arabs of Southern Arabia, but i s lower than the Yemenis, 

Zabidis and the Bedouin. The gene complex NS has a similar incidence 

and does not show much difference. Except f o r Zabidis, the Kuwaiti 

Arabs are found to exhibit a high frequency of the gene complex Ns. 

The differences noted i n the phenotype d i s t r i b u t i o n between 

3.3.3 Rh blood group system Table 3.7 

As regards the Rh blood group d i s t r i b u t i o n s , the s t a t i s t i c a l 

analysis was performed by using 6 x 2 contingency table. The d i f f e r e n t 

Rh type groups employed were as follows : 
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R i R i ; 

R i R 2 ; 

V ; 
R r : o 

r r ; 

R^, R2Rz, r ' r , r " r , R ^ and R 2r 

I t i s found that the Kuwaitis are similar to the Sunm and Bedouin 

of Saudi Arabia (Maranjian et al 1966) and the Arabs l i v i n g i n the 

south west of Southern Arabia (Marengo-Rowe et al 1974;. However, 
2 

they exhibit a s i g n i f i c a n t v a r i a t i o n from the Zabidis, X,. = 22.317 

P<0.001 and the Shiah, x j l = 19.278 0.01<P>0.001. I t i s the lower 

incidence of R Qr and the higher frequency of R̂ R̂  and r r i n the Kuwaitis 

that accounts for the large Chi-squared value. The Kuwaitis also 
exhibit j u s t a s i g n i f i c a n t difference from the Hadhramaut Arabs, 
2 
X 5 = 12.855 0.05<P>0.02. I t i s the excess of type R̂ R̂  i n the Kuwaitis 
that produce the difference noted between t u t s two populations. 

The frequency d i s t r i b u t i o n of the Rh gene complexes also 
r e f l e c t some v a r i a t i o n i n the Arabian Peninsula. The gene complex R̂  

i s found to r i s e i n incidence from 0.3833 i n the Sunni to 0.4564 i n 

the Shiah of Saudi Arabia. In Southern Arabia, the Arab samples show 

frequencies l y i n g between 0.3286 and 0.5400. The frequency of 0.4920 

exhibited by the Kuwaiti Arabs i s t y p i c a l Mediterranean and resembles 

some of the Arab values. The other notable feature of the Arab 

populations i s the abundance of the gene comples R q. I t s frequency 
l i e s between the l i m i t s of 0.1099 and 0.3356. However, the present 

figure of 0.0880 i s lower but i t shows the presence of t h i s Negroid 

component. Except fo r the Yemenite Arabs, the gene complex r exhibits 

i t s highest incidence (0.3231) i n tne hadnramaul Arabs, while the other 

Arab samples show frequencies l y i n g between 0.1899 and 0.2989. Again. 
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the frequency of 0.3246 reported here i s comparable with some Arab 

samples from Saudi Arabia and Southern Arabia. 

3.3.4 Other blood group systems Tables 3.8 - 3.9 

As sho^m i n Table 3.8, the frequency of the gene K varies 

between 3.17 and 10.56 per cent i n Saudi Arabia and i s found to be 

4.73 per cent i n the inhabitants of Southern Arabia. In the presenL 

sample, however, the figure i s only 1.87 per cent which i s lower than 

the Arabian values but f a l l s w i t h i n the wide range reported f o r the 

Indian region. Regarding the Ke l l groups, the Kuwaiti Arabs are found 

Lo be consistent with those found i n the Shiah of eastern Saudi Arabia, 

whereas they d i f f e r si g n i f i c a n t l y from the Bedouin and Sunni samples 

of Saudi Arabia and the Arabs of Southern Arabia (Maranjian et a l 1966 

and Marengro-Rowe et a l 1974). 

2 
Kuwaiti Arabs v Bedouin X̂^ = 20.909 P<0.001 

2 
Kuwaiti Arabs v Sunni (E.Arabia) = 7.808 0.01<P>0.001 

2 
Kuwaiti Arabs v Sunni (Najd) X* = 20.019 P<0.001 

2 
Kuwaiti Arabs v Sunni (W.Arabia) X̂^ = 12.302 P<0.001 

2 
Kuwaiti Arabs v Southern Arabia X̂  = 4.852 0.05^P>0.02 

The frequency of the Fy gene is found to be very low i n Arabia. 

Maranjian et a] (1966) recorded considerable v a r i a t i o n i n the populations 

of Arabia, with values from 4.51 per cent f o r the Shiah to the high figure 

of 32.51 i n a sample of Sunni from western Saudi Arabia. The present 

fig u r e of 28.32 per cent i s i n l i n e with the Bedouin (26.32) and Sunni of 

Najd (32.51). The Kuwaiti Arabs also display a similar d i s t r i b u t i o n of 

Duffy phenotypes to that found i n the Bedouin and Sunni of Najd, whereas 
2 

they d i f f e r from the inhabitants of Southern Arabia, X1 = 36.926 P<0.001 
2 

and Sunni of eastern Saudi Arabia, X* •= 20.350 P<0.001. 
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3.4 Serum Proteins 

The results of two serum protein systems are as follows : 

( 1 ) Table 3.10 sho-/b the d i s t u b u t i o n of haptoglobin groups and 

respective gene frequencies i n the Kuwaiti Arabs. There was close 

agreement between the observed and expected phenotypic values, thus 

confirming the assumption of Haidy-Weinberg equilibrium and that i t 

i s a random mating population. Three subjects were found to have the 

nussing phenotype Hp 0-0. The gene frequencies were calculated by 

excluding the phenotype Hp 0-0. The gene frequencies are : 

Hp1 = 0.3449 and Hp2 = 0.6551. 

( n ) A l l 161 samples for the t r a n s f e r r i n variants weie found to have 

the common type CC. 
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3.5 Discussion 

3.5.1 Haptoglobin Table 3.11 

Table 3.11 summarizes the d i s t r i b u t i o n of serum haptoglobin 

groups and respective a l l e l e frequencies i n the Arab populations. 

Unfortunately, no tests have been carried out on the populations of 

Saudi Arabia, Iraq and Syria so the comparison was made with the Arabs 

of Southern Arabia, Jordan and the Palestinian Arabs l i v i n g i n I s r a e l . 

After s t a t i s t i c a l analysis, i t i s seen that the Kuwaiti 

sample exhibits Hp phenotype and gene d i s t r i b u t i o n s consistent with 

those found i n the Jordanian and the Palestinian Arabs ( T i l l s 1969), 

whereas they are s i g n i f i c a n t l y d i f f e r e n t from the Arabs of Southern 

Arabia ( T i l l s 1969, Marengo-Rowe et a l 1974). 

2 
Kuwaiti Arabs v S.Arabian Arabs X2 = 8.820 0.02<P>0.01 

,, v X̂  = 7.969 0.01<P>0.001 
2 

Kuwaiti Arabs v Southern Arabia X 2 = 8.030 0.02<P>0.01 
» > v > > X̂  = 7.952 0.01<P>0.00] 

Regarding the Hp a l l e l e frequencies, i t appears that the 

Arabs are characterized by higher frequencies of the Hp* a l l e l e . 

Kirk (1968) states that the Hp* frequencies i n Europe range from 0.31 

to 0.45, with the majority of values from 0.36 to 0.43. He further 

mentions that the Hp* values drop as one passes from Euiope into the 

Middle East and t h i s decline i s continued i n t o India. I n the present 

sample, the value of 0.3449 confirms t h i s tendency and f i t s well i n t o 

the European range. However, the Hp* values found i n the Kuwaitis and 

other Arabs are considerably higher than i n India. 
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3.6 Red Cell Isoenzymes 

The results of various enzyme systems are given below : 

( 1 ) Table 3.12 reveals the d i s t r i b u t i o n of AP groups and respective 

a l l e l e frequencies i n 155 Kuwaiti Arabs. A Chi-squared test showed 

close agreement between the observed and expected phenotype values 

confirming the assumption of Hardy-Wembcrg equilibrium and that i t i s 

a random mating population. The gene frequencies are : P = 0.2032, 

Pb = 0.7774 and P° = 0.0194. 

( i i ) The results of the PGM Locus 1 system are set out i n Table 3.13. 

Like the AP system, good agreement was found between the observed and 

expected phenotype values. The gene frequencies are : PGM̂  = 0.7041 

and PGM̂  = 0.2959. 

( i n ) Table 3.14 shows the d i s t r i b u t i o n of AK groups and respective 

gene frequencies i n a sample of 159 Kuwaiti Arabs. Again, close 

agreement was found between the observed and expected phenotype values 

confirming the Hardy-Weinberg equilibrium. The calculated gene 
1 2 frequencies are : AK = 0.9717 and AK = 0.0283. 

(IV) Table 3.15 shows the results nf the 6-PGD system. The obser"ed 

and expected values were found to be very close. The gene frequencies 

are : ?GDA = 0.9667 and PGDC = 0.0333. 

(v) 150 samples tested for the LDH and MDH variants were found to 

have the normal type (Table 3.16). 
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3.7 Discussion 

3.7.1 Acid phosphatase Table 3.17 

In the AP polymorphism, one of the ea r l i e s t red c e l l enzyme 
a b 

systems established i n man (Hopkmsor et a l 1963), genes P and P are 
the most common and are found i n a l l populations, but the characteristic 

c c d i s t r i b u t i o n of the P gene i s i n t e r e s t i n g . The P sene i s highest m 

eastern and southern European areas, i n Poland approximately 10 per cent 

(Wysolochowa 1970) and i n I t a l y 8-10 per cent (Modiano et a l 1967), but 
• c the European frequencies on average range from 5-7 per cent. The P 

gene frequency f a l l s i n the Middle East to 0-3 per cent, and s t i l l lower 

values are found i n Negro populations, 0-1 per cent (Bhasin and Fuhrmann 

1972). For the Arab populations, the highest frequency of the P gene 

i s given by T i l l s (1969) for the Palestinian Arabs l i v i n g i n I s r a e l , 

7 per cent. In other samples the P gene frequency i s 2 per cent. 

I t i s absent i n the Arabs of Southern Arabia ( T i l l s 1969, Marengo-Rowc 

et a l 1974). In the present sample, the figure of 2 per cent i s w i t h i n 

the Middle Eastern range. A Chi-squared test of AP phenotypes shows 

that the Kuwaiti Arabs have the same d i s t r i b u t i o n as found i n the Arabs 

of Jordan and Southern Arabia, whereas they d i f f e r from the Palestinian 
2 

Arabs, X 3 = 8.176 0.05<P>0.02. With respect to the AP a l l e l e s , the 
Kuwaitis are similar to the Jordanians but d i f f e r from the Arabs of 

2 

Southern Arabia, X 2 '= 12.981 0.01<P>0.001 and the Palestinian Arabs, 

X* = 7.711 0.05<P>0.02. 
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3.7.2 Phosphoglucomutase locus 1 Table 3.18 

Although the PGM polymorphism was described recently, many 

populations of the world have been tested for t h i s t r a i t . The 

investigations show that the d i s t r i b u t i o n of PGM Locus 1 genes i s not 

uniform among the European populations. A higher frequency i s found 

among the Mediterranean peoples (Greece, I t a l y , Turkey) than among those 

from England, Germany or the Scandinavian countries (Hopkmson and Harri 

1966, Hummel et a l 1970 and Modiano et a l 1970). The comparative data 

summarized by Bhasin and Fuhrmann (1972) demonstrate that the Kuwaiti 

Arabs share the Mediterranean populations t r a i t of high frequency of the 
2 

PGM̂  gene. On the other hand, some of the Arab samples included i n 
2 

Table 3.18 show a low frequency of the PGM̂  and are similar to some non-

Mediterranean populations. Since the data are missing from the Arab 

communities i n Iraq, Syria and Saudi Arabia, i t i s d i f f i c u l t to say 

whether the Arabs of Kuwait exhibit gene frequencies d i f f e r e n t from Jies 

populations or not; but a comparison with the available data show tuat 

the present sample exhibits PGM a l l e l e and plienotype d i s t r i b u t i o n s 

consistent with those found i n the Arabo of Southern Arabia (Marengo-

Rowe et a l 1974), Jordanian Arabs ( T i l l s 1969) and the Arabs l i v i n g i n 

I s r a e l (Szemberg and Tomashevsky 1971 ̂  

3.7.3 Adenylate kinase Taole 3.19 

Data on the d i s t r i b u t i o n of AK groups and their respective 
2 

a l l e l e frequencies are set out i n Table 3.19. The AK gene has a 

frequency of 0.05 i n European populations but i s rarer i n black Africans 

(Hopkinson 1968) and absent i n New Guinea (Kitk et a l 1969). In the 
2 

Middle East, tnc AK gene frequency i s found to l i e between the l i m i t s 
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of 0.0252 i n a sample of South Arabian Arabs and 0.0687 m the Kurds 
2 

( T i l l s et a l 1970a). The frequency of AK found i n the Kuwaiti Arabs, 

0.0283, l i e w i t h i n the Middle Eastern and European range. The Kuwaiti 

Arabs also exhibit phenotype and a l l e l e d i s t r i b u t i o n s consistent with 

those found i n a l l the samples included m Table 3.19. 

3.7.4 6-Phosphogluconate dehydrogenase Table 3.20 

Among the wide fluctuations i n the frequency of the Canning 
C 

gene (PGD ) m World populations, one of the extremely high values of 
Q 

PGD (0.2305) was found i n the population of Bhutan (Mourant et a l 1968). 

Among the Arab populations, the inhabitants of Southern Arabia gave the 

highest frequency of 0.1149 (Marengo-Rowe et a l 1974), but otherwise most 

PGD gene frequencies range from 0.0437 to 0.0747. Compared with the 

European figures, the Arab populations are found to have a higher 
Q 

frequency of PGD , whereas the Kuwaiti Arabs have a frequency of 0.0^33 

which shows l i t t l e difference from the European figures and i s considarably 

lower than most of the Arab values. 

Using a Chi-squared t e s t , i t i s noted that the Kuwaiti Arabs 

d i f f e r from the Arabs of Southern Arabia (Marengo-Rowe et al 1974) and 

the Palestinian Arabs ( T i l l s l970b),with respect to phenotypes and genes. 

These differences are accounted for by the high frequency of PGD and 
C 

phenotype AA and the lower incidence of PGD and phenotype CC. 
2 

Kuwaiti Arabs v Southern Arabia Xj^ = 16.065 P<0.001 
,, v ,, ,, X̂  = 16.291 P<0.001 

2 
Kuwaiti Arabs v Palestinian Arabs X 1 = 4.312 0.05<P>0.02 

9 9 9 9 X̂  = 4.088 0.05<P>0.02 

However, the Kuwaitis are similar to the Jordanian Arabs. 
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3.8 Conclusion 

The serological findings of the Kuwaitis which have been 

presented for the f i r s t time show some resemblances with the Arabs of 

the Arabian Peninsula and neighbouring Arab States. In the case of 

the ABO blood group system, the Kuwaitis f i t w ell i n t o the framework of 

the Arabs of the Arabian Peninsula. However, they d i f f e r from the 

Arabs of Iraq, Syria, Jordan and Lebanon i n having a rather higher 

frequency of 0 and a lower one of B. On the whole, the MNS frequencies 

of the Kuwaiti Arabs are t y p i c a l of the "Mediterranean" region. The 

main difference from the populations of the Arabian Peninsula i s the low 

frequency of the gene complex MS. Considering only the single MN groups, 

i t appears that the t o t a l M frequency i s comparable with the Arabs and 

Bedouin of Iraq but i s lower than the Arabian average. Also the Rh 

frequencies f i t reasonably well i n t o the Arabian picture and agree with 

those found m the Arabs l i v i n g i n the south west of Southern Arabia 

The Kell gene i s of p a r t i c u l a r i n t e r e s t . I t s frequency, shown by the 

Kuwaiti Arabs, i s considerably lower than the Arabian average and f a l l s 

i n the European and Indian range. The Duffy gene, lower than the 

European range, i s close to the Bedouin and Sunni of Saudi Arabia. 

Of the two serum protein systems, the t r a n s f e r r i n i s found 

to be invariant. The Hp1 frequency i s w i t h i n the normal range found 

i n Europe and the Middle East. Among the six red c e l l enzyme systems 

investigated, lactate dehydrogenase and malate dehydrogenase are fouau 

to be invariant. The frequencies of the three systems - AP, PGM and AK 

- are w i t h i n the Middle Eastern range. The low frequency of the Canning 

gene, PGD , i n the Kuwaitis, i s much below the Arabian values and i s 

close to the European figures. However, much more research i s needed 

to be done on the populations of the Arabian Peninsula and other Aiab 

countries i n order to know die exact a f f i n i t i e s of the Kuwaiti Arabs. 
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CHAPTER IV 

GENETIC POLYMORPHISMS IN IRAN 

4.1 Introduction 

4.1.1 Geographical setting 

" I r a n " means a land of Aryans, what the Greeks and then the 

West called Persia. I t i s situated between 44° and 63° longitude and 

25° and 40° l a t i t u d e . I t has an area of 628,000 square miles. The 

Iranian plateau i s a t r i a n g l e set between two depressions - the Caspian 

sea to the north and the Persian Gulf to the south. f u r t h e r , between 

central and western Asia, i t forms a l i n k between the steppes of inner 

Asia and the plateau of Asia Minor and beyond Europe. Geography can 

thus account f o r the h i s t o r i c past which the plateau was called on tc 

play i n the course of thousands of years of history. 

The country i s bounded on the nortli by the Soviet Union and 

the Caspian Sea, on the east by Afghanistan and Pakistan, on the south 

by the Persian Gulf and sea of Oman, and on the west by Turkey and Iraq. 

High mountains cover h a l f the t o t a l area and form two fpmous ranges, 

one i n the north (Alborz) and the other stretching from northwest to 

southeast (Zagros). I t s centre i s dominated by two deserts, the great 

Kavir (Dash-i-Kavir) and Southern Lut (Dash-i-Lut). The heart of the 

country i s the Tehran-Isfahan area. To the south i s the important 

province of Fars, w:th i t s p r i n c i p a l c i t y of Shiraz. Further to the 

east i s the province of Kirman and Bam. This area i s isolated from the 

rest of Iran by deserts to the west between Kirman and Yazd and to the 

east between Bam and Seistan. In the northeast i s tne province of 
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Khurusan with i t s largest c i t y , Meshed. Further to the south and east 

i s the barren land of Baluchistan (Figure 4.1). 

4.1.2 H i s t o r i c a l review 

Although Iran has more than her share of prehistoric mounds 

and s i t e s , far too l i t t l e archaeological work has been done to permit 

a reconstruction of her history before the advent of the Achaemenids. 

Excavations m one cave at Behistun and i n the caves called Belt and 

Hotu near Behshahr on the Caspian coast represent a splendid beginning. 

The finds indicate an active f l i n t industry i n the Middle Palaeolithic 

period as well as skeletons and skulls of the Mesolithic period. This 

material has been dated to about 10,000 B.C. by the carbon-14 method. 

About 6,000 B.C. some of the inhabitants of Iran discovered ag r i c u l t u r e , 

practised animal husbandry, and made painted pottery and polished stone 

implements. The physical characteristics of these people are not kr^wn. 

Hovever, the finds at Susa and Khuzistan showed the Indo-European nam^s 

i n the cuneiform tablets of the M i t t a n i perioJ i n Mesopotamia and 

indicate the presence of these people i n Iran. 

About 2,000 B.C., the Aryans came to Iran from the plains of 

the southern U.S.S.R. One stream of t h i s great migration moved i n t o 

present day India and the other stream came in t o Iran. Gradually these 

people took the place of the o r i g i n a l inhabitants. In the 19th century 

B.C., nomadic tribes l i k e the Medes, Persians (Parsa) and Parthians entered 

Iran from the northern side of the Caspian Sea and by way of the Caucasus. 

They mixed with the former inhabitants of the country. The Medes settled 

i n what i s today the north-west of Iran; the Persians l i v e d further south, 

roughly i n the modern provinces of Fars and Khuzistan. The inflow of 

small communities of Greek o r i g i n after 331 B.C. also changed the ethnic 
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map of Iran. Following the Greek period, the Sassanian dynasty 

(226 - 641 A.D.) was established. 

The next major movements which resulted i n the present 

d i v e r s i t y was the inflow of Arabs, Turks and Mongols. Arabs came to 

Iran i n the 7th century A.D. The transfer of tribes and the incursion 

of wandering Arab groups from Iraq had an effect on the r a c i a l mixing 

w i t h i n the country. The Turkish invasion (1050 A.D.) changed the ethnic 

face of Iran. A l l of Anatolia, Azerbaijan and other areas were Turkified. 

The Turkish speaking tr i b e s scattered throughout the country. People of 

the north-east and north-west showed strong i n t r u s i o n of Turkish and 

Tartar blood. The Mongols (1200 A.D.) ruled Iran f o r a century and 

strongly influenced the people of the country. Eventually the Mongols 

were converted to Islam and t h i s f a c i l i t a t e d the mixing with Persians 

already l i v i n g i n Iran. 

4.1.3 Ethnic groups i n Ive^ 

The ethnic groups inhabiting Iran today are m many cases 

the descendants of the invaders who came to conquer but who remained and 

became assimilated, m part or m whole. Least assimilated have been 

those groups who remained nomadic and retained t h e i r o\m languages and 

customs. To the author's knowledge, very l i t t l e i s known about the 

physical anthropology of these groups. A c l a s s i f i c a t i o n based on language, 

t r i b a l a f f i l i a t i o n s and small size of certain groups i s as follows : 

( i ) L i nguistic groups - Persian, Turkish and Arabic speaking peoples 

( n ) T r i b a l groups - Kurds, Lurs, Ghash Quays etc 

( i n ) Minority groups - Armenians, Arabs, Jews etc. 
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Of the two major language groups, Persian and Turkish, 

Persian predominates. Those who speak Persian or a related dialect 

constitute three-fourths of the population. They form the bulk of the 

urban population and also inhabit the villages on the Iranian plateau. 

Most of them belong to the Shia'a sect, but a few continue to practise 

Zorastrianism and a smaller number belong to the Ba'hai sect. The 

Turkish-speaking people l i v e i n the northern province of Azerbaijan. 

These people l i v e i n v i llages and occupy themselves with farming. Tne 

Arabic-speaking group is the least prevalent of the three groups. 

Among the t r i b a l groups, the most important are Kurds, 

BakhtDaris, Lurs, Ghash Qays and Baluchis. A l l these t r i b e s , except 

Ghash Qays speak dialects related to Persian. The Kurds constitute 

the largest t r i b a l group i n Iran (about two m i l l i o n ) , i n addition to 

those who l i v e i n Iraq, Turkey and the Soviet Union. They belong to 

the Sunni sect of Islam and l i v e i n the highlands of the Zagros i n 

western Iran. South of the Kurds are the Bakhtiaris and Lurs, who 

together may number hal f a m i l l i o n . The Eakhtians are a nomadic people, 

not intermixing u n t i l very recently with otner Iranians. The Lui& l i v e 

i n Luristan and are related to the Kurds. The o r i g i n of the Lurs i s 

s t i l l unknown. Henry Field (1939) thinks that they are a part of the 

o r i g i n a l Iranian stock that migrated from the regions to the east of the 

Caspian sea during the f i r s t half of the f i r s t millenium B.C. They have, 

however, a strong admixture of Arabic blood. 

The Ghash Qays occupy a region south of Shiraz. They are 

a group of Turkish o r i g i n with a language of t h e i r own. Their 

Mongoloid features are stronger than, f o r instance, those of Ottoman Turks 

i n the N.W. of Iran, who are considered to be a product of intermixing 

with the o r i g i n a l ancient population of Asia Minor. In general, the 

Ghash Qays resemble the Lur nomads (Henry Field 1939). In appearance 
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they compare f a v o u r a b l y w i t h t h e i r Lur compatriots. They seem on the 

whole to be t a l l e r and f a i r e r than the B a k h t i a r i s , and c e r t a i n l y more 

than the L u r s . The B a l u c h i s l i v e i n the b a r r e n p r o v i n c e of B a l u c h i s t a n . 

Of the m i n o r i t y groups, the w e l l known a r e the Armenians, 

Z o r o a s t r i a n s , A s s y r i a n s and Arabs. The Armenians account f o r a 

s u b s t a n t i a l number of peasants i n A z e r b a i j a n . They are non-Moslem. 

The d i f f e r e n c e m r e l i g i o n i s the reason why no i n t e r m i x i n g w i t h other 

p o p u l a t i o n s takes p l a c e . Z o r o a s l r i a n s are found as an i s o l a t e d group 

i n Yazd. They r a r e l y i n t e r - m a r r y w i t h the S h i ' a Moslems. They a r e 

a l s o the a n c e s t o r s of the modern P a r s i s of Bombay. The A s s y r i a n s were 

o r i g i n a l l y an Arab-Semitic a g r i c u l t u r a l people. I t i s b e l i e v e d t h a t 

m 650 A.D. when t h e i r country was conquered by Moslems, they f l e d to 

the mountains where they maintained themselves as a s e p a r a t e group 

among the Z o r o a s u r i a n s . Up to now t h i s group has maintained i t s own 
language and s c r i p t . The A r a b i c groups i n I r a n have not mixed w i t h 

o t h e r p o p u l a t i o n elements. 

4.1.4 G e n e t i c s t u d i e s i n I r a n 

Knowledge on the d i s t r i b u t i o n of blood groups, serum p r o t e i n s 

and red c e l l isoenzymes i n I r a n has been r a t h e r l i m i t e d . E x t e n s i v e data 

a r e only a v a i l a b l e r e g a r d i n g the ABO polymorphism (Boue and Boue 1955-56) 

Very l i t t l e i s known about the other blood group polymorphisms - MNSs, Rh 

K e l l , Duffy e t c . N i j e n h u i s (1964), Sunderland and Smith (1966), 

B a j a t z a d e h and Walter (1969) p u b l i s h e d some frequency data i n d e t a i l but 

t h i s i n f o r m a t i o n i s not s u f f i c i e n t to understand the d i s t r i b u t i o n p a t t e r n 

of genes f o r these polymorphisms i n I r a n as a whole. Data r e g a r d i n g the 

serum p r o t e i n (Hp) were f i r s t r e p o r t e d by Walter and Djahanschahi (1963). 

S i m i l a r i n f o r m a t i o n about the I r a n i a n s l i v i n g i n d i f f e r e n t p a r t s of I r a n 

was reported b> B a j a t z a d e h and Walter. 
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Few p u b l i s h e d o b s e r v a t i o n s a r e a v a i l a b l e on the red c e l l 

enzymes of the i n h a b i t a n t s of I r a n . Bowman and Ronaghy (1967) f i r s t 

s t u d i e d the d i s t r i b u t i o n of some isoenzymes i n the Moslems of I r a n . 

Subsequently o t h e r s looked a t some other p o p u l a t i o n s i n I r a n (Farhud 

e t a l 1973, Lehman e t a l 1973). 

The aim of t h i s chapter i s to e n l a r g e our knowledge of the 

d i s t r i b u t i o n of blood, serum and enzyme groups i n I r a n , and to c o n t r i b u t e 

to the b e t t e r understanding of g e n e t i c polymorphisms i n South West A s i a . 
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4.2 Blood Group Antigens 

The r e s u l t s of the I r a n i a n s t e s t e d w i t h d i f f e r e n t a ntigens 

are as f o l l o w s : 

( I ) Table 4.1 p r e s e n t s the d i s t r i b u t i o n of the ABO blood groups and 

r e s p e c t i v e gene f r e q u e n c i e s , a f t e i L e s L i n g wich ana without a n t i - A ^ 

serum, i n the Tehran and I s f a h a n I r a n i a n s . There was good agreement 

between the observed and expected phenotypic v a l u e s i n both samples, thus 

confirming the Hardy-Weinberg e q u i l i b r i u m . Using the Chi-squared t e s t , 

both samples were found to e x h i b i t homogeneity w i t h r e s p e c t to the common 

ABO phenotypes. The two samples, being s i m i l a r , were pooled to give a 

t o t a l sample of 205. 

The r e s u l t s of the A^A^BO system show th a t the a l l e l e P2 

e x h i b i t s v e r y l i t t l e v a r i a t i o n , h aving a frequency of 0.0325 i n the t o t a l 

sample. S i m i l a r l y , the gene p^ shows l i t t l e v a r i a t i o n between the <-wo 

samples. The gene q shows a range of 4%, from 0.1199 m the Tehran 

I r a n i a n s , to 0.1595 i n the I s f a h a n I r a n i a n s . The frequency of the gene r 

i s s l i g h t l y h i g h e r i n the Tehran I r a n i a n s (0.7034) whereas i t i s 0,6582 

m I s f a h a n and 0.6798 m the t o t a l sample. The gene f r e q u e n c i e s of the 

99 Tehran I r a n i a n s , t e s t e d without a n t i - A ^ serum, a r e : 

p = 0.1565, q = 0.1748 and r = 0.6687. 

( I I ) Table 4.2 e x h i b i t s the frequency of MN blood groups and r e s p e c t i v e 

gene f r e q u e n c i e s m the Tehran and I s f a h a n I r a n i a n samples, expressed i n 

terms of 3 phenotypes, a f t e r t e s t i n g w i t h 2 a n t i s e r a . C l o s e agreement 

was found between the observed and expected phenotype v a l u e s , thus 

con f i r m i n g the assumption of Hardy-Weinberg e q u i l i b r i u m . S t a t i s t i c a l 

a n a l y s i s demonstrated no d i f f e r e n c e between the two samples so they were 

combined i n t o one r e l a t i v e l y l a r g e r e p r e s e n t a t i v e I r a n i a n sample. 
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Table 4.3 shows the r e s u l t s f o r 137 Tehran I r a n i a n s t e s t e d w i t h 4 

a n t i s e r a . Again, good agreement was found between the observed and 

expected phenoLypic v a l u e s . 

The gene f r e q u e n c i e s i n the samples i n c l u d e d i n Table 4.2 

show some v a r i a b i l i t y . The gene M r i s e s from 0.6293 i n the Tehran 

I r a n i a n s to 0.6847 i n the I s f a h a n I r a n i a n s , w i t h an i n c i d e n c e of 0.6657 

i n the t o t a l sample. Regarding the N gene, the frequency i s found to be 

lower i n the I s f a h a n I r a n i a n s and the v a r i a b i l i t y i s about 6%. The 

frequency of the gene complexes, t e s t e d w i t h four a n t i s e r a , a r e : 

MS = 0.3187, Ms = 0.3455, NS = 0.0938 and Ns = 0.2420. 

( l i i ) Table 4.4 i l l u s t r a t e s the d i s t r i b u t i o n of Rh types and gene 

complex f r e q u e n c i e s i n two I r a n i a n samples. The specimens were t e s t e d 
W 

wi t h the f o l l o w i n g a n t i s e i a ; a n t i - D , _C. - E , - c , -e and -C . No 

s t a t i s t i c a l l y s i g n i f i c a n t h e t e r o g e n e i t y could be demonstrated between 

the Tehran and I s f a h a n I r a n i a n s . A l s o , the Rh gene complexes do UOL 

e x h i b i t much v a r i a b i l i t y . The gene complex f r e q u e n c i e s are : 

R z - 0.0151, R x = 0.4871, R ^ = 0.0147, r ' = 0.0175, R 2 = 0.1229, r " = 
0.0090, R = 0.0141 and r = 0.3196. ' o 

( i v ) Table 4.5 shows the observed numbers, t h e i r frequency and c a l c u l a t e d 

gene f r e q u e n c i e s f o r the K e l l system. The two I r a n i a n samples, b e i n g 

s i m i l a r , were pooled to produce a r e l a t i v e l y l a r g e s e r i e s having a frequency 

of K(+) of 4%. Table 4.6 demonstrates the r e s u l t s f o r 49 Tehran 

I r a n i a n s t e s t e d w i t h a n t i - J K serum. The f r e q u e n c i e s f o r the Kidd system 

ar e : J K d = 0.4849 and J K b = 0.5151. The f r e q u e n c i e s e x h i b i t e d by the 
EL Si 

I s f a h a n I r a n i a n s , t e s t e d w i t h a n t i - L u serum, are : Lu = 0.0681 and 
L u b = 0.9319. 
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4.3 D i s c u s s i o n 

4.3.1 ABO blood group system Table 4.7a 

As can be seen from the t a b l e , a l l p o p u l a t i o n groups, 

except the Yazdi I r a n i a n s and Turkomans, show a higher frequency of 

gene A than of gene B. I n t h i s i n v e s t i g a t i o n , the 99 Tehran I r a n i a n s 

t e s t e d without a n t i - A ^ serum showed a higher frequency of gene B than 

t h a t found i n the s e r i e s from Tehran t e s t e d by Motaraed (1949), A z h i r (1951) 

and Boue and Boue (1955). Using a Chi-squared t e s t , i t i s seen t h a t the 

Tehran I r a n i a n s e x h i b i t o v e r a l l s i m i l a r i t y i n ABO group d i s t r i b u t i o n to 

the I r a n i a n s of Tehran, A z e r b a i j a n , K u r d i s t a n and Yazd (Boue1 and Boue" 

1955, Sunderland and Smith 1966). However, the Tehran I r a n i a n s d i f f e r 
2 

s i g n i f i c a n t l y from the Turkomans, X 3 = 14.620 0.01<P>0.001. 

Table 4.7b p r e s e n t s comparative data on the I r a n i a n 

p o p u l a t i o n s t e s t e d w i t h a n t i - A ^ serum. The A^ gene i s p r e s e n t m slL 

the p o p u l a t i o n s and i t s frequency ranges from 0.013 to 0.080. The ^ a l u e 

of 0.0325 obtained i n t h i s study i s w i t h i n tVz range and compares 

fa v o u r a b l y w i t h p r e v i o u s l y o b t a i n e d v a l u e s of 0.029 f o r the I r a n i a n s 

( N i j e n h u i s 1964), 0.0404 f o r Tehran I r a n i a n s (Boue" and Boue" 1956) and 

0.048 f o r I r a n i a n s ( B a j a t z a d e h and Walter 1969). The frequency of the 

gene B v a r i e s between 10% and 25% and t h a t of 0 between 50% and 70%. 

The f r e q u e n c i e s of genes B and 0 e x h i b i t e d by the I r a n i a n s a r e again 

w i t h i n the range and c l o s e r to the f i g u r e s on I r a n i a n s given by N i j e n h u i s . 

A f t e r s t a t i s t i c a l a n a l y s i s , the p r e s e n t I r a n i a n s are found to 

be s i m i l a r to the I r a n i a n s e r i e s of Bajatzadeh and Walter, to the samples 

of Tehran I r a n i a n s of Boue" and Boue" and to the K u r d i s h s e r i e s of Lehman 

e t a l (1973). However, they are s i g n i f i c a n t l y d i f f e r e n t from the 
2 

Armenian sample of N i j c n h u i s , X. = 12.545 0.02<P>0.01, who e x h i b i t a 
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v e r y high frequency of and a lower i n c i d e n c e of 0. The I r a n i a n s 

a l s o d i f f e r from the Y a z d i S h i a sample of Sunderland and Smith (1966), 
2 

X^ = 10.510 0.05<P>0.02. T h i s d i f f e r e n c e i s l a r g e l y due to the higher 

frequency of gene B e x h i b i t e d by the Yazdi S h i a . 

4.3.2 MNSs blood group system Table 4.8a - 4.8b 

Mourant (1963) suggests t h a t the frequency of the M gene 
J 

i s w e l l above 60 per cent i n n e a r l y every I n d i a n p o p u l a t i o n t e s t e d , 

whereas i t i s below 60 per c e n t and mostly below 55 per c e n t i n the 

Mediterranean a r e a . I n t h i s study the M frequency of 0.6657 i s much 

hig h e r than m Western Europe, however, and i s c h a r a c t e r i s t i c of the 

b e l t 60-65 percent which sweeps a c r o s s F i n l a n d to south-east A s i a , 

i n c l u d i n g the Caspian Sea a r e a and much of the Arabian p e n i n s u l a . 

I n the I r a n i a n p o p u l a t i o n s , the frequency of the gene M v a r i e s between 

56 and 67 percent and the p r e s e n t v a l u e of 67 per c e n t i s w i t h i n the range. 

A f t e r s t a t i s t i c a l a n a l y s i s , i t i s seen t h a t the p r e s e n t sample of 

I r a n i a n s i s s i m i l a r to the I r a n i a n samples of N i j e n h u i s (1964) and 

Bajatzadeu and Walter (1969), w i t h r e s p e c t to phenotypes and genes. 

Compared w i t h the e t h n i c samples of N i j e n h u i s , i t i s found t h a t the 

I r a n i a n s d i f f e r only from the Armenians w i t h regard to the genes, as 

X* = 4.743 0.05<P> .02. 

The Tehran I r a n i a n s , t e s t e d w i t h four a n t i s e r a , e x h i b i t MNSs 

phenotypes c o n s i s t e n t w i t h those found i n the K u r d i s h s e r i e s of Lehman 

e t a l (1973) and the Yazdi S h i a sample of Sunderland and Smith (1966). 

The gene complexes do not show much v a r i a b i l i t y . The frequency of the 

gene complex MS i s comparable w i t h the Kurds of Baneh, but i s s l i g h t l y 

h i g h e r than the Ya z d i S h i a . The frequency of Ms i s c l o s e to the Kurds 

and S h i a . The gene complex NS i s the same and Ns has a lower frequency 

than t h a t found i n the above-mentioned samples. 
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4.3.3 Rh blood group system Table 4.9 

As shown i n the t a b l e , the I r a n i a n p o p u l a t i o n s appear to 

e x h i b i t a h i g h e r frequency of the gene complex r which ranges between 
0-205 and 0.393. The frequency of 0.3196 obtained f o r the p r e s e n t 

I r a n i a n s i s w i t h i n the Lange. The gene complex R^ (0.4871) i s comparable 

w i t h the f i g u r e s of 0.492 f o r the I r a n i a n s and 0.501 f o r the B a c h t n a r i 

( N i j e n h u i s 1964). I t i s , however, mugh h i g h e r than the Y a z d i S h i a . 

The i n c i d e n c e of i s a g ain i n l i n e w i t h most of the I r a n i a n groups. 

Furthermore, the f r e q u e n c i e s of the r a r e gene complexes do not show 

much v a r i a t i o n , only w i t h the e x c e p t i o n of Arabs who p o s s e s s a h i g h e r 
frequency of R q. O v e r a l l , i t appears t h a t the I r a n i a n s e x h i b i t Rh gene 

complexes as found i n the Mediterranean. 

For s t a t i s t i c a l purposes, the Rh type groupings employed 

were as f o l l o w s : ^Ri'> \R2' R 1 R 2 ; R l r * R l r ; R 2 r ; r r ; 

R j R z > r 1 ' - ' , ^2^2' R r" Using the 6x2 contingency t a b l e , i t i s found 

t h a t the p r e s e n t I r a n i a n s a r e s i m i l a r to the I r a n i a n samples of N i j e n h u i s . 

They d i f f e r from the Yazdi S h i a samples of Sunderland and Smith (1966) who 

e x h i b i t a lower i n c i d e n c e of type a n t * a ^ 1 6 n e r frequency of type • 

A l s o the d i f f e r e n c e s e x i s t between the I r a n i a n s and the e t h n i c samples of 

N i j e n h u i s . 

2 
I r a n i a n s v B a c h t n a r i X 5 = 25.230 P<0.001 

2 
I r a n i a n s v Kurds X 5 = 13-972 0.02<P>0.01 

2 
I r a n i a n s v Arabs X = 14.228 0.02<P>0.01 

These d i f f e r e n c e s a r e g e n e r a l l y accounted f o r by the types R^r and 

compared w i t h the I r a n i a n s . 
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4.3.4 Other blood group systems Table 4.10 

I n European p o p u l a t i o n s , the frequency of the gene L u a 

range s from 2 to 4 p e r c e n t . I t i s absent i n the A s i a n s and A u s t r a l i a n 

a b o r i g i n e s (Mourant 1954). The p r e s e n t v a l u e of 7 percent found among 

the I s f a h a n I r a n i a n s i s h i g h e r than the European v a l u e s and show1; the 

presence of gene Lu a t an a p p r e c i a b l e l e v e l m the K i d d l e E a s t . 

Regarding the K e l l system, the frequency of the K e l l gene (K) 

i s r e l a t i v e l y uniform throughout Europe, ranging between 1.54 and 5.82 

percent (Mourant 1954). Data summarized i n Table 4.10 show t h a t the 

frequency of the gene K i n the I r a n i a n p o p u l a t i o n s v a r i e s between 2 and 

6 p e r c e n t . I n t h i s survey, however, the f i g u r e i s only 2 p e r c e n t but 

i s w i t h i n the range. Again the v a r i a t i o n i n K e l l groups between the 

p r e s e n t sample and the two I r a n i a n s e r i e s of N i j e n h u i s (1964) and 

Bajatzadeh and Walter (1969) i s s t a t i s t i c a l l y not s i g n i f i c a n t . The 

I r a n i a n s are a l s o found to be s i m i l a r to most of the e t h n i c samples of 

N i j e n h u i s . They are s t a t i s t i c a l l y d i f f e r e n t from the Y a z d i S h i a , 

X^ = 4.315 0.05-P>0.02 and Arabs, = 7.099 0.01<P>0.001, w i t h r e s p e c t 

to the K e l l groups. 

The f r e q u e n c i e s of the Kidd system e x h i b i t e d by the Tehran 

I r a n i a n s a re comparable w i t h the E n g l i s h s e r i e s of Race e t a l (1951). 
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4.4 Serum P r o t e i n s 

The r e s u l t s of two serum p r o t e i n systems are given below : 

( 1 ) The d i s t r i b u t i o n of Hp groups and r e s p e c t i v e gene f r e q u e n c i e s i n 

the Tehran and I s f a h a n I r a n i a n samples i s shown i n T able 4.11. The 

gene f r e q u e n c i e s wete c a l c u l a t e d e x c l u d i n g the phenotype Hp 0-0. Both 

the samples showed c l o s e agreement between the observed and expected 

phenotypic v a l u e s , thus confirming the assumption of Hardy-Wemberg 

e q u i l i b r i u m . No Hp 2-1 (modified) or other r a r e r phenotype was detected. 

Two s u b j e c t s w i t h phenotype Hp 0-0 were det e c t e d i n the I s f a h a n sample. 

No such i n d i v i d u a l was found i n the Tehran sample. S t a t i s t i c a l a n a l y s i s 

demonstrated t h a t there i s no s i g n i f i c a n t h e t e r o g e n e i t y among the samples, 

w i t h r e s p e c t to e i t h e r phenoLypes or genes, so they were combined i n t o 

one sample. The gene f r e q u e n c i e s i n the combined sample of I r a n i a n s a i e 

Hp 1 = 0.2964 and Hp 2 = 0.7036. 

( n ) The d i s t r i b u t i o n of Tf groups and r e s p e c t i v e gene f r e q u e n c i e s i n 

I s f a h a n I r a n i a n s are s e t out i n Table 4.12. A l l the I r a n i a n s from Tehran 

e x h i b i t e d the type CC. A s i n g l e i n d i v i d u a l from I s f a h a n was typed as CD. 

The sub-typing of the D v a r i a n t was not performed, but when run w i t h a CD 

c o n t r o l on the s t a t c h - g e l che p r e s e n t CD v a r i a n t showed s i m i l a r m o b i l i t y . 
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4.5 D i s c u s s i o n 

4.5.1 Haptoglobin Table 4.13 

Data on the d i s t r i b u t i o n of the Hp̂ " gene f r e q u e n c i e s i n the 

v a r i o u s p o p u l a t i o n s of I r a n are s e t out i n Table 4.13. With the 

e x c e p t i o n of the I r a n i a n Z o r o a s t r i a n s (0.2157) t e s t e d i n Bombay, the 

Hp̂ " gene f r e q u e n c i e s m the I r a n i a n populations are r e l a t i v e l y h i g h e r . 

I t i s seen from the t a b l e t h a t some d i f f e i e n c e s m the d i s t r i b u t i o n 

of the Hp gene f r e q u e n c i e s e x i s t i n I r a n . The Hp̂ " v a l u e s are found 

to be lower i n the North-West (0.272), Centre (0.286) and E a s t (0.291) 

of I r a n ( Bajatzadeh and Walter 1968). S i m i l a r low v a l u e s were re p o r t e d 

by Bajatzadeh and Walter (1969) i n the North-Western (0.2 76), C e n t r a l (0.263) 

and E a s t e r n (0.249) p a r t s of I r a n . By c o n t r a s t , s l i g h t l y h i g h e r 

f r e q u e n c i e s are found i n Tehran ( 0 . 3 2 4 ) , the North (0.310) and among the 

Kurds (0.3264). A f t e r s t a t i s t i c a l a r a l y s i s , i t i s found t h a t these 
2 

d i f f e r e n c e s are not s t a t i s t i c a l l y s i g n t f i c a n t . Regarding the Hp gene 

f r e q u e n c i e s i t i s however higher i n the e a s t e r n p a r t of I r a n . B a j a t z a d e h 

and Walter (1969) give Hp 1 v a l u e of 0.T38 f o r the I r a n i a n Moslems, and 

the p r e s e n t v a l u e of 0.2964 i s not s t a t i s t i c a l l y d i f f e r e n t from 

Bajatzadeh's v a l u e . 

4.5.2 T r a n s f e r r i n Table 4.14 

The frequency of Tf v a r i a n t s , o t h e r than type T f CC, found 

i n any Middle E a s t population, i s low, u s u a l l y 1%, and no work has been 

c a r r i e d out to study the d i s t r i b u t i o n of Tf v a r i a n t s m I r a n . For 

comparative purposes the d i s t r i b u t i o n of Tf v a r i a n t s i n Middle E a s t 

p o p u l a t i o n s i s summarized i n Table 4.14. Except f o r the Yemenite and 
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CWs Hlf &*>me ef-^Q. ,<f-fij 
Habbanite Jews^, the v a r i a n t Tf CB i s nib cent i n the p o p u l a t i o n s of the 

Middle E a s t . T r a n s f e r r i n CD appears to be more common and has been 

r e p o r t e d among P a l e s t i n i a n Arabs ( T i l l s 1969) and the Arabs of Southern 

A r a b i a (Marengo-Rowe e t a l 1974). The frequency of Tf CD found among 

the I s f a h a n I r a n i a n s i s comparable w i t h the above mentioned samples from 

the Middle E a s t . 
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4.6 Red C e l l Isoenzymes 

The r e s u l t s of the red c e l l isoenzymes are as f o l l o w s : 

(1 ) Table 4.15 p r e s e n t s the observed number and frequency of common 

AP phenotypes together with the r e s p e c t i v e gene f r e q u e n c i e s found i n 

Tehran and I s f a h a n I r a n i a n s . Both the samples showed good agreement 

between the observed and expected phenotypic v a l u e s , thus confirming 

the assumption of Hardy-Wemberg e q u i l i b r i u m and t h a t they are random 

mating p o p u l a t i o n s . No r a r e r AP phenotype was detected. Both the 

samples showed an absence of phenotype CC. S t a t i s t i c a l a n a l y s i s 

demonstrated t h a t there i s no s i g n i f i c a n t h e t e r o g e n e i t y among the samples, 

w i t h r e s p e c t to e i t h e r phenotypes or genes and t h e r e f o r e the I r a n i a n s 

can be regarded as a homogenous p o p u l a t i o n . 

The frequency of the P a l l e l e e x h i b i t s a v a r i a b i l i t y of 

7% w i t h i n the two samples. The P*5 a l ' a l e shows a range of 7% r i s i n g 

from 0.6367 i n Tehran I r a n i a n s to 0.7143 i n I s f a h a n I r a n i a n s . The 

r a r e s t a l l e l e P does not e x h i b i t much v a r i a b i l i t y . The gene f r e q u e n c i e s 
a b 

e x h i b i t e d by t^e combined sample a r e : P = 0.3193, P = 0.6618 and 

P C = 0.0189. 

( i i ) The f r e q u e n c i e s of the PGM Locus 1 phenotypes and genes a r e given 

i n Table 4.16. C l o s e agreement, c a l c u l a t e d on the b a s i s of Hardy-

Weinberg e q u i l i b r i u m , was found between the observed and expected 
phenotype v a l u e s . No h e t e r o g e n e i t y V a b found between the two I r a n i a n 

samples. A r a r e r phenotype PGM 6-1 was d e t e c t e d i n an I s f a h a n s u b j e c t . 

The a l l e l e PGM^ do not show much v a r i a b i l i t y w i t h i n the two samples. 
1 2 

The f r e q u e n c i e s shown by the I r a n i a n s a r e : PGMj^ = 0.7590, PGMj^ = 0.2390 
e. 

and PGM, = 0.0020. 
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( i n ) Table 4.17 shows the d i s t r i b u t i o n of AK phenotypes and r e s p e c t i v e 

a l l e l e f r e q u e n c i e s i n samples from Tehran and I s f a h a n . C l o s e agreement 

was found between the observed and expected phenotype v a l u e s wtiich 

confirms the assumption of Hardy-Weinberg e q u i l i b r i u m . No s i g n i f i c a n t 

h e t e r o g e n e i t y was demonstrated among the samples, so they were pooled 

together i n t o one. No r a r e AK phenotypes were d i s c o v e r e d i n any of 

the samples examined. 
2 

The v a r i a t i o n i n the frequency of the AK a l l e l e i s 1% r i s i n g 

from 0.0422 i n the I s f a h a n I r a n i a n s to 0.0536 i n Lhe Tehran I r a n i a n s , 

the i n c i d e n c e b e i n g 0.0498 i n the combined sample. 

( I V ) The observed number and frequency of 6-PGD phenotypes together 

w i t h the r e s p e c t i v e gene f r e q u e n c i e s found i n two samples of the I r a n i a n s 

a re s e t out i n Table 4.18. L i k e the AK system, good agreement was found 

between the observed and expected phenotypic v a l u e s . No s i g n i f i c a n t 

h e t e r o g e n e i t y was found among the samples, w i t h r e s p e c t to e i t h e r 

phenotypes or genes. No v a r i a n t s other than the 'common' CA type was 
r 

found. The PGD a l l e l e r i s e s from 0.0242 i n Tehran I r a n i a n s to 0.0281 

i n I s f a h a n I r a n i a n s . The f r e q u e n c i e s e x h i b i t e d by the combined sample 

are : PGD A = 0.9744 and PGD C = 0.0256. 

(v) A l l the specimens from Tehran and I s f a h a n showed the normal LDH 

phenotype (Table 4.19). 

( v i ) T able 4.20 shows the d i s t r i b u t i o n of PHI phenotypes and genes 

i n the Tehran I r a n i a n s . A l l the 88 I s f a h a n I r a n i a n s showed the normal 

type PHI 1-1. The gene f r e q u e n c i e s e x h i b i t e d by the Tehran I r a n i a n s 

are : PHlJ = 0.9939 and PHIJ = 0.0061. 

( v i i ) Of the 254 specimens t e s t e d f o r s o l u b l e MDH phenotypes, a l l 

were found to be type 1 (Table 4.19), 
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4.7 D i s c u s s i o n 

4.7.1 A c i d phosphatase Table 4.21 

Table 4.21 shows th a t i s the most common of the t h r e e 

major a l l e l e s i n each I r a n i a n sample i n v e s t i g a t e d . I t s frequency ranges 

from 0.6429 i n the Kurds of Marivan and Baneh (Lehman e t al 1973) to 

0.7500 m the Z o r o a s t r i a n I r a n i s of Bombay (Undevia e t a l 1972). A 

lower range of v a l u e s (0.2292 to 0.4043) c h a r a c t e r i z e s the P a l l e l e . 
a b 

The p r e s e n t v a l u e s of P (0.3193) and P (0.6618) a r e w i t h i n the range 

of v a r i a t i o n . The P gene i s p r e s e n t i n a l l the I r a n i a n p o p u l a t i o n s 

t e s t e d so f a r , the h i g h e s t frequency being 0.030 i n the I r a n i a n s coming 

from d i f f e r e n t p a r t s of the country. I n the p r e s e n t sample, the a l l e l e 
c • 

P i s 0.0189 and i s comparable w i t h the other I r a n i a n samples. The 

f r e q u e n c i e s of the thr e e a l l e l e s m the I r a n i a n sample of Walter and 

Bajatzadeh (1968) a r e c o n s i s t e n t w i t h those found i n the pr e s e n t sample 
2 

but i t i s d i f f e r e n t i n the p r o p o r t i o n of common phenotypes, = 8.687 

0.05<P>0.02 (phenotype C, CA and CB were amalgamated f o r s t a t i s t i c a l 

p u r p o s e s ) . The d i f f e r e n c e between the two samples was found i n the ^a s c 

of phenotype BA which e x h i b i t e d v a r i a b i l i t y of 10%. The I r a n i a n s a r e 

s i m i l a r to the K u r d i s h sample of Lehman e t a l and the Z o r o a s t r i a n I r a n i a n 

sample of Undevia e t a l . However, they a r e found to be s t a t i s t i c a l l y 

d i f f e r e n t from the P a r s i s sample of Undevia e t a l , w i t h r e s p e c t to the 
2 2 phenotypes, X 2 = 8.722 0.02<P>0.01 and genes Xl = 9.358 0.01<P>0.001. 

Compared w i t h the Caucasoid p o p u l a t i o n s , i t appears t h a t the I r a n i a n s a r e 
b c 

c h a r a c t e r i z e d by a higher frequency of P and the P frequency does not 

d i f f e r much. 
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4.7.2 Phosphoglucorautase l o c u s 1 Table 4.22 

I n g e n e r a l , the PGM^ f r e q u e n c i e s of the I r a n i a n s show 

marked s i m i l a r i t i e s to Middle E a s t and European v a l u e s . The f r e q u e n c i e s 

of PGM^ i n the I r a n i a n p o p u l a t i o n s l i e between the l i m i t s of 0.2208 and 

0.3150. The val u e of 0.2390 observed i n t h i s i n v e s t i g a t i o n i s w i t h i n 

the range. The f r e q u e n c i e s of PGM^ a l l e l e s and phenotypes i n the 

I r a n i a n s a r e c o n s i s t e n t w i t h those found m the Z o r o a s t r i a n I r a n i s and 

P a r s i s sample of Undevia e t a l (1972). However, the p r e s e n t I r a n i a n s 

show s l i g h t l y s i g n i f i c a n t d i f f e r e n c e from the I r a n i a n sample of Farhud 

e t a l (1973), w i t h r e s p e c t to genes only, as ̂  = 4.455 0.05<P>0.02. 

They a l s o d i f f e r from the Kurd i s h sample of Lehman e t a l (1973), w i t h 
2 2 regard to phenotypes, X 2 = 7.249 0.05<P>0.02 and genes, X 1 = 3.869 

0.05<P>0.02. T h i s d i f f e r e n c e i s mainly due to the hig h e r i n c i d e n c e 
2 

of PGMĵ  and type 2-2. 

Bes i d e s the common t h r e e phosphoglucomutase phenotypes, 

some v a r i a n t type, PGM 6-1, was pr e s e n t i n the I s f a h a n I r a n i a n s . No 

r a r e v a r i a n t s of the PGM Locus 1 have been r e p o r t e d from I r a n so f a r . 

Hopkmson and H a r r i s (1966) demonstrated n i n e r a r e phenotypes determined 
3 7 

by the r a r e a l l e l e s PGM^ to PGM^. Out of a l l t h e s e phenotypes, type 

PGM 6-1 was observed i n a T u r k i s h C y p r i o t and two N i g e r i a n Negroes. 

Among the A s i a t i c p o p u l a t i o n s , i t o c curs f r e q u e n t l y and the p r e s e n t 

i n v e s t i g a t i o n confirms. 

4.7.3 Adenylate k i n a s e Table 4.23 

As can be seen from the t a b l e , v e r y few o b s e r v a t i o n s f o r 

the AK system on I r a n i a n s have been re p o r t e d so f a r . Bowman and Ronaghy 
2 

(1967) found a frequency of 0.0497 f o r the AK a l l e l e m 322 I r a n i a n 
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Moslems and Undevia e l a l (1972) g i v e a v a l u e of 0.0670 among P a r s i s 

l i v i n g i n Bombay. These v a l u e s a r e s i m i l a r to those found i n the 

p r e s e n t i n v e s t i g a t i o n f o r the I r a n i a n s (0.0498). The I r a n i a n s a r e 

a l s o s i m i l a r i n AK phenotypes and genes to the Kurd i s h s e r i e s of Lehman 

et a l (1973), even though the frequency of 0.0762 m Kurds i s one of 
2 

the h i g h e s t reported so f a r i n an I r a n i a n p o p u l a t i o n . The AK a l l e l e 

i s low i n I r a n i a n Z o r o a s t r i a n s (0.0208) but not s t a t i s t i c a l l y d i f f e r e n t 

from the e a r l i e r samples. 
2 

I n European p o p u l a t i o n s , the f r e q u e n c i e s of the AK gene l i e 

between the l i m i t s of 0.015 and 0.056 (Bhasm and Fuhrman 1972). Reported 

v a l u e s i n the Middle E a s t range from 0.0252 to 0.0687 ( T i l l s e t a l 1970a). 

The p r e s e n t v a l u e of 0.0498 f a l l s w i t h i n t h i s range and demonstrates a 

s i m i l a r i t y between d i f f e r e n t p o p u l a t i o n s of the Middle E a s t and Europe. 

4.7.4 6-Phosphogluconate dehydrogenase Table 4.24 

As f o r the AK system, o b s e r v a t i o n s f o r 6-PGD i n I r a n i a n s a i e 
r 

v e r y l i m i t e d . Farhud e t a l (1973) gave a v a l u e of 0.0153 f o r the PGD 

a l l e l e i n I r a n i a n s and Bowman and Ronaguy (1967) found a v a l u e of O.C280 

i n I r a n i a n Moslems. S i m i l a r low v a l u e s were r e p o r t e d i n the P a r s i s 
r 

(0.0263) of Bombay (Undevia e t a l 1972). I n t h i s survey, the PGD 

frequency of 0.0256 f o r the combined sample of I r a n i a n s i s comparable 

mth the e a r l i e r samples. F u r t h e r comparison w i t h the Ku r d i s h s e r i e s 

of Lehman e t a l (1973) shows t h a t Lhe Kurds of Marivan and Baneh have 
Q 

the h i g h e s t frequency of PGD (0.0714) m I r a n but a r e s t a t i s t i c a l l y 

i n s i g n i f i c a n t l y d i f f e r e n t from the I r a n i a n s w i t h r e s p e c t to phenotypes 

and genes. 
Q 

The PGD f r e q u e n c i e s i n European p o p u l a t i o n s range from 0.0086 
r 

to 0.0392 ( T i l l s e t a l 1970b). I n tne Middle E a s t the P&D a l l e l e v a r i e s 
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from 0.0279 i n the Moslems of I r a n to 0.1098 f o r South Arabians ( T i l l s 
Q 

e t a l ) . The v a l u e of PGD f o r the I r a n i a n s r eported here l i e s w i t h i n 

the range f o r Europeans. However, i t i s lower than f o r some other 

Middle E a s t e r n p o p u l a t i o n s . 

4.7.5 Phosphohexose isomerase 

V a r i a n t s of PHI have been r e p o r t e d to be absent i n I r a n i a n s 

(Farhud e t a l 1973). I n t h i s survey, however, two I r a n i a n s from Tehran 

e x h i b i t e d the 3-1 phenotype. D e t t e r e t a l (1968) found t h a t the A s i a t i c 
3 

p o p u l a t i o n s e x h i b i t an a p p r e c i a b l e frequency of the a l l e l e PHI^ and the 

p r e s e n t study confirms t h i s tendency. A l s o , the frequency of 0.0061 

here i s comparable w i t h the v a l u e s given f o r the North I n d i a n s by Blake 

e t a l (1971). 
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4.8 D i s c u s s i o n 

4.8.1 Haemoglobin Table 4.25 

Table 4.25 shows t h a t a s i n g l e i n d i v i d u a l from Tehran 

e x h i b i t e d a heterozygous Hb-AD. A l l the s u b j e c t s from I s f a h a n showed 

the normal type Hb-AA. Knowing the f a c t t h a t the e l e c t r o p h o r e t i c 

p r o p e r t i e s of haemoglobins S and D a r e i n d i s t i n g u i s h a b l e on the c e l l u l o s e 

a c e t a t e paper, the co n f i r m a t i o n was e s t a b l i s h e d by the technique of 

T i t a n IV c i t r a t e e l e c t r o p h o r e s i s . 

The p r e s e n t estimated a l l e l e frequency i n the Tehran I r a n i a n s 

(0.0030) i s lower than the value given f o r the I r a n i a n Moslems (0.006) 

by Bowman and Ronaghy (1967). O v e r a l l , i t confirms the repo r t e d 

e x i s t e n c e of Hb-AD m I r a n . 
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4.9 C o n c l u s i o n 

The s e r o l o g i c a l r e s u l t s do not r e v e a l s i g n i f i c a n t d i f f e r e n c e s 

between the Tehran and I s f a h a n I r a n i a n s . Of a l l the blood group antigens 

s t u d i e d h ere, the ABO and Lutheran systems are of g r e a t i n t e r e s t . 

Concerning the ABO system, i t i s seen t h a t a l l the p r e v i o u s t e s t s c a r r i e d 

out on I r a n i a n s from Tehran showed a higher frequency of gene A. 

S i m i l a r l y , the p r e s e n t sample of I r a n i a n s , t e s t e d w i t h a n t i - A ^ serum 

confirmed t h i s tendency. But a s m a l l sample of the Tehran I r a n i a n s I ' I I ) , 

t e s t e d without a n t i - A ^ serum, e x h i b i t e d a higher frequency of gene B. 

T h i s i s an unexpected f i n d i n g and r e q u i r e s f u r t h e r i n v e s t i g a t i o n . On 

the o t h e r hand, the d i s t r i b u t i o n s of MN, Rh and K e l l groups are c o n s i s t e n t 

w i t h those found i n the I r a n i a n s and c e r t a i n other groups t e s t e d . 

Frequency d i s t r i b u t i o n s of a l l e l i c genes c o n t r o l l i n g the Lu and JK 

a n t i g e n s have been pr e s e n t e d f o r the f i r s t time. The frequency of the 

Lu gene found i n the I s f a h a n I r a n i a n s i s h i g h e r than m Europeans uid 

c l e a r l y shows the presence of the Lu gene i n I r a n . However, i t muot 

be s u b s t a n t i a t e d by f u r t h e r r e s e a r c h whether t h i s high frequency i s due 

to s m a l l sample s i z e or i s simply a c h a r a c t e r i s t i c of tne I r a n i a n s . 

A n a l y s i s of the serum p r o t e i n polymorphism Hp r e v e a l s t h a t 

the I r a n i a n s e x h i b i t f r e q u e n c i e s of the a l l e l e s c o n s i s t e n t with those 

found i n European p o p u l a t i o n s . S t a t i s t i c a l a n a l y s i s d i d not demonstrate 

any d i f f e r e n c e between the Tehran and I s f a h a n I r a n i a n s w i t h r e s p e c t to the 

Hp phenotypes and genes. R e s u l t s f o r t r a n s f e r r i n s have been reported f o r 

the f i r s t time and could be v a l u a b l e i n d i f f e r e n t i a t i n g v a r i o u s p o p u l a t i o n 

groups i n I r a n . However, much more r e s e a r c h needs to be done to understand 

the e x a c t d i s t r i b u t i o n of t r a n s f e r r i n v a r i a n t s i n the country. 

Of the seven red c e l l enzymes i n v e s t i g a t e d , f i v e were found to 

be polymorphic. These are AP, PGM, AK, 6-PGD and PHI. No major 
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d i f f e r e n c e was found between the two I r a n i a n samples. I n g e n e r a l , the 

f r e q u e n c i e s of the f i r s t t h r e e systems show marked s i m i l a r i t i e s w i t h 

other Middle E a s t e r n and European v a l u e s . However, the v a l u e of PGD 

shown by the p r e s e n t sample of I r a n i a n s l i e s w i t h i n the range f o r 

Europeans and i s lower than some of the Middle E a s t e r n p o p u l a t i o n s . 

Again the phenotype and a l l e l e f r e q u e n c i e s of the I r a n i a n s are s i m i l a r 

to those found i n the e a r l i e r I r a n i a n samples. Regarding the a c i d 

phosphatase system, the I r a n i a n s d i f f e r from the P a r s i s of Bombay. 

Such a d i f f e r e n c e was re p o r t e d by Undevia e t a l (1972) between the 

I r a n i a n Z o r o a s t r i a n s and the P a r s i s . However, Undevia e t a l suggest 

t h a t the d i f f e r e n c e s observed among the P a r s i s are the r e s u l t of s e l e c t i o n , 

g e n e t i c d r i f t and h y b r i d i z a t i o n . The MDH system has not been s t u d i e d 

p r e v i o u s l y i n I r a n . Both LDH and MDH systems have been found to be 

i n v a r i a n t . The l e s u l t s of LDH are i n agreement w i t h the p r e v i o u s s t u d i e s 
3 

m I r a n . The PHI system i s of p o t e n t i a l i n t e r e s t because the PHI^ a l l e l e 

frequency i s found to be h i g h e r i n the A s i a t i c p o p u l a t i o n s . L i k e the 
3 

A s i a t i c s , the I r a n i a n s a l s o show an a p p r e c i a b l e frequency of the PHI^ 

a l l e l e , and t h i s f i n d i n g suggests the importance of conducting f u r t h e r 

s t u d i e s i n I r a n . The presence of Hb-AD i s of g r e a t a n t h r o p o l o g i c a l 

i n t e r e s t , but s t i l l the i n f o r m a t i o n r e g a r d i n g the d i s t r i b u t i o n of abnormal 

haemoglobins i n I r a n i s sc a n t y . 

F i n a l l y , the i n f o r m a t i o n s u p p l i e d by the p r e s e n t study l e a d s 

to the c o n c l u s i o n t h a t the I r a n i a n s from Tehran and I s f a h a n comprise 

a g e n e t i c a l l y homogenous group. 
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CHAPTER V 

GENETIC POLYMORPHISMS IN PANJABIS OF NORTHERN INDIA 

5.1 I n t r o d u c t i o n 

5.1.1 H i s t o r i c a l review 

T r a c e s of man i n h i s p r i m i t i v e stage are as y e t few and 

confused i n I n d i a . A r c h a e o l o g i s t s surmise t h a t the t r a c e s of human 

presence on the I n d i a n sub-continent stem from the time of the second 

i n t e r g l a c i a l p e r i o d and immediately a f t e r , perhaps as long ago as 

400,000 B.C. The evidence f o r t h i s p e r i o d c o n s i s t s of the stone t o o l s 

which show s t r i k i n g u n i f o r m i t y w i t h those found i n some oth e r p a i t s of 

the world, e s p e c i a l l y of the west of I n d i a , and of the same age. No 

s k e l e t a l remains of P a l a e o l i t h i c man have been d i s c o v e r e d m I n d i a so f a r . 

The e x c a v a t i o n s a t Mohenjo-daro and Harrapa prove the e x i s t e n c e of a 

g r e a t c i v i l i z a t i o n i n the west of I n d i a , which i s b e l i e v e d to have 

reached i t s h e i g ht between about 3250 and 2750 B.C. 

The r a c i a l h i s t o r y of I n d i a opens w i t h the s e t t l e m e n t of 

Aryans i n the North-Uest. They were nomadic t r i b e s who i n j e c t e d new l i f e 

i n t o the a b o r i g i n a l c u l t u r e s . These people were not homogeneous but were 

composed of v a r i o u s communities or t r i b e s w i t h independent t r a d i t i o n s , the 

o n l y bond between them being a common language a form of S a n s k r i t . At 

the time of tne Indo-Aryan s e t t l e m e n t , the g r e a t e r p a r t of the country was 

occupied by D r a v i d i a n s , a l s o known as Dasas or Dasus. As the Aryan t r i b e s 

spread eastward through and beyond the " l a n d of f i v e r i v e r s " , they came i n 

c o n t a c t w i t h a b o r i g i n a l r a c e s . T h i s i m p e r f e c t f u s i o n r e s u l t e d i n the 

formation of the c a s t e and r e l i g i o u s systems of I n d i a . I n P e n i n s u l a r I n d i a 

to the south of the Vindhya mountains, the spread of Arya^ c i v i l i z a t i o n was 
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slow. The r a c e s t h e r e , which are known as D r a v i d i a n s , were powerful 

and c i v i l i z e d communities. Some Aryan s t a t e s were founded, but even 

today the mass of people i n southern I n d i a show l i t t l e t r a c e of Aryan 

blood and speak non-Aryan languages. 

F u r t h e r d i v e r s i t y i n the I n d i a n r a c e s was due to the massive 

i n f l o w of f o r e i g n p o p u l a t i o n s . On Alexander's i n v a s i o n i n 326 B.C., 

s m a l l communities of Creek or semi-Greek o r i g i n s e t t l e d i n the Panjab 

and i n the North-West f r o n t i e r p r o v i n c e . The next e x t e n s i v e immigration 

was t h a t of the Sakas, which began i n the second century. Sakas i n c l u d e d 

squat, narrow eyed Mongols, and a l s o r a c e s l i k e the Turks, who resemble 

the Aryans i n physique. I n the f i r s t c e n t u r y a f t e r C h r i s t , another 

nomadic t r i b e from C e n t r a l A s i a , c a l l e d the Yuch-Chi, descended upon the 

p l a i n s of n o r t h e r n I n d i a . They were a k i n to the I r a n i a n Aryans and 

introduced a l a r g e element of f o r e i g n blood i n t o the I n d i a n p o p u l a t i o n . 

The next movement which introduced a l a r g e new c l a s s of 

r e c r u i t s to the I n d i a n p o p u l a t i o n was t u a t of Muslims, beginning w i t h 

the inroads of the Arabs at the s t a r t of the eighLh century and ending 

w i t h the e s t a b l i s h m e n t of the Mogul dynasty i n the s i x t e e n t h century. 

The Muslim i n v a d e r s and s e t t l e r s belonged to v a r i o u s A s i a t i c r a c e s , 

i n c l u d i n g a c e r t a i n number of Mongols. But the m a j o r i t y were c o l l e c t e d 

from n a t i o n s or t r i b e s of d i f f e r e n t appearance. They comprised P e r s i a n s 

a k i n to the Indo-Aryans, Turks, Afghans of many v a r i e t i e s and sundry 

people of mixed desce n t . The admixture of Mongol blood having been 

overborne by other elements has l e f t l i t t l e t r a c e i n the f e a t u r e s of the 

modern I n d i a n Muslims. 

I n the seventeenth century, w i t h the e s t a b l i s h m e n t of the E a s t 

I n d i a Company, the massive European i n f l o w s t a r t e d . S i n c e then a 

c o n s i d e r a b l e p o p u l a t i o n of mixed Indo-Europeans o r i g i n a t i n g from the union 

of Portuguese, E n g l i s h and other Europeans with I n d i a n women has grown 
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up and forms an important element i n the pop u l a t i o n of great c i t i e s , 

Lhe Bombay konkon, and the s e t t l e m e n t s on the lower Himalayan ranges. 

Apart from the above d e s c r i b e d i n v a s i o n and r a c e s , the Jews, P a r s i s , 

Z o r o a s t r i a n s , Armenians and c e r t a i n other s m a l l communities m a i n t a i n 

t h e i r i s o l a t i o n so s t r i c t l y t h a t they h a r d l y a f f e c t the r a c i a l 

c h a r a c t e r of the g e n e r a l p o p u l a t i o n . 

5.1.2 R a c i a l types 

R a c i a l types t h a t occur i n the p r e s e n t day po p u l a t i o n s of 

I n d i a show many extremely p r i m i t i v e s t r a i n s and r e p r e s e n t c e r t a i n 

elements from the four major s t o c k s of mankind : Negroid, A u s t r a l o i d , 

Mongoloid and Caucasoid. According to the morphological c l a s s i f i c a t i o n 

of Guha (1931-46), the d i f f e r e n t r a c i a l groups i n I n d i a come from s i x 

main r a c e s and are as f o l l o w s : 

1. Negritos 

2. The P r o t o - A u s t r a l o i d 

3. ( i ) Palaeo-Mongoloids of (a) long headed and 

(b) broad headed types 

( i i ) Tibeto-Mongoloids 

4. The Mediterranean comprising : 

( l ) Palaeo-Mediterranean 

( i i ) Mediterranean 

( l i i ) O r i e n t a l type 

5. The Western Brachycephals, c o n s i s t i n g of . 

( l ) A l p m o i d 

( n ) D i n a r i c 

( i n ) Armenoid 

6. The Nordic 
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Of a l l these r a c e s , the N e g r i t o s a r e considered t o be the 

f i r s t to come to I n d i a . I n the mainland, the Negrito element i s found 

among Kadars and Pulayans i n the h i l l s of Cochin and T i a v a n c o r e . I t 
a l s o e x i s t s among the I r u l a s and p r i m i t i v e t r i b e s of Wynaad. B e s i d e s 

the N e g r i t o s , the a b o r i g i n a l p o p u l a t i o n of p e n i n s u l a r I n d i a c o n t a i n s 

another p r i m i t i v e element c a l l e d P r o t o - A u s t r a l o i d . I n s t a t u r e , shape 

of head, broad f l a t nose, f l e s h y e v e r t e d l i p s , the d i f f e r e n c e between the 

two i s s l i g h t . The only c h a r a c t e r i s t i c that d i s t i n g u i s h e s Proto-

A u s t r a l o i d from the Negrito type i s the complete absence of f r i z z y or 

wool l y h a i l . T h i s element i s found to be dominant i n southern and 

c e n t r a l I n d i a (e.g. Munda, S a n t a l , B h i l , Kurumbas, Gonds e t c . ) . The 

other main p h y s i c a l s u b s t r u c t u r e of the I n d i a n r a c e s today i s the Mongoloid 

type. T h i s group c o n t a i n s t h r e e types of which the Palaeo-Mongoloids a r e 

of a p r i m i t i v e n ature. I t s f i r s t type c h a r a c t e r i z e d by s c a n t y growth of 

h a i r and moderately developed e p i c a n t h i c f o l d i s found i n the sub-Himalayan 

r e g i o n and i n che t r i b e s of Assam. The second type i s dominant i n the 

h i l l t r i b e s of Chittagong. The Tibeto-Mongoloid type occurs i n 

D a r j e e l i n g and the a r e a s around Sikkim and Bhutan. 

The f i r s t t h r e e r a c i a l t y pes, namely the N e g r i t o s , P r o t o -

A u s t r a l o i d and the Mongoloid, w i t h t h e i r sub-types, c o n s t i t u t e the t r i b a l 

p o p u l a t i o n s l i v i n g m I n d i a today. 

I n a d d i t i o n to the s e , the main c o n s t i t u e n t of I n d i a i s t h a t 

of the Aryan-speaking peoples or, more p r o p e r l y , the Caucasian or 

Mediterranean p h y s i c a l type of t a l l , r e l a t i v e l y f a i r , long headed and 

a q u i l i n e f e a t u r e d people. I t i s the mixture of these types i n v a r i e d 

p r o p o r t i o n s and m d i f f e r e n t l o c a l i t i e s which has produced the v a r i o u s 

p h y s i c a l s t r a n d s i n I n d i a . One of the most a n c i e n t elements of t h i s r a c e 

i s the "Palaeo-Mediterranean type". The main "Mediterranean group" i s 

dominant i n n o r t h e r n I n d i a and i n the upper s e c t i o n of the people of the 
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r e s t of the country. One of the d i a g n o s t i c f e a t u r e s of t h i s group 
i s the presence of l a r g e eyes which i s not found to the same e x t e n t 

m other r a c e s . The " O r i e n t a l type" o c c u r s mainly i n the Panjab and 

R a j a s t h a n . M o r p h o l o g i c a l l y i t i s c l o s e to the Mediterranean r a c e 

except i n the form of nose which i s l a r g e and complex. The sub-types 

of the Western Brachycephals a r e found m G u j a r a t , Maharashtra, Bengal 

and O r i s s a . 

F i n a l l y , t h e r e i s mention of the Nordic r a c e which i n the 

Panjab, Rajputana and some upper c a s t e s of I n d i a i s marked by i n c r e a s i n g 

admixture w i t h the o l d e r long headed r a c e s of the Mediterranean stock. 
I t i s mainly found i n Western I n d i a and E a s t Bengal. 

5.1.3 Development of g e n e t i c s t u d i e s m I n d i a 

I n v e s t i g a t i o n s concerning the morphological measurements of 

the people of I n d i a were begun during the l a t t e r h a l f of Lhe l a s t century. 
Compreher3ive s t u d i e s on the s u b j e c t were undertaken by R i s l e y (1915) 

and Guha (1931), both of whom st u d i e d a l a r g e number of i n d i v i d u a l s 

c omprising s e v e r a l d i f f e r e n t groups. However, i n v e s t i g a t i o n s concerning 

g e n e t i c a l t r a i t s have been few and f a r between i n I n d i a as compared w-th 

some other c o u n t r i e s of the world. 

P r e l i m i n a r y s t u d i e s c a r r i e d out on I n d i a n s to study the g e n e t i c 

polymorphic system s t a r t e d i n the e a r l y decades of the c e n t u r y w i t h the 

ABO blood groups ( H i r s z f e l d and H i r s z f e l d 1919). At p r e s e n t most of the 

d a t a on the blood group systems are r e s t r i c t e d to the ABO, Rhesus and MN 

systems. Knowledge about the other systems l i k e Duffy, K e l l , L utheran 

e t c . i s s t i l l l a c k i n g . S e v e r a l workers l i k e Sen (1960), Vyas e t a l (1962), 

P a r i k h e t a l (1969) and Roberts e t a l (1974) have p u b l i s h e d r e p o r t s about 

the frequency d i s t r i b u t i o n of other systems, but such i n f o r m a t i o n i s too 
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scanty to understand the g e n e t i c d i v e r s i t y e x h i b i t e d by s e v e r a l endogamous 

groups of the I n d i a n population. L a t e r r e s e a r c h e s c a r r i e d out by Sanghvi 

and h i s co-workers at T a t a Cancer Research I n s t i t u t e , Bombay, r e v e a l e d 

s t r i k i n g g e n e t i c a l d i f f e r e n c e s between d i f f e r e n t endogamous groups and 

suggested t h a t i t may be of g r e a t i n t e r e s t to examine other such 

i s o l a t e d groups who could c o n t r i b u t e to the b e t t e r understanding of 

polymorphism m the I n d i a n sub-continent. The d i s t r i b u t i o n of haemoglobin 

type frequency d i s t r i b u t i o n i s r a t h e r b e t t e r documented ( C h a t t e r j e a 1966). 

K i r k and L a i (1961) were the f i r s t to i n v e s t i g a t e the other polymorphic 

systems (e.g. Haptoglobin, T r a n s f e r r i n ) i n south I n d i a n s u b j e c t s . 

Subsequently, o t h e r i n q u i r i e s r e g a r d i n g these polymorphic systems were 

looked i n t o f o r other p o p u l a t i o n s of the I n d i a n sub-continent ( B a x i and 

Hakim 1966, Baxi and Camoens 1969a, Chopra 1970, Blake e t a l 1971, 

Sunderland e t a l 1975). 

The next step i n s o l v i n g some of the a n t h r o p o l o g i c a l problems 

presented by the heterogeneous p o p u l a t i o n was the use of red c e l l en ymes 

d i s c o v e r e d i n the l a s t decade. The f i r s t enquiry i n t o the isoenzyme 

systems of two endogamous groups of Madras wa^ i n i t i a t e d by Ananthakrisbnan 

and K i r k (1969). I n subsequent y e a r s , i n f o r m a t i o n r e g a r d i n g the other 

enzyme systems was p u b l i s h e d about the p o p u l a t i o n s of the s t a t e s of Bengal, 

Maharashtra and G u j r a t , Panjab, Madhya Pradesh, Assam (Das and Mukherjee 

1970, Blake e t a l 197C a,Blake e t a l 1971, Undevia e t a l 1972, Goedde e t a l 

1972, Singh e t a l 1974b and Roberts e t a l 1974). S i m i l a r r e s e a r c h e s were 

c a r r i e d out among the neighbouring p o p u l a t i o n s of Bhutan, Nepal and Ceylon 

(Mourant e t a l 1968, T i l l s e t a l 1970 and Roberts e t a l 1972). However, 

the s t u d i e s conducted on the v a r i o u s p o p u l a t i o n s of I n d i a are l i m i t e d and 

i n f o r m a t i o n sbout the frequency d i s t r i b u t i o n of v a r i o u s g e n e t i c parameters 

i s s c a n t y , not only among the t r i b a l p o p u l a t i o n s , but a l s o w i t h i n the 

urban communities. 
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Keeping m view the s t u d i e s conducted on the pop u l a t i o n s 

of Northern I n d i a , p l a n s were made to study the P a n j a b i s i n order to 

c o l l e c t d e t a i l e d i n f o r m a t i o n about the frequency d i s t r i b u t i o n of 

polymorphic systems i n the hope of adding to the knowledge of 

p o p u l a t i o n g e n e t i c s i n I n d i a . 
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5.2 A n a l y s i s of Data 

T h i s s e c t i o n d e a l s with the gene and phenotype f r e q u e n c i e s 

of d i f f e r e n t g e n e t i c a l systems i n v e s t i g a t e d i n t h i s survey. The r e s u l t s 

f o r the P a n j a b i s are d i s c u s s e d i n four d i f f e r e n t s e c t i o n s . They are : 

blood group a n t i g e n s , serum p r o t e i n s , red c e l l isoenzymes and haemoglobin. 

I n the case of the blood group a n t i g e n s , the r e s u l t s were d i s c u s s e d by 

comparing them w i t h other s t a t e p o p u l a t i o n s of Northern I n d i a , and where 

the data was l i m i t e d (e.g. i n the case of Duffy, K e l l , Kidd e t c ) , i t was 

thought a d v i s a b l e to compare them w i t h the r e s t of the p o p u l a t i o n s of 

I n d i a . S t u d i e s conducted on the serum p r o t e i n s and isoenzymes of I n d i a n 

p o p u l a t i o n s are l i m i t e d , so the p r e s e n t r e s u l t s were compared w i t h the 

a v a i l a b l e d a t a of neighbouring as w e l l as indigenous p o p u l a t i o n s of 

d i f f e r e n t I n d i a n s t a t e s . 

5.3 Blood Group Antigens 

The r e s u l t s of d i f f e r e n t blood group antigens are given 

below : 

( l ) T a ble 5.1 shows the d i s t r i b u t i o n of the ABO blood groups i n the 

P a n j a b i s of Northern I n d i a . Two l e v e l s of d i s c r i m i n a t i o n are shown, 

depending upon whether -A^ serum was employed i n t e s t i n g the samples. 

Good agreement was found between the observed and expected phenotype 

f r e q u e n c i e s , thus confirming the Hardy-Weinberg e q u i l i b r i u m . 

( i i ) The r e s u l t s f o r the MNSs phenotypes and gene f r e q u e n c i e s are s e t 

out m Table 5.2. Two l e v e l s of d i s c r i m i n a t i o n are shown, depending 

upon whether - s serum was employed or not i n t e s t i n g the specimens. 

Good agreement was found between the observed and expected phenotypic 

v a l u e s , confirming the assumption of Hardy-Weinberg e q u i l i b r i u m . 
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( i n ) Table 5.3 p r e s e n t s the d i s t r i b u t i o n of Rh types and gene complex 

f r e q u e n c i e s i n the P a n j a b i sample. A l l the specimens were t e s t e d with 
W 

the f o l l o w i n g a n t i s e r a : a n t i - D , -C, -E, - c , -e and-C . The s t a t i s t i c a l 

a n a l y s i s demonstrated a s i g n i f i c a n t d i f f e r e n c e between the observed and 
2 

expected phenotype v a l u e s , X, = 12.688 0.05<P>0.02. 

o 

Civ) Table 5-4a p i e s e n t s the observed number and frequency of K(+) 

i n d i v i d u a l s together wii_h the c a l c u l a t e d gene f r e q u e n c i e s . The r e s u l t s 

o f 86 s u b j e c t s t e s t e d w i t h anti-Kp* 5 serum are s e t out i n Table 5.4b. 
(v ) Data on the d i s t r i b u t i o n of the Duffy blood groups are shown i n two 

p a r t s as a r e s u l t of some specimens being t e s t e d w i t h a n t i - F y and 
b a a n t i - F y s e r a , whereas o t h e r s were t e s t e d w i t h a n t i - F y serum only. 

The r e s u l t s s e t out i n Table 5.5a show good agreement between the 

observed and expected phenotype v a l u e s , thus c o n f i r m i n g the assumption 

of Hardy-Wemberg law. Table 5.5b p r e s e n t s the obser«ed number, t h e i r 

frequency and c a l c u l a t e d gene f r e q u e n c i e s . 

( v i ) The r e s u l t s of 163 P a n j a b i samples t e s t e d w i t h a n t i - J K serum 

f o r the Kidd blood group system are given i n Table 5.6. The t a b l e 

a l s o r e v e a l s the Kidd groups, JK(a+) and J K ( a - ; , along w i t h t h e i r 

observed f r e q u e n c i e s . 
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5.4 D i s c u s s i o n 

5.4.1 ABO blood group system Table 5.7 

Table 5.7 p r e s e n t s data of the ABO blood groups and 

r e s p e c t i v e gene f r e q u e n c i e s i n the s t a t e p o p u l a t i o n s of Kashmir, Panjab, 

U t t a r Pradesh (U.P.) and the cis-Himalayan r e g i o n of Himachel Pradesh (H.P ) 

and U t t a r Pradesh. I t i s seen from the t a b l e LhaL a l 1 the p o p u l a t i o n s 

t e s t e d i n the Panjab, such as J a t , S i k h , Muslim or Hindu, i r r e s p e c t i v e 

of the f a c t t h a t they have been c a t e g o r i z e d as a r e l i g i o u s or a l i n g u i s t i c 

group, e x h i b i t , without any exception, a h i g h e r frequency of gene B than 

t h a t of gene A. Such i s a l s o the c a s e w i t h the p o p u l a t i o n s of R a j a s t h a n , 

Kashmir and U t t a r Pradesh. I n the h i g h e r c a s t e groups of U t t a r Pradesh, 

t h e r e i s a tendency f o r A to approach more c l o s e l y the frequency of B, 

w h i l e i n low c a s t e groups l i k e the Chamar, Bhoksa e t c . (Majumdar and 

Kishen 1947) the d i f f e r e n c e s are more ^Lominent. The d i s t r i b u t i o n of 

gene f r e q u e n c i e s m the cis-Himalayan p o p u l a t i o n s p r e s e n t an i n t e r e s t i n g 

p i c t u r e . The populations b o r d e r i n g Himachal Pradesh, p a r t i c u l a r l y i n 

the r e g i o n s of Chamba and Rampur Bushar, e x h i b i t a h i g h e r i n c i d e n c e of 

gene B than gene A. A s i m i l a r case i s seen i n c e r t a i n p o p u l a t i o n s 

b o r d e r i n g the U t t a r Pradesh p l a i n s . I n remote a r e a s , however, th e r e are 

i s o l a t e d groups, such as the Kinner Kanets of the C h m n i v a l l e y ( B h a l l a 

1961) and the upper c a s t e of Jaunsar Bawar ( B a n e r j e e and Kumar 1953) 

which r e v e a l a higher frequency of the gene A (see Table 5.7). 

The gene frequency d i s t r i b u t i o n i n the North I n d i a n p o p u l a t i o n s 

r e v e a l s a preponderance of gene r w i t h a frequency of 40 to 60 p e r c e n t . 

The frequency of q v a r i e s g e n e r a l l y between 20 and 30 percent and t h a t of 

p between 15 and 20 percent. The f r e q u e n c i e s e x h i b i t e d by the p r e s e n t 

sample of P a n j a b i s f i t i n t o t h i s range. Tne P a n j a b i s are s i m i l a r to 
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P a n j a b i s s o l d i e r s sample of H i r s z f e l d and H i r s z f e l d (1919). Compared 

w i t h the North I n d i a n sample of A l l e n and S c o t t ( 1 9 4 7 ) , the P a n j a b i 

sample of B h a ] l a (1963) and Anand (1957), and the Si k h sample of B i r d 

e t a l (1956), the P a n j a b i s a r e found to e x h i b i t a higher frequency of 

gene B (35%) and a s l i g h t l y lower frequency of gene 0 ( 4 7 % ) . I t appears 

t h a t the high frequency of gene B i s a c h a r a c t e r i s t i c f e a t u r e of the 

North I n d i a n p o p u l a t i o n s , but the d i f f e r e n c e could be due to s m a l l sample 

s i z e . F u r t h e r , no d i f f e r e n c e i s scon when the P a n j a b i s , t e s t e d w i t h 

a n t i - A ^ serum, a r e compared w i t h the P a n j a b i sample of Papiha e t a l (1972) 

and Seth (1968), and the Si k h sample of B i r d e t a l (1956). 

S t u d i e s conducted w i t h a n t i - A ^ serum are l i m i t e d to Northern 

I n d i a . However, the gene i s low among the P a n j a b i s (0.0062), but i s 

comparable to the pop u l a t i o n s of North I n d i a t e s t e d so f a r (Papiha e t a l 

1972, B h a t t a c h a r j e e 1966 and Seth 1968). 

5.4.2 MNSs blood group system Table 5.8 

I n the I n d i a n sub-continent the i n c i d e n c e o f a hig h e r 

frequency of the M gene and a r e l a t i v e l y low frequency of the N gene 

" f i t s w e l l i n t o the Mediterranean and European p i c t u r e " (Mourant 1954). 

The h i g h e s t frequency of gene M (89.00%) was re p o r t e d among the Riangs 

of T r i p u r a (Kumar and S a s t r y 1961), and the lowest (38.36%) among Mela-

pantarums of Travancore, South I n d i a (Buchi 1955). I n Northern I n d i a , 

B h a l l a (1963) examined th r e e upper c a s t e s of P a n j a b i Hindus and rep o r t e d 

For the sake of comparison and convenience the comparable r e s u l t s 
o f the MNS and MNSs systems obtained by usi n g anti-M, -N, -S and - s 
were converted i n t o terms of M and N ge ne by adding the v a l u e s of 
MS and Ms to get M and NS and Ns to get N. 
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M gene frequencies v a r y i n g from 53.58% i n the Arora to 57.37% i n the 

Brahmin. I n Kashmir the Pandits and Muslims s t u d i e d by Bhattacharjee 

(1966) showed the frequency of the M gene to be 57%. The Sikhs t e s t e d 

by B i r d et a l (1956) showed M frequency of 64% and s i m i l a r f i g u r e s were 

given by Papiha et a l (1972) i n h i s Panjabi sample. 

I n the present survey the Panjabis show a higher frequency 

of the M gene (65% and 67%). Mourant (1954) described a lower value 

of 58% i n the province of Panjnb, West Pakistan. S i m i l a r low values 

have been reported i n Panjabi Hindus (55%) by Bhalla (1963). A p l a u s i b l e 

explanation f o r t h i s d i f f e r e n c e could be t h a t Mourant's sample consisLed 

of Panjabi Muslims and Bhalla's only the Panjabi Hindus, whereas the 

present sample co n s i s t s of predominantly Panjabi Sikhs and a few Hindus. 

However, i t appears t h a t the M gene m the n o r t h averages around 62% and 

the present value f o r the Panjabis i s close t o those reported f o r other 

North I n d i a n p o p u l a t i o n s . 

From the comparative data ooramarized m Table 5.8b, i t appears 

t h a t , l i k e Europe, the gene S tends t o accompany gene M r a t h e r ttian 

gene N. The Tanjabis show these tendencies and confirm the general 

Indian p a t t e r n . 

5.4.3 Rh blood group system Table 5.9 

I n g e n eral, the f i n d i n g s f o r the Rh blood groups r e p o r t e d 

here show resemblances w i t h the populations of Northern I n d i a . The 

frequency of Rh negative type, r r , f o r the present sample i s 7.02%. 

S i m i l a r l y , the Rh negative incidence has been r e p o r t e d as 6.66% i n 

Panjabis (Talwar 1962), 6.12% i n Panjabi Hindus (Bhalla 1963) and 6.67% 

i n the U.P. Brahmins (Shivaraman e t a l 19711. However, the present 

value i s higher than the f i g u r e of 3.8% f o r the Sikn ( B i r d et a i 1956) 
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and 4.4% f o r the Panjabis (Papiha e t a l ] 9 7 2 ) , but i s w i t h i n the range 
o f 6 to 10% reported f o r the North I n d i a n populations. The Panjabis 

also show the presence of r a r e phenotypes R̂ R , r ' r and R Q
r» Papiha 

e t a l (1972) has, however, r e p o r t e d the absence of type R-R and r ' r 
2 z 

m the Panjabis. 

The gene frequencies set out i n Table 5 9 suggest t h a t the 

gene r has frequencies i n the range between 0.2377 and 0.2833, except 

i n the Sikh, where the value i s low (0.176). The present value of 

0.2457 i s w i t h i n t h i s range. The gene R̂  v a r i e s from 0.5279 i n Thakkur 

t o 0.639 i n Sikh and the frequency o f 0.5985 here i s close t o the value 

of 0.610 f o r the Panjabis. The frequency of gene R2, 0.1095, i s again 

i n l i n e w i t h the values of 0.118 and 0.097 reported f o r the Sikh and the 

Panjabis. Also, the frequencies of the r a r e genes are comparable w i t h 

the populations of Northern I n d i a . 

5.4.4 K e l l blood group system Table 5.10 

Table 5.10 shows the d i s t r i b u t i o n of the K e l l blood group 

system i n selected I n d i a n populateons. As f=n be seen from the t a b l e , 

the frequency o f the gene K i s lower i n I n d i a than m Europe. Again 

not many s t a t e populations are a v a i l a b l e f o r comparison, but i t i s c l e a r 

from tne a v a i l a b l e data t h a t the K e l l p o s i t i v e phenotype frequency 

approximates 1% i n the Indian p o p u l a t i o n s . An e x c e p t i o n a l l y h i g h 

frequency of the K e l l p o s i t i v e phenotype (about 12%) was reported m an 

upper caste of Bengal by Sen (1960). This aberrant case could be 

a t t r i b u t e d e i t h e r to sampling or technique. The low frequency of the 

gene K found m t h i s survey (0.0140) i s s i m i l a r t o t h a t from other sample 

from the Panjab (Papiha e t a l 1972) and Madhya Pradesh, C e n t r a l I n d i a 

(Roberts e t a l 1974). 
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No t e s t s appear ever to have been c a r r i e d out on specimens 
a b 

from Indians w i t h e i t h e r of the Penny a n t i s e r a , Kp and Kp . The 

Panjabis t e s t e d w i t h anti-Kp^ serum only gave the f o l l o w i n g frequencies 

k p 3 = 0.3235 and Kp^ = 0.6765. These values seem t o be much higher 

than i n European populations., "^^ 7 el-*t. ^ <A LwUi U^f, 

5.4.5 D u f f y blood group system Table 5.11 

Generally speaking, the A s i a t i c populations are c h a r a c t e r i z e d 

by high Fy gene frequencies as compared w i t h European populations 

(Mourant 1954). Cutbush and M o l l i s o n (1950) test e d 55 A s i a t i c Indians 

and found a Fy phenotype frequency of 93%, a f i g u r e which may be 

i n f l a t e d by small sample s i z e . Bur. there i s no doubt t h a t a high 

frequency of the Fy gene i s present i n c e r t a i n I n d i a n populations. 

Lehman and Cutbush (1952) reported the highest frequency of the Fy gene 

i n the I r u l a s (74%) of South I n d i a . S i m i l a r high values were found i n 

the Todas (71%) of the N i l i g i r i h i l l s . The lowest frequency reported i s 

32% found i n a J a l a i g u r i caste of West Bengal (Das e t a l 1967). As 

shown i n Table 5.11a, the Western and C e n t r a l populations of I n d i a snow 

the Fy gene frequency v a r y i n g between 35% and 53% (Vyas e t a l 1958, 

Parikh e t a l 1969, Roberts e t a l 1974). Thus i t appears t h a t the 

incidence of the Fy antigen v a r i e s i n d i f f e r e n t p a r t s of I n d i a and the 

present f i g u r e of 57% f o r the Panjabis i s w e l l w i t h i n the range of 

v a r i a t i o n of the e a r l i e r samples. 

Table 5.11b shows the d i s t r i b u t i o n of the Duffy blood groups 
a b 

t e s t e d w i t h a n t i - F y and anti-Fy serum. To the author's knowledge 

no other p o p u l a t i o n from North I n d i a , apart from the present Panjabi 

sample, has been t e s t e d f o r the complete Duffy system. I n the present 

survey, a s i n g l e s u b j e c t showed the presence of the phenotype Fy(a-b-). 
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A s i m i l a r f i n d i n g was reported i n the Muslims of Madhya Pradesh 

(Roberts e t a l 1974). I t seems t h a t the presence of the Fy gene i s 

common i n these areas but i t i s as yet premature to i n d i c a t e the 

general p i c t u r e f o r the Fy gene i n I n d i a . Furthermore, the Panjabis 

e x h i b i t D uffy gene frequencies c o n s i s t e n t w i t h those found i n the 

Hindus and Muslims of Madhya Pradesh, Central I n d i a (Roberts e t a l 1974). 

5-4.6 Kidd blood group system 

Studies conducted w i t h e i t h e r of the Kidd a n t i - s e r a , a n t i -
a b 

JK or JK , are few i n I n d i a . Among the s t a t e populations a v a i l a b l e 
f o r comparison are the Hindus and Muslims of Madhya Pradesh (Roberts 

e t a l 1974) and the Muslims of Bombay (Hakim e t a l 1973). The Panjabis 

appear t o ha^e s i m i l a r frequencies t o those found i n uhe Muslim sample 

of Madhya Pradesh and Bombay. The Panjabis, as w e l l as the other I n d i a n 

p o p u l a t i o n s , are found to be s i m i l a r to European popu l a t i o n s . 



110 

5.5 Serum P r o t e i n s 

The r e s u l t s of the two serum systems employed i n t h i s study 

ate as f o l l o w s . 

( i ) Table 5.12 shows the d i s t u b u t i o n of haptoglobin groups and 

r e s p e c t i v e gene f r e q u e n c i e s i n the P a n j a b i s of Noithern I n d i a . No 

s i g n i f i c a n t d i f f e r e n c e between Lhe observed d i s t r i b u t i o n of phenoLypet. 

and the e x p e c t a t i o n determined acc o r d i n g to the Hardy-Wemberg law was 

found. No Hp 2-1 (modified) or o t h e i r a r e r phenolypes were detected. 

Seven s u b j e c t s with phenotype Hp 0-0 or anhaptoglobinaemia weic detected. 

As the phenotype Hp 0-0 i s not considered to be i n h e r i t e d ( B a r r i c o t e t 

a l 1960), i t was excluded from the gene frequency c a l c u l a t i o n s . The 

a l l e l e f r e q u e n c i e s e x h i b i L e d by Lhe P a n j a b i s are PS f o l l o w s • 

Hp 1 =- 0.2204, Hp 2 = 0.7796. 

( n ) The d i s t r i b u t i o n of the Tf groups and t h e i r r e s p e c t i v e gene 

f r e q u e n c i e s are sho\m i n Table 5.13. A s i n g l e s u b j e c t shoved a CB 

phenoLype; a l l o t h e r s were CC, no D v a r i a n t being found. I t was not 

p o s s i b l e to sub-type the B v a r i a n t , but when run w i t h a CB c o n t r o l on 

the s t a r c h - g e l , the p r e s e n t CB v a r i a n t e x h i b i t e d s i m i l a r m o b i l i t y . 
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5.6 Discussion 

5.6.1 Haptoglobin Table 5.14 

Previous r e s u l t s of haptoglobin t y p i n g i n the I n d i a n sub­

c o n t i n e n t are summarized i n Table 5.14. World values f o r the Hp* gene 

range from 0.07 to 0.89 (Kirk. 1968). The I n d i a n sub-continent i s an 

area of low Hp* values. I n the South, the Nadar (0.037), the I r u l a s 

(0.070) and the Tamils (0.090) show the lowest frequencies i n the w o r l d , 

whereas the Todas are e x c e p t i o n a l i n having the highest known frequency 

o f 0.37 ( K i r k and L a i 1961). The Cent r a l and Eastern I n d i a n populations 

show an increased Hp* frequency (see Table 5.14). Baxi and Camoens (1969a) 

value of Hp* 0.1165 f o r the Marathi i s low and t o the North West there i s 

a s l i g h t increase i n the Hp* frequency, the value r i s i n g t o 0.271 among 

the Jats (Sunderland e t a l 1975). Comparison w i t h neighbouring areas 

shows a s i m i l a r increase i n the v a l u e , r i s i n g t o 0.24 among the Pathans 

( K i r k ana L a i 1961) and 0.276 among the Peshawarans of West Pakistan 

(Walter e t a l 1966). The frequencies of Hp* p l o t t e d against l a t i t u d e 

c o n f i r m the suggestion of a south t o n o r t h g r a d i e n t of i n c r e a s i n g 

frequency. 

I n the present survey the Hp* frequency of 0.2204 f o r the 

Panjabis i s comparable w i t h values of 0.2094 and 0.237 f o r the Panjabis 

obtained by T i w a r i (1961) and Papiha (1973). This value i s also i n 

agreement w i t h the range of v a r i a t i o n (0.037 - 0.37) r e p o r t e d f o r other 

I n d i a n p o p u l a t i o n s h i t h e r t o i n v e s t i g a t e d ( K i r k and L a i 1961, Blake e t a l -

1971, Seth e t a l 1971 and Singh et a l 1974a). Apart from the usual 

h a p t o g l o b i n p a t t e r n s , the presence of phenotype Hp 0-0 i n the Panjabis 

i s c o n s i s t e n t w i t h the r e p o r t of T i w a r i (1961). Blake e t a l (1971) 

also r e p o r t e d the Hp 0-0 type m the scheduled caste i n d i v i d u a l from 
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North I n d i a , but Sunderland et a l (1975) d i d not f i n d i t i n any of 
the f o u r castes of the Panjabis. The present appreciable frequency of 
Hp 0-0 i n the Panjabis could be a t t r i b u t e d t o parasitacmia and other 
diseases i n which haemolytic episodes occur. 

5.6.2 T r a n s f e r r i n Table 5.15 

Table 5.15 shows the d i s t r i b u t i o n of t r a n s f e r r i n v a r i a n t s m 

vario u s populations of the In d i a n sub-continent. V a r i a n t s of t r a n s f e i . r i n 

i n some p a r t s of I n d i a are r a r e . The existence of t r a n s f e r r i n D has 

been reported i n Madras (Ananthakrishnan and K i r k 1969), m Assam 

(Goedde e t a l 1972), m West Bengal (Walter e t a l 1972, Mukherjee e t a l 

1974, and Das et a l 1974) i n a miscellaneous sample o f Indians from 

d i f f e r e n t s t a t e s (Baxi and Camoens 1969b). I n a d d i t i o n , v a r i a n t s occur 

at h i g h frequency i n the t r i b a l p o p u l a t i o n of the Oraons and i n the Veddas 

of Ceylon ( K i r k and L a i 1961). Thus these r e s u l t s i n d i c a t e t h a t the 

d i s t r i b u t i o n of t r a n s f e r r i n D i s confined to the South and East of ".ndia 

which separates the p o p u l a t i o n of Drav i d i a n and A u s t r o - A s i a t i c l i n g u i s t i c 

a f f i n i t y from the more n o r t h e r l y Aryan speakers i n which the B v a r i a n t 

i s found t o be more common (see Table 5.15). 

The d e t e c t i o n of a CB v a r i a n t among the Panjabis i n t h i s survey 

has increased the number o f subjects kno\m w i t h B v a r i a n t s . Goedde e t a l 

(1972) f i r s t r e p o r t e d a t r a n s f e r r i n B v a r i a n t i n the Khasis o f Assam. A 

s i m i l a r v a r i a n t was found i n D e l h i Muslims (Papiba and Wastell 1974), i n 

the Jats (Singh e t a l 1974a), i n K h a t r i (Sunderland et a l 1975) and Pathans 

( K i r k and L a i 1961). This i l l u s t r a t e s the f a c t t h a t the CB v a r i a n t i s 

r e l a t i v e l y frequent i n the Northern, North-Western and North-Eastern 

p o p u l a t i o n s o f I n d i a compared w i t h the populations of the South. 

However, much research i s c a l l e d f o r i n order t o assess the exact 

d i s t r i b u t i o n o i d i f f e i e n t t r a n s f e r r i n v a r i a n t s i n the I n d i a n sub-continent. 
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5.7 Red C e l l Isoenzymes 

The r e s u l t s o f d i f f e r e n t isoenzyme systems are given below . 

( i ) Table 5.16 l e v e a l s the d i s t r i b u t i o n of acid phosphatase groups 

and r e s p e c t i v e a l l e l e frequencies i n the Panjabi sample. Close 

agreement was found between the observed and expected phenotype values 

c o n f i r m i n g the assumption of Haidy-Wembcrg e q u i l i b r i u m , and i t i s a 

random mating p o p u l a t i o n . The a l l e l e frequencies e x h i b i t e d by the 

Panjabis are P a = 0.3217, P b = 0.6687 and P C = 0.0096. 

( n ) The d i s t r i b u t i o n of PGM̂  groups and c a l c u l a t e d gene frequencies 

are shown i n Table 5.17. No s i g n i f i c a n t d i f f e r e n c e between the observed 

d i s t r i b u t i o n o f phenotypes and the e x p e c t a t i o n according to the Hardy-

Wemberg law was found. No r a r e r phenotype was found. The frequency 
1 . 2 of PGMX observed i s 0.7044 and t h a t o f PGtt^ i s 0.2956. 

( m ) Table 5.18 shows the d i s t r i b u t i o n of the adenylate kinase groups 

and r e s p e c t i v e gene frequencies i n the Panjabis. There was close 

agreement between the observed and expected phenotypic values. No 

r a r e r phenotype was detected. The observed frequencies of gene AK* 

and AK 2 f o r the Panjabis are as f o l l o w s : AK1 = 0.9177 and AK2 = 0.0823. 

( I V ) Table 5.19 gives the d i s t r i b u t i o n o f 6-PGD phenotypes and re s p e c t i v e 

gene frequencies. No d i f f e r e n c e between the observed and expected 

phenotype values was found, thus c o n f i r m i n g the Hardy-Wemberg e q u i l i b r i u m . 

The gene frequencies of 6-PGD of the Panjabis are : PGD = 0.9772 and 

PGD° = 0.0228. 

(v) The percentage d e f i c i e n c y o f G-6-PD detected i n the Panjabi males 

i s set out i n Table 5.20, No other v a r i a n t , apart from n o t i n g whether 

the subject i s d e f i c i e n t or not, was po s s i b l e as the specimens were o l d . 
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( v i ) A l l the 415 specimens analysed f o r l a c t a t e dehydrogenase (LDH) 
e x h i b i t e d the normal phenotype and are shown m Table 5.21. 

( v i ) Also the 415 specimens t e s t e d f o r malate dehydrogenase (MDH) 

were found to have the type MDH-] (Table 5.21). 
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5.8 Discussion 

5.8.1 Acid phosphatase Table 5.22 

Three a l l e l e s e x i s t i n many popula t i o n s t o c o n t r o l the 

phenotypic expression of red c e l l a c i d phosphatase, and two of these, 
3L b c P and P , are u n i v e r s a l l y d i s t r i b u t e d . The t h i r d , P , appears to be 

absent or of very low frequency i n black A f r i c a n s and New Guineans 

(Hopkinson 1968) and Japanese (Shmoda 1969). Such polymorphic 
• 3. b c 

v a r i a t i o n i n I n d i a i s c o n t r o l l e d by three a l l e l e s , P , P and P , the 
a b 

l a s t being very low as compared w i t h the commonly o c c u r r i n g P and P 

genes. The highest P gene f o r an I n d i a n sample i s 0.047 f o r the Khasis 

o f Assam (Goedde e t a l 1972). llopkmson (1968) quotes unpublished r e s u l t s 

of 222 Indians sampled i n England g i v i n g a P frequency of 0.02. I n 

indigenous samples, most of the states show frequencies of less than 1%, 
c • 

and the P gene i s absent i n the Brahmins and Naickers of Madras 

(Ananthakrishnan and K i r k 1969), the Marathi of Bombay (Blake et a l 1970a) 

and the Parsis of Bombay (Undevia et a l 1972). The Bhutanese sample of 

Mourant e t a l (1968) also showed an absence of the P a l l e l e . I n t l * 3 
c 

present sample, the P a l l e l e occurred i n e i g h t heterozygotes, seven CB 

and one CA. This low frequency of the P gene (0.0096) i s c l e a r l y i n 

agreement w i t h other I n d i a n populations t e s t e d . However, the I n d i a n 
a b 

populations also vary appreciably i n the frequencies of the P and P 

genes. P ranges from 0.328 i n a Muslim sample of Roberts e t a l (1974) 

and the North I n d i a n sample of Blake e t a l (1971), down to 0.206 i n 

Naickers of Madras and 0.171 m Bhutan (Mourant et a l 1968). The present 

frequency of 0.3217 f o r the Panjabis i s w i t h i n t h i s range and i d e n t i c a l 

w i t h the value of 0.318 f o r the Panjabjs r e p o r t e d by Papiha et a l (1972). 
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The highest P frequencies of 0.829 and 0.794 occur i n Bhutan and 

among the Naickers of Madras ranging down to 0.5775 amongst the Arora 

of North I n d i a , and the present sample at 0.6687. O v e r a l l , h i g h l y 

s i g n i f i c a n t heterogeneity appears amongst the samples i n a c i d 

phosphatase phenotype frequency. 

5.8.2 PhosphoglucomuLasc locus 1 Table 5.23 

Data on the d i s t r i b u t i o n of phosphoglucomutase locus 1 

i n the various populations o f the I n d i a n sub-continent are summarised 
1 2 

i n Table 5.23 . PGM̂  and PGM^ have a uni v e r s a l d i s t r i b u t i o n though 

t h e i r frequency v a r i e s from one p o p u l a t i o n to another (Hopkmson 1968). 

I n South I n d i a , Anathakrishnan (1972) noted PGM* values ranging from 

0.721 t o 0.796, i n Marathi and G u j a r a t i the corresponding values found 

by Blake e t a l (1970) were 0.6491 and 0.6909 and f o r the Bengalis, Das 

and Mukherjee (1970) found a PGM* frequency of 0.6989. I n the North 

I n d i a n sample of Blake e t a l (1971), PC?1* ranged from 0.6341 among the 

Rajput t o 0.793 7 among the Vaish. Thus the frequency o f the PGM| gene 

among the Vanjabis (0.7044) f i t s i n t o the range of 0.634 to 0.804 (see 

Table 5.23) reported f o r the I n d i a n populations t e s t e d to date. Again 

the frequency of the PGM* a l l e l e i s c o n s i s t e n t w i t h those found by 

Singh et a l (1974b) i n a combined sample o f Panjabis and i n Das e t a l ' s 

sample of Bengalis. A s t a t i s t i c a l comparison w i t h neighbouring c o u n t r i e s 

l i k e Ceylon and Bhutan shows t h a t the PGM̂  frequencies are somewhat 
2 

s i m i l a r . As shown i n Table 5.23, the PGMĵ  ranges from 0.196 t o 0.3537, 

and the present value o f 0.2956 f o r the Panjabis i s w e l l w i t h i n the range. 

O v e r a l l , the PGM̂  frequencies appear to be r e l a t i v e l y u n i form over the 

sub-continent, no matkedcliues being apparent. 



117 

5.8.3 Adenylate kinase Table 5.24 

Table 5.24 presents data on the d i s t r i b u t i o n of adenylate 

kinase and r e s p e c t i v e gene frequencies i n v a r i o u s populations of the 

I n d i a n sub-continent. 
2 

Among Europeans, the AK frequency approximates 0.05, but 
lower frequencies are found among U.S. Negroes and black A f r i c a n s (Rapley 

2 

e t a l 1967). The AK gene i s shown to be absent i n New Guinea and 

A u s t r a l i a ( S i n n e t t e t a l 1970, K i r k et a l 1971) and has zero or very low 

frequencies i n Mongoloids (Shih and Hsia 1969). By c o n t r a s t , the 
frequencies i n I ndian populations are h i g h . The highest frequencies 

2 
of AK r eported so f a r are amongst Indians (0.0985) and P a k i s t a n i s (0.1296) 
sampled i n England (Rapley e t a l (1967). S i m i l a r frequencies i n the 
Brahmin (0.081) and Naicker (0.099) of South I n d i a were re p o r t e d by 

2 

Ananthakrishnan and K i r k (1969). The frequency of AK i n Bengal i s 

s l i g h t l y lower at 0.0867 (Das and Mukhtrjee 1970) and the Marathi and 

G u j a r a t i have frequencies of 0.0909 and 0.1115, r e s p e c t i v e l y (Blake e t 

a l 1 9 7 0 a ) . Among the North I n d i a n upper caste groups, the range i s from 

0.0563 f o r the Arora and Brahmin to 0.1270 f o r the Vaish and 0.1406 f o r 
a small s e r i e s of miscellaneous Hindu (Blake e t a l 1971). E x c e p t i o n a l l y 

2 

low values of AK have been found to occur i n the Reddiar (0.034) o f 

South I n d i a (Ananthakrishnan 1972). The Panjabis show a s t r i k i n g 

s i m i l a r i t y i n the North I n d i a n sample of Camoens (1971) and the Panjabi 

samples of Papiha et a l (1972) and of bmgh et a l (1974b). 

5.8.4 6-Phosphogluconate dehydrogenase Table 5.25 

A C 

I n the 6-PGD system, two a l l e l e s , PGD and PGD , have been 

shown to occur i n a l l populations (Carter et a l 1968). I n Europeans 
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the PGD a l l e l e frequency approximates 0.02 and s i m i l a r values have 

been found i n the Brahmin and Naicker of South I n d i a (Ananthakrishnan 

and K i r k 1969), i n North Indians (Blake et a l 1971), among the G u j a r a t i 

and Marathi of Bombay (Blake e t a l 1970a)and m Bengalis (Das and Mukherjee 
Q 

1970). The highesL PGD frequency r e p o r t e d so f a r i n I n d i a i s 0.048 

among the Nadar of Madras (AnanLhakrishnan 1972) and 0.047 among the Khasi 
Q 

o f Assam (Goedde et a l (1972). O v e r a l l , the frequency of the PGD gene 

i n Lhe In d i a n populations ranges from 0.006 to 0.048. The 0.0228 value 

f o r the Panjabis f i t s i n t o t h i s range and i s comparable w i t h European 

f i g u r e s . Using the Chi-squared t e s t , the Panjabis are found t o e x h i b i t 

6-PGD phenotypes and genes c o n s i s t e n t w i t h the p r o p o r t i o n s found i n 

Panjabis by Papiha et a l (1972) and i n Marathi and G u j a r a t i of Bombay 

by Blake e t a l (1970 a). 

5.8.5 Glucose-6-phosphaLe dehydrogenase Table 5.26 

Table 5.26 shows the incidence o f G-6-PD d e f i c i e n c y m 

sele c t e d populations of the I n d i a n sub-contir.cnt. The a s s o c i a t i o n of 

G-6-PD w i t h malaria and i t s d i s t r i b u t i o n i n the I n d i a n sub-continent tias 

already been reviewed by Chat t e r j e a (1966). I t i s seen from the t a b l e 

t h a t the percentage of G-6-PD d e f i c i e n c y i n I n d i a n populations v a r i e s 

from one re g i o n t o another. A h i g h percentage i s found among the t r i b a l 

p o p u l a t i o n (8.5%) of Andhra Pradesh (Meera Khan 1964) and among the 

Parsis (19%) of Bombay (Baxi et a l 1963). G-6-PD i s known to be more 

frequent among the North Indians (0.4 - 13.5%) than among South Indians 

of n o n - T r i b a l o r i g i n (0 - 3.3%). 

I n the present survey the incidence of G-6-PD d e f i c i e n c y i s 

found to be 4.09% among the Panjabis. This f i g u r e i s higher than t h a t 

r e p o rted f o r the NcrLh Indians (2.79%) by Saha and Banerjee (1971). 

*A h i g h frequency o f G-6-ED (4.09%) could be a t t r i b u t e d t o the age o f the 
specimens. 
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I t i s seen to be lower compared w i t h a 2000 sample of Panjabis (6.9%) 

but i s close t o the Tanjabi sample (3.42%) of Singh et a l (1974b). 

Such d i f f e r e n c e among the above mentioned samples could be due to 

d i f f e r e n t techniques, d i f f e r e n t e t h n i c i t y , the e f f e c t of environment 

and n u t r i t i o n a l f a c t o r s . 

5.8-6 Lactate dehydrogenase Table 5.27 

The d i s t r i b u t i o n of LD1I v a r i a n t s detected i n various 

I n d i a n populations i s shown m Table 5.27. The Eastern and Southern 

populations have a r e l a t i v e l y h igh frequency of a genetic v a r i a n t 

designated as LDH Cal-1, ranging i n frequency from 1 t o 4% (Das and 

Mukherjee 1970, Anantha Krishnan e t a l 1970). Among the North I n d i a n 

sample, the frequency i s shown to be 1% (Blake e t a l 1971). I n the 

present i n v e s t i g a t i o n no LDH v a r i a n t was found among the Panjabis and 

t h i s r e s u l t i s i n agreement w i t h t h a t of the Panjabis reported by 

Papiha e t a l (1972). 

5.8.7 Malate dehydrogenase 

MDH v a r i a n t s are r a r e i n I n d i a . The absence of MDH v a r i a n t s 

i n the Panjabis i s c o n s i s t e n t w i t h the r e s u l t s of previous studies on 

the I n d i a n populations (Blake et a l 1970a,Blake e t a l 1971 and Undevia 

e t a l 1972). 
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5.9 Discussion 

5.9.L Haemoglobin Table 5.28 

The establishment of the f a c t t h a t a l l the abnormal 

haemoglobins were of type Hb-D has been-discussed e a r l i e r i n Chapter IV. 

Haemoglobin-D has been shorn t o occur very f r e q u e n t l y among 

the Sikh and G u j a r a t i m I n d i a ( B i r d and Lehmannl956, Ghai e t a l 1961). 

I n the present sample, 9 subjects e x h i b i t e d the heterozygous form Hb-AD 

and the frequency of 0.0132 here i s i n agreement w i t h the value of 

0.0108 given f o r the Sikhs by B i r d e t a l (1956). 
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5.10 Conclusion 

S e r o l o g i c a l l y , i t has been observed t h a t the Panjabis show 

the g r e a t e s t resemblance to the s t a t e populations of Kashmir, Rajasthan 

and U t l a r Pradesh i n Northern I n d i a . Regarding the ABO gene frequencies, 

the Panjabis e x h i b i t a h i g h B frequency which seems to be a c h a r a c t e r i s t i c 

f e a t u r e of North Indian populations. The frequency of the A^ gene i s 

low. A higher frequency of the gene M and lower frequency of the gene N 

f i t w e l l w i t h i n the Mediterranean and European p i c t u r e . The Panjabis, 

l i k e other I n d i a n and European popula t i o n s , c o n f i r m the tendencies of 

showing t h a t the gene S accompanies gene M r a t h e r than gene N. The 

general p a t t e r n of the Rh frequency d i s t r i b u t i o n s also shows close 

resemblance w i t h the n o r t h e r n p o p u l a t i o n s . Among other blood group 

antigens, the data on the frequency d i s t r i b u t i o n o f the Penny, Duffy and 

Kidd systems has been presented f o r the f i r s t time. The Panjabis appear 

to have a h i g h frequency of the Kp gene. F u r t h e r study of t h i s may 

prove to be of some importance i n d i f f e r e n t i a t i n g populations i n I n d i a . 

Of great i n t e r e s t i s the f i n d i n g of phenotype Fy(a-b-). Compared w i t h 

the only o t h e r p o p u l a t i o n t e s t e d , i n Madhya-Pradesh,it seems t h a t the 

Fy gene i s present m no r t h e r n and c e n t r a l populations of I n d i a . Since 

not many populations from I n d i a have been t e s t e d f o r the complete Duffy 

system, i t would be premature to attempt t o p r e d i c t the general p i c t u r e 

of the Fy gene i n I n d i a . Concerning che K e l l and Kidd systems, the 

frequency d i s t r i b u t i o n s i n the Panjabis are found to be the same as 

those observed i n other Indian p o p u l a t i o n s . 

Of the two serum p r o t e i n systems i n v e s t i g a t e d , both were 

found to be polymorphic. No major d i f f e r e n c e was revealed by the present 

study between the Panjabi p o p u l a t i o n and those i n other p a r t s of I n d i a f o r 

the haptoglobin system v There comparable data are a v a i l a b l e . The frequency 
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of Hp i s high f o r the Panjabis, but s i m i l a i to t h a t of North Indians, 

Bengalis, Marathis and G u j a r a t i s . The presence of the t r a n s f e r r i n B 

v a r i a n t i s common i n Northern I n d i a and the present study i s m 

agreement w i t h the previous f i n d i n g s . The occurrence of a s i n g l e 

i n d i v i d u a l w i t h a CB v a r i a n t i s o f i n t e r e s t , t h e r e f o r e , and although 

the frequency of t h i s v a r i a n t i s low, i t could piove to De s i g n i f i c a n t 

i n d i s t i n g u i s h i n g populations i n d i f f e r e n t places of a vast country 

l i k e I n d i a . Further research i s u r g e n t l y needed t o know the exact 

d i s t r i b u t i o n o f t r a n s f e r r i n B v a r i a n t s i n I n d i a . 

Among the seven enzyme systems s t u d i e d , f i v e were found to 

be polymorphic i n the Panjabis. They were : a c i d phosphatase, 

phosphoglucomutase, adenylate kinase, 6-phosphogluconate dehydrogenase 

and glucose-6-phosphate dehydrogenase. I n the I n d i a n sub-continent 

most o f the populations have been known to e x h i b i t low frequencies of 
c c the gene P . The present low value of the P a l l e l e i n the Panjabis 

has been confirmed by comparing w i t h the e a r l i e r s t u d i e s . P̂  i s the 
commonest a l l e l e , but again there i s no s i g n i f i c a n t d i f f e r e n c e between 

North and South. The same i s t r u e f o r Locus 1 i n the PGM system, no 
Q 

c l i n a l trends being apparent. S i m i l a r l y , the PGD a l l e l e i n the 6-

phosphogluconate dehydrogenase system showed no obvious d i f f e r e n c e 

between populations i n various p a r t s of the country. The adenylate 
kinase system shows t h a t I n d i a n populations have very high values f o r 

2 

the AK gene. The Panjabis also d i s p l a y AK a l l e l e and phenotype 

frequencies s i m i l a r to those reported i n Bengalis, Marathis, G u j a r a t i s 

and some South Indians. 

Two enzyme systems, malate dehydrogenase and l a c t a t e 

dehydrogenase, were found t o be i n v a r i a n t m the present survey. 

Malate dehydrogenase was studied f o r the f i r s t time i n the Panjabis. 
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The i n v a r i a n t r e s u l t s o f t h i s system are c o n s i s t e n t w i t h the previous 

studies i n I n d i a . Further study of the populations of Northern I n d i a 

may provide u s e f u l i n f o r m a t i o n as such v a r i a n t s d i s t i n g u i s h c e r t a i n 

populations from other peoples of the w o r l d where the system i s found 
to occur as a polymorphism. Indian populations appear to have the 

highest frequency of LD1I v a r i a n t s (1 - 4%) i n the v o r l d . S i m i l a r l y , 

an appreciable frequency has been re p o r t e d i n North I n d i a n populations. 

The absence of LDH v a r i a n t s i n the present study r e q u i r e s more d e t a i l e d 

study t o be conducted i n other s t a t e populations of Northern I n d i a . 

F i n a l l y , i t appears t h a t the frequency d i s t r i b u t i o n s of 

enzyme v a r i a n t s i n Panjabis are s i m i l a r to those i n other s t a t e s i n 

p e ninsular I n d i a . The samples drawn from the Aryan speaking peoples 

o f the North do not d i f f e r from those of the D r a v i d i a n speaking groups 

o f Central and Southern I n d i a . Thus the e t h n i c d i s t i n c t i o n does not 

coincide w i t h the isoenzyme genetic d i f f e r e n c e s . For example, the 

Panjabis of the North and the South Indians share h i g h frequencies 
2 

o f the AK gene. 
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CHAPTER V I 

GENETIC POLYMORPHISMS IN THE NEPALESE 

6.1 I n t r o d u c t i o n 

6.1.1 Geography - h i s t o r y and people 

Nepal, roughly r e c t a n g u l a r m shape, comprises an area of 

about 55,000 square miles and i s s i t u a t e d between l o n g i t u d e 80 and 88E 

and l a t i t u d e 27 and 30N. I t i s sandwiched between the great CTange-

p l a i n s o f I n d i a t o the south and the Tibetan p l a t e a u to the n o r t h . The 

country shows d i f f e r e n t topographical u n i t s which are c l e a r l y d i s t i n g u i s h a b l e 

from each other. The heart of the country c a l l e d 'the Midlands' i s 

p r o t e c t e d i n the south by the M ahabarat Lekh and i n the n o r t h by the 

mountains o f the High Himalayas (Figure 6.1). 

According t o Regmi (1965), the v a l l e y of Nepal had received 

a l l k i nds o f s e t t l e r s by the advent o f 14th century A.D. The m a j o r i t y 

o f these people came from South and South-east Asia. Lack o f archaeo­

l o g i c a l and h i s t o r i c a l evidence makes i t d i f f i c u l t t o determine who were 

the e a r l y s e t t l e r s and what time they came to Nepal. What i s c e r t a i n i s 

t h a t the ancient Nepalese t r i b e s s e t t l e d i n the Midlands and c o n s t i t u t e d 

the o r i g i n a l Nepalese p o p u l a t i o n . I n the 12th century, the Khasa t r i b e s 

migrated t o the south and west and around 1500 B.C. the Aryan i n v a s i o n 

i n t r o d u c e d a new stock i n t o the Nepal Midlands. I n the e a r l y middle ages, 

two Tibetan t r i b e s - the Sherpas and the Thakals - migrated t o Nepal and 

t h i s complex s i t u a t i o n gave r i s e to a composite p o p u l a t i o n . No one of 

these groups could preserve i t s e t h n i c i s o l a t i o n and i d i o s y n c r a c i e s i n t o t o . 
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Today, as a r e s u l t of such complex s i t u a t i o n s , the e t h n i c 

map of the country shows three major races w i t h many et h n i c groups 

(Hagen 1961). These races are as f o l l o w s : 

(1) Ancient-Nepalese races 

(11) Indo-Nepalese races 

(111} Tibeto-Nepalese races 

Of a l l these races, the ancient Nepalese group co n s i s t s of 

d i f f e r e n t e t h n i c groups l i k e Newars, Thamangs, Gurungs, Rais, Limbus, 

Tharus, Sunwars, Rukhas and Buras. The Newars are small and g r a c e f u l 

i n b u i l d , t h e i r f e a t u r e s w e l l c u t , the complexion s l i g h t l y y e l l o w i s h or 

sallow, and the nose small. Many of the Indo-Nepalese elements have 

been absorbed by the Newars. The Thamangs are found i n the east, w h i l e 

the Gurungs, who have pronounced Mongol f e a t u r e s , are concentrated m the 

west o f Nepal. They are s h o r t , w i t h s l i g h t l y y e l l o w i s h complexions. 

I n the east, the other two important proups are the Rais and the Limbus. 

The Rais have the r o o t of the nose e s p a c i a l l y low and the Limbus are 

ch a r a c t e r i z e d by t h e i r broad cheekbones. I t i s b e l i e v e d t h a t they were 

the f i r s t people t o s e t t l e i n the v a l l e v of Nepal. The Sunwars, Rukhas 

and Buras form m i n o r i t y groups and are s c a t t e r e d throughout the country. 

Among the Indo-Nepalese races the important groups are the 

Brahmins, Khastriyas, Khas and Thakurs. The f i r s t two groups, belonging 

to the sacredotal and w a r r i o r classes, have maintained t h e i r s o c i a l s t a t u s 

and introduced the Indian caste system i n t o Nepal. At present they form 

a considerable p a r t of the Midland p o p u l a t i o n . The Khas group includes 

the people who are the r e s u l t of i n t e r m a r r i a g e between the Brahmins or 

Khastriyas w i t h the members o f the Newar, Thamang, Gurung, Rai and Limbu 

t r i b e s . The Thakurs, who l i v e i n c e n t r a l Nepal, resemble the Khastriyas 

w i t h regard to the p h y s i c a l characters. 
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Sherpa, Thakals and Bhotiyas represent the Tibetan e t h n i c 

groups i n Nepal. The Sherpas i n h a b i t d i f f e r e n t regions i n the high 

mountains of east Nepal. The Thakals resemble the Sherpas w i t h regard 

to p h y s i c a l f e a t u r e s . The Bhotiyas, who are considered to be pure 

Tibetans, migrated to Nepal very r e c e n t l y . 

F i n a l l y , i t i s worth mentioning t h a t the aforementioned groups 

o f f e r a great o p p o r t u n i t y f o r the g e n e t i c i s t s and a n t h r o p o l o g i s t s to study 

the genetic d i v e r s i t y i n the country. With the exception of two groups -

the Gurkha and the Newar - no other t r i b e has been screened f o r d i f f e r e n t 

genetic systems. N i j e n h u i s and Runia's (1963) work on the Nepalese i s 

l i m i t e d t o the blood groups only. The present i n v e s t i g a t i o n aims a t 

prese n t i n g a d e t a i l e d p i c t u r e of the d i s t r i b u t i o n of blood groups, serum 

p r o t e i n s and red c e l l enzymes m the Nepalese. 
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6.2 Blood Group Antigens 

The r e s u l t s of the Nepalese t e s t e d f o r d i f f e r e n t blood 

group antigens are as f o l l o w s : 

(1) Table 6,1 sho^s the r e s u l t s f o r the ABO system, tested w i t h a n t i - A , 

a n t i - B , anti-A+B and anti-A^. Good agreement was found between the 

observed and expected phenotype numbers c a l c u l a t e d on the basis of 

Hardy-Weinberg e q u i l i b r i u m . and A^B phenotypes were found t o be 

absent. The gene frequencies e x h i b i t e d by the sample are : p^ = 0.3429, 

q = 0.1371 and r = 0.5200. 

( i i ) The r e s u l t s of the MNSs system are set out i n Table 6.2. No 

s i g n i f i c a n t d e v i a t i o n from the expected numbers c a l c u l a t e d on the basis 

o f Hardy-Weinberg e q u i l i b r i u m was observed. The gene complex frequencies 

are : MS = 0.1347, Ms = 0.6058, NS = 0.0280 and Ns = 0.2315. 

( n i ) Table 6.3 presents the Rh r e s u l t s of 211 Nepalese, t e s t e d w i t h 

a n t i - D , -C, -c, -E and -e. Again, the observed numbers were found t o be 

very close to the expected ones, showing t h a t the p o p u l a t i o n i s i n 

g enetic e q u i l i b r i u m . The gene complex frequencies are : R z = 0.0186, 

R x = 0.7492, R2 = 0.1346, R^ = 0.0016, r " = 0.0016, R q = 0.0399 and 

r = 0.0545. 

( i v ) Table 6.4 reveals the r e s u l t s from the K e l l system, t e s t e d w i t h 

a n t i - K and a n t i - k sera. The gene frequencies are K = 0.0189 and 
a b 

k = 0.9811. A sample of 44 Nepalese, teste d w i t h anti-Kp and anti-Kp 
a b 

sera, e x h i b i t e d the f o l l o w i n g frequencies : Kp = 0.0227 and Kp = 0.9773. 

Good agreement was found between the observed and expected phenotypic 

values m both systems. 



(v) Table 6.5 shows the Nepalese samples t e s t e d w i t h a n t i - D i a serum 
a Vi only. The c a l c u l a t e d gene frequencies are : Di = 0.0217 and Di 

0.9783. 
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6.3 Discussion 

6.3.1 ABO blood group system Table 6.6 

As i l l u s t r a t e d i n Table 6.6, the Nepalese show gene A^ to be 

more frequent than gene B. S i m i l a r high frequencies of gene A^ have 

been found i n the Gurkha, the Nepalese and the Newar ( B i r d e t a l 1957, 

N i j e n h u i s and Runia 1963 and Bhasm 1970). On the other hand, the 

frequency o f gene B i n the Nepalese i s somewhat lower than i n most 

In d i a n peoples. I t i s also i n t e r e s t i n g to observe t h a t the frequency 

o f gene B i s higher m the I i b e t a n s , Burmese and some Mongoloids of I n d i a , 

whereas i t i s lower i n the Bhutanese and the B a l t i s (see Table 6.6). 

However, the frequency o f gene A^, 0.3429, reported here, i s higher than 

the Nepalese samples and the Mongoloids of South and South-East Asia. 

The A£ gene has been reported among the Gurkha and the Newar 

of Nepal I n t h i s study, however, the gene was not found. Again, 

the lack o f i s not s u r p r i s i n g as t h i s gene i s e i t h e r r a r e or absent 

i n the A s i a t i c Mongoloids. 

A f t e r s t a t i s t i c a l a n a l y s i s , the Nepalese are found to be 

s i m i l a r to the Newar and B a l t i s (Clegg e t a l 1961), w i t h regard t o 

phenotypes. They d i f f e r from the Gurkha sample of B i r d e t a l , as 
2 

X3 = 12.318 0.01<P>0.001. The Nepalese also d i f f e r from the Tibetans, 

Bhutanese, Burmese, Chinese and some Mongoloids of I n d i a . 

Nepalese V Tibetans (Bhattacharjee 1968a) x 2 

x 3 

= 56.110 P<0.001-

Nepalese V Bhutanese (Mourant e t a l 1968) x 2 

X 3 
= 8.524 0.05<P>0.02 

Nepalese V Burmese ( I k m 1958) x 2 

*3 
= 18.173 P<0.001 

Nepalese V Ladakhi (Bhattacharjee 1968b) x 2 

x 3 

= 19.671 P<0.001 

Nepalese V Chinese (Layrisse e t a] 1956) x 2 

X 3 
=-- 14.477 P<0.001 
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These d i f f e r e n c e s are accounted f o r by the g e n e r a l l y higher incidence 

of A and the lower frequency of phenotype B, compared w i t h the a f o r e ­

mentioned pop u l a t i o n s . 

6.3.2 MNSs blood group system Table 6.7 

As shown m Table 6.7, the Nepalese have a higher frequency 

of gene M as found i n I n d i a , Bhutan, T i b e t , B a l t i s t a n and Burma. On 

the c o n t r a r y , they are d i s s i m i l a r from the Chinese who possess a low 

value of M. With regard t o the MNSs system as a whole, the incidence 

of the gene complex MS, 0,1347, i s less frequent than most of the I n d i a n 

samples but i s c l o s e r to the Himalayan Mongoloid peoples - the Gurkha 

(0.1578) ( B i r d e t a l 1957), the Bhutanese (0.1406) (Mourant e t a l 1968) 

and the Ladakhis (0.1355) (Bhattacharjee 1968a). The incidence o f MS 

i s also s i m i l a r to the Burmese (0,1163) but i s very low i n the Tibetans 

(0.0888). The Ms frequency, 0.6058, J.S decidedly higher than m the 

Caucasoid peoples i n I n d i a where MS i s preponderant, and s i m i l a r t o t h a t 

observed i n the Gurkha (0.5447), the Bhutanese (0.5^49), the Tibetans 

(0.5813), the Burmese (0.6367) and the Lepechas (0.6324). O v e r a l l , the 

hig h l e v e l o f gene s, 0.8373, e x h i b i t e d by the Nepalese, may be due to 

the c o n t r i b u t i o n o f neighbouring peoples of Mongoloid stock. 

As a l l the samples included i n the t a b l e were t e s t e d w i t h 

anti-M, a n t i - N and a n t i - S , s t a t i s t i c a l comparison could not be performed. 

6.3.3 Rh blood group system Table 6.8 

With respect to the Rh frequencies, the Nepalese appear to 

have R̂  as the most common gene complex f o l l o w e d by R̂ , r , R Q , R z and r " . 

The frequency o f R̂ , 0.7492, which i s considerably higher than i n the Newar 

(0.590); Bnutanese of Luana (0.5493); Tibetans (0.505); i s near the 
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frequency i n the Gurkha (0.7394), Chinese (0.760), Lepcha (0.7022) 

and Burmese (0.6666). S i m i l a r l y , the frequency of the gene complex I ^ , 

0.1346, i s lower than i n Bhutanese (0.2890), but i s comparable w i t h the 

f i g u r e s of 0.1794 f o r the Gurkha, 0.1606 f o r the Burmese and 0.195 given 

f o r the Chinese by Simmons e t a l (1950). The incidence of r i s 

reported t o be e i t h e r r a r e or absent i n most of the Asian Mongoloids. 

However, the value of 0.0545 here i s lower than i n the Nepalese samples 

and i s m agreement v i t h other Mongoloid populations (see Table 6.8). 

Furthermore, l i k e the Bhutanese of Thimbu and the Tibetans, the frequency 

o f Ro i s lower i n the Nepalese. 

A d i r e c t comparison shows t h a t the Nepalese are s i m i l a r to 

the Gurkha sample of B i r d e t a l (1957), whereas they d i f f e r from the 
2 

Newar sample of Bhasin (1970), as X^ = 14.498 0.01<P>0.001. The Nepalese 
2 

also d i s p l a y s i g n i f i c a n t d i f f e r e n c e from the Bhutanese, = 21.474 P^.OOl 
2 

(Mourant e t a l 1968), the Tibetans, X 3 = 46.195 P^.001 ( N i j e n h u i s and 
2 

Ruma 1°63) and the Chinese, X^ = 12.445 0.01<P>0.001 (Simmons e t a l 1950). 

These d i f f e r e n c e s are due to a higher frequency o f R^RQ/R^r, but i n c e r t a i n 

cases i t i s the lower incidence o f a n c* t* i e higher frequency o f R-jR^ 

t h a t c o n t r i b u t e s t o the l a r g e Chi-squared value. The present sample 

also d i f f e r s from the Burmese who e x h i b i t a higher frequency of type r r , 

X* = 6.591 0.01<P>0.05 ( I k i n e t a l 1969). 

6.3.4 Other blood group systems Table 6.9 - 6.10 

Among the A s i a t i c Mongoloids, the K gene i s found t o be e i t h e r _ 

r a r e or absent. I t appears t o be f a i r l y w e l l represented m Nepal, 

Bhutan and Burma (see Table 6.9). However, the present frequency of 

0.0189 i s lower than i n the Newar and other Mongoloid samples, but i s 

comparable w i t h the f i g u r e of 0.0222 given f o r the Tibetans by N i j e n b u i s 
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and Runia (1963). The frequency of Kp , 0.0227, e x h i b i t e d by the 

Nepalese, i s also s i m i l a r t o the Eng l i s h (0.0109) s e r i e s t e s t e d by 

Cleghorn (1961). 

The Diego gene, a c h a r a c t e r i s t i c of the Mongoloids, i s 

present i n the populations of Bhutan, T i b e t , Burma and B a l t i s t a n (see 
Table 6.10). The incidence of 0.0217 shown by the Nepalese i s i n 

agreement w i t h the Bhutanese, Tibetans and the Chinese (Layrisse and 

Arends 1956). 
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6.4 Serum Proteins 

The r e s u l t s f o r two serum p r o t e i n systems are as f o l l o w s : 

(1) Table 6.11 shows the d i s t r i b u t i o n of the haptoglobin groups and 

r e s p e c t i v e gene frequencies m the Nepalese. Good agieewentwas 

found between the obseived and expected phenotypic values, thus 

c o n f i r m i n g the assumption of Hardy-Wemberg e q u i l i b r i u m . A l l the 

subjects showed an absence of phenotype Hp 0-0. No Hp 2-1M (modified) 

or other r a r e r phenotype was found. The gene frequencies are : 

Hp 1 = 0.2571 and Hp 2 = 0.7429. 

( l i ) A l l 212 samples t e s t e d f o r the t r a n s f e r r i n v a r i a n t s showed the 

common type CC. 
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6.5 Discussion 

6.5.1 Haptoglobin Table 6.12 

The Nepalese have here been t e s t e d f o r the f i r s t time f o r 

the serum p r o t e i n s and most of the red c e l l enzymes, and-comparisons 

were made w i t h the selected populations of South and South-east Asia. 

I n the case of the serum haptoglobin system, i t has Deen 

r e p o r t e d by several i n v e s t i g a t o r s t h a t the Indian populations are 

c h a r a c t e r i z e d by low values of the Hp* gene. I n c o n t r a s t , the Mongoloid 

populations of South-east Asia show a s l i g h t l y higher frequency, ranging 

between 0.23 and 0.28 ( K i r k and L a i 1961). The Hp* gene frequency of 

0.2571 r e p o r t e d here i s w i t h i n t h i s range and s i m i l a r to the values of 

0.28 and 0.285 f o r the Chinese and 0.24 f o r the Thais ( K i r k and L a i 1961, 

B l a c k w e l l e t a l 1962). The s t a t i s t i c a l a n a l y s i s also shows t h a t the 

Nepalese e x h i b i t Hp phenotype and a l l e l e frequencies c o n s i s t e n t w i t h the 

Bhutanese, Chinese, Thais and the Malayans. 
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6.6 Red C e l l Isoenzymes 

The r e s u l t s of the Nepalese t e s t e d f o r s i x enzyme systems 

are given below . 

(1) Table 6.13 shows the d i s t r i b u t i o n of AP phenotypes and che 

respeccive gene frequencies. No s i g n i f i c a n t d e v i a t i o n from the 

expected numbers c a l c u l a t e d on the basis of Hardy-Wemberg e q u i l i b r i u m 

was observed. The gene frequencies e x h i b i t e d by the sample are : 

P a = 0.1529, P b = 0.8398 and P C = 0.0073. 

( n ) The d i s t r i b u t i o n o f PGM Locus 1 phenotypes and the r e s p e c t i v e 

gene frequencies are set out i n Table 6.14. A s i g n i f i c a n t d e v i a t i o n 

from the expected numbers c a l c u l a t e d on the basis o f Hardy-Wemberg 
2 

e q u i l i b r i u m was observed, = 11.130 0.01<P>0.001. The gene frequencies 

are : PGM* = 0.7919 and PGM2 = 0.2081. 

( l i i ) Table 6.15 presents the d i s t r i b u t i o n o f AK phenotypes and 

re s p e c t i v e gene frequencies i n the Nepalese. Good agreement was found 

between the observed and expected phenotypic values, thus showing t h a t 

the p o p u l a t i o n i s i n g enetic e q u i l i b r i u m . The gene frequencies are : 

AK 1 = 0.9953 and AK2 = 0.0047. 

( i v ) Table 6,16 gives the d i s t r i b u t i o n of 6-PGD groups and re s p e c t i v e 

gene frequencies. No s i g n i f i c a n t d i f f e r e n c e was found between the 

observed and expected phenotypic values. The c a l c u l a t e d gene frequencies 

are : PGDA = 0.9135 and PGDC = 0.0865. 

(v) A l l the 207 samples t e s t e d f o r the LDH v a r i a n t s showed the normal 

type and are shown m Table 6.17. 

( v i ) No v a r i a n t was found i n the MD11 system (Table 6.17). 

•Although f o r t h i s system t h e r e i s a departure from the c o n d i t i o n o f 
Hardy-Wemberg e q u i l i b r i u m , i t seems none the l e s s a p p r o p r i a t e t o 
present the data as found. 
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6.7 Discussion 

6.7.1 Acid phosphatase Table 6.18 

From the comparative data set out i n Table 6.18 i t appears 

t h a t the gene P*3 i s the most common of a l l the three major a l l e l e s of 

the AP system. I t s frequency l i e s between 0.578 and 0.794 i n the Indians 

(see Table 5.22). By c o n t r a s t , the Mongoloids o f South-east Asia show 
frequencies ranging between 0.654 and 0.778. The frequency e x h i b i t e d 
by the Nepalese, 0.8398, i s considerably higher and i s s i m i l a r to the 

0.8289 given f o r the Bhutanese by Mourant e t a l (1968). S i m i l a r l y , the 

gene P i s lower than the Indian and Mongoloid values and i s close to the 

value of the Bhutanese. The gene P i s found to be absent i n the 

Bhutanese and the Chinese l i v i n g i n Singapore. However, the Nepalese 

exh i b i L a lower frequency which i s i n agreement w i t h the I n d i a n range 

(0.003 - 0.047, Table 5.22). 

A Chi-square t e s t shows t h a t the Nepalese are s i m i l a r t o the 

Bhutanese w i t h regard to the d i s t r i b u t i o n o f AP phenotypes, whereas they 

d i f f e r from the In d i a n s , X 2 = 8.062 0.C1<P>0.001, the Chinese, X 2 = c«.945 
2 

0.05<P>0.02 and the Malayans, X^ = 32.197 P<0.001. Concerning the AP 
a l l e l e s , the Nepalese are found to be s i m i l a r t o the Bhutanese, but again 

2 

they d i f f e r from the Indians, = 7.701 0.01<P>0.001, the Chinese, 

X* = 6.903 0.01<P>0.001 and the Malayans, X 2 = 44.747 P<0.001. I t i s 

the lower incidence of P and phenotype BA and the higher frequency of 

pk and phenotype B i n the Nepalese t h a t accounts f o r these d i f f e r e n c e s . 

6.7.2 Phosphoglucomutase locus 1 Table 6.19 

Generally speaking, the Indians are c h a r a c t e r i z e d by a higher 
2 

frequency of PGM- and most of the values are between 30 and 40 percent. 
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I n comparison, the Mongoloids tend to e^hib: I a s l i g h t l y lower frequency 

which i s comparable w i t h t h a t found i n the North and middle of Europe. 
2 

The Nepalese seem to e x h i b i t a lower frequency of PGM^, 0.2081, which i s 

below the I n d i a n values and i s s i m i l a r to the f i g u r e s of 0.2240 given f o r 

the BhuLanese and 0.2159 and 0.243 re p o r t e d f o r the Chinese tesLed i n 

Indonesia and San Francisco (Mourant c t a l 1968, L i e - J n i o e t a l 1968 and 

L i e - I n j o and Poey 1970). l u r t h e r m o r e , the s t a t i s t i c a l a n a l y s i s also 

d i s p l a y s s i m i l a r i t i e s between the Nepale&e, the Bhutanese and Lhe Chinese 

samples. However, the Nepalese d i f f e i from the Thais w i t h regard t o 
2 2 phenotypes, X 2 = 12.854 0.01<P>0.001 and genes, = 6.068 0.02<P>0.01. 

6.7.3 Adenylate kinase Table 6.20 

2 

AS discussed e a r l i e r i n ChapLcr V, the AK gene i n I n d i a 

ranges between 0.046 and 0.099. I t i s e i t h e r absent or has a very low 

frequency among the A s i a t i c Mongoloids. The frequency of 0.0047 here i s 

considerably lower than m I n d i a and also d i f f e r s from the value of 0.0379 

given f o r the Nepalese by T i l l s e t a l (1970a). However, the present value 

i s s l i g h t l y h igher but comparable w i t h the f i g u r e s of 0.0024 f o r the Thais 

( G i b l e t t and S c o t t , unpublished data) and 0.002 f o r the Chinese t e s t e d i n 

Taiwan (Shih e t a l 1968). S t a t i s t i c a l a n a l y s i s shows t h a t the present 

Nepalese d i f f e r from the Nepalese sample of T i l l s e t a l , w i t h respect t o 
v 2 2 genes, X1 = 10.461 0.01<P>0.001 and phenotypes X 1 = 9.074 0.01<P>0.001. 

The Nepalese e x h i b i t phenotype and gene frequencies s i m i l a r t o those of 

the Chinese and the Thais, but they show s i g n i f i c a n t v a r i a t i o n from the 

Indians and the Malayans (Chan 1971). I t i s the higher frequency of 

phenotype 1-1 and low incidence of 2-1 i n the Nepalese t h a t c o n t r i b u t e s 

t o the observed Chi-squared value. 
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Nepalese v Indians 

Nepalese v Indians 

Nepalcse v Malayans 

Nepalese v Malayans 

x i " 

,2 
L l 
X? -

x: = 

53.719 P<0.001 

43.100 P<0.001 

4.043 0.05<P>0.02 

3.926 0.05<P>0.02 

Phenotypes 

Genes 

Phenotypes 

Genes 

6.7.4 6-Phosphogluconatc dehydrogenase Table 6.21 

I n the I n d i a n sub-contmcnt, the highest frequency of the 
Q 

PGD gene (0.2305) i s found among the Bhutanese (Mourant e t a l 1968). 

S i m i l a r l y , a high frequency has been observed i n Nepal (0.0956) by T i l l s 

e t a l (1970b). The present sample e x h i b i t s a frequency of 0.0865 which 

i s greater than the I n d i a n samples included i n the t a b l e and i s s i m i l a r 

to the values of 0.0658 f o r the Chinese and 0.0703 f o r the Thais (Shih 

e t a l 1968 and G i b l e t t and Scott, unpublished d a t a ) . S t a t i s t i c a l l y , 

the Nepalese also e x h i b i t gene and phenotype frequencies c o n s i s t e n t w i t h 

those found i n the Chinese and the Thaus, whereas they d i f f e r from the 

Bhutanese who show a very low incidence of PGD and phenotype AA and a 
C 

higher frequency of PGD and phenotype CA. The Nepalese also d i f f e r 

from the Indians (Goedde e t a l 1972) and the Malayans (Gordon e t a l 1966), 

w i t h regard to phenotypes and genes. 
Nepalese v Bhutanese x 2 = 

X l 
27.534 P<0.001 Phenotypes 

Nepalese v Bhutanese <- 29.127 P<0.001 Genes 

Nepalese V Assamese 
( I n d i a ) A- 12.749 P<0.001 Phenotypes 

Nepalcse V As same se 
( I n d i a ) A- 11.754 P<0.001 Genes 

Nepalese V Malayans A- 8.862 0.01<P>0.001 Phenotypes 

Nepalese V Malayans <- 8.230 0.01<P>0.001 Genes 
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6.8 Conclusion 

The data from the present study provide a basis f o r the 

establishment of a p o s s i b l e r e l a t i o n s h i p between the Nepalese and other 

populations of South and South-east Asia. 

Most of cue Nepalese b]ood group systems studied here show 

s L r i k i n g d i f f e r e n c e s from those of the I n d i a n peoples, but they resemble 

the Mongoloids. Considering the A^h^&O blood groups on l y , i t i s observed 

t h a t the h i g h frequency of A^ and the lower incidence of B possessed by 

the Nepalese i s s i m i l a r to t h a t found i n the Bhutanese and the Chinese. 

However, the Nepalese d i f f e r from the Tibetans, the Burmese and some of the 

Mongoloids o f I n d i a . With regard to the MNSs system, the high l e v e l o f gene 

s i n d i c a t e s close a f f i n i t y w i t h the Mongoloids of Bhutan, T i b e t , China and 

Burma. S i m i l a r l y , the general p a t t e r n of the Rh system suggests a great 

connection w i t h the Mongoloids. The l o v frequency of the K e l l gene again i s 

s i m i l a r t o t h a t i n the Tibetans and the Bhutanese. Furthermore, the presence 

of the Diego gene makes i t easier to e s t a b l i s h a Mongoloid connection. 

Of the two serum p r o t e i n s , the t r a n s f e r r i n i s found t o be 

i n v a r i a n t and the Hp*" gene frequency appears to be intermediate between the 

Indians and the South-eastern peoples. 

Among the s i x enzymes i n v e s t i g a t e d , l a c t a t e dehydrogenase and 

malate dehydrogenase are i n v a r i a n t . Of p a r t i c u l a r i n t e r e s t i s the AP system. 

The c h a r a c t e r i s t i c frequency o f P i s considerably lower than i n the Chinese 

te s t e d i n Taiwan and resembles Indian values. On the other hand, the 

frequency of P a and P̂  i s s i m i l a r to the Bhutanese, but d i f f e r s from the 
2 

Indians. The frequency of PGM̂  deviates from the Indian range and resembles 
2 

the Bhutanese and the Chinese, as i s the case w i t h the AK gene. The gene 
Q 

PGD also shows close r e l a t i o n s h i p w i t h the Mongoloids r a t h e r than the 

Indians. 

F i n a l l y , the i n f o r m a t i o n supplied by t h i s i n v e s t i g a t i o n 

strengthens the view t h a t the Nepalese appear to be c l o s e s t to the 

Mongoloids of South and South-cast Asia. 
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CHAPTER V I I 

GENERAL COMPARISON AND PROPOSALS FOR FURTHER RESEARCH 

The aim of the present study was t o o b t a i n data on the 

frequencies of various a l l e l i c genes a t some o f the blood group, serum 
p r o t e i n and red c e l l isoenzyme l o c i known to e x h i b i t genetic polymorphism, 

i n the K u w a i t i Arabs, the I r a n i a n s , the Panjabis and the NepaJese. 

Geographically, a l l f o u r populations are w i d e l y separated and represent 

two major popul a t i o n s , the A s i a t i c Caucasoids and the Mongoloids. The 

ana l y s i s of data shows t h a t the Ku w a i t i Arabs, the I r a n i a n s and the 

Panjabis o f Northern I n d i a i l l u s t r a t e the Caucasoid groups, whereas the 

Nepalese e x h i b i t genetic c h a r a c t e r i s t i c s q u i t e d i f f e r e n t from the f o r e -

mentioned groups and resemble more the Mongoloids of South and South East 

Asia. Based on ob s e r v a t i o n a l i n s p e c t i o n of the data, an attempt i s made 

here to summarise the fe a t u r e s of va r i o u s genetic markers t h a t d i s t i n g u i s h 

them from each other. Furthermore, sotue of these c h a r a c t e r i s t i c s w i l l be 

discussed i n the l i g h t o f f a c t o r s t h a t help i n viewing the p o p u l a t i o n 

d i f f e r e n c e s . 

Analysis of d i f f e r e n t blood group systems, as set out i n 

Table 7.1, show t h a t each of the Caucasoid groups possess c e r t a i n 

d i s t i n g u i s h e d c h a r a c t e r i s t i c s . S i m i l a r l y , the Mongoloid group shows 

marked d i f f e r e n c e s from the Caucasoids w i t h regard to almost every system. 

The ABO gene frequencies show a good deal of v a r i a t i o n . The Nepalese 

appear to have a very h i g h frequency of A^, whereas i t i s considerably 

lower i n the other populations. The gene considered as the European 

gene, i s present i n a l l the Caucasoid groups but i s absent i n the Nepalese. 

Except f o r the Panjabis, the incidence of B i s r e l a t i v e l y low i n the other 

groups. The frequency o f the gene 0 i s higher i n the Kuwaitis and the 



141 

I r a n i a n s , whereas i t i s comparatively low i n the Panjabis and the 

Nepalese. These observable v a r i a t i o n s show t h a t the frequency of the gene 

A^ increases and A^ disappears as one moves from the Middle East and the 

I n d i a n region i n t o the Himalayas. With regard to the MNSs system, the 

Caucasoid groups show the t o t a l M frequency v a r y i n g between 60 and 65 per 

cent which i s higher than the Mediterranean values. By c o n t r a s t , the 

Nepalese have a high frequency of the gene M (74%) and gene s (84% ) . 

F urther comparison shows t h a t the gene S s u f f e r s an abrupt f a l l as one 

moves i n t o Lhe land of v a r i e d peoples broadly described as Mongoloids. 

The frequency d i s t r i b u t i o n of the Rh gene complexes presents another 

i n t e r e s t i n g p i c t u r e . As m the Mediterranean, the gene complex R^ i s 

predominant i n a l l the p o p u l a t i o n s . The Kuwaitis and the I r a n i a n s do not 

e x h i b i t much v a r i a t i o n , but the Panjabis appear to have a high frequency of 

R^. I n c o n t r a s t , the Nepalese again d i f f e r from the other groups i n 

possessing a very high frequency of the gene complex R^ (7 5 % ) . Thus i t 

appears t h a t the high value o f R^ i s another marked f e a t u r e of the Mongoloids 

and i t s frequency increases as one moves t o the South East- Except f o r the 

K u w a i t i s , the incidence o f does not vary much. The gene complex R Q, 

known as the Negroid component, has a considerably higher frequency i t . the 

K u w a i t i s . Whereas the value found i n the I r a n i a n s , Panjabis and Nepalese 

i s l i k e t h a t i n Europeans. Again the gene complex r does not e x h i b i t much 

v a r i a t i o n between the Kuwaitis and the I r a n i a n s . I t s frequency, however, 

i s lower i n the Panjabis. By c o n t r a s t , the Nepalese d i f f e r very much i n 

having a moderate frequency of r . The K e l l genes do not show much 

v a r i a t i o n . Among the two serum p r o t e i n systems, i t i s observed t h a t the 

Hp* frequency i s higher m the K u w a i t i Arabs and i t s t a r t s d e c l i n i n g as 

one moves to I r a n and then t o Panjab. The Hp* frequency e x h i b i t e d by the 

Nepalese i s also comparatively low. Regarding the t r a n s f e r r i n v a r i a n t s , 

the K u w a i t i Arabs and the Nepalese show the common type CC, whereas the 
I r a n i a n s and Lhe Panjabis are d i f f e r e n t i a t e d from others by e x h i b i t i n g f a s t 

and slow v a r i a n t s l i k e Tf C3 and Tf CD. 
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TABLE 7.1 General comparison : frequency d i s t r i b u t i o n of blood group, 

serum p r o t e i n and enzyme systems i n the Kuwaitis, I r a n i a n s , 

Panjabis and Nepalese 

System Kuwaitis I r a n i a n s Panjabis Nepalese 

ABO 

A x .1518 .1470 .1568 .3429 
A 2 .0213 .0325 .0062 
B .1268 .1407 .2604 .1371 
0 .7001 .6798 .5766 .5200 

MNSs 

MS .2224 .3187 .1665 .1347 
Ms .3814 .3455 .4957 .6058 
NS .0509 .0938 .0537 .0280 
Ns .3453 .2420 .2841 .2315 

Rh 

R .0217 .0151 .0042 .0186 z 
R L .4920 .4871 .5985 .7492 

- .0147 .0116 
r' - .0175 .0206 
R2 .0504 .1229 .1095 .1362 
r " .0234 .0141 - .0016 
R .0880 .0141 .0098 .0399 o 

r .3246 .3196 .2457 .0545 

K e l l 

K .0187 .0214 .0140 .0189 
k .9813 .9786 .9860 .9811 



TABLE 7.1 (Contd.) 

System Kuwaitis I r a n i a n s Panjabis Nepalese 

Hp 

Hp 1 .3449 .2964 .2204 .2571 
Hp 2 .6551 .7036 .7796 .7429 

Tf 

T f C 1.0000 .9944 .9984 1.0000 
T f B - - .0016 
Tf° - .0056 

Ap 

P 3 .2032 .3193 .3217 .1529 
P b .7774 .6618 .6687 .8398 
P C .0194 .0189 .0096 .0073 

PGM* .7041 .7590 .7044 .7919 

PGM2 .2959 .2410 .2956 .2081 

AK 

AK1 .9717 .9502 .9177 .9953 
AK 2 .0283 .0498 .0823 .0047 

6-PGD 

PGDA .9667 .9744 .9772 .9135 
PGDC .0333 .0256 .0228 .0865 

LDH N N N N 
MDH N N N N 
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Of a l l the red c e l l enzyme systems s t u d i e d , the l a c t a t e 

dehydrogenase and the malate dehydrogenase systems are found to be 

i n v a r i a n t i n a l l the p o p u l a t i o n s . I n the case of acid phosphatase, 

no d i f f e r e n c e e x i s t s between the I r a n i a n s and the Panjabis w i t h regard 
a b c 

to the frequency d i s t r i b u t i o n of the three major a l l e l e s P , P and P . 
The Kuwaitis appear to have a l o v e r incidence of P and a higher frequency 

b c of P . Again the Nepalese also show the presence of P . With regard t o 

the phosphoglucomutase locus 1 system, no major d i f f e r e n c e i s observable. 

But the adenylate kinase and 6-phosphogluconate dehydrogenase systems 

present an i n t e r e s t i n g p i c t u r e . With the exception of the Panjabis, the 
2 C AK frequency i s low i n a l l the groups. The gene PGD does not show 

v a r i a t i o n between the Caucasoids, but i t s incidence i s found to be higher 
C 

i n the Nepalese. Furthermore, i t seems t h a t the frequency o f PGD 

increases as one moves towards the Himalayas. 

Now the question a r i s e s as t o what accounts f o r such 

geographical v a r i a t i o n s . Are these v a r i a t i o n s the r e s u l t of e v o l u t i o n a r y 

mechanism'; t h a t operate on these populations? Since the b i o l o g i c a l 

e x p l a n a t i o n o f most of the polymorphisms i s not y e t c l e a r , c e r t a i n 

c h a r a c t e r i c t i c s have been selected f o r d i s c u s s i o n i n the l i g h t of s e l e c t i v e 

or other f a c t o r s . These c h a r a c t e r i s t i c s are as f o l l o w s : 

a. Wide v a r i a t i o n shown by the ABO gene frequencies 

b. High frequency o f the gene M i n a l l f o u r populations 

c. An appreciable h i g h frequency of the gene complex R Q 

i n the K u w a i t i Arabs 

d. Presence of low frequency of r i n the Nepalese 
2 

e. Considerably h i g h frequency of AK i n the Panjabis 
C 

f . Comparatively h i g h incidence of PGD shown by che Nepalese. 
The wide v a r i a t i o n shown by the ABO genes appears t o be due to a complex 

i n t e r p l a y of the genetic composition of these populations and the e n v i r o n ­
mental circumstances i n which they l i v e . Thus i t has been suggested t h a t 
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c e r t a i n genotypes are d i f f e r e n t i a l l y s u s c e p t i b l e to diseases such as 

plague and smallpox. Since the blood types 0 0 , A2O and ^2^2 a r e 

s u s c e p t i b l e to plague, so the populations long subjected t o plague could 

show h i g h frequencies of A^, B and A^B ( c i t e d i n Sunderland 1973). 

Vogel and C h a k r a v a r t t i (1966) have hypothesised t h a t smallpox shows 

a hig h e r m o r t a l i t y i n subjects o f blood groups A and AB as compared to 

groups B and 0. So i t i s probable t h a t the h i g h incidence of B could be 

the r e s u l t of such a f a c t o r . F u r t h e r , the haemolytic disease due t o 

ABO m c o m p a t a b i l i t y may be considered responsible f o r lowering the 

frequencies of A and B and r a i s i n g t h a t of 0. But again one has t o take 

i n t o account t h a t most of these studies are r a t h e r s u p e r f i c i a l and these 

c o n s i d e r a t i o n s do not imply t h a t p o p u l a t i o n d i f f e r e n c e s i n the ABO blood 

group frequencies are the r e s u l t of these diseases only. For the MNSs 

system, l i t t l e i s known about the o p e r a t i v e s e l e c t i v e f a c t o r s . I t appears 

t h a t the h i g h frequency o f the gene M i n the Middle East and the I n d i a n 

sub-continent may be adaptive. 

To e x p l a i n the appreciable frequency of the gene complex R Q 

i n the K u w a i t i Aictbs, one has t o speculate f i r s t whether t h i s i s the r e s u l t 

of chance, adaptive s e l e c t i o n or gene fl e w . Considering the f a c t t h a t the 

incidence of R Q I S very h i g h i n A f r i c a , roughly 6 0 % , and i n the Arabian 

peninsula, around 2 0 % , i t i s very l i k e l y t h a t t h i s i s due t o gene f l o v from 

A f r i c a . Also the moderate frequency of r shown by the Nepalese could be 

a t t r i b u t e d t o the Caucasoid components. Another approach, which may help 

to g i v e a b e t t e r e x p l a n a t i o n , i s the study o f demographic s t r u c t u r e o f 

these w i d e l y separated p o p u l a t i o n s . The f a c t o r s l i k e m o r t a l i t y and 

m o r b i d i t y a t d i f f e r e n t ages and f e r t i l i t y may have been s e l e c t i v e agents 

i n the past and may have shaped many of the d i f f e r e n c e s t h a t we observe 

today. 
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With regard t o the red c e l l enzymes, some suggestions have 

been put forward to e x p l a i n the d i s t r i b u t i o n a l p a t t e r n s . Of great i n t e r e s t 
2 

i s Lhe presence of a hi g h frequency of AK i n the Panjabis. T i l l s e t a l 
(1970a) speculate t h a t t h i s i s due e i t h e r t o l i m i t e d m i g r a t i o n from Europe 

t o the Ind i a n sub-continent or progressive d i f f u s i o n from I n d i a t o Europe. 
2 

As the AK frequencies found m the Middle East, the Nepalese and otheL 

South Eastern populations i s s i m i l a r t o Europeans, so i t i s probable t h a t 

the high incidence shown by the Panjabis and other I n d i a n populations i s 

the r e s u l t of n a t u r a l s e l e c t i o n . The hi g h frequency of PGD shown by the 

Nepalese could be a t t r i b u t e d t o the long o u t s t a n d i n g r a c i a l d i f f e r e n c e s 

between the Mongoloids and non-Mongoloids, or p o s s i b l y the c l i m a t e . To 

i n t e r p r e t such f i n d i n g s , one has t o keep i n mind t h a t the data are scarce 

and above a l l the f u n c t i o n a l aspects of most of the red c e l l enzymes i n 

r e l a t i o n to environmental v a r i a b l e s are not c l e a r l y understood. But 

again i t i s worth mentioning here t h a t the s i m i l a r i t i e s i n the occurrence 

o f c e r t a i n polymorphic genes i n these populations do not n e c e s s a r i l y 

i n d i c a t e a common ancestry or other form of c o r r e l a t i o n as they coulc' 

very w e l l be the r e s u l t of s i m i l a r s e l e c t i v e f o r c e s . 

F i n a l l y , from what has been discussed above and m the e a r l i e r 

chapters of t h i s t h e s i s , i t can c l e a r l y be seen t h a t i n the Middle East 

and the I n d i a n Sub-continent very l i m i t e d studies have been done on the 

l i n e s t h a t the I n t e r n a t i o n a l B i o l o g i c a l Programme planned. Our knowledge 

about the genetic s t r u c t u r e o f d i f f e r e n t populations l i v i n g m t h i s r e g i o n 

i s very meagre. The m a j o r i t y of these populations have been examined 

only f o r t h e i r ABO groups and the p i c t u r e which they present g e n e r a l l y 

remains a confused one. Some p o i n t s which suggest the i n v e s t i g a t i o n o f 

untouched populations are as f o l l o w s : 
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a. For the b e t t e r understanding of genetic polymorphism 

i n the South-west of Asia i t i s important to screen 

the many t r i b a l groups i n h a b i t i n g Saudi Arabia, I r a q , 

Jordan and Syria. 

b. I r a n , w i t h i t s v a r i e d e t h n i c groups, sone c e r t a i n l y of 

d i f f e r e n t o r i g i n , presents an almost completely untouched 

f i e l d f o r serum p r o t e i n and red c e l l enzymes i n v e s t i g a t i o n . 

c. To f i l l the gap, the populations o f Afghanistan and 

Pakistan await i n v e s t i g a t i o n . 

d. I n I n d i a , the ABO studies o f the s t a t e populations have 

been numerous but patchy - much remains t o be done on the 

other systems, and despite several recent s t u d i e s , a great 

many a b o r i g i n a l t r i b e s await i n v e s t i g a t i o n . 

e. I n the Himalayas, several p o p u l a t i o n groups l i v i n g a t 

d i f f e r e n t a l t i t u d e s have t o be screened f o r d i f f e r e n t 

genetic systems. 
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TABLE 5.14 HP GENE FREQUENCIES IN THE INDIAN SUB-CONTINENT 

Total HP1 

Sample No. Frequency 

Nadar (S. India) - .037 
Naickers (S. India) 135 .050 
Irulas (S. India) 74 .070 
Tamils (S. India) 133 .090 
Muslims (E. India) 121 .0990 
Thevar (S. India) - .100 
Parsis (W. India) 30 .1034 
Marathi (W. India) 497 .1165 
Sch. Castes (N. India) 85 .1190 
Doms (N. India) 81 .130 
Konkon Christians 

(W. India) 44 .1363 
Parsis (W. India) 611 .137 
Panjabi Khatris (N.India)lOO .1377 
Marathas (W. India) 145 .140 
Panjabi Aroras (N.India) 100 .1443 
Rajputs (N. India) 130 .150 
Oraons (E. India) 125 .150 
Bengali Hindus (E.India) 310 .1543 
Kaoras (E. India) 202 .1700 
Brahmins (N. India) 109 .174 
Mahishya (E. India) 100 .1750 
Gujerati Hindus (W.India)140 .1798 
Audich Brahmins (W.India ) 187 .181 
Reddiar (S. India) - .182 
Muslims (E. India) 54 .1827 
Lad Vania (W. India) 200 .185 
Khatri (N. India) 73 .185 
Brahmin (N. India) 61 .1885 
Kurumbas (S. India) 49 .190 
Bengalees (E. India) 176 .1960 
Khatris (N. India) 76 .197 
Jat (N.W. India) 159 .1975 
Konkon Saraswats (W.India)69 .2014 
Vaish (N. India) 62 .2016 
Rajput (N. India) 37 .2027 
Aroras (N. India) 71 .2042 
Panjabis (N. India) 161 .2094 
Khasi (E. India) .213 
Iranis (W. India) 113 .215 
Khatri (N.W. India) 132 .2197 
Panjabis (N.W. India) 313 .2204 
Muslims (C. India) 163 .222 
Tharus (N. India) 152 .223 
Aroras (N.W. India) 102 .2254 
Brahmin (N. India) 37 .229 
Hindus (C. India) 143 .231 
Panjabis (N. India) 114 .237 
Brahmin (N.W. India) 106 .2429 
Assamese (E. India) 75 .243 

(Author(s) 

Ananthakrishnan (1972) 

Kirk and Lai (1961)' 
» > » > 

Mukherjee et a l (1974) 
Ananthakrishnan (1972) 
Baxi and Camoens (1969a) 

Blake'et a l (1971) 
Chopra (1970) 

Baxi and Camoens (1969a) 
Undevia et a l (1973) 
Seth et a l (1971) 
Baxi and Hakim (1966) 
Seth et a l (1971) 
Chopra (1970) 
Kirk and Lai (1961) 
Mukherjee and Das (1970) 
Das et a l (1974) 
Chopra (1970) 
Mukherjee et al (1974) 
Baxi and Carooens (1969a) 
Baxi and Parikh (1967) 
Ananthakrishnan (1972) 
Mukherjee and Das (1970) 
Baxi and Parikh (1967) 
Sunderland et a l (1975) 
Blake et a] (1971) 
Kirk and Lai (1961) 
Tiwari (1960) 
Blake et a l (1971) 
Singh et a l (1974a) 
Baxi and Camoens (1969a) 
Blake et a l (1971) 
Blake et al (1971) 

Tiwari (1961)" 
Goedde et al (1972) 
Undevia et a l (1973) 
Singh et a l (1974a) 
Present study 
Roberts et a l (1974) 
Chopra (1970) 
Singh et a l (1974a) 
Sunderland et a l (1975) 
Roberts et a l (1974) 
Papiha (1973) 
Singh et a l (197^a) 
Goedde et al (1972) 



TABLE 5.14 (Contd.) 

Total HP1 

Sample No. Frequency Author(s) 

Bania (N. India) 39 .269 Sunderland et a l (1975) 
Jat (N. India) 48 .271 » » > > 

Oswal Visa Jains 
(W. India) 203 .276 Baxi and Parikh (1967) 

Todas (S. India) 89 .37 Kirk and Lai (1961) 
PAKISTAN 
Pan jab i s 207 .20 f» »» 
Pathans 185 .24 > » > > 

Peshawar 135 .276 Walter et a l (1966) 
BHUTAN 
Bhutanese 152 .200 Mourant et al (1968) 
Thimbu 31 .209 Glasgow et a l (1968) 
Lunana 21 > > » » 

CEYLON 
Sinhalese 87 .16 Kirk and Lai (1961) 
Tamils 46 .14 > > > > 

Veddahs 64 .19 t > > 9 
Sinhalese 151 .180 Papiha (1973) 



TABLE 5.15 THE DISTRIBUTION OF TRANSFERRIN VARIANTS IN THE 

INDIAN SUB-CONTINENT 

Sample Phenotype Variants Author(s) 

INDIA CC CB CD 

1. NORTH INDIA 
Panjabis 313 1 Present study 
Punj ab 102 Papiha and Wastell (1974) 
Haryana 74 >» > > 
Panjabis 161 Tiwan (1961) 
PANJAB 
(a) Khatri 100 Seth et al (1971) 
(b) Arora 100 »» »» 
N. Indians 485 Blake et al (1971) 
Delhi Muslims 120 1 Papiha and Wastell (1974) 
PANJAB 
(a) Brahmin 106 Singh et a l (1974a) 
(b) Arora 102 »> »> 
(c) Khatri 132 9 > » » 
(d) Jat 158 1 9 » 9 9 

N. INDIA 
(a) Brahmin 109 Chopra (1970) 
(b) Rajput 130 »t > > 

(c) Doms 81 > > »» 
(d) Tharus 152 >» > > 

PANJAB 
(a) Khatri 72 1 Sunderland et a l (1975) 
(b) Brahmin 37 tt »t 11 
(c) Bam a 39 it » 1 > 9 
(d) Jat 48 9 9 9 9 9 9 

2. E. INDIA 
Bengal Muslim 48 Mukherjec and Das (1970) 
Bengal Hindu 288 9 9 9 9 9 9 
W. Bengal 384 3 Walter et a l (1972) 
Mahishya 98 3 Mukherjee et a l (1974) 
Muslim (W. Bengal) 115 4 9 9 9 9 

ASSAM 
(a) Assamese 74 1 Goedde et a l (1972) 
(b) Khasi 77 2 9 9 9 9 
Bengalees 176 Tiwan (1960) 
Oraons 117 8 Kirk and Lai (1961) 
Kaoras 202 5 Das et a l (1974) 



TABLE 5.15 (Contd.) 

Sample 

3. W. INDIA 
Visa Oswal Jain 
Lada Vania 
Audich Brahmin 
Parsis 
Iranis 
4. C. INDIA 
MADHYA PRADESH 
Hindus 
Muslims 
5. S. INDIA 
Todas 
Ir u l a s 
Kurumbas 
Tamils 
Kerala 
5. INDIA 
(a) Brahmin 
(b) Naickers 
6. Indians 
7. PAKISTAN 
Panjabis (W.Pakistan) 
Pathans (W. Pakistan) 
8. BHUTAN 
Bhutan 
Thimbu and Lunana 
9. CEYLON 
Sinhalese 
Tamils 
Veddahs 
Sinhalese 
10. BALGLADESH 
Bengali Hindus 
Bengali Muslims 

Phenotype Variants Author(s) 
CC CB CD 

203 Baxi and Parikh (1967) 
192 
160 
609 3 Undevia et al (1973) 
109 

143 Roberts et a l (1974) 
161 2 

89 Kirk and Lai (1961) 
74 
49 

133 
66 1 Papiha and Wastell (197<0 

136 1 Ananthakrishnan and Kirk (190 
135 

1067 l a Baxi and Camoens (1909b) 

207 Kirk and Lai (1961) 
183 2 

149 3 Mourant et a l (1968) 
31 1 Glasgow et a l (1968) 

220 Papiha and Wastell (1974) 
140 Kirk et a l (1962) 
57 6 a 

157 1 1 

16 1 Papiha and Wastell <r1974) 
196 1 1 

a 
There was one homozygote D observed 
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