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SUMMARY. Sixteen polymorphic and 6 monomorphic gene loci have been studied in Veddas from Kandeganwila, 
Miliaria and Dimbulagala and in Sinhalese from Badulla, in Sri Lanka. 

The genetic identity between the two populations was calculated from frequencies of the phenotypes at each 
loais, using the formula of Nei. The genetic distance between the two population groups, calculated from these 
genetic identities, also using Nei's formulae, is approximately 50,000 years. This corresponds to the period in 
which Homo sapiens balaiigodensis is postulated to have been in existence in Sri Lanka. 

It is postulated that the differences in some of the allele frequencies between the two populations date from 
he late paleolithic and mesolithic periods of Sri Lanka. 

INTRODUCTION 

There are a number of communities in the world today who live in rather 
primitive conditions and obtain food by means that were prevalent in the early phase 
of human development, i. e. hunting, food - gathering, nomadic pastoralism and 
rudimentary agriculture. Since it is believed that the pressure of evolutionary forces 
working in conjunction with the changes in life - style have affected the genetic 
endowments of modern man, genetic studies concerning these primitive people hav« 
become a mattei o f much scientific interest. 

Primitive communities of the type mentioned above are found in several parts of 
the globe: in the Arctic, Asia and Africa, South America and in Australia. Because 
these communities today seem to face an imminent threat of extinction as a consequence 
of contact with more advanced societies, studies concerning them have assumed an 
urgency and an importance quite out of proportion to the relatively small number of 
people involved 3 2 . 
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The Veddas of Sri Lanka belong to this category and are being gradually assi­

milated into the more advanced Sinhala society,.a process that will be accelerated with 

the relocation of the Veddas in System " C " of the Mahawcli Development Scheme. 

Therefore there is an urgent need to investigate them before their disappearance as an 

ethnic group. 

Most of the Veddas are found in the South Eastern plains of Sri Lanka in the 
area referred to as Bintenna. The largest groups are those who live in Dambana and 
Kandeganwila. The Veddas of Dambana are physically close to the Sinhalese and 
have intermarried with the Sinhalese, while those living in Kandeganwila are more 
isolated and therefore have less intermarriage with the Sinhalese. These two villages 
lie on one side of the Mahawcli Ganga. The total number of Veddas in Kandeganwila 
in 1983 was 400 (Pathirana, personal communication). However, at die time of the 
study (1972,1973), there was a total population of 275 at Kandeganwila. The Veddas 

1 of Kandeganwila lived as close to nature as possible and practised a very basic kind of 
agriculture called chena cultivation, essentially a slash - and - burn type of agricultural 
method. Maize, chilli and a few vegetables arc grown on these agricultural plots-
The flesh of certain animals like deer, wild boar, ant-eater and langur Monkey was their 
regular source of animal protein. The meat that is left over is preserved by sun 
drying. Wild honey also formed an important constituent of their diet. 

A second group of Veddas studied lived in the district of Polonnaruwa 
in the villages of Dimbulagala and Millana and called themselves the Thamankaduwa 
Veddas. They were studied in 1976 and their total population was one hundred and 
twenty. 

This is a report of a study of 16 polymorphic and 6 nionomorphic genetic loci in 
the Veddas and the Sinhalese. The data has been used to determine the phylogenetic 
relationship between the two groups. 

The alleles studied at each locus and the number of Sinhalese and Veddas investi­
gated for each locus are indicated in Table I. 
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TABLE ] . The alleles studied at each locus and the total number of 
Veddas and Sinhalese investigated for each locus. 

Locus AUeles Number investigated 
Vedda Sinhalese 

ABO 
A 
B 
0 

54 26S 

Rhesus 
D 
d 53 268 

Haptoglobin 
Hpi 

Hp? 
60 146 

Transferrin 
T £ c 

T f D 

60 146 

HhE 
A 

E 
54 146 

Acid phosphatase 
pa 
P» 54 146 

Adenosine deaminase 
1 

2 
' 54 124 

Adenylate kinase 
1 

2 
74 148 

Esterase D 
1 

2 
54 116 

Glutamate oxalo acetate 
transaminase 

1 

2 
54 111 

Glutamate pyruvate 
transaminase 

1 

2 
54 111 

Isoritrate dehydrogenase 
I 

6 
54 II I 

1'hosphoghicoiute 
dehydrogenase 

A 

C 
45 J42 

I'hosphoglyccrate 
kinase 

1 

2 
34 74 

Phosphoglucommase 
1 

2 
47 146 

Uridine monophosphate 
kinase 

1 

2 
34 74 
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Mono'morphic enzymes 

Number investigated 
System Vedda Sinhalese. 

) 2,3-Diphospho gly cerate mutate 18. 60 
f Enolase 18 60 

Guanyl kinase IS 60 
Nucleoside phosphorylass 18 60 
Monophospho glycero mutass 18 60 
Phosphoglyceric acid dehydrogenase 18 60 

MATERIALS A N D METHODS 
\ 

Selection: of samples 

T o obviate the criticism that has been made on some o f the earlier, studies on the 
Veddas, namely, the lack o f attention to the genealogical background in the selection 
o f the Vedda population, the Vedda population o f Dambane and Kandeganwila were 
visited by the study team on six occasions in 1971, 1972,1973 and 1974 during which 

'they were treated for medical problems such as conjunctivitis, scabies, impetigo, yaws, 
-upper respiratory infections, hay fever and asthma. These visits could be made only 
during the dry season, from February to July, as the jeep tracks were impassable during 
the North - East monsoon and the inter - monsoon rains. 

B y 1973 and 1974 the Veddas o f Kandeganwila were willing to co-operate with 
the team. They were identified by their household numbers, clan names (waruge), 
individual names, age and sex. The replies given by them were checked with the 
Vedda chief and the Sinhala school master who taught in the village school at Kande­
ganwila and a pedigree was drawn for each household. Only those from Vedda 
matings within their ethnic group during the last three generations were included in 
this study. Although the samples were from related individuals, for purposes o f 
allele frequency calculations they were treated as being derived from unrelated persons. 
Allele frequency data collected from closely related individuals are not subject to bias 
except when collected from a few large families. 2 9 

The Sinhala-population studied were school children, ages 17 to 19, in the General 
Certificate o f Education (Advanced Level) class at Badulla Maha Vidyalaya. Badulla, 
being 70 miles from Kandeganwila, was considered sufficiently distant from the plains 
o f Bintenne where the Veddas live. These children were considered to be represen­
tative o f the Sinhala population o f Badulla. 
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Collation of blood samples 

Blood samples were collected by venepuncture using disposable sterile syringes, 
with heparin as an anticoagulant, and stored in cool containers (thermos flasks 
containing ice) till they were transported to the pathology laboratory at General 
Hospital, Badulla. A portion o f the blood was retained in the syringes for blood 
grouping and the balance centrifuged (3000 G, 10 min). Plasma was stored at -20°C 
for the detection o f haptoglobins and transferrins/ The red cells were washed three 
times in normal saline (0.9 g NaCl d l - 1 ) and lysed according to the method o f Dacie 
and Lewis. 6 The clear haemoglobin solution was pipetted off into bijou bottles and 
stored at - 20°C. 

A total o f 70 blood samples was collected from the Veddas o f Kandeganwila and 
150 samples from the Sinhalese o f Badulla in December 1973 and January 1974. The 
red cells were studied for blood groups and the serum for haptoglobins and trans­
ferrins, at Badulla. Haemolysates were taken byone o f us (S. B . E.) to the Department 
o f Immunogenetics, King and County Central Blood Bank, Seattle, Washington, U S A 
for red cell enzyme studies. 

in 1976,25 blood samples were collected from the Veddas o f Millana and Dimbu-
lagala, who had also been screened genealogically. The red cell enzyme studies on 
these samples were carried out at the Department o f Scientific Services, Singapore, and 
at Badulla. 

The methods used for red cell antigen detection were those o f Dacie and Lewis. 6 

Haptoglobins and transferrins were studied by the methods described by Giblett. 1 2 

The separation o f the iso-enzymes o f red cells were done by starch gel electrophoresis 
at 4°C for 17 h by the techniques o f Harris and Hopkins.-13 • 

Genetic Similarity and Genetic Distance 

The genetic similarity (Ijk) per locus was calculated using formula o f Nei (1978) 2 9 

s , qy q»fe 
Ijk = 

( Z i q i j 2 ) C H q i k V - • 

where qij and qik are the frequencies o f the ilh allele at a locus in taxa j and taxa k 
respectively, and the averages were over alt gene loci examined. ' The genetic distance' 
(D) was calculated by the application o f formula o f N e i 2 0 : 

D = -Lg f 
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and the corrected genetic distance was calculated by the formula qf Nei •,' 

. 1 - 1 > 
D v = 

I . 

The phylogenetic divergence time in years (t) is given by die formula ; 
t = 5xl0 6 D and the corrected phylogenetic divergence time (tv) is given by the formula: 

' tv = 5xl0 6Dv. " ® 

The genetic identity I, o f each locus, calculated from the allele frequencies at that 
locus is indicated below the table giving the results for that locus. 

RESULTS 

I . Red cell surface antigens 

1.1 ABO blood groups 

Table 2 shows the distribution of the phenotypes at'the A B O locus in the Vedda: 
and the Sinhalese. There is a significant difference in the allele frequencies of A and B 
(p <0.05) but not of O. The genetic identity between the Vedda and the Sinhalese in 
respect of A is 0.9899 and of B is 0. 9890. 

T A B L E 2. The distribution of the ABO phenotypes and the allele frequencies among the Veddas and the Sinhalese 

Ethnic 
group 

Phenotypc Allele frequency Ethnic 
group 

A Freq B Freq AB Freq O Freq ' A B . O 

Veddas 
Sinhalese 

54 
268 

7 
37 

.1296 

.1387 
23 .4259 
95 .3523 

2 
17 

.0370 

.0637 
22 

119 
.4074 
.4413 

0.0871 
0.1094 

0.2672 0.6383. 
0.2383 0.6523 

1(A) 0.9899 1(B) 0.9890 KO) 0.9985 

1.2 The Rhesus blood groups. 

The distribution of the phenotypes at the Rhesus locus is given in Table 3. There 
is no significant difference in the allele frequencies of D and d between the Vedda and 
the Sinhalese. The genetic identity between the two groups is 0.9975 

TABLE 3. The distribution of the phenotypes at the Uliesus locus between the Veddas 
' and the Sinhalese 

Ethnic Phenotype Allele frequency 

group n D Freq d Freq D . d 

Veddas 53 51 .9615 2 ' .03844 0.8039 0.1961 

Sinhalese 268 260 .9697 8 .0302 0.8261 0.1739 

I - 0.9975 
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2'. Serum proteins 

2.1 Haptoglobins 
Table 4 indicates the distribution of the phenotypes for haptoglobins among the 

populations studied. The phenotypes 1, 2-1 and 2 were seen in the Veddas and the 
Sinhalese. There is a significant difference in the pheuotype frequencies of H p H p 
2-1, Hp 2 , between the two groups (p<0.05). The genetic identity between the 
Veddas and Sinhalese is 0.9599. 

TABLE 4. The distribution of haptoglobin phenotypes and allele frequencies between the Veddas and the Sinhalese 

Ethnic 
group , 

Phenotype Allele 
frequency 

Ethnic 
group , 1-1 Fieq 2-1 Frcq 2 Frcq Hpt Hp2 

Veddas 60 8 .133 26 .866 26 .866 0.3500 0.6500 

Sinhalese 146 2 .136 47 .3216 97 .6643 0.1746 0.8254 

P<0.05 1-0.9599 

2.2 Transferrins 
Table 5 indicates the distribution of the phenotype of transferrins among the 

Veddas and the Sinhalese. The phenotypes CC, CD and D D were seen in the Veddas. 
The phenotype D D was not seen in the Sinhalese. There is a significant difference 
(p<0.05) in the phenotype frequencies between the two groups. The genetic 
identity between the Vedda and the Sinhalese is 0.9980. 

TABLE 5. The distribution of the transferrin phenotypes aud allele frequencies between the Veddas and the 
Sinhalese. 

Ethnic 
group 

Phenotype Allele frequency 
Ethnic 
group CC CD DD TfC TfD 

Veddas 

Sinhalese 

60 

146 

53 

144 

6 

2 

1 

0 

0.9333 

0.9932 

0.666 

0.0068 

1' < 0.05 1 = 0.9980 

3. Haemoglobin variants 

The only haemoglobin variant that was detected was haemoglobin E. The 
distribution of phenotypes A A and AE among the Veddas is shown in Table 6. There 
is a significant difference (p<0.05) in the allele frequency of E between the Veddas and 
die Sinhalese. "The genetic identity between them is 0.9990. Homozygous E was not 
found in the Vedda or in the Sinhalese in this study. 
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T A B U 6. The distribution of adult hismoglobin A and th: abnormal haemoglobin E and allele frequencies among 
the Veddas and the Sinhalese 

Phenotypes Allele frequency 
Ethnic n • — • 
group A A Frcq AE Freq • A E 

Veddas 61 55 .9016 6 .0983 0.9508 0.0492 

Sinhalese 146 144 .9863 2 .0136 0.9931 0.0068 

1-0.9990 

4.. Red cell enzymes 

4.1 Acid phosphatase (ACP) 
Table 7 shows the distribution of the phenotypes " A A , BB and allele frequencies 

of.P" and Pb. o f the Veddas and the Sinhalese.;- There- is a- significant difference 
(p < 0.05) in the phenotype frequencies between the Veddas and the Sinhalese. The 
allele P c was not seen in either group. The genetic identity I is equal to 0.9684. 

TABLE 7. The distribution of the .phototypes and allele frequencies of acid phosphatase between Veddas and the 
Sinhalese 

1 
Ethnic 
group 

> Phenotype Allele frequency 1 
Ethnic 
group 

tl. AA BA BB CB 

A A Freq BA Freq BB Freq CB Freq pa Pb Pc 

Veddas ' 54 3 .0555 39 .7222 12 .2222 0 0 0.4167 0.5833 .0 

Sinhalese 148 IS .1216 46 .3108 84 .5675 0 0 0.2770 0.7229 0 

I - 0.9684 V « . . 0 5 

4.2 Adenosine, deaminase (ADA) . . 
. . Table 8 shows the distribution of the phenotypes 1,2-1 ,.2 and the-allele frequencies 

A D A 1 and A D A 2 . There is no significant difference in the frequencies of the 
phenotypes between the Veddas and the Sinhalese. The genetic identity is 0.9978. 

TABLE 8. The distribution of trie phenotypes and allele frequencies of adenosine deaminase between the Veddts 
and the Sinhalese 

Phenotype Allele frequency -
Ethnic 
group 

n —— 
1-1 Freq 2-1 Freq ADA* ADA2 

Veddas 54 48 •8888 6 .111 0.9443 0.0556 

iSnhalese 124 96 .7741 28 ,2258 0.8870 0.1130 

T-0.9978 
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4.3 Adenylate kinase (AK) 
Table 9 shows the distribution of the phenotypes 1, 2-1 and 2 and the allele 

frequencies of A K 1 and A K 2 . There is no significant difference in the phenotype 
frequencies between the Veddas and the Sinhalese. The genetic identity is 0.9989. 

T A B U 9. The distribution of the phenotypes and allele frequencies of adenylate kinase between the Veddas and 
the Sinhalese 

Phenotype Allele frequency 
Ethnic 
group 

n 
1-1 Freq 2-1 Freq A K l A K 2 

Veddas 74 60 .8108 14 .1891 0.90S4 0.0946 ' 

Sinhalese 148 132 .8918 16 .1081 0.9459 . 0.0540 • 

I - 0.9989 

4.4 Esterase D (ESD) . 
Table 10 shows the distribution of the phenotypes 1, 2-1, and 2 and the allele 

frequency of Esterase 1 and 2. There is no significant difference in the incidence of 
the phenotypes between the Vedda and die Sinhalese.. Rare variants of esterase D 
were not seen. I = 0.9642. 

TABUS 10. The distribution of the phenotypes and allele frequencies of esterase D between the Veddas and the Sinhalese 

Ethnic 
group 

Phenotype Allele frequency 
Ethnic 
group 1-1 Freq 2-1 Freq 2-2 Freq 1 2 

Veddas 54 15 .2777 27 .5000 12 .2222 .05277 0.4722 

Sinhalese 116 50 .4310 45 .3879 16 .1379 0.6681 0.3319 

I - 0.9642 

4.5 Glucose - 6 - phosphate dehydrogenase (Gd) 
Table 11 shows the distribution of the phenotype J3 and the slow variant of B. 

The phenotype A was not detected in the Veddas or in the Sinhalese. 

TABLE 11. The distribution of the phenotypes B and the variant of B of glucosc-6-phosphate dehydrogenase and 
allele frequency of phenotype B between the Veddas and the Sinhalese 

Phenotype 
Ethnic a . . . . • —: • 
group A Freq B Freq Variant of 

13 (slow) 
Freq 

Veddas 51 0 0.0 45 0.8823 6 0.1176 

Sinhalese 122 0 0.0 116 0.9508 •6 0.0491 

I - l 



lo- S. B: ELLEPOLA AND EUGENE R. W1KRAM AN AY AKE 

4.6 Glutamate oxalo acetate transaminase. (GOT) 
also known as Aspartate aminotransferase 

Table 12 shows the distribution of the phenotypes 1,2-1 and 2 as well as the allele 
frequencies of GOT, and GOT 2 . There is no significant difference in the phenotype 
frequency between the Veddas and the Sinhalese. The allele G O T 3 was not found 
in the Veddas or in the Sinhalese. The generic identity was equal to 0.9998. 

. TABLE 12. The distribution of the phenotypes and allele frequencies of G O T ) and G O T ; 

Phenotype Allele frequency 
Ethnic n • . 
group 1 Freq 2-1 Freq 2 Freq I 2 

Veddas 54 54 1 0 0 0 0 1 0 

Sinhalese ' 111 109 .9819 2 .0180 0 0 .9819 .0180 

I "0.9998 

4.7 Glutamate pyruvate transaminase (GPT) 
also known as Alanine aminotransferase 

Table 13 shows the distribution of the phenotypes 1, 2-1 and 2 and the allele 
frequencies o f GPTj and GPT 2 . There is a significant difference (p<0.05) in the 
phenotype frequencies between the Veddas and the Sinhalese.' The genetic identity is 
0.8974. 

TABLE 13. The distribution of the phenotypes and allele frequencies of GPT! and GPT, 

Ethnic 
group 

Phenotype Allele frequency 
Ethnic 
group 1 Freq 2-1 Freq 2 Freq 1 2 

Veddas 54 27 .5000 18 .3333 9 .1666 0.6666 0.3334 

Sinhalese l i i 25 .2252 46 .4144 40 .3603 04324 0.5676 

1 - 0-8974 P < 0.05 

4.8 Isocitrate dehydrogenase (ICD) 

Table 14 shows the distribution of the phenotype 1 and 2-1. N o cases of the 
phenotype 2-1 was seen in the Veddas while only a single Sinhalese was found who 
had this phenotype. There is no significant difference in the allele frequencies between 
the Veddas and the Sinhalese. The genetic identity is 1. 
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TABIC 14. Tho distribution of th.5 phenotypes and allele frequencies of isocitrate dehydrogenase 

Ethnic 
group 

Phsnotypc Allele frequency 
Ethnic 
group 1-1 Frcq 2-1 Frcq 2-2 Freq 1 2 

Veddas 54 54 1 0 0 0 0 1.000 0.000 

Sinhalese 111 110 .9909 1 .0090 0 0 0.9914 0.0010 

f-l 

4.9 Phosphogluconate dehydrogenase (PGD) 

Table 15 shows die distribution of the phenotype AA and AC as well as the 
allele frequency of PGDA and PGD C in the Veddas and the Sinlialesc. The difference 
in the phenotype frequencies of PGD A and PGD C between the Veddas and the Sinhalese 
is not significant. 
The genetic identity is 0.9991. 

T\ou. 15. The distribution of the phenotypes and the allele frequencies of the PGD locus anions the Veddas and the 
Sinhalese 

Phenotype Allele frequency 
Itliuic ii 
group A A Freq AC Freq • P G D A PGDc 

Veddis 45 40 .8888 5 .1111 0.94444 0.0556 

Sinhalese 142 136 .959 6 .0405 0.9840 0.0160 

T = 0.9991 

4.10 Phosphoglucomutase (PGM) 

Table 16 shows the distribution of phenotypes 1, and 2-1 as well as the allele 
frequencies of PGM, 1 and PGM, 2 - 1 in the two groups. The phenotype 2 was not 
found in the Veddas or the Sinhalese. There was no significant difference in the 
phenotype frequencies of PGM, between the Veddas and the Sinhalese. The genetic 
identity is 0.9946. 

TABLE 16. The distribution of the phenotypes and allele frequencies of PGM among die Veddas and the Sinlialesc 

Phenotype Allele frequency 
Ethnic 
group 

1 1 

1-1 Freq 2-1 Frcq 2-2 Freq PGM,l PGM,»-2 

Vedcas 47 26 .5531 21 .4468 0 0 0.7761 0.2239 

Sinhalese 148 70 .4729 78 .5270 0 0 0.7360 0.2640 

I - 0.9946 
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Ethnic Phenotype Allele frequency 

group 1 Freq 2-1 Freq 2 Freq Pgk« Pgfc2 

Veddas 34 t 1 0 0 0 .0 1.0 0.0 

Sinhalese 74 1 1 0 0 0 0 1.0 0.0 

I - 1 

4.12 Phosphohexose isomerase (PHI) 

Table 18 shows the distribution of the phenotype 1 and 2-1. The phenotype 2-1 
was not found in the Veddas but was seen in one Sinhalese. There is no significant 
difference in the allele frequency between the Veddas and the Sinhalese and the genetic 
identity is 1. 

TABLE 18. The distribution of the phenotypss and allele frequencies of phosphohexose isomsrase among the Veddi 
and the Sinhalese 

Allele 
Ethnic Phenotype frequency 

ii " • ~ • • '. 

group 1 Freq 2-1 Freq 2 Freq 1 2 

Veddas 54 54 1 0 0 0 0 1.0 ~ao 

Sinhalese 111 110 .9999 1 ' .0090 0 U 0.9954 0.046 

I - 1 " " 

4.13 Uridine monophosphate kinase (UMPK) 

Table 19 shows the distribution of the phenotypes 1, 2-1, 2. The phenotype 1 
was present in both the Veddas and the Sinhalese but not the other phenotypes. The 
genetic distance is 1. 

4.11 Phosphoglycerate kinase (PGK) 

Table 17 shows die distribution of the phenotype 1,2-1 and 2. The phenotype 1 
was present in both the Veddas and Sinhalese but not the other phenotypes. The 
genetic distance is 1. 

TABLE 17. The distribution of the phenotypes and allele frequencies of the PGK locus among the Veddas and the 
Sinhalese 
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. Allele 
Ethnic Phs.iotype frequency 

11 _ 

group 1 Frcq 2-1 Freq 2 Freq I 2 

ValdH 34 34 | 0 0 0 0 1.0 0.C 

Sinhalese 74 74 I 0 0 0 0 1.0 0.0 

I - 1.0 

4.14 Monomorphic red cell enzymes 

The following enzymes were also studied in the Veddas and the Sinhalese, and 
confirmed to be monomorphic. Blood samples from Veddas (n = 18) and from the 
Sinlialesc (n = 60) were tested at the Department of tiunuvuogenctics, Seattle, USA. 

2,3 Diphospho - glycerate mutasc 
Eiiolase 
Guanylate kinase 
Nucleoside phosphorylasc 
Monophospho glycero mutasc 
Phosphoglycertc acid dehydrogenase 

DISCUSSION 

I. R e d cell surface antigens 

1.1 ABO blood groups 

The allele frequency of group B in the Veddas was higher titan in the Sinhalese 
(Table 2) as has also been demonstrated in 1963.31 There was a significant difference 
between the Veddas and the Sinhalese in respect of the allele frequency of Group A as 
well, but not in respect of Group O. 

1.2 The Rhesus blood gi'oup 

The Veddas and the Sinhalese have a very high allele frequency for group D 
and a low frequency for group cde (d).' There was no significant difference in the 
allele frequencies of the Veddas and the Sinhalese (Table 3). 

1'ABIB 19. Tne dutributioa of paenotypej j-id allele freq-jc-ioy of UMPK iinoiig i!ic Vi'ddnt and the Sinhtlesc 
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2. Serum proteins 

2.1 Haptoglobins (Hp) 

All three phenotypes 1,2-1,2 were seen in the Veddas and the Sinhalese (Table 4 ) . 
The difference in the allele frequencies of Hp 1 and Hp 2 is significant (p<0.05). N o 
case of anhaptoglobinaemia (Hp 0) was seen in either of the two groups although its 
presence in die Sinhalese has been reported.24 Hp 0 is however not considered to be 
inherited,3 but to be a common feature in patients with increased red cell destruction 
(as in haemolytic anaemia). Further, the genetically determined phenotypes Hp, and 
Hp 2 are often masked by haemolysis due to the utilization of all free haptoglobin 
available to combine with free haemoglobin. Therefore in areas where there is 
haemolytic anaemia due to malaria or due to the use of anti-malarial drugs, anhap­
toglobinaemia might be present. 

The allele frequency in this series of Hp 1 and Hp 2 in the Sinhalese was similar to 
the values reported by Kirk and Lai 1 5 and by Papiha.24 

2.2 Transferrins 

There was a significant difference in the allele frequency of T f alleles between 
die Veddas and the Sinhalese (Table 5). The presence of T f c and T f D have been 
reported in the Veddas.15 T f D found in the Veddas is considered to be the 
Chinese variant, as T f" is found in the mongoloid populations, the allele having gained 
entry to Sri Lanka along with traders from Indonesia.15 

3. Haemoglobin variants 

There was a significant difference in the allele frequency of haemoglobin E 
between the Sinhalese and the Veddas (Table 6). 

Haemoglobin E is the commonest type of abnormal haemoglobin reported in 
Sri L a n k a . 4 ' 1 0 ' n ' 1 8 ' 2 4 The incidence of HbE in Sri Lanka among all commu­
nities is very low. According to Blackwell et ah* it is 0.0021. The allele frequency 
of haemoglobin E in the present study of Sinhalese is 0.0068 and is similar to that found 
by Papiha.24 

Blackwell's study was confined to people living in an area where the incidence 
of malaria is low, namely, the Western Province. On die other hand, the present 
study and diat of Papiha24 involved persons living in Badulla and Anuradhapura, 
districts in which the incidence of malaria is high: It is dierefore possible that the 
alle|e for Hb E is high in diese areas because Hb E may give some protection against 
malaria.17 
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Haemoglobin E is present in the Bengalis but has not been detected in the other 
states on die Eastern side o f India.5 This is one o f the reasons for considering the 
Sinhalese to be of Bengali origin. 1 9 

4. Red cell enzymes 

4.1 Acid phosphatase (AcP) 
There is a significant difference (p < 0.05) in the allele frequency o f p a and pb 

between die Veddas and the Sinhalese (Table 7). The main phenotype o f the Vedda 
was the heterozygote B A while in the Sinhalese it was the homozygous phenotype B B . 
The allele p 5 was not detected in this study but has been reported to be present in the 
Sinhalese with an allele frequency ofO.l 3 . 2 6 The allele p c is considered to be a Caucasian 
character. 1 2 

4.2 Adenosine deaminase (ADA) 
The allele frequency o f A D A 1 tends to be high while that o f ADA 2 is low through­

out, the world. 1 4 There was no significant difference in the allele frequencies between 
the Veddas and the Sinhalese. The allele frequencies o f A D A 1 and o f A D A 2 o f .the 
Sinhalese in this series is similar to those o f Roberts et a/., 2 6 who reported values o f 
0.857 and 0.143 respectively (Table 8) . 

4.3 Adenylate kinase (AlC) 
. The allele frequencies o f A K 1 and A K 2 among the Sinhalese are 0.95 and 0 .50 , 

respectively (Table 9) , .as against values o f 0.91 and 0.083 obtained by Roberts etal.16 

High values for A K was found in the Bengalis and other Indians and it was suggested 
that there may be a focus o f high frequency for A K 1 in India which could be due 
to natural selection.1 This is another reason for considering the Sinhalese to be o f N* 
Indian origin. 

There is no significant difference in the allele frequencies o f A K 1 and A K 2 between 
the Veddas and die Sinhalese. 

4.4 Esterase D (ESD) 
Esterase D is a more recently described polymorphic enzyme system with two 

common alleles E S D 1 and E S D 2 . Most o f the world's population have a high allele 
frequency for E S D 1 . 

There is no significant difference in the ESD allele frequencies between the 
Veddas and the Sinhalese and no variants have been found in either population in 
this study (Table 10) . 
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4.5 Glucose - 6 - phosphate dehydrogenase (G6PD) 
The clcctrophoretically fast moving G6PD isoenzyme type- A was not seen in the 

Veddas or in the Sinhalese. They both have die isoenzyme type B and a slow variant 
of B (Table 11). Further studies would be required to identify this variant. A slow 
variant of B has also been recognized in Bengal2. 

4.6 Glutamate oxaloacetate iransaminase(GOT) 
There was no significant difference in the allele frequency of G O T 1 among 

Veddas and the Sinhalese (Table 12). The allele GOT 2 , though present, is very rare 
in the Sinhalese. It is absent in the Vedda. 

4.7 Glutamate pyruvate transaminase (GPT) 
There is a significant differ, encc in the allele frequency of GPT 1 and GPT 2 between 

the Veddas and the Sinhalese. 

4.8 Jsocitratc dehydrogenase (ICD) 
Both the Veddas and the Sinhalese showed a similar allele frequency for the 

phenotype 1 -1 (Table 14). None of the Veddas and only one Sinhalese possessed the 
phenotype 2 - 1. 

4.9 Peptidase 

Low levels of Peptidase A were noted in both the Veddas and the Sinhalese. A 
reduced level of peptidase activity is considered to be due to a silent allele. However, 
peptidase A activity is also dependent on the time taken in the laboratory to make the 
erythrocyte haemolysatcs. Therefore it is not possible to draw conclusions from the 
reduced levels which were noticed in this study. 

4.10 Pliosphogluconate dehydrogenase (PGD) 
The allele frequencies of PGD A and PGD C in the Veddas are not significandy 

different from that of the Sinhalese (Table !5). 

The allele frequencies of PGD A and PGD C in the Sinhalese are similai to the values 
of 0.0984 and 0.016 obtained in an earlier study.25 

4.11 Phosphoglycerate kinase (Pgk) 
Phosphoglycerate kinase is a polymorphic enzyme which has a rare variant 

sporadically distributed in different geographic areas of the world. The Veddas and 
the Sinhalese are monomorphic for the allele Pgk 1 (Table 17). 
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4.12 Phosphohexose isomerase (PHI) 

The allele PHI* has the highest allele frequency in the world. The allele frequencies 

in the Vedda and the Sinhalese are-very similar (Table 18). 

4.13 Phosphoglucomutase (PGM). 

There is no significant difference in the allele frequencies o f the Veddas and the 

Sinhalese (Table 16). 

The allele frequencies for P G M 1 and P G M 2 in the Sinhalese arc similar to the 

values o f 0.75 and 0.26 respectively obtained by earlier studies.2* The Veddas and the 

Sinhalese are monomorphic for the P G M 2 locus 2 . 

4.14 Uridine monophosphate kinase (UMPK) 

Only U M P K 1 could be detected in the Veddas and the Sinhalese (Tabic 19). 

U M P K 2 has been detected in the Europeans and the Japanese. 2 2 It is labile and has a 

tendency to disappear from aged haemolysates. 

5. A comparison of allele frequency o f the Veddas and the Sinhalese 

There is no significant difference in the allele frequencies between the Veddas 
N and the Sinhalese in respect o f 14 alleles, namely, Blood group O, Rhesus D andd, 

Haemoglobin A, ADA, AK, Esterase D , G O T , ICD, PGD, PGK, PGM, PHI and 

U M P K as well as the monomorphic enzymes. 

There was a significant difference in the phenotype frequency in respect o f seven 

alleles, viz. blood groups A and B , haptoglobins, transferrins, haemoglobin E, ACP, 

GPT. 

Table 20 summarises die allele frequency and die genetic identity between the 
Veddas and the Sinhalese in respect o f the polymorphic loci and Table 21 lists the 
monomorphic loci o f the Veddas and the Sinhalese which were also studied. 
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.\*u 20. The allele frequency and genetic identity of the Vedd-n and the Sinhalese in respect of ninteen loci 

Allele Allele Genetic 
Numbrr T.ocii; Allele FK.IUS.ICV 

of 
Veddas . 

of 
Sinlialesc 

Identity 

1 ADO 
A 
13 
O 

0.0871 
0.2672 
0.6383 

0.1094 
0.2383 
0.6523 

"a9899~ 
0.9890 
0.9985 

2 Rh 
D 
d 

0.8039 
0.1961 

0.8261 
0.1739 0.9975 

J Hp 
1 

?. 

0.3500 

0.6500 

0.1746 

0.8254 
0.9599 

i Tf 
C 

D 

0.9333 

0.0666 

0.9932 

0.0068 
0.9980 

5 Hh II 
A 

E 

0.9508 

0.0492 

0.9931 

0-0068 
0.9990 

f> ACP 
pa 

Pc 

0.4167 

0.5873 

0.2770 

0.7229 
0.968R 

7 ADA 
I 

2 

0.9443 

0.0556 

0.8870 

0.1130 
0.9978 

8 AK 
1 

2 

0.90554 

0.0946 

0.9459 

0.0540 
0.9989 

0 Est. n 
1 

2 

0.5277 

0.4722 

0.6681 

0.3319 
0.9642 

10 G 6PD 
B 
Slo-.v 
Variant 
of D 

0.8823 

0.1176 

0.9508 

0.0+91 
1 

11 GOT 
I 

2 

1.0 

0.0 

0.9819 

0-0180 
0.9998 

12 GPT 
1 

2 

0.6666 

0.3334 

0-4324 

0.5676 
0.8974 

13 ICD 
1 

2 

1.000 

0.000 

0.9914 

0.0010 
1.0 

14 6PGD 
A 

C 

0.9444 

0.0566 

0.9840 

0.0160 
0.9991 

15 PGK 
1 

2 " 

1.0 

0.0 

1.0 

0.0 
1.0 

16 PCN-ii 
1 

2 

0.7761. 

0.2239 

0.7360 

0.2640 
0 9946 

17 PHI 
1 

2 

1.0 

6.0 

0.9954 

0.0046 
1.0 

• - • 18 UMPK 
1 

2 

1.0 

0.0 

1.0 

0.0 
l.o 

http://Fk.ius.icv
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TABLE 21. "Die monomorphic loci of the Veddas and Sinhalese in respect of six red cell enzyme* 
and the genetic identity 

No. of 
Vedda* 

No . of 
Sinhalese 

Genetic 
Identity' 

1. 2:3 Diphosphoglycerate mutasc 18 60 1 

2. Enolase IS 60 1 

3. Gmnyl kinase 18 60 1 

4. Monophosphoglyccrate mutasc 18 60 1 

5. Nucleoside phosphoryhss 18 60 1 

6. Phosphoglyceric acid dehydrogenise 18 60 1 

No. of alleles studied — 36-

Mean genetic idaitity (m :vi 1 » 0.9901967 • 
penctic similarity) 

Using Nci's formula20 the mean genetic identity between the Veddas and the 
Sinhalese is found to be 0.9901967. The genetic distance is 9.851668 x l 0 ° . 
The phylogenetic divergence time (tv) is 49,258 (years). 

There is a suggestion that the above formula over-estimates die minimum 
divergence time by a factor of four. 2 2 J f this be correct, the actual separation time 
between the. Vedda and the Sinhalese will be reduced to approximately 12,000 years. 
It is therefore interesting to compare this figure with results of morphological, 
snidies on the Veddas. 

6. Morphological studies on the Veddas 

Most audiorities agree that the Veddas have existed in Sri Lanka longer than the 
Sinhalese. Parker23 identifies the Yakas, mentioned in the Mahavarnsa, as the 
progenitors of the Veddas. Sarasin and Sarasin,27 Pole 2 3 and the Scligmans28 demons­
trated the presence of prehistoric remains in Sri Lanka. The Sarasins27 were of the 
view that the lidiic remains were representative of the direct ancestors of the Veddas, 
and Wayland 3 0 assigned the artefacts found in Sri Lanka to a cultural phase falling 
between the paleolithic and the mcsolithic periods. 

The first scientific evidence of the presence of mesolithic man in Sri Lanka was the 
discovery of a frontal bone at Ravanella in 1946, followed by the excavation of 12-
skeletons at Bellan Bandi Pellessa in 1956 and 1961,7'8 Deraniyagala named this man 
Homo sapiens balangoHensis or "Balangoda Man". 7 
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Homo sapiens balangodensis had features which Deraniyagala considered to be 
Proto-Australoid as they bore a strong physical resemblencc to the Aborigines of 
Australia and the Dani of New Guinea. He used stone implements of the paleolithic 
and mesolithic periods. 

Deraniyagala8 postulated that Homo sapiens balangodensis was ancestral to the 
Veddas, and classified the Veddas into Australoid and Negroid types. 

Kennedy1 4 made a detailed comparison of the remains of the "Balangoda Man' ' 
with the Vedda skeletal remains found in the museums of Europe, India and Sri Lanka , 
using morphometric, radiographic and chromatographic techniques. He found 
osteological features in the Veddas which occured in a relatively high frequency in the 
skeletons of the "Balangoda Man" and concluded that "it would be difficult to explain 
the presence of these unique features in the Vedda without recognising the biological 
affinity of the Veddas with the late Stone Age people of Sri Lanka." 

It is therefore possible that the differences in allele frequencies between the Veddas 
and the Sinhalese have been derived through the years from the "Balangoda Man" 
who lived during the late paleolithic and mesolithic periods of Sri Lanka, which is 
now estimated to be about 30.000 years (K.A.R. Kennedy, personal communication). 
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