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For the past fifteen years, Nei and his colleagues have
been studying the extent of genetic polymorphism and the
evolutionary relationship of human populations by using gene
frequency data (Nei and Roychoudhury 1972, 1974, 1982; Nei
1982, 1985). They have found that human populations contain
a large amount of polymorphism both at the protein and DNA
levels and that polymorphism data are very useful for eluci-
dating the evolutionary relationship of human populations.
In this paper, we present a review of these studies and
discuss their implications for ethnic differences in
reaction to drugs and food.

GENETIC VARIATION WITHIN THE THREE MAJOR RACES OF MAN

In the process of racial evolution of man, gene migra-
tion seems to have occurred almost always among neighboring
populations. However, the three major races of man, Cauca-
soid, Negroid, and Mongoloid, had apparently been isolated
for a long time until worldwide navigation started around
1450. Coon (1965) argued that this isolation was caused
mainly by two barriers, i.e., the Sahara Desert in Africa
and the Movius line (high mountains in the west and south of
Tibet). It is, therefore, interesting to know the extent of
genetic variation within and between these three major races.

Protein and blood group loci

A simple way to study the extent of genetic variation
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are as old as 120,000 years (Day et al. 1980; Kennedy 1980).

In recent years, a number of authors (e.g. Brown 1980;
Cann 1982; Johnson et al. 1983; Wallace et al. 1985) have
studied restriction-site polymorphisms of mitochondrial DNA
(mtDNA) in various human populations. Nei (1985) used Cann's
data to study the genetic variation between the three major
races. The human mtDNA consists of about 16,500 nucleotide
pairs, and a large number of polymorphic sequences exist. In
population genetic studies, the nucleotide differences between
a pair of mtDNAs are usually estimated from the differences in
restriction enzyme cleavage sites. Using Cann's (1982) data,
Nei estimated the numbers of nucleotide differences per site
for all pairs of 10 mtDNAs sampled from each of Caucasoid,
Negroid, and Mongoloid. He then constructed a phylogenetic
tree for the 30 mtDNAs examined (Figure 1). It is clear
that although there is some tendency for the mtDNAs sampled
from the same race to cluster, most of them are genealogi-
cally mixed with those from other races. However, this is
what is theoretically expected when closely related popula-
tions are studied (Takahata and Nei 1985).

Theoretically, it is still possible to compute the inter-
racial genetic distances from this set of data. In the pre-
sent case, however, the standard errors of the distances are
very large so that no meaningful conclusion can be obtained
concerning the racial divergences (Nei 1985).

Figure 1 shows that there is one Negroid mtDNA which is
quite different from other mtDNAs. Cann (1982) and Johnson
et al. (1983) have also found several Negroid mtDNAs which are
considerably different from the mtDNAs from Caucasoid and
Mongoloid. By contrast, Caucasoid and Mongoloid share many

Table 2. Genetic distances and effective divergence times
between the three major races of man

Blood Effective

Proteins groups Total divergence

Comparison (62 loci) (23 loci) (85 loci) time(years)
Caucasoid/Negroid 0.030 0.038 0.032 113,000
Caucasoid/Mongoloid 0.011 0.043 0.019 41,000
Negroid/Mongoloid 0.031 0.096 0.047 116,000
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wwwmﬂm 1. Phylogenetic tree of mitochondrial DNAs for 30
individuals sampled from the Caucasian (C), Negroid (N), and
Mongoloid (M) populations.

closely related mtDNAs. Interestingly, a similar pattern of
restriction-site polymorphism has also been observed in the
Y-globin region of human nuclear DNA (Weatherall 1985). These
results are consistent with those obtained from protein poly-
morphism data. Figure 1 gives estimates of the times of di-
vergence for the mtDNAs studied. These estimates were ob-
tained from the rate of nucleotide substitution for mtDNA

(Nei 1985). It is clear that the majority of currently poly-
morphic mtDNAs diverged much earlier than the time of racial
divergence. This indicates that polymorphic alleles in a pop-
ulation persist for a very long time as theoretically pre-
dicted (Kimura and Ohta 1973; Maruyama 1974; Tajima 1983).

GENETIC RELATIONSHIPS OF VARIOUS HUMAN POPULATIONS
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Figure 3. Distance-Wagner unrooted tree showing the genetic
relationship of 18 representative populations of man.

populations suggests that the most important mmmﬂONm mmmmcﬁl
ing gene differentiation among populations are Hmowmﬁwo: and
genetic drift. Figure 2 clearly shows that a pair of popula-
tions that have been isolated for a long time (e.g. Bushmen
and Japanese) generally show a large genetic distance. vﬂr:m_
isolation is obviously the most important factor. The impor—
tance of genetic drift is indicated by the mmmn.msmw a pair
of tribal populations such as Australian bvomewsmm and
Papuans generally have a large distance. This nmsawﬁn% was
observed in many tribal populations in America, >mnwow. mba
Southeast Asia (Nei and Roychoudhury 1982). Gene migration
has an effect opposite to isolation. In the process of human
evolution, migration apparently occurred quite often among
neighboring populations.

In human populations, language can be a Umﬂﬂwmﬁ ww inter-
racial hybridization. In practice, however, genetic distance
is not clearly related to linguistic difference, except among
very closely related populations. This is Caamﬂmnmaamvwm be-
cause the language of a human population can change rapidly .
under certain circumstances. The relationship between genetic
distance and morphological difference is also generally weak.
For example, the Negritos and Aboriginal Malays in Southwest

Genetic Relationship of Human Populations / 29

Asia, Papuans in New Guinea, and Pygmies and Bushmen in Africa
have a number of common morphological features such as short
stature, dark skin, and frizzy hairs. Because of these simi-
larities, some anthropologists believe that they have origi-
nated from the same common stock. Nei and Roychoudhury's
(1982) genetic distance study, however, indicates that the
African and Southeast Asian populations are genetically quite
different and that they wﬂm_mmSmmeH% more closely related

to their neighboring populations. This suggests that the
evolutionary change of morphological characters are quite
different from those of average genes. Apparently morpho-
logical characters are subject to stronger natural selection
than average genes (Nei and Roychoudhury 1972).

IMPLICATIONS FOR ETHNIC DIFFERENCES IN REACTION TO DRUGS OR
FOOD

In recent years, many polymorphisms with respect to
drug resistance or tolerance to certain food have been
discovered. The genetic basis of these polymorphisms is not
always simple, but there are a substantial number of cases
where the polymorphism is controlled by simple Mendelian
genes (Vogel and Motulsky 1679).

When there is a polymorphism with respect to drug re-
sistance or food intolerance, it is tempting to explain the
poelymorphism in terms of some kind of natural selection,
Indeed, there are cases in which selection is clearly involved.
One example is the polymorphism of G6PD deficiency, which is
due to an X-linked recessive gene. An individual with this
deficiency shows anemia when primaquinine, an antimalarial
drug, is administered. In the Mediterranean area, however,
the frequency of this deficiency allele is very high because
the individuals with this deficiency allele are resistant to
malaria.

In many other polymorphisms, however, it is not easy to
prove involvement of selection. It is now well known that most
Oriental adults are intolerant to lactose because of the low
level of lactase in the small intestine, whereas most northern
Europeans are capable of absorbing lactose without any trouble.
Lactose tolerance in northern Europeans is due to a high fre-
quency of a dominant gene that keeps the level of lactase high
even after weaning. For convenience, we denote this allele by
PLA*. Here, PLA stands for the persistence of lactase acti-
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system, haptoglobin, acetylator system, acid phosphatase mnv
allele), glutamic pyruvic transaminase, and group specific
component. While it is not known whether or not these loci
are maintained by selection, this observation indicates that
the extent of geographic variation in the frequency of the
PLAY allele is not exceptional.

Another important point revealed from Figure 4 is that
the age of the PLAY allele is very old. Previously, we pre-
sented evidence that the three major races of man diverged
probably 40,000 to 100,000 years ago. Since all the three
major races have the PLAT allele in appreciable frequency,
this allele must have existed at least from the time of ra-
cial divergence, i.e., for more than 100,000 years. This
time period is much longer than that considered by previous
authors for the evolution of the PLA* allele. At this point,
it is worth noting that most mammalian species do mnot main-
tain the activity of intestinal lactase after weaning. There-
fore, they seem to have allele PLA™, as do most Oriental
people. Thus, it is likely that allele PLAT occurred as a
mutation from PLA~ more than 100,000 years ago in the human
lineage and had reached at least some appreciable frequency
before the divergence of the three major races. It is not
clear whether the increase in the frequency of PLAY was due
to some type of selection or genetic drift, but the increase
during this period was almost certainly unrelated to milk
consumption. In this connection, it is instructive to note
that one species of monkey (Macaca fascicularis) is tolerant
to lactose and apparently has a high frequency of PLAT (Wen
et al. 1973).

If the above argument is correct, it seems likely that
the present geographic distribution of the gene frequency of
PLAT was established largely independently of lactose toler-
ance before milking culture was introduced. As Bayless (1971)
indicated, it is possible that northern Europeans had a rather
high frequency of PLAT before they started to drink milk. Of
course, once they started drinking milk, natural selection
might have operated to increase the gene frequency. However,
the amount of increase that occurred during the last few
centuries must have been rather small.

It should be noted that the above argument is dependent
on the assumption that the mutation from PLA™ to PLAT does
not occur recurrently. If the mutation from PLA™ to pLAT
occurs recurrently with an appreciable frequency, the pLat
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mHHMHm may not be as old as is assumed here. It is known that
PLA" is a regulatory gene that turns off the production of
lactase at the time of weaning and that the enzyme lactase
produced by genotype PLA*/PLAY is identical with that pro-
duced by PLA™/PLA” (Potter et al. 1985). Since most mammals
have allele PLA™, it seems that the mutation rate from PLA™

to PLAY is very low even if the mutation recurs.

Aldehyde dehydrogenase-1 isozvyme deficiency

Another interesting example is the polymorphism of the
aldehyde dehydrogenase-I (ALDH-I) isozyme deficiency studied
by Goedde et al. (1979, 1985). About 50 percent of Oriental
people are deficient in this isozyme, and this deficiency
has been implicated to be responsible for "alcohol sensiti-
vity" manifested by many Orientals. Figure 5 shows the dis-—
tribution of the proportion of individuals deficient in this
isozyme. Although the distribution has not been extensively
studied, it seems obvious that this deficiency is confined to
Mongoloids and their derivative populations. It is interest-
ing that both Orientals and Amerindians have nearly the same
frequency, though there is considerable variation within each
group, probably because of genetic drift. Amerindians are

Figure 5. Geographical distribution of the frequency (%) of
aldehyde dehydrogenase-1 isozyme deficiency.



"9GE—L®EITE UOTIINTOAY ~Tapow uoljejnu
astmdals aya yitm aouelsip o132uad pue L3TsoBLzoiezay
a3rviaar uo s3093FJe oauaTlraog " (/LL6T) W I°oN ‘¥ L3zoqexaseyn
"vo ‘AeTedrag ‘BTUIOIJTIED JOo AITSILATU[ ‘STSayl q'yd
‘YNQ TeTapuoyd03Tw ueumy Jo uoIlinjoa@ a2yl ‘{(Z86T) Td uued
"609€-S09¢€:LL TOS PEDIV
T3eN 201g "STSATBUE 95BITINUOPUD UOT}DTI3Ssa1 AQq pafeaasal se
sueuny jo yNQ TeTapuoydsojtw ul wstydaowdiogd " (0g6T) WM umoag
TLGOT: 0y @OUBTDS "BOEI UBUMY BY] PUB S2TIBULY C (£96T) DM PAoY
"08Y—-6/%:09 A3oJoisjzusoijzsen
JTTIW anok sutap nok 3 ,upTp Aym ‘Totunp " (T/6T) WL Ssoldegq

SAONHYIATE

"U0TJ09T9S B9M PUB UOTIBINUW UI3M]I] DUBTE(
ay3 £q pauTejuTEBW 2q 0] WIIS SNDO] IseiajzsaulToyodopnasd ayy e
S8Ta]TE JUBTIBA 9yl ‘3seijuod Lg -“souaf =sayl jJo sarousnb
-21J 9yl Jo uoljeTiuaiajjlp oTydeafoed ay3y ur 1o3oeI jueiaod
-wT ue usaq sey 33TaAp o13°2usld 3eYjl puer suorjendod uBumy uft
awty Fuol Kisa B I103J pelsIixa aaey K9yl eyl 3s833ns Aousrorjap
awAzosT [-aseusfoipiysp apAyaple pue uoildiosqe IsolOB] 10T
sauaf @yl jo suo1anqiiasip o1ydeafoa8 syl -sseooad Lieuola
-nyoAad 2yl ut awil 3uol B I0J pojeaedas usaq aaey suorjeTndod
ueuny jo sdnoad jusie3JJTIp 1BYl 2Fpemouy ayl yiaIm paIpnis
2q pInoys pooj pue STnip 03 UOTIDEII UT SIIUSIIIITP OTuylD
Jo wstueyoaw AIBUOTIINTOA2 U3l 3IBY] POlEBOIPUT ST 3T 'poiloadxe
se ‘proaf8ep pue proseone) o3 ueyjl proTofuol 03 I19soTd AT[ED
-T139uef 9IB pPTOTEBIISNY PUE UBTPUTIaWY 3JBYJ S33BOTPUT STSAT®
—ue @2uB]SIpP 21319u8y sieak QQO‘QTT ©3 000°‘Q% I0J UOTIIBTOST
o1ydeadoad Jo 3Inse1 9y3z 29 03 SWeSS UCTIBRTIRA TBIORIILJUT
TTIBWS STYU]l UaAa® ‘ISA9MOH °S20BI 3l UTYITA IBYI YaTm paaedwod
Trews sT seoex Jolew 991yl 2y3z ussmlaq UOIJBIIEBA OI3auad ayf]
‘juaorad #T anoqe sT L31s508Lzoxajay aferaae ayj pue ‘19497
or3exoydoajoefe ayj 3e orydiowdjod 2q o3 weas 20T TBIANIINIIS
Jo juadiaad g Inoqe ‘sedex iolew °21y3 aya TIe ul ‘proroduol
pue ‘proifeN ‘pToseone) ‘uew Jo sedeI Jol[ew @9Iy3 Y3z uvdm]
-9q puUB UTYITM UOTIBRTIRA OT]I9UaF ayj paIpnis am ‘YN [BIIP
—uoyooj3TW I10J BIBP 23TS-U0TJIO0TIIsax pue T1oo7 dnoad poorq pue
utejoad Jo xequnmu 281eT v 103 eaep KLousnbeaay susd Sursp

AEVHRWNS

"(696T 23°TqTH) S°3BIISQNS OTX0] 2ZTT0IpLy
0] swAzus sTY3 Jo AJTTTIQE 2yj 20Npail I0 }O0[q PUB ISBIILSD

¢g / suonendod uewny jo diysuone[ay 1jauan

—utToyoopnasd jo 23Ts 2AT10® @yl 3o0ejye Arjusiedde snoof Tz
asexeasaurToyoopnasd oyl 3B soTa[[e Juelies umouy Luel - (8/61
‘1e 319 £11oqeINeyD ‘6GeT 19EIITYN pue STIIEH) sTsAToway jued
—137uSTs pu® A3TATIOB OBIPAED pue uoljeirdsal UT SIOUBRQINISTIP
25NEOD 01 UMOUY ST 2DUBISYNS STY3 PuUB 'JUTURTOS PITTEBO 3dUBIS
—gqns o1x03 ®B uTejuod ssojejod ‘aldwexa 104 WNTUOYIIWEXNS JO
eyl 03 IABTTWIS 399JJ9 UB 9ABY YOTym SUIX03 SUTBIUOD POOJ BUOS
Jeyl oq o031 Ssweas uolasenb STyl 03 Iemsue BYJ (SUOIITPUOD TrIN
—3eu ut 3sutede ps3loales so[STE JUBTIBA 8yl o1 uayl Ayp

‘UOT108TS8S MESM PUB UOTIEBINUW UIIM]
—aq eoueTeq 2yl Aq peurejulBW 2i¥ SNOOT STYI 3B SI[IT[® Juel
—1ea 8yl 3BY3 s535989ns sTyl -suolle(ndod TTE UT SOTATT® JUBT
—iEn QWOS 8ABY 03 swess snool sTy3 ‘Tersusd ur - (paystrgndun
‘1ay pue Kanypnoyokoy ‘g96T 2391qIH) Lousnbaiy moT ' yarm
pealiasqo ua3Jo aie wm pue [7 se yons safall® I13Yylo ‘1249
—moy ‘oxez A{Ten3iTa 10 Temo] sT Louenbeaxy aya ‘suorzeindod
1sy3zo ul -suorrerndod ueiseone) ut ZO'Q 013 T0°0 ST OTTT®E
sTyy jo Kouembsay oyr - (2¥) @1°11¢ .TeoTdi3®, 2y3 ST JueT
—IpA UOUWOD 3SoWw ¥ -paiejstulwpe sT ‘Fnip Juexeaa aTosnuU
e ‘untuoyjawexns uaym evaude pue sTsATeaed Ie[nosnu paduo]
—oad AJewei3xe UB 8s5nEO 3BY] SI[2[[E¥ JUBINW JUI2JJIP TBID
—A3S 2ABY 073 umouy sT snoo] Ly asexsisaurjoyoopnasd ayg

SIUBTIBA OSE19350Ul[0Jo0opnasd

‘331Ip oT13°usd Aq Aouenbaiy ut paseaaour Arqeqoid sTaTI®
AouaToTJop I-HQIV @Yyl 3Byl o8eas sIYl 18 sem 3T pue ‘TTBUWS
a31nb £1qeqoad sem azis uoraendod aya ‘(proadeN I10) pTOSEONE)
woij poieiedas sem pro[ofuol usym TENPTATPUT UB JO TBATAINS
ay3 I0J Iejjew o3 Weas jou saop (GgeT TB 32 BPTYSOX @°5)
snooT 3SITJ 2Yy3 JOo UOTIBZITRUOIIDUNFUOU jey)l os ‘TD0] @3jel
—edes £q pepooua sawAzZosT HQIV 19430 aie aiayl ‘'ased quasaaxd
aya ur -e3ejueape aa13oafes Aue aa1d o3 1eadde jou saop swkz
-0ST I-HQTIV 243 Jo Aoualorjep ayj asnedaq 3JTAp OT13°uad wopuel
utede sT uoljerueTdxe AT°qIT 3sow aYy] (SUBTPUTIAWY pue STl
—uPTIQ UT @sealdul alell® AouaTaTjop I-HATIY 243 PTIP Lum

‘ss9] 10 ¢°(Q INOQe 3q 03 SWs3dS STBIUITIQ
103 Aousnbaijy efeyle oy3 ‘aaojyeaayl "eITTE KouaToTFep 8yl
103 so308Kzo1939y pue sejoFLzowoy a8yl yjoq IpnIouT 03 PIIBPIS
—-u0d aiE STENPTATPUT ADUaIDTFP I-HATV 24l ~sI2ak 000°0¢
2se9T 2B 10J pelsIXa aaey 3snu 9]9TTe AousT2IFep I-HATVY

syl ‘exojeaayr ‘o3e sieeL QpQ‘QOg Inoqe 3Teals Juriag ay3
pPassol1o oym sprofjo8ucl WOIlJ PeATIap uaeq PaBY 03 PIISPTSU0D

nojes puv 1N / §E



36 / Nei and Saitou

Chakraborty R, Schull WJ, Weiss KM (1978). Heredity and risk
of disease. Environ Intl 1:371-377.

Chakravarti A, Phillips III JA, Mellits KH, Buetow KH, Seeburg
PH (1984). Patterns of polymorphism and linkage disequili-
brium suggest independent origins of the human growth
hormone gene cluster. Proc Natl Acad Sci 81:6085-6089.

Coon CS (1965). "The Living Races of Man." New York: Knopf.

Day MH, Leakey MD, Magori C (1980). A new hominid fossil
skull (L.H. 18) from the Ngaloba Beds, Laetoli, northern
Tanzania. Nature 284:55-56.

Farris SJ (1972). Estimating phylogenetic trees from distance
matrices. Amer Nat 106:645-668.

Flatz G, Rotthauwe WH (1977). The human lactase polymorphism:
physiology and genetics of lactose absorption and malab-
sorption, Prog Med Genet 2:205-249.

Giblett ER (1969). "Genetic Markers in Human Blood," Oxford:
Blackwell Scientific Publications.

Goedde HW, Agarwal DP, Eckey R, Harada S (1985). Population
genetic and family studies on aldehyde dehydrogenase
deficiency and alcohol sensitivity. Alcohol 2:383-390.

Goedde HW, Harada S, Agarwal DP (1979). Racial differences in
alcohol sensitivity: a new hypothesis. Hum Genet 51:331-334.

Harris H, Whittaker M (1959). Differential response of human
serum cholinesterase types to an inhibitor in potato.
Nature 183:1808-1809.

Johnson JD, Kretchmer N, Simoons FJ (1974). Lactose malab-
sorption: its biology and history. Adv Pediat 21:197-237.

Johnson MJ, Wallace DC, Ferris SD, Rattazzi MC, Cavalli-
Sforza LL (1983). Radiation of human mitochondrial DNA
types analyzed by restriction endonuclease cleavage
patterns. J Mol Evol 19:255-271.

Kennedy G (1980). The emergence of modern man. Nature
284:11-12. .

Kimura M, Ohta T (1973). The age of a neutral mutant persist-
ing in a finite population. Genetics 75:199-212.

Lewontin RC (1967). An estimate of average heterozygosity in
man. Am J. Hum Genet 19:681.

Maruyama T (1974). The age of an allele in a finite popula-
tion. Genet Res 23:137-143.

Nei M (1972). Genetic distance between populations. Amer Nat
106:283-292.

Nei M (1973). Analysis of gene diversity in subdivided
populations. Proc Natl Acad Sci USA 70:3321-3323.

Nei M (1982). Evolution of human races at the gene level. In
Bonné-Tamir (ed), "Human Genetics, Part A: The Unfolding
Genome," New York: Alan R. Liss, pp. 167-181.

Genetic Relationship of Human Populations / 37

Nei M (1983). Genetic polymorphism and the role of mutation
in evolution. In M Nei and R. Koehn (eds), "Evolution of
Genes and Proteins." Massachusetts: Sinauer, pp. 165-190,

Nei M (1985). Human evolution at the molecular level. In T
Ohta and K Aoki (eds), "Population Genetics and Molecular
Evolution," Tokyo: Japan Scientific Societies Press
(in press)

Nei M, Li W-H (1979). Mathematical model for studying genetic
variation in terms of restriction endonucleases. Proc Natl
Acad Sci USA 76:5269-5273.

Nei M, Roychoudhury AK (1972). Gene differences between Cau-
casian, Negro, and Japanese populations. Science 177:434.

Nei M, Roychoudhury AK (1974). Genetic variation within and
between the three major races of man, Caucasoids, Negroids,
and Mongoloids. Am J. Hum Genet 26:421.

Nei M, Roychoudhury AK (1982). Genetic relationship and
evolution of human races. Evol Biol 14:1-59.

Potter J, Ho M-W, Bolton H, Furth AJ, Swallow DM, Griffiths
B (1985). Human lactase and the molecular basis of lactase
persistence. Biochem Genet 23:423-439.

Simoons FJ (1970). Primary adult lactose intolerance and
the milking habit: a problem in biologic and cultural
interrelations. II. A culture historical hypothesis. Am J
Dig Dis 15:695-710.

Simoons FJ (1978). The geographic hypothesis and lactose
malabsorption: a weighing of the evidence. Dig Dis
23:963-980.

Tajima F (1983). Evolutionary relationship of DNA sequences
in finite populations. Genetics 105:437-460.

Takahata N, Nei M (1985). Gene genealogy and variance of
interpopulational nucleotide differences. Genetics
110:325-344.

Vogel F, Motulsky AG (1979). "Human Genetics - Problems and
Approaches." Berlin: Springer-Verlag.

Wallace DC, Garrison K, Knowler WC (1985). Dramatic founder
effects in Amerindian mitochondrial DNAs. Am J Phys Anthrop
68:149-155.

Weatherall DJ (1985). Hemoglobin as a model. Presented at
Neel Symposium, "Evolutionary Perspectives and the New
Genetics," University of Michigan, Ann Arbor.

Wen C-P, Antonowicz I, Tovar E, McGandy RB, Gershoff SN
(1973). Lactose feeding in lactose-intolerant monkeys.

Am J Clin Nutr 26:1224-1228.

Yoshida A, Tkawa M, Hsu LC, Tani K (1985). Molecular
abnormality and cDNA cloning of human aldehyde
dehydrogenases:. Alcohol 2:103-106.






