
Pertanika 2(1), 28-33 (1979)

Genetic Relationship between Kadazans and
Fifteen other Southeast Asian Races

S. G. TAN
Department of Biology, Faculty of Science and Environmental Studies, Universiti Pertanian lVlalaysia

Key words: Kadazans; Genetic distance; Southeast Asian races

RINGKASAN

Analisa jaral? genetil? yang berasas helima tanda-tanda genetih biohimia berpolimorfik telah dibuat
untuk menentuhan jarah-jaral? genetik diantara ballgsa Kadazall dan limabelas ballgsa lain yang tinggal di
As;a Tenggara. Orang-orang Kadazan dijumpai lebih dehat dengan orang-orang Iban, Paiwan, Visayan,
Ifugao, Atyal, lVIelayu Asli, Dayak Darat, Tagalog dan China Selatan bila dibandinghan dengan orang
orang Batah, Senoi, Bunun, 11iJelayu, Aeta dan India Selatan. Bandingan frekuens; gen untuk beberapa
tanda-taJula genetih biohimia ham seperti glutamat piruvat transaminase lanit, gliohsalase 1 dan esterase D
telah dibuat diantara orang-orang Kadazan dan hanya bebe-rapa hmzgsa-bangsa Asia Tenggara yang Lelah
dianalisalwn llntuh tanda-tanda haru tersebut. Dalam lwsah tanda-tanda dalam mana data tidah ada 1mtuh
lain-lain bangsa Asia Tenggara, irekuellSi gen dalam orang-orang Kadazan telah diballdinglwn dengan fre
lwens; gen dalam bangsa-bangsa dari lain-lain daerah dalam dunia ini.

SUMMARY

Genetic distance analysis based on five polymorphic biochemical genetic markers was done to determine
the genetic distance bet'ween Kadazans and fifteen other races living in Southeast Asia. Kadazans were found
to he closer to Iba'll, Paiu'an, Visayan, Ifugao, Atyal, Aboriginal ilialays, Land Dayah, Tagalog and Southern
Chinese titan they are to Bataks, Senoi, Bunull,lVlalays, Aetas and Soutltern Indians. Gene frequency com
parisons for several new biocltemical genetic markers such as soluble glutamate pyruvate transaminase, glyo:...'alase
I and esterase D were made between Kadazans and those few Southeast Asian races 'which had been analysed
for these new marhers. In case of those madwrs in which no data is G'l.:ailable for other Southeast Asian races,
the Kadazan gene frequencies 'were compared to those of mces found elsewhere in the u'orld,

INTRODUCTION

Kadazans or Dusuns form the largest ethnic
group in Sabah~ one of two lVlalaysian states
located on the island of Borneo; the other state
is Sarawak, According to the lVlalaysia Official
Year Book 1975, there are 211~250 Kadazans in a
total population of 804,149 in Sabah.

The ethnic affinities of the Kadazans are
uncertain. Some anthropologists, for examp]e~

Williams (1965), believe that Kadazans are physi
cally, linguistically and culturally closer to a
number of native groups in the Philippines and
Formosa (Taiwan) than to the native peoples of
neighbouring S"lrawak and Kalimantan (Indo
nesian Borneo). These anthropologists think the
Kadazans arc descended from a second wave of
migration of Indo-LVlalayan food-raisers, which,
about 3000 years ago, moved from south China
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and north Vietnam through Taiwan and the
Philippines to northern Borneo and the Celebes,
The natives of Sarawak and Kalimantan, how
ever, are believed to have originated from a first
wave of migration slightly earlier, which spread
across mainland Southeast Asia into northern
India and down thc l\1alay Peninsula into Sumatra,
Java and south Borneo and from there to Sarawak
(Williams, 1965; Harrison, 1964). Other anthro
pologists, however, hold the view that the Kada
zans migrated to northern Borneo from the l\1alay
Peninsula only a few centuries ago (Provencher,
1975). Therefore, the Kadazans are indeed an
interesting ethnic group for genetic investigations.

In this paper, the results of genetic distance
analysis based on five polymorphic biochemical
genetic markers between Kadazans and fifteen
other races living in Southeast Asia are presented.
Gene frequency comparisons for several new
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biochemical genetic markers are made between
Kadazans and those few other Southeast Asian
races in whom dat.: are available for these new
markers.

MATERIALS AND METHODS

A list of gent: frequencies for biochemic2.l
genetic markers that 2rc available for all sixteen
races under consideration namelv Kadazans from
Sabah, lVlalays, Senoi, Aboriginal l\'lala)'s, Chinese
and Indians from Peninsul<'x lVlalaysia, Land
Dayaks and Ib2ns from Sarawak, Atyal, Bunun
and Paiwan from Taiwan, Aetas, Tagalog, Visayan
and lfugao from the Philippines and Bataks from
Sumatra was compiled <"nd is presented in Table I.
Data are available for seventeen biochemical
genetic markers in Kadazans (Tan et al., 1979).
The data for Ibans and Land Dayaks, the two
main groups of indigenous people i;l Sarawak arc
from Gancsan et al. (1975, 1976), the data for
AtyaI, Bunun and Paiwan, three endogamous
groups of Taiwan aborigines from Fong (1974),
the d2.ta for the four Philippines races from Omoto
et al. (1978) and that for Bataks from McDermid
et al. (1973).

lVlalays arc the majority of the lowland
indigenous people; Senoi and Aboriginal lVialays
are two of the three aboriginal groups of Penin
sular lVlalavsia. Chinese and Indians living in
Peninsular "Malavsia arc mostly the descendants
of Southern Chinese and Southern Indian immi
grants respectively. The data for these inhabitants
of Peninsular l\1alaysia arc from Lie-Injo (1976),
the data for ADA are from Welch et al. (1975,
1978). The biochemical genetic markers for
which gene frequency information is available for
all sixteen populations are PGM 1, ADA, 6PGD,
haptoglobin and transferrin. These gene fre
qucncies were obtained through the use of thc
appropriate e:1ectrophoretic phenotyping technique
for each of the above gcnetic markers, followed
by gene counting since they are all codominant
markers.

From the above data the genetic distance
between Kadazans and each of the other fifteen
cthnic groups were computed following the
procedure outlined by Sphuler (1972) based on
the model of Cavalli-Sforza and Edwards (1967).
In the computation of genetic distances following
this procedure, only gene frequencies were neecled~

not sample size.

RESULTS AND DISCUSSION

The results are shown in Table 2. The
genetic distances indicate that Kaclazans are
closer to Ibans, Paiwan, Visayan, Ifugao, Atyal,
Aboriginal Malays, Land Dayaks, Tagalog and
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Southern Chinese than to Bataks, Senoi~ Bunun,
l\1alays and Aetas (Philippine Negritos). How
ever, Kadazans arc much closer to these South
east Asian populations than they are to Southern
Indians. All these Southeast Asian populations
exccpt Senoi and Negritocs are Southern 1Vlongo
loicls or Palaeo-l\10ngoloids. "Pure" Senoi are
thought to bc Vcddoids but present-day Senoi
are probably the descendants of past interbreeding
between "pure" Senoi and Negritocs, some of the
Mongoloid races and perhaps evcn Indians
(Provencher, 1975). Southern Indians arc Dravi
dians; whereas Negritoes, a pygmy race, were the
first of the present races to settle in Southeast
Asia (Provencher, 1975).

The genetic distances obtained do not tell
us which of the two anthropological hypotheses
regarding Kadazan ethnic affinities is more likely
to be correct. The distances, however, do esta
blish the genetic affinity of the Kadazans to the
other Southeast Asian peoples, especially to the
Mongoloid group. Perhaps furthcr studies of
these other peoples, using such recently described,
highly polymorphic markers likc s-Gpt, glyoxalase
I and esterase D for ,vhich the Kadazans had
been screened may prove useful.

So far, screening for these relatively new
markers in Southeast Asian populations has only
been done for the Aetas (Omoto et aI., 1978) and
the three major racial groups of Peninsular lV1alay
sia: l\1alaysJ Chinese, and Indians. For gly
oxalase I, the Kadazan GLOI freqnency of 0.300
is close to that for Aetas (0.244) (Omoto et al.,
1978) and Indians (0.287) but slightly higher than
that for Malays (0.196) and Chinese (0.200) (Teng
et aI., 1978b). The Gel frequency for Kadazans
is close to that for l\'1alays (Kenrick and Douglas~

1967), Chinese, Indians (Kirk et al., 1963) and
Taiwanese aborigines (Fong, 1974), all frequencies
being around 0.85, but it is higher than that for
Aetas (0.627) (Omoto et 01., 1978). The ESDI
frequcncy of 0.472 for Kadazans is lower than
the frequency found by Tan and Teng (1977)
for Malays (0.658), Chinese (0.597) and Indians
(0.735) and that found by Omoto et al. (1978) for
Aetas (0.779), Tagalog (0.692), Visayan (0.716) and
Ifugao (0.572). A similar situation exists for s-Gpt,
where the GPTI frequency for Kadazans is 0.265
whereas that for Tagalog is 0.324, for Visayan
0.340, for lfugao 0.490 (Omoto et 01., 1978), for
l\1alays 0.3+3, for Chinese 0.4i1 and for Indians
0.437 (Tan and Teng, 1977). However, it is
higher than that for Aetas (0.143). In the case
of red cell acid phosphatase, the ACP'j\ frequency
of 0.369 for Kadazans is close to that of 0.329 for
Malays (Chan and Dhaliwal, 1973) and 0.382 for
Atyal (Fang, 1974); it is higher than the frequency
for Batak (0.241) (McDermid et 01.,1973), Chinese



GENETIC RELATIONSHIP BETWEEN KADAZANS AND SOUTHEAST ASIAN RACES

KENHlCK, K. G., DOUGLAS, R. (1967): The distribution
of Gc-types in selected populations from SOllth
ellst Asia, Polynesia and Australia. Acta Genet.
(Basel) 17, 518-523.

KIHK,. R.. L.,. CLEVE, I-I., BEAHN, A. G, (1973): The
dlstnbutIOn of .!frou,? specific component (Gc) in
selected populatIOns 1Il South and South East Asia
and Oceania. Acta Genet. (Basel) 13, 140-149.

KUHN, B., BlssuoHT, S., KO:\II'F, j.,RITTER, H. (1975):
Red cell uridine-5'-monophosphate kinase
(UlVIPI9· For~al genetics, linkage analysis and
populatIOn genetlcs from Soutll\vestern Germany.
Jiumallgeltetih 28, 255-258.

surprising ~~s nonc W<IS observed in 868 l\rhlays,
575 Chinese, 488 Indians, 123 Senoi and 132
AborigincJ l\'bJays from Pcninsuh!f I.VIalaysia
(Teng and Lie-lnjo, 1977; Ten and Tong, 1978).

ACKNOWLEDGEMENT

The 2.uthor th".Ilks Dr. Y. S. Teng, Depart
ment of Human Biology, John Curtin School for
lVledical Research, Canberra, Austr<!lia, for his
help in the writing of this paper. Th(l.nks are
also due to Puarr I-bJim<:dl bt. IVbhyuddin for
typing this manuscript. LEWIS, W. H. P" HARHlS, H. (1969):

(prolidase) variants in man. Anlt.
32, 317-322.

Peptidase D
Hum. Genet.

REFERENCES

CHAN, K. L., DHALIWAL, S. S. (1973): Human erythro
cyte enzyme and serum haptoglobin variat~on in
West :rvlnlaysian populations. kIalay. J. Sci. 2,
11-18.

BLAKE, N. Tv1., KU{K, H. L, LEWIS, W. I-I. P., l-IAHRIs, I-I.
(1970): Some further Peptidase n phenotypes,
.Jllln. Hum. Gellct. 33, 301-305.

BLAKE, N. 1'\'1., I\IcDlm:\IID, E. 1\'1., KInK, R. L., ONG,
Y. W., Sl;\\ONS, M. J. (1973): The distribution
of red cell enzyme groups among Chinese and
J\Iahrys in Singapore. Singapore 1Iled. J., 14, 2-8.

CAV,\LLI-SFOHZA, L. L., ED\vAHDS, A. \V.
Phylogenetic analysis models and
procedures. AllL J. [-fUIlI. Gellct. 19,

F. (1967),
estimation

233-257.

LIE" INjO, L. E.. (1976): "Genetic relationships of
several abongInal groups in Southeast Asia".
The Origin of the Australians. H.. L.Kirk and
A. G. Thorne (Eels.) New Jersev: Huma~ities
Press. .

:rvIALAY.'OrA OrFIcIAL YE \HUOOI, 1975 (1977). Kuala
Lumpur: Director General of Plllltmg, PeOlnsuldr
IVlalaysia.

l\tIc~EH:.\II1): E.. M.,. BL:\KE, N. IVI., KIRK, R. L. (1973):
fhe dlstnbutlOn of serum prot.-:in and enzyme
groups among the Batak of Sarnosir Island
(Sumatra, Indonesia). Hltmangclletih 17, 351-356.

0:\10'1'0, K., HARADA, S. (1968): Red cell and serum
protein types in the Ainu population of Shizunai.
Hokkaido. 8th 1m. eoltg. Antlll·o. Et/mol. Sci.
Tohyo and Kyoto 1, 206~209.

I-IAHADA, S., !Toil, l\T., MI5AWA, S, (1975): Red cell
uridine monophosphate kinase polymorphism in
Japanese. Humallgcllelih 29,255-257,

G/\NESAN, j., LIE-I:-:jo, Ib E., ONG, B. P. (1975):
Haptoglobin, transferrin and serum albumin
variants in the Davaks of Sarawak. Humangel/etik
29, 281-283 .

FONG, J. :rv1. (1974): The distribution of the poly
morphic groups of blood, serum protein and rcd
cell enzyme ;unong the three endogamous groups
of Takasago in Taiwan. Bulletill Osalw il'Ial. Seh.
20,35-45.

GAjDCSEK, D. C., LEYSHON, \\'. c., KIRK, It. L., llL\KE,
N. r\'1., KEATS, B., McDEH:\HD, R 1\'1. (1978):
Genetic differentiation among populations in
western New Guinea. Am. J. Phys. Allthmp. 48,
47-63.

OMOTO, K., l'VIISAWA, S., HAHADA, S., StL\IPAICO, J. S.,
IVIEDADO, P. M., OGONUKI, H. (1978): Population
gen~tic studies of the Philippine Negritoes. 1.
A pIlot survey of reel ceil enzyme and serum protein
groups. AIIl. J. Hum. Genet. 30, 190-201.

PnovENcHER, R. (1975): j'vlainland Southeast Asia:
An anthropological perspective. P,lcific Palisades:
Goodyear Publishing Company.

RANZAN1, G., BEHTOLOTTI, E., SANTACHIARA-BENEHE
CI>!~I, A. S. (1977): The polymorphism of red cell
undme monophosphate kinase in two samples of
Italian population. HUIIl. Haed. 27, 332-335.

SCOTT, E. M., WHIGHT, R. C. (1978): Polymorphism
of red cell enzymes in Alaskan ethnic groups.
ill/II. HUIlI. Genet. 41, 341-346.

STEEG:\IULLER, H. (1975): On the geographical distri~

bution of pseudocholinesterase varinnts. J1uman
geneti/? 26,167-185.

TAN, S. G., TENG, Y. S. (1977): "Soluble glutamlc"
pyruvic transaminase, esterase D, nucleoSIde

SnII'SON, N. E. (1969): Genetics of esterases in man.
AIIII. N. Y . ."lead. Sci. 151, 699-709.

SPHULEH, j. H. (1972): "Genetic, Linguistic and
Geographical Distances in Native North America."
The assessment of population affinities in man.
J. S. Weiner and J. Huizinga (Eds.). Oxford,
England. Clarendon Press.

People of North and
Wang Gungwu (Bd.)

I-L.\HHISON, T. (1964): "The
\Vest Borneo." l\'Ialavsia.
Singapore: Donald Ma"ore.

Gc\XES/\;>i, J., LIE"INjO, L. E., ONG, n. P. (1976):
Vnriation of several erythrocyte enzymes in the
Dayaks of Sarawak. HIIIII. Ilercd' J 25, 124-127.

GlBLETT, E. R., Ar-..·DEHSON, j. E., CHEN, S. H., 'rENG,
y'"S., COHEN, F. (1974): Uridine monophosphate
kinase: A new genetic polymorphism with possible
clinical implications. Am. J. Hum. Gel/ct. 26,
627-635,

32



S, G, TAN

phosphorylase and placenta acid phosphatase in
lVlalaysians." Proceedings of the Fourth
Malaysian Biochemical Society Conference. H. H.
Yeoh, and H. T. Khor (Eds.) Kuala Lumpur.
The Malaysian Biochemical Society.

TAN, S. G., TENG, Y. S. (1978): Saliva acid phos
phatases and amylase in Senoi and Aboriginal
Malays and superoxide dismutase in the various
racial groups of PeninsulaI' IVlalaysia. JplI. J'
Hum. Genet. 23,133-138.

TAN, S. G., TENG, Y. S., GANESAN, J., LAo, K. Y.,
Lm-IN]O, L. E. (1979): Biochemical genetic
markets in the Kadazans of Sabah, :Malaysia.
Human Genet. (In press).

TENG, Y. S., LIE-INJo, L. E. (1977): Erythrocyte
superoxidc dismutase in different racial groups in
Malaysia. A variant in a Filipino. Hum. Genet.
36,231-234.

TENG, Y. S., TAN, S. G., LOPEZ, C. G., NG, T., LlE
INJo, L. E. (1978a): Genetic markers in Malay
sians: Vatiants of soluble and mitochondrial
glutamic oxaloacetic transaminase and salivary and

pancreatic amylase. Phosphoglucomutase III and
saliva esterase polymorphisms. Hum. Genet. 41,
347-354.

TENG, Y. S., TAN, S. G., NG, '1'., LOPEZ, C. G. (1978b):
Red cell glyoxalase I and placental soluble aconitase
polymorphism in the three major ethnic groups of
lVIalaysia. Jpn J. HUIlI. Genet. 23, 211-216.

\VELCH, Q. B. (1973): Peptidase B variants among
the Semai, Temuan, Semelai and Jakun groups of
West Malaysian Orang Asli. HU1/!. Hered. 23,
482-486,

\VELCH, Q. n., LlE-INJo, L. K, GANESAN, J. (1975):
Erythmcyte adenosine deaminase in l'vIalaysians.
HUII/. Gellet, 25, 79-72.

\VELCH, Q. B., LEE CHOONG SHU, THANGAVELU, S.,
LIE- INJo, L. E. (1978): Adenosine deaminase
polymorphism among the Semai, Temuan, Semelai
and Jakun groups of 'Vest IVIalaysian Orang Ash.
HUIJI. Hered. 28, 62-65.

'VILLlAI\IS, T. R. (1965). The Dusuns: A North Borneo
Society. New York: Holt, Rinehart and \Vinston.

(Received 3 January 1979)

----------

33


