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Sm’ Landsteiners discovery in 1900 of the ABO blood group spstem
" jn man, there has been a rapid proliferation of new genetic markers for S

use in population studies. At present, neatly 5o polymorphic gene systems

Uum‘dycfm_

with more than 140 common alleles, or chromosomal segments—each -~

with a populational frequency greater tham, or equal to, 0.01—have been- _
 discovered by the examination of human blood. These marker genes and :
- their dates of discovery are summarized in Table 2. '

The discussion in this chapter will be restricted to gcnetl{: markers of

the blood that are available for population studies, and will describe -
their use in interpretations of evolutionary theory and the analyses of -
phylogenetic relations between populations. The question of how these
genetic polymorphisms may be maintained will not be dealt with here. -
{See Chapter 3 for a discussion of seversl explanatory models.) The pur
pose of this chapter is {1) to review the technical and methodological

innovations that have enabled the use of an increased rumber of genetic
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- TABLE 2

, PULYMGRPHIC LOCI OF HUMAN BLOOD
: Yearo_f
Genetie Marker System Discovery ~ Cowunon Alleles
A. Blood gmups
1L ' igoo 14, 191F
, ﬂlﬁg snbdivision 1911 I-‘“ o
- 2. MN 1027 Llir Lx
MNS subdivision 1647 Ms, MS, Ns, NS
: il 1953 U,u
T 1927 PI,P
4. Rh 1940 CDE, cde, CDe, cDE,
' ' ' C¥Pe, Cde ¢De
5. Lutheran 1045 Lue, Lwb
6. Lewis . T1g40 Let Leb -
7. Kell- 1946 Kk
-~ Kp subdivision - 1956 - Kpr, KpP
, Suttersubﬁmsmn - QGG e 8 -
- &'Dulﬁ o P FEFy
ok 1951 R
.10, Vel 1952 Ver, Veb
-11. Diégo . 1055 Die, Dit
1z, Cartwnght 1955 Yo, Tit
_ 13.-ﬂuhcrgm' 1ghr - Aw, Aue
- 14 Xg - ighz - Xg Xg°
it Dombsoek .. 1985, Do, Do
“26. Stoltzfus . S 196y - 'Sf“,Sf
-~ B, Red cell proteins T
. 1. Hemeglobin 1947 HbA, HES, Hb” Hb"’ Hb“
T Thalassemia T, 8,1
2. Glicose-6-phosphate deT'l}rdmgenasrt {GﬁPD}
- Dehciency . 1958 Gd+, Gd-
_Steucturai 1962 Gd4, ‘Gdr
3. 3 transferase 1958 Act, Ac
4. Acid phosphatase igh3 pr, P, po
-5, G?hnsphuglumnate dehydrogenase (6PGD}
1063 PGD4, PGDE
6. Phosphoglucomautase (PGM) 196 PGM,1, PGM,?
7. Adenylate kinase 1962 ﬂKHAKﬁ
8. Adenosine diaminase 1963 ADAL, ADA2
9. Phnq)hug%yoerate kinase 1970 Pgk:, PgK2
- {PGK S
10 Pelgﬁdasgc g0 . Pep CLC2, 0 .
11. Glutamic—pyruvic o
tiansaminasc 1971 . Gpit, Gpiz
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TABLE 2, cont’d.
} Year of )
Genetic Marker System Discovery  Common Alleles
C. Scrum proteins :
1. Haptoglobins 1955 Hpl Hp?
Subdivision of Hp! 1gba EHs, Hptt
z. Gm groups 1956 1,5,13, 14;
' i, 5, 6! L5
1 5.‘ J' 1, 131
11,514 L,5
) 3 313 14
: . : D 1,3,5,13, 14 1,2
3. Transferring © gy Tf}&' ? f?’
4 Pseudocholinesterase {El} 957 Eg ,El ,Ef*, E”
o . bz ’ 1'963 Eg‘l', i
5 Aﬂmrmn ©o1g%8g - - A ALY
6. Group specific (GE] 1959 Gc1 ‘Ger
7. Inv groups ' ighx Javl, ImvtE, Iny?
8. Deta lipoprotein nﬂut}rpcs, oaght 0 Age, Ag!' '
Lps : 1 :
9. Hacgnimhuc C %3 o R .
- __phosphatase o gl “PLF,PL®
0. Xm group - 1g6b Xme, Xm

D. “Wlute cells and plate]ets

1. Ko platelet groops

1952."' Koo, Ko"
z. Zaw platelet groups

63 Zwe,Zwd

Lﬁsenes R 1964  HLA, Az, A3, Ag
4senes - T 19-61 'HL—ﬂlz, 4C, ﬁ'}-,AB :

markers for population studies, [z] to indicate the exient of known .
genctic variability in man, {3) to examine the uses and limitations of data .
on gene Frequency distributions, and {4) to suggest possible means b],r -
which marker genes may be used for future pupulal:mna[ stu&zcs in i

genetics and physical anthmpolngj'

METHODOLOGIC&L INNOVATIONS

- A mimber of m&thod{}lugml breakthroughs have contributed to the B
abundam:e of genetic markers presently available for uvse in the study of

microevolation in human populations. The fu]immng are among. the - -
most significant recent developments. .

21 -
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CHAPTER 2

(1} Zone electrophoresis permits the separation of proteins on the

“basis of molecular size, configuration, and charge. This teechnique has
“been applied primatily to the detection of genetic variants of red cell or
serum proteins in human populations. Although electrophoresis has

s;:rinﬁs Timitations {for example, in failing to distingnish the three types

- of hemoglobin that possess the same electrophoretic mobility as heme-

globin D}, it is a valuable scieening device for certain protein variants
and has Jed to the recognition of a large number of polymorphic loci. It
was this method that led to the recognition of sicklexcell anemia as a
hemoglobinopathy resulting from a structural alteration. B

~ {2) Some of the limitations of zorie electrophoresis have been over-

. come by the development of chromatographic techniques and amino acid

- analysis. Used in conjunction with electrophoresis, these techniques per-

" mit the recoganition of structural differences between proteins possessing
_similar or identical electrophoretic pattems. For example, several hemo-
- globins, on the basis of their electrophoretic patterns, were initially classi- -
" fied as hemoglobin I. Flowever, amino acid analyses revealed that these

' hémoglobins differed stmctﬁtalljf and resulted in their reclassification as
- Dar; DB, and Dy. These techniques ate also sufficiently refined to estab- -
- lish that some proteins, formerdy dssumed to be different because of the.
- . distance of the populations in which they were found, are in fact identical.
For example, two transferrin variants with-similar electrophoretic pat-
terns, Tf, Dy, one discovered in an Australian aborigine and the second

found in an American Black, were regarded as different becavse of the:
* geographic {snd presumed genetic) distance between the two individuals.
However, a comparison by enzyme digestion, followed by paper electro-

photesis, chromatography, and aniino acid analysis, suggested that the

hwo variants were identical in structore as well as in mobility (Wang, Sut-

ton, and Scott 1967). T'hese findings have mmised the question of the

_ origin of the allele. Did the two varisnts result from twe independent

mutations, or ase they the result of the common ancestry of Austalian

. and African populations?

(3) Improvements in the methods of transport and storage of human

‘Hlood have permitted the geaetic description of geographically remote
and isolated populations. Most striking among these i the use of liquid
“pitrogen for the storage of red blood cells fora number of years, with little

loss of enzyme activity. It is now possible to store blood samples from
several populations in liguid nitrogen tanks and to retricve and amalyze

22
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the specimens whenever 2 new genetic polymorphism or variant 35 dis-
covered. Thus, the investigator has access to 2 number of populations,
from different geographical areas, in the laboratory. Although the prep-
aration of the red blood cells for storage in liquid nitrogen is much more
time-consuming and costly, this procedure is vastly superior fo the citrated
glycerol method of storing red blood cells. Storage in citrated glycerol re-
sults in considerable loss of enzyme activity, and 2 high percentage of
erythrocytes are lost during the saline washing phase of cellufar retrieval.

o "!—:', B

f,;li.‘:“ i

~ (4) Within the last decade, severat rapid biochemical screening pro- - -

cedures have been developed for use in the field when dealing with blood
enzymes that are unstable and subject to a rapid loss of activity or dena-

turation during prolonged periods i transit. The low cost and technical

simplicity of these screening procedures are important considerations

when compared with the logistics of shipping blood specimens in tanks

of liquid nitregen.

One of the most commonly used screcning tests was devejolied,by Mo- L

" tulsky and Cimpbell-Kraut (1g6o} for determining the presence of -
- G6PD ‘deficiency in red blood cells. This method is based on the de- .

colorization of a brilliant cresyl blue dye in a prescribed period of time. It
is- sufficiently sensitive to reveal females who are heterozygous fox the

enzyme deficiency. This method does not require elaborate equipment
- and therefore. can be used in the field for rapid identification of iadi- - -~~~
- viduals who are G6PD deficient. Another factor in favor of such screening

procedures is the small quantity of blood required, thus efiminating the

need for venipuncture, - - o SR
(5) Developments in computer technology have facilitated estimations

"of pene and chromosomal segment frequencies in foci with multiple
“ alleles or segments. Maximum Iikelihood (ML) estimation compuier

programs, initially written by - Balakeishnan and Sanghvi {29685,

Kurczynski and Steinberg (1g67), MacCluer et al. (1967), and Reed '

and Schull (1968}, provide more accurate estimation of the R and MNS
chromosomzal segment Frequenicies in population studics. The computer
program of Reed and Schull makes no prior assumptions concerning the

 presence or absence of alleles, or chromosomal segments, in contrast to

the commonly employed method of Mourant {1954). Mourant's method
asiumes, in the absence of an appropriate indicator phenotype, that 2
particular gene is not present in the population. Cesshowitz et al. {xg70)
compare the Rh gene frequencies for three Makiritate villages using five

a3
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.CHAPTER 2

" différent mefhods of estimating allelic 'Erequenciers,rand only the eight-

gene computer program of Reed and Schmil assigns a frequency to the
r{cDe) gene. However, the other methods of calculation of the Rh gene
frequencies (Mourant 1954; Schull’s fourgene maximum likelihood pro-

" gram; Layrisse, Layrisse, and Wilbert 2g63; and 2 gene counting method
 using pedigree analysis) are in much closer agrecment with each other
" than with the method of Schull and Recd. These findings present a
- dilemma: “Whick genes and which frequencies shall be accepted as a
" proper description of the population?” (Gershowitz et al. rg70). Basi-
. cally, this question contrasts the goodness-of-ht of the observed pheno-

typic frequencies with those predicted by the derived gene frequencies.

* - Although both zpprozaches ave adequate, the Reed and Schull methed
- may be better, because it makes no'ass_ﬂmt:-tiuns about the presence or
 ghsence of any of the cight aileles theorctically pussibie and detectable -

-~ with the five major R¥ antisera commercially available. However, this
 theoretical question is probably of little relevance to field stodies, because
the differences between the vatious estimates are probably much less than
. the samypling error tesulting from nonzandom sclection of a sample

- - population. S : o : - '

®

'GENETIC VARIATION IN -
- HUMAN POPULATIONS -

On the basis of the nwmber of the so-called private alleles, Lewontin
(1967} has estimated that the proportion of polymorphic loci in wan is

30 percent. This is probably an overestimate, since in the future, it may
be shown that a great proportion of loci are familial {that i, less than
2 percent of the members of a population will be heterozygous for a given
gene, a necessary prerequisite for classification as a polymorphism }. How-
ever, this approximation was further supported by Harris {1966) whe

“randomly” sclected 10 sed cell enzyme Joci and fourid that three of these
. loci maintained variants at polymorphic levels. Assuming that man has

at least 120,000 loci encoding for protein structure (a conservative esti-

mate made by Neel and Sclull [168]} assumed the existence of 100,000},

and further assuming that one locus coatrels the synthesis of one poly-
peptide chain and that an “average” protein possesses four pelypeptide
chains, man may possess up to 30,000 proteins, of which 10,000 would be

24
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vealed great phenotypic vaviability both within and between populations.
Giblett (1969) applicd Race and Sanger's (196z) method of patemity
exclusion te 17 genetic markers and showed that in western Europe or in
fhe White poition of the United States population, less than one-in
350,000 people would be expected to have the same combination of

being recognized at such a rate, that the understanding of the significance

is:unqﬂestiunaﬂy a fotal problem in r}[odesrn,bimtiﬂdicing.", With this
- redlization comes the necessity to explain how and why this genetic varia-- . - .

tion is maintained in human populations. As a result, it is not SuIprising

- to Fad that much of the research in physical anthropology and human -~

-genetics is presently directed to the elucidation of these questions. In -
the last decade, there has been much activity in the study of genetic
markers and their frequencies in human populations, because the markers - -

_ permit the description and quantification of the degree of genetic varia- * L

~ tion in a population. Fer analytical purposes, this vatiation can be viewed .
either on the intrapopulational or the interpopulational level, although
~ these levels are interrelated. - o : :

 INTRAPOPULATIONAL VARIATION

Populations are often divided into various subunits, such as bands,
hordes, or villages. These may be either endogamous or exogamous, the -

latter being part of larger social units such as tribes, communities; or

nations, which are wsualiy the units of genetic analysis, or Mendelian - )

populations, and are inclusive in terms of mate selection.

In several studies, new genetic markers have been used to study intra-
population vasiability in man. Salzano {1958) compared the intrateibal
genetic variability of the Caingang and the Xavante Indians of Brazil

25
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structurally polymorphic. Those few polymorphic Joci presently known
provide only a small indication of the spectacular buman diversity that -
_must have been etched on the genome of man through time. o

The proliferation of genetic markers in the last two decades has & -

Tee

- phenotypes. By considering not just 17 genetic markers, but 10,000, it 35~
‘possible to account for all of the molecular genetic indivi
Dbominids in existence for the last million years. - . - ¢

" I a recent review atticle, Neel and Schull (2968:566) state that ge- -~
netic polymorphisms “have now reached such numbers and new ones are S

uality of the. o
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f\irith the intertribal variation among the Soutﬁrﬁmc:ric'an Indians. Snttema
- genétic markers were used for a comparison of seven Caingang settle-
ments and three Xavanté bands. Salzano found that the range of gene .

frequencies observed among the Caingang was larger than the range
observed -among the Xavante groupings (see Figure 6 and Table 3}.
Caution, however, must be exercised in interpreting these data, because
of the disparity of sample numbers and the varying sizes of the sub-

_ populaticns. The observed ranges of gene frequencies for six markers did

not show overlapping ranges, suggesting that the two tribes can be

 distinguished genetically.

Moreover, there is great diﬂicult}r. in interpreting results of -géneﬁc

- studies in terms of the demographic or social structure of a population.

Workman and Niswander {1970) applied Wright’s F statistics to the

gene Frequencies of the 10 subdivisions {districts) of the Papago Indian -

tribe of the southwestern United States. The degree of heterogeneity

- among the districts was expressed by means of one of the F statistics, For,
" which is based on the ratio of the actual variance in gene frequencies -

among the groups to the product of the weighted mean gene frequencies.

" Thus, Far = 0%/ (B}, where (pg) are the weighted means and o%p is
- the vasiance of the gene frequencies. ' '

L ﬁrml:hpatisnn of the degree of lieterogeneity between the Papago and
the Yanomama (of Venezuela} revealed that Yanomama villages were

more heterogeneous genetically than the Papago districts. The com-
parison is based on the F ratio, made vp of the sum of the 32 (3x?) of the

F g values for each of the bands: Further compatisons of the Papago with

the Xavante and the Caingang Indians revealed that the Papago districts

-  have significantly greater heterogeneity than either the Caingang or the

Xavante. The F ratios permit compatisons of the degrees of differentia-
tion of the subpopulations within a Mendelian population, as Workman

and Niswander {1970:47) conclude: “These studies also show that dem- '

onstration of significant intra-population heterogeneity indicates nothing

"about the real stiucture of a population, past or present.”

INTERPOPUL&TION&L VARIATION

The evidence provided by marker genes of the high degree of inter-
populational variability in man has raised more questions than it has

" answered. Salzano’s (1968) compilation of the gene frequency distribu-
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AMERICAN INDIAN POPULATIONS WITH THE AVAILABLE GENE ‘DISTRIBUTION OF

THE SOUTH AMERICAN INDIANS

TABLE 3 | | A
~ A COMPARISON OF THE GENETIC VARIABILITY FOUND IN FOUR

Alleles

Michael H. Crawford | |
' : . | rti:ms among aboriginal populations of South ﬁmeﬁc_a t.iem?nsttates the
RBIE LRSS TTIS - " existence of a high level of genetic variation between historically Vrel?te& R
ceeceensesense _— human populations. The range of gene frequencies of South ﬁmencgn :
QQ 0O MING® D O O I~ Indians varies markedly from one Jocus to anoﬁlgr._ For example, the -
333 ?;" K ???3? ' Duffy allele, Fye, has a range of 0.87 {gene ErcquechCs of from 0.13to -
né ém “0 E .IT; E 3 A IEH”"‘ : ' 1.00 have been reported in various populations), while the I° allele ex- . - 7
d6600065060363660, . hibits a range of o.20, with a distribution of o.80 to 1.00. Why dﬂ_&le L
N : S . frequencies of certain alleles vary only within narrow ranges, a!t}lnug}-l R
SR e A R L the populations are widely dispersed, while those of other genetic loci, - -
° eoceees ° ' even in subdivisions of the same population, vary within bI{I.EIdCF ranges? .
. 3 ._'I'here'is no simple answer to this question. One must take into ac_cuunt .
§ BEFIga% - ¥ © the bistory of the population, many social and ecological factors, and the -
s | 'Lz;ii‘é’ E L I_ &l : ~ demographic structure, any or alt of which may proyldg clues as to the
S d66cdoeo g * relative actions of the forces of evolution. It is no longer accepta‘_i:ul_c to -
expliin gene frequency differénces, within or between PUPIIFH:[O:EIS, R
AR EETCIREEY strictly on the basis of a single foxce of evolution, such as genetic drift; . R
© 6685464 @0 the ‘exception is if the action of natural selection or geac fow can'be -*
- shown o b minimal or unlikely through historical evidence or some - -
hEE ARG : peculiarity of the social structure or population size. J"Lﬂ tuc-rofte.n, inveshi-

ol Eiig E-EEJ [_E ol | S gators attribute genetic differentiation of pt}pu]ahomf to specific causes -
2 Gddddso - o without adeguate data. This 35, to some extent, an artifact of the genetic - o
' : o “models that were formulated with many assemptions and unfoum?eﬁ o
00 mop tnwwginm 0 oo | _x - simplifications, and that only rarely considered the simultaneous acbon -
Go6dscso86d0000| & ore | f evoluti change. However, the

60000000000 0Ga0 £t~ : of more than one possible source of evolutionary g > B
) f abservable gene frequencics in human populations are the producis of
083 MY &_2_‘?;-:;_"{;? 238| w all the forces of evolution, acking not one at a time but simultaneously. -
o e 7 :
TIEErIiiTiLe| E |
A g _ ,
~ o000 000000000 HEL l - . 7
=2  ANTHROPOLOGICAL USE OF
seneseNIRebasyl Sy | GENE MARKERS : |
G6ddddooco6can| oY ; , ) _ 1 sathrovolo-

' o 8§ ’ Ogze of the major theoretical prenccupa‘tl.nns of physu.;a an __m}:oh
BRERGISHENTSS §| o7 r gists in the 19305 and 19405 was the definition ::n& claszlﬁmhon ;} mi; ;
OGRS NERR A DAY KRN RN races of man. Hooton (1946:448) defined race as “a great division o
Finn ¥R 8wy e mu ea| TR 2 ! kind, the members of which, though individually varying, ac chgtaf:—
coceccceoecaes Y E l terized as a grou byacéﬁainmmbinationofmbrphulugicﬂanﬁm_e_tm:-

g 2 8 : group i o X i d t'h .
4 &8 5 E features, principally non-adaptive® which have becn derived fmm eir
R e L AGE b common descent.” Racial classifications were based on various mor-
Sl OEGaal » ~ « 1 '
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phnlo.g;cal criteria that were cunsnde:red nnnadaptwe, and, the:reforc,

similatities in these traits between populations denoted biological
* selationships. Thus, racial history, according to the early physical anthro- -
pologists, could be traced on a worldwide basis. The eatly students of

rzce assumed they knew what characteristics of man weze nonadaptive.
1In the late 19405 and carly 19505, the so-called nonadaptive traits were

~ being examined with suspicion. For examptle, Boyd {1952:18-19) stated, -
“it is doubtful if any hereditary characters are completely non-adaptive, _
and . . . probably we can deal only with different degrees of adaptive

' value." Hooton (1946}, however, aitered his opinion about the existence

- of nonadaptive traits in the second edition of his book: “the use of non-

adaptive charactcrs in human tamnum]r now Seems to me lmptachcal and

erroneous.”
In the United Statfs, wﬁ‘h the demme nf ramal clasmﬁcahnn based ¢ on

morphological, nonadaptive braits, caine the use of blood group data for

" the same pusposes. Boyd (1g52:27), while diserediting murphologma]i;r .
“based racial taxcnomy, equivocally substituted blood groups in its place:
- “Amtong the racial characters which.we would be tempted to pick out at
- the prﬁ;ent time as non-adaptive, there are certain serological features
of the Blood, such as the genes O, A, B, M, N, ete” .
~ Anthropologists in the 19405, 19508, and even into the late 19'605 con-
. tinued to classify races of the woild, using allelic frequency distributions
instead of the cephalic index or the bizygomatic breadth. Greater em--

ohasis was placed on the process of sacial differentiation than on the

classification 2nd taxonomy of man. Garn (1961} distinguished between

three different kinds of races—geographical, local, and microraces—and
thus “modernized” the age-old concept. However, even with these new
fills and the acknowledgment of a genetic approach, Gamn still at-
tempted to define nine specific geographical races in his book.

Most anthropologists today prefer a genetic definition of races as’

“populations which differ in the frequency of some genes’ " {Livingstone
‘19fi4b}; classification has, for the tost part, ceased. Livingstone com-

-~ mented that the concept of race seemed to his to be of no use in describ-
. ing or explaining human genetic vanisbility, which is the central problem

of physical anthropology today. It is for this reason that reference was

" -made earlier only to intrapopalational and inl:erpupulatiumﬁ variability,
without invoking race or racial categories.
~ Dauring the late 1gyos and ear]}' 1gfios, sevﬁ'ai schoiars {Oschinsky

— i rmn . omna—

vy
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* 2g50, Bidlicki 196, Wiercinski 1962) becarne highly critical of the use

of the so-cafied genetical methods for the formulation of racial classifi-
cation and for tracing phylogenetic refationships between populations.

~ What initially appeared to be the panacea for racial classification in a_

maﬂzaﬂaﬁ;ﬂl}r precise manmer later became bogged down in the contra-
dictory and inconsistent schemes based on gene frequencies. Bielicki
and Wiercinski advocated the retum to conventicnal murplmlogical and

' anthrepometric criteria for racial classifications, Boyd {1963}, in defense -
of the genetic mel:]md, reviewed what he considered its four most impor- -

tant contributions to anthrnpc]ngma] theory. These contributions con-
cerned theories of the ethnogenesis of the Gypsies, Lapps, American
Blacks, and Pygmies of Equatorial Aftica, and using these four growps,
Boyd stiowed that some ethnologically derived theories may be tested
biologically. Although most investigators shy away from tracmg the
ethnogenesis of varions populations and races across the maps, cautious

- tests of possible relationships between populations with some suspected
~ “historical connections zre possible through the use of marker gene dis-
- tribution. ‘The presence or absence of certain alleles may permit the test-

ing of various ethnographic, linguistic, historical, and evolutionary

"~ hypotheses. For example, because of the Iinguistic similarities between

the language of the Gypsies and Sanskrit, and because of the oral tradi- .
tion of the Gypsies (which traces their origins to India), the ethnogenesis
of these itinerants has been periodically questioned by various anthro- -
pologists. The blood group frequencies support the Gypsies” own claim
of an Indian origin, at least for the Hiungarian Gypsies (Boyd}.

However, not all of the Gypsy populations are related to the Indian
populations. The Frish itinerant populations {Tinkers)—sometimes ze-
ferred to as Irish- Gypsies—are genetically unrelated to the Romany
Gypsies of the European mainland. The Irish itinerants are culturaily '
distinct from the Irish people, speaking a language (Gammon) unin-

_ telligible to the Irish and moving about the countryside in caravans

consisting of their nuclear or extended families.
A recent study (Crawford and Leyshon xg71) has shown that on the
basis of 17 genetic loci, the Tinkers are more similar genetically to the

~Irish controls than they are to 2ny of the Gypsy or Indian poputations -

(Table 4). There are some differences between control and Tinker gene
frequencies in the Lewis and Duffy systems, but these differences may be
due to inbreeding o to sampling erwor. Even so, the frequencies peculiar
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" TABLE 4

A COMPARISON OF SOME BLOOD GROUP FREQUENCIES
BETWEEN AN TRISH CONTROL POPULATION,
AN INDIAN POPULATION, AND THE IRISH TINKERS

Irish - Indian Irish

e o Cn:fr:ﬂs Papulation® Tinkers
Blood Group  Alldes  (N=g7)  (N=u6f) (N=x9)

: ' 01878 022 ' 0.2010

. ABO ﬁ E.V;E.ZI'B : o.zlg;r . o208

O .oh811- 05573 r;gggg

' ' gz16 ©.32-0.50 X

v i: E.i;;; 7 .o.ig—o.gﬂ ' 0.2616

| MN M 05979 06917 0.5466
' N 0.4020 0.3083 0.4533 -

Duffy  Fyrt o.43c8 0.2880 0.%53
T Fye— o574z o114 0. :

- * Mownant {;95#}; R ' '

to the Tinkers ate much closes to those of the Irish fhan to the Indian

* Alielic Frequencies can. be-utilized to estimate the degree of admixture

" and gene flow between populations. The stady of Glass and Li {19%3) of B
“the American Blacks applicd Bernstein's {1931} method to t]]:_: fre-

- quencies of seven marker geaes (Ra, R, T,v, B, A, an_d RQ} to estinate

"~ the amount of gene flow from the Caucasion population mto the West

African slave gene pool. This crude method of estimation revealed ?:hgt
appﬁ'ulzcirl:latf:lj‘r 30 percent of the American Black gene pnu] was of Cau-
casian otigin. In the Jast decade, various estimates of the genetic makeup

of the American Black populations have been made using more tefkned

 techniques. Both the estimates and the techniques are discossed by P. L. N

Workman in Chapter 6 of this book.

Most recently, Crawford, McClean, and ‘Workman {1g71) have at-

. tempted to reconstruct the amount of genctic admixture in Tlaxcala,

Mexico, using the inhabitants of a Mestizo town {Tlaxcala) as the hy-
bridized population and those of an Indian town (San Pablo), in the

valley, as representative of onc of the Imrental,pnpulal:iﬁns. Spau'ish gene
- frequencies were obtained from the literature for 23 different Joci and are

- assumed to represent the second parental population. One of the investi-

gators performed multiple regression analyses using tht-:_:f: alternative

3'2

Michael H. Crawjord |

models of the base populations for the Tlaxcals Mestizo. The first com-
puter runs were based on San Pablo, representing the Indian parental
population, and the European component was based on data from the
Jargest avatlable sample from Spain, or from other westem Eunropean

populations if the data from Spzin could not be oblained. This method - |

gives the composition of the Mestizo gene pool as 31.4 percent Spanish

in origin with a standard deviation of 3.4 percent and a standard error of -

the siope of the regression line of 2g.7. - : :
Recognizing that the present population of San Pablo may imperfectly-

represent the Indian gene pool, a second run using estimated mean Nahoa - |
_ Indian gene frequencies for 16 loci and data from eight populations, in-

cluding the San Pablo sample, was made. When the mean Nahua values
were run in multiple regression, the estimate of the Mestizo composition -
was unchanged (31.6 percent of the gene pool was of Spanish origin) , but
the standard deviztion more than doubled (to 7.0), and the standard
error of the regression line increased to 53.5.. - o

Because of the presence of the R, factor {cDe chromosome segmient |

- present at 2. frequency of 0.09263 + 6.0177) in the Mestizo population,.

 suggestive of African admixture, a West African parental component was =~ -

added for a triracial estimate of the Mestizo gene pool. In this model, the -~
estimated contribution of West African genes is small {6.7 percent), with .~

a standard deviation of 1.0, and appears to replace part of the Spanish
compenent without affecting the estimated proportion of Indian genes.

The estimate of Spanish contribution to the Mestizo gene pool decreases . -

from 31.4 0 22.9 in the triracial fitting of the curve. The degrée of fit is -

“no better with a triracial estimate than that calculated for Spanish-Indian

admixture alone. The diminution of the Spanish component as a result

- of the West African gene frequencies, together with demographic and -

historical decumentation, is suggestive of an introduction of the African
genes into the Mestize gene pool through the Moorish elements in the

Spanish army. It may be that this genetic survey has picked up African
genes segregating in the Meskizo gene pool that were introduced into
Europe through the Moorish invasion many centuries ago. o

Although early writers such as Haddon (1925) and DerliEm {1900) o

classified the Lapps with various Mongolian and protoMongolian groups,

. analysis of the blood group frequencies of the Lapps {Allison t al. 2g56) -
- fevealed Jow gene frequencies of the B gene, a high frequency of the Ap

allele, and a low frequency of the M gene. These results contrast markedly
' ' 33
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~ with the high frequencies of blood group B, absence of Ag, and high
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frequencies of M, which would be expected from Mongoloid or related
populations. From this evidence, it appears that the Lapps ate distinchive

" European populations with no special affinity or relationship to the

Mongoloids, despite their Tinguistic_similarities. More recent investiga-
tions of the Lapp populations, based on haptoglobin types, Ge, and
transfersins, also suppost the ethnographic conclusion that the Lapps are

- similar to their European neighbors, although heterogeneous gcueticall}?. -
Table 5summarizes the géne frequencies at the haptoglobin locus among

the Lapps and their neighbors.’

CTABLE 5

HAPTOGLOBINS IN LAPP AND NON-LAPP

' SCANDINAVIAN POPULATIONS

) o ) Gene - ]
AR : . Sample Frequency . .
- Population - Size Hp'. - Hp? -  Reference

Norwegian Lapps 301 6313 - 'diﬁﬂg Fleischer and Monu {1970}

| wagmns’[app o | 6 o624 Fleischer and Mohr (1962)

- veegl Bi1 o376 - ob2g4 E ier and Mohr [196z)

- Swedish Lapps - 5’319 0.317  0.683 Beckman and Mellbin {z959)
NoenLapp Swedes 1,272 0393 obo7 - Beckman, Helken, and S
o i - Hirschfeld {2gf2} - - -
Finnish Skolt S L
" Lapps- jo0  0.434 o0.566 Eriksson {1968} -
oo tapprox) P
Noo-Lapp Finns 391 o362z o638 Makel, Eriksson, and

Lehtovaara {1959)

' The gene frequencies of the Gt allele vary between o719 and 0.896
amang the various Lapp populations, teaching the lighest levels among
the Swedish Lapps from the south (Reinskow and Kornstad 1965, Melar-
tin 1965} There also appears to bea high frequency of the CDy vaziant
of transferrin, but Melartin and Kaarsalo (1g65) explain these in berms
of possible consanguinity. : ..

One of the most fascinating problems in physical anthropology is the

origin and genetic affinities of the pygmy populations of the world. Pop-
" ulations of short stature, dark pigmentation, and Negrito mnrphqlugicgl
- traits have been reported in a number of tropical forest regions of the

world: the Philippine Islands, Malaya, Highland New Guinea, Central

34 -
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Africa, and ﬂle-ﬁndam{an Islands. A number of anthropologists have pro-
posed an African genesis for these Negrito populations. Howells {1g5g:

Michael H. Crawford

- 339} concludes, “it is as plain as the nose on your face that the Negritos

are intimately related to fully developed Negroes—a specialized  kind
of man—in skin, hair form, nose shape, and so on. The Negritos are really”
ali similar and must have a common origin. And Negritos and Negroes

cannot have appearcd on separate continents; they too must have bada

common origin.” However, this example demonsteates the possible danger
of misinterpretation when morphelogical traits such as skin color and

hair form are used as ériteria for establishing populational relationships. - -
More recently, Hiowells has reintespreted the question of the ethnogenesis -

of the Pygrhies. Using multivariate anslyses of cranial evidence, he postu-
Jates separate origins of the various populations of Negritos (see Chap-

A comparison of the blood group frequcnmm of the African and

Oceanic Negzitos shows significant differences-in the presence of certain’ T
~ marker genes in threc populations compared by Boyd (1g63). Table 6 =~
 illustrates the extent of variation between the three populations. The
 most significant differences between the Oceanic and African Pygmies
-were in the presence of the R, chromosomal segment and the relative

Erequency of the M and N antigens. The B, chromosomal segment is

usually referred to as an African marker gene, because of its high fre- )

quency in Africa and its low frequency, or absence, in other parts of the

‘world that had not experienced gene flow from African populations. The - -

Pygmigs of the Congo exhibit a frequency of the R, segment similar to -

~ frequiencies found in other parts of Africa, in contrast to the low fre-.

quencies of this allele exhibited by Papuan Negritos and jts total absence

" in the populations of the Andaman Islands. The highest frequency on

earth of the M allele is found in New Guinea among the Papuan Pyp-

" mies. From these data, it apeats that {1} the pygmy populations differ
- significantly among themselves, and {z) genetically, they resemble the
~ surrounding populations more than these populations resemble each

other, This is not surprising, considering the fact that in all cases, the

" Pygmies speak the language of their suounding populations and appar-
ently do pot share a comsmen language.

More récent genetic investigations have shown that, although the Pyg-

mies aré closer genetically to the Bantu than to the Bushman or Hotten-
' tots, they ate also distinct populations differing from ‘all othews. For
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l‘xamp]e, Benerecetti, Mochanu and Negri (1969} have demonstrated._ .

that a phosphoglucomutase (PGM) variant PGM,# i5 common only
among the Babinga Pygmies of Africa, with a gene frequency of 7 per-
cent. It has been suggested that this variant may be lmuted to the )
Pygmies and would therefore be a useful marker gene. ' _
Another polymorphism that may be limited to the Pygrmies was re
cent]y reparted by Benerccetti and Negxi (1970} at the red cell peptidase
C locus. Although polymorphisms of other red cell peptidases have been
- reported (Lewis and Harris 1967, 1968, 1959), none have been detected
~ for peptidase C until the report by Benerecetti and his colleagues. They
* describe a polymorphism controlled by three alleles at an autosomal locas, -

with Pep C* and Pep G2 as co-dominant and PepC“asasﬂentgenehck- .

‘inga detectable e]ectmplmretlc compenent in the homozygous genotype.
Bodmer and Bodnier {1970) have described population differences in

©  the Hi-A system of leukocytic antigens in the Pygmies. The Pygmies

. Frequency of Gene o

o.10z2

0.468
o610

0.786

0553
o380

Faw:785-864-3916
0.249
2139
o.080

wagh .‘
o.o75‘
o.540

A

differ from: other populations on the basis of the total. absence. of the

HL-A antigen and the very high incidence of the blank alleles for both. -
the LA and 4 series. This suggests the existence of as yet unidentified =~ -
* antigens that have much higher frequencies in Pygmies than in Cau- - =
- casians, and that may eventually serve as marker genes. S
This concludes the revicw of fhe nse of genetic markers for ta:acmg o

: Vph}rlogmcuc relationships between human populations. Barnicot {164),

10

- however; cautions against attempting to make histosical inferences from ) -
gene &mtnlmtmn maps. He correctly argues that the presence of 2 com-

" mon matker gene miay not imply a phylogenetic relationship, but that - -

each marker may have arisen independently in any pnpulatwn (Barnicot - -

g 1964:954) : “To envisage human history as nothing but a sexies of migra-

¢ - tions or intérmixtures of peoples, each carrying its array of gene fre-

Tested .
2,557 -
139

Number

and Snoek-
(2949)
Graydon et al.
(2958)
Lehmann
(1954)

" and Tkin
Source: After Boyd (1963).
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gquencies, like a convenient IabeE to show its pmnt of departure, may he '
an oversimplification.”
Despite the contradictions and pmblcms that have come to llght :

Hirough the use of genetic markers, a form of racial classification sHll

persists. Although present statistical techniques are mere sophisticated -
_ than those employed by the anthropologists of eardier decades, and al-

though recent authors do not claim to be classifying races, the difference .
between earlier 2ad present-day anthropologists is largely semantic—mow
they derive “trees of likely descent of populations” or “phylogenetic -
trees.” Trrespective of the statistical trappings and the use of sophisticated

37
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cﬁinpute;r programs, these' excicises are basically as much a waste of time

- and money today a5 they were 5o years ago. Instead of attempting to

classify the populations of the world on the basis of gene frequencies,

- basic research is needed to explain how and why the genetic "‘al‘labllltf is

maintained at such high levels in human populations.

~ Two stodies, Edmondsor (1g65) and Cavalli-Sforza, Barrai, and Ed- -

‘wards {1g54), have proposed schemes of racial affinitics based on gene
frequency distributions. Edmondson, using z4 genetic taits from 124

populations, estimated the genetic distance betwecn popuiations by av-
eraging the differences in gene frequencies of all the populations of the

. sample. He then reconstructed the probable patterns of divergence of - -

- thie major races of man. The Cavalii-Sforza study selected 15 populations

- and five blood group systems for estimating the most Fkely phylogenetic

- tree for the history of human racial separation. Surprisingly, although the
-~ methods used to calcalate the phylogenctic affinities were diffevent, the -

* results were grossly similar. However, Cavalli-Sforza and his colleagues do -

. not"define the criteria used for selecting the genetic markers for their

scheme. Moreover, neither of these methods assumes directional selec-

"~ fiom, nor does either control for gene flow and hybridization. '

In conclusion, genetic markers can be cautiously employed in teslzmg

specific hypotheses of genetic relationstiip or affinity, 25 Jong as the limi- ~

tations of the method are understood. Gene frequencies of simple Men-

" delian ‘traits are the new materials for both population genetics and
“anthropological analyses. However, gene frequencies describe only a por- -
' tion of the gene pool and permit a “glimpse” of the genetic structure of

the population. Therefore, gene matker systems and their frequencies in -

human populations, when prudcntl}r used, can be a means to an end, but
they are not an end in thmlselvcs

-NOTES

1. The term genetic marker will b Testricted here fo disorete, segregating, genetic
traits which czn be wsed to. chamcherizeé populations by vittue of their presence,

absence, oc high frequency in some populations and low frequency in othecs.

2. By non-adaptive, Hooton means Fhose traits not subject to- the action of natural

selection. He Jisted {1931) the following bodily charactéss as mamljr nonadaptive
" vanations: hair color and distribatica, shape of ]lps, form of the incisors, the length of

the forearm relative to the arm, and so forth,
38
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