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This is a report and interpretation of 
the inherited blood types in the eastern 
band of Cherokee Indians residing on their 
reservation in the western part of North 
Carolina. Its significance rests on the fact 
that few studies are available of American 
Indians from the southeastern part of the 
United States. 

The Cherokee, an Iroquois-speaking 
tribe, once occupied land in what is now 
eastern Tennessee, northern Georgia and 
Alabama, and the western Carolinas. In- 
creasing pressure from the white colonists 
created friction, with gradual diminution 
of Indian territory. At the time of first 
contact with English settlers in the 
mid-seventeenth century, they numbered 
22,000 (Swanton, '46). The census report 
for 1835 lists 16,542 Cherokee Indians, 
plus 1592 Negro slaves, and 201 Whites 
who had intermarried with the Indians 
(Rights, '57). In 1838 most of the tribe 
were forcibly removed to Oklahoma. Sev- 
eral hundred who hid in the hills escaped 
deportation and became the ancestors of 
the present-day Indians on the North 
Carolina reservation. The 1960 popula- 
tion was 4,494 which includes all persons 
1/32 Indian or more (Sneed, '61). 

A study of the physical anthropology of 
the Eastern Cherokee, made by Kelly in 
1928 (Gilbert, '43), describes both dolicho- 
and brachycephalic skulls, stature as mid- 
dle to tall, body build as thin, delicate, and 
slender in both sexes, and complexion as 
light for Indians. Admixture with Scotch, 
Scotch-Irish, English, and Germans is re- 
ported, but Negro admixture was con- 
sidered negligible among this eastern band 
of Cherokees. 

Only the ABO blood groups have been 
reported on the eastern Cherokee (Snyder, 
'26). Of 250, 74.4% were in group 0, 
16.0% A, 7.2% B, and 2.4% AB. Among 

110 considered full-blooded, 93.6% were 
group 0. 

MATERIALS AND METHODS 

In the fall and winter of 1957 and 1958, 
in cooperation with Dr. Amoz Chernoff, 
blood samples were collected from 534 
school children, whose degree of Indian 
ancestry was known: samples were anal- 
yzed for hemoglobin pattern and ABO 
groups. A second survey was undertaken 
in the fall of 1959 and the spring of 1960, 
in which samples from 78 full-blooded 
and 94 mixed Indians were collected on 
the reservation. With the exception of 
26 factory workers, the sample consisted 
entirely of school children. 

Tribal records of degree of Indian an- 
cestry have been kept with apparent care 
for many years. This is recorded on the 
school child's permanent record, and frac- 
tions with 32 or 64 in the denominator are 
not uncommon; even 128, indicating 
knowledge of 7 generations, occasionally 
occurs. In doubtful cases, it was possible 
to obtain information from the Tribal 
Council concerning Indian ancestry. 

Blood samples in the second survey 
were collected in cooperation with the 
Vanderbilt group. They were typed in 
three different laboratories : Vanderbilt, 
Mount Sinai Hospital, and the National 
Institutes of Health. In addition 94 in- 
dividuals in the second survey had been 
previously typed in the first survey for the 
ABO group. 

At Mount Sinai Hospital bloods were 
tested for ABO and AI, MNSs, Rh (D, C, 
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E, c, e, hr", rhl), P1 and P2, Duffy, a d d ,  
Lutheran, Diego, Hunter and Henshaw; 
most of the samples were also typed for K, 
k, Kp", Kpb, Js, Vw, and Wr". At NIH the 
blood samples were tested for ABO and A', 
MNSsU, Rh (D, C, C", E, c, and e) P1, 
Duffy, K, k, Diego, V and Be". At Vander- 
bilt 172 were tested for the Biles factor 
(Wadlington et al., 'Sl), 117 were tested 
for ABO and A', and 72 of those were also 
typed for MN and Rh (D, C, E); in addition, 
the hematocrit was determined on all blood 
samples, and the grams of hemoglobin 
ascertained on all with a volume of packed 
cells below 40. A list of the antisera, with 
source and lot number, is given in table 1. 

Saliva was collected from 56 full- 
blooded and 29 mixed Indian children. 
The saliva specimens were immediately 
boiled for 10 minutes and mailed to The 
Mount Sinai Hospital where they were 

tested within two days for the properties 
of the supernatant (after centrifugation) 
of inhibiting anti-H (Ulex), anti-Lea, anti- 
Leb, anti-A and anti-B. 

RESULTS 

All laboratories were in agreement on 
ABO grouping. Discrepancies occurred be- 
tween Mount Sinai and NIH in 17 MN 
typings, 9 Ss, 5 PI, 4 Fy", 1 Rh, and 1 A'. 
The fact that the Mount Sinai Blood Bank 
retained frozen specimens on each sample 
permitted further checking on discordant 
findings, with eventual agreement being 
obtained. 

In the results reported below the ABO 
frequencies are from the combined first 
and second surveys; all other results are 
as determined in the second survey alone. 
The large number typed for ABO permits 
partitioning the population into 4 cate- 

TABLE 1 
Antisera used i n  typing bloods of  Cherokee Indians, 195940 

At Mt. Sinai At N.I.H. 

Source Lot no. Source Lot no. 
Antiserum 

A 
A0 
A1 
B 
M 
N 
S 

U 
He 
Hu 
v w  
Rho (D) 

rh' (C)  
rh"" ( Cw ) 
rh" (E)  
h i  (c )  
hr" ( e )  
V 
K 
k 
Kpa 
KP 
Jka 
Jkb 
PfP '  
P' 
FY a 
Lu= 
Dia 
Wra 
Js 
Bee 

S 

Mt. Sinai 

Mt. Sinai 
Mt. Sinai 
H.D. 
J. J. van Loghem, Jr. 
Mt. Sinai 
E. Giblett 

H.D. 
H.D. 
J. J. van Loghem, Jr. 
Mt. Sinai 

F. H. Allen, Jr. 

Mt. Sinai 
Mt. Sinai 
Mt. Sinai 

Mt. Sinai 
Mt. Sinai 
F. H. Allen, Jr. 
F. H. Allen, Jr. 
F. H. Allen, Jr. 
F. H. Allen, Jr. 
G. A. Matson 
NY; A.R.C. 
B. C h o w  
Mt. Sinai 
P. Levine 
F. H. Allen, Jr. 
Mt. Sinai 
K. Stern 

Siege1 '59 

Dolichos 
Grogan 2-60 
74 5 
Vicia 
Falk 

He1033 
H.D. 11-15-55 
8437 
Fredyna 

Green 

Sordblum 
Byous 
Hurley 

Lazarus 
7793 
Kpa30 
Kpb48 

Dade 
NIH 
Wiener S. Lab, 
Dade 
NIH 
Ortho 
Certified 
P. Levine 
Milwaukee 

Ortho 
Knickerbocker 
Ortho 
Phila. S. Ex. 
Ortho 
Boston Group Lab. 
Ortho 
E. Giblett 
P. Levine 
NIH 

248 
NIH2 
17 
360 
B. S. 
N 11 
7602 

u5 

R5083 
026 
RCSTS 
Bulk 
ES-6/REST 9 
AHC36 
RSE 11 

KL2 
M.N. 

Knickerbocker P5 
Walk Certified 7732 
Marco 
R2691 M. Layrisse 
68 
Roseman 
6-20-57 K. Stern 
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TABLE 2 
ABO groups of Cherokees (combined surveys) 

Full bloods = 166 3/4 or more Indian Y4 to % Indian Less than Y4 Indian All mixed Indian 
N = 140 N = 228 N = 74 N = 442 -~ 

No. Freq. No. Freq. No. Freq. No. Freq. No. Freq. 

Phenotype 
0 157 0.9458 114 0.8143 150 0.6579 37 0.5000 301 0.6810 
A 6 0.0361 24 0.1714 62 0.2719 26 0.3514 112 0.2534 
B 3 0.0181 2 0.0143 15 0.0658 9 0.1216 26 0.0588 
AB 0 0  0 0  1 0.0044 2 0.0270 3 0.0068 

0 0.9727 0.8257 
A 0.0182 0.1399 
B 0.0091 0.0344 

Genes 

X2 1 d.f. = 0.07 X2 1 d.f. = 0.35 

gories : those full-blooded, those 3/4 or 
more Indian, those Y4 to 344 Indian, and 
those less than Y4 but as much as 1/32 
Indian. For all other findings the sample 
has been divided into those full-blooded 
and those of mixed ancestry who are 1/32 
or more Indian. 

Table 2 gives the ABO phenotypes for 
Cherokee Indians according to degree of 
admixture. The gradation from full- 
blooded through those with decreasing 
Indian ancestry is evident, especially in 
types 0 and A. Noteworthy is the pres- 
ence of three individuals of type B among 
the full-blooded Indians. Gene frequencies 
are given separately for the full-blooded 
and for the combined mixed sample (from 
1/32 up to full-blooded). ABO gene fre- 
quencies were computed by the Bernstein 
method (’30) with appropriate correction. 
In this and succeeding tables where more 
than one serum has been used, Chi-square 
represents a measure of the diversity be- 
tween the observed value and that expected 
by Hardy-Weinberg equilibrium on the 
basis of computed gene frequencies. The 
Chi-square values in table 2, for example, 
suggest an extremely close fit. 

Tables 3 through 10 present data based 
on the second survey alone. The 78 full- 
blooded and 94 mixed Indians have been 
analyzed separately in each table. Table 3 
indicates ABO types and subtypes. The 
presence of Az and the absence of A1 is 
most unusual in full-blooded American 
Indians, Also, the total A frequency in 
full-blooded in the second survey (0.0128) 
is only about one-third that in the com- 
bined surveys (0.0361). Both phenomena 
may be due to chance. 

TABLE 3 

ABO groups and subgroups of Cherokees 

Full 
bloods 

no. 
N = 78 
freq. 

Mixed 
no. 

N = 94 
freq. 

Phenotypes 
0 75 0.9615 74 0.7872 
A2 0 0  12 0.1277 
A2 1 0.0128 4 0.0426 
B 2 0.0256 3 0.0319 
AIB 0 0  1 0.0106 
AIB 0 0  0 0  

Genes 
0 0.9807 0.8837 
A1 0 0.0716 
A2 0.0064 0.0232 
B 0.0129 0.0214 
X2 2 d.f. = 0.02 X2 2 d.f. = 1.94 

MNSs phenotypes and gene frequencies 
are shown in table 4, the result of typing 
each blood sample with 4 antisera. MSs is 
the most common phenotype among the 
Cherokees. M-N and S-s are readily com- 
puted separately by gene counting, but the 
estimate of the 4 “chromosomes” proves to 
be a more difficult problem. Gene counting 
and adjustment of the doubIe heterozygote 
fail to yield Hardy-Weinberg equilibrium 
(Chi-square = 17 for full-blooded and 16 
for mixed). A maximum likelihood method 
devised by Miss Ruth Portman was em- 
ployed with appreciable improvement in 
the estimates. All bloods were positive for 
U and negative for Vw. The one Henshaw 
positive blood found among the supposed 
pure Indians was Mss. The one Hunter 
positive blood occurred in an individual 
who was one-half Indian and was Nss. 
Thus the failure to observe Hardy-Wein- 
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TABLE 4 
MNS blood types of Cherokees 

bloods Full Nfi.i.8 Mixed N=94 
no. freq. no. 

Phenotypes 
MSS 
MSs 
Mss 
MNSS 
MNSs 
MNss 
NSS 
NSS 
Nss  

14 
20 
16 
4 

10 
11 
2 
0 
1 

0.1795 
0.2564 
0.2051 
0.0513 
0.1282 
0.1410 
0.0256 
0 
0.0128 

6 
23 
18 
0 

12 
23 
1 
3 
8 

0.0638 
0.2447 
0.1915 
0 
0.1277 
0.2447 
0.0107 
0.0319 
0.0851 

Genes 
M 0.8013 0.6862 
N 0.1987 0.3138 

S 0.4487 0.2766 
s 0.5512 0.7234 

MS 0.3694 0.2444 
MS 0.4319 0.4418 
N S  0.0793 0.0322 
Ns 0.1194 0.2816 

He 1 0.0128 0 0  
HU 0 0  1 0.0106 

Of 78 full bloods and 83 mixed typed for U, all 

Of 56 full bloods and 30 mixed typed for V,, all 

X2 1 d.f. = 0.00 X2 1 d.f. = 1.72 

X2 1 d.f. = 3.87 X2 1 d.f. = 0.01 

X2 5 d.f. = 8.87 X2 5 d.f. = 12.41 

were positive. 

were negative. 

berg equilibrium for the Ss or the com- 
bined MNSs data could be due in part to 
the S" alleles present in persons of Negro 
origin. 

The Rh types are set forth in table 5. 
As all blood samples were positive with 

anti-Rho (D), gene frequencies could be 
obtained by counting. The most common 
phenotypes are RhiRhl (DCe/DCe) and 
RhiRh2 (DCe/DcE), and the R' ( D C e )  
allele is more frequent in both full-blooded 
and mixed Indians than all other Rh al- 
leles combined. In the absence of both 
Rho (Dccee) and rh (dccee) phenotypes, 
it is impossible to differentiate between 
R" and r alleles. All 78 full-blooded and 
83 mixed Indians who were typed for 
C" and V were negative for these factors. 

In the Kell system, all bloods were typed 
for K and k. One Kell positive was found 
among the full-blooded, a frequency of 
0.0128, and one among the mixed sample, 
a frequency of 0.0106. Of 63 full-blooded 
tested for Kp" all were negative; 56 of these 
were tested for Kpb and were positive. 
Within the mixed sample, 48 were tested 
for Kp" with three positive findings; 28 
were also typed for Kpb with positive re- 
sults. The phenotype frequencies shown 
in table 6 are adjusted to apportion those 
bloods not typed for one of the Kp factors 
among those which were so treated. The 
gene frequencies may then be computed 
readily by counting. 

All specimens were typed for Jk" and all 
except one for Jk". The phenotype and 
gene frequencies for the Kidd system are 
shown in table 7. The data of the full- 
blooded and the mixed are essentially simi- 
lar, after the necessary adjustment, with 
a slightly higher incidence of Jhb than 
Jh" genes. 

TABLE 5 
Rh types of Cherokees 

bloods Full Nf,=,;.8 Mixed N =  94 
no. freq. no. 

Phenotypes 
Rh5Rh' (DCE/DCe) 7 0.0897 4 0.0426 
RhzRh2 (DCE/DcE) 2 0.0256 
RhlRhl (DCe/DCe) 29 0.3718 40 0.4255 
Rh1Rh2 (DCe/DcE) 27 0.3462 33 0.3511 
Rh2Rh2 (DcE/DcE) 7 0.0897 5 0.0532 
Rh'rh (DCe/dce) 4 0.0513 9 0.0957 
Rh2rh (DcE/dce) 2 0.0256 3 0.0319 

0 0  

Gene 
R= (DCE) 0.0577 0.0213 
Ri (DCe) 0.6154 0.6702 
R2 (DcE) 0.2885 0.2447 
R O  (Dce) or r (dce) 0.0385 0.0638 

X2 4 d.f. = 0.35 X2 4 d.f. = 4.08 

Of 78 full bloods and 83 mixed, all were Cw-negative and V-negative. 
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TABLE 6 
Kell blood types  of Cherokees 

Phenotypes 
Kk Kp (a-b/ ) 1 0.0128 0 0 
KkKp (a-b+)  0 0 1 0.0106 
kk Kp ( a + b + )  
kkKp(a+b/)  
kkKp(a-b+)  

0 0 2 0.0625 
0 0 1 

56 0.9872 27 0.9269 
kk Kp (a-b/)  6 
kk Kp (a/b/)  15 

17 
46 

Genes 
K Kpa 0 0 
K Kpb 0.0064 0.0053 
k Kpa 0 0.0312 
k Kpb 0.9936 0.9634 

X2 5 d.f. = 0.00 X2 5 d.f. = 0.13 

TABLE 7 

Kidd blood types  of Cherokees 

Full N =  78 

no. frea. 
bloods Adjusted "2" 

Phenotypes 
J k ( a + b - )  17 0.2208 21 0.2234 
J k ( a + b + )  38 0.4972 44 0.4681 

Jk(a-b+)  22 0.2820 29 0.3085 
Jk (a+b/)  1 

Genes 
Jka 0.4694 0.4574 
Jkb 0.5306 0.5426 

X2 1 d.f. = 0.00 X2 1 d.f. = 0.30 

No abnormal hemoglobins were found 
by paper electrophoresis. 

All bloods were screened for atypical 
isoagglutinins, and none were found. 

Little anemia was encountered. Among 
165 blood samples examined, only 10 had 
a volume of packed cells below 40 and a 
hemoglobin level below 12.0 gm per cent. 
Of these, two were between 10.0 and 11.0 
gm per cent and one was 9.5 gm per cent. 

P blood factors in Cherokees 
TABLE 8 

~ bFz$, N = 7 8  Mixed N = 9 4  
nn. freq. no. freq. ~ ~ _ _  

The newly expanded P system (Sanger, 
'55) is shown in table 8. All bloods were 
positive with P t Pi antiserum, and ap- 

tive for P1 alone, among both the full- 
blooded and mixed Indians. No P Genes 
negatives (p) were found in either series. 

available for typing. Seventy-nine per cent 

Indians were positive for Fy", as indicated 
in table 9. 

65 0.8333 79 0.8404 
13 0.1667 15 0.1596 

P S P l  
p1 

proximately 16% of these were also posi- 0 0  0 0  

PI 0.5918 0.6005 
0.4082 0.3995 p 2  

For the Duffy system, only anti-Fy" was 0 0 

of the full-blooded and 88% of the mixed TABLE 9 

Duffy blood factor in Cherokees 

Full 

no. 
Blood factors completely absent in the Tr=78 Mixed N = 9 4  

no. freq. Cherokee Indians in addition to C", V, and 
Vw described above, are Diego (Di"), Phenotype 

Fy ( a + )  62 0.7948 83 0.8830 Lutheran (Lu"), Sutter (Js), Be", and 
Biles (Bi). The number tested for each ~ ~ ( ~ - 1  16 0.2051 11 0 . ~ ~ 7 0  
of these factors is shown in table 10. Wr" 
was absent in 63 full-blooded, but was 
present in one "1/32" Indian among 47 of 
mixed ancestry. 

Genes 
Qa 
FY 

0.5471 0.6580 
0.4529 0.3420 
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TABLE 10 

Blood factors absent i n  Cherokees 

Full bloods Mixed 
no. tested no. tested Factor 

Dia 78 85 
Lua 74 62 
Js 56 30 
Bea 22 64 
Bi 78 94 

Of 63 full bloods typed for Wr’, all were negative; 
of 47 mixed typed for Wra, one positive was found 
in a 1/32 Indian, a phenotype frequency of 0.0213. 

All 56 salivas from the full-blooded 
Indians all of whom were group 0, in- 
hibited anti-H, anti-Lea, and anti-Leb, but 
not of course anti-A or anti-B. Among the 
29 specimens from the mixed population, 
one saliva from a boy of type 0 (19/32 
Indian ancestry) failed to inhibit anti-H 
but did inhibit anti-Lea and anti-Leb. In 
this small series, the non-secretor status 
of ABH was only observed once, and then 
not in a full-blooded Indian, and the non- 
secretor status for Lewis was not observed 
at all. In general, 20-25% of most popula- 
tions are non-secretors of ABH, a status 
controlled by the homozygous state of an 
independent recessive gene, se. Chown and 
Lewis (’53) also found a very low fre- 
quency of ABH non-secretors in the salivas 
of the Blood Indians (one of 241 tested), 
which suggest that se might be greatly re- 
duced in other Indian populations. Simi- 
larly, 1, another independent recessive gene 
which in the homozygous state controls 
the non-secretor status of Lewis, might 
also be reduced. 

DISCUSSION 

The picture of the blood types in the 
Cherokee Indians may be appreciated best 
by comparison with other Indian popula- 
tions. The studies indicated in table 11 
have been chosen on the basis of these 
criteria: the sample size is adequately 
large and consists primarily of “pure” 
Indians; they are recent studies in which 
a large number of antisera were generally 
employed; they appear internally con- 
sistent; and they provide a sampling of 
tribes from several widely dispersed areas 
and linguistic families. 

The full-blooded Cherokee show a high 
incidence of the 0 gene exceeded by few 
other populations. The presence of A as 
Az rather than Al has already been noted 

as unusual. The occurrence of the B gene 
is also noteworthy; while it may call into 
question the validity of the “full-blooded 
designation, it also continues the possibil- 
ity raised by a few other studies that the 
American aboriginal did have initially a 
small amount of the B gene. 

The full-blooded Cherokee are in line 
with other tribes in having approximately 
4 times as much M as N .  The frequency 
of S and s varies widely in the studies 
done; the Cherokees are higher in S than 
other tirbes. M s  is the most common 
“chromosome” as in most other Indian 
populations. The one Henshaw positive 
among the full-blooded raises further 
question about possible Negro admixture 
in this supposedly “pure” Indian group. 
As few studies on American Indians have 
included Henshaw, the possibility that the 
gene is present in the aboriginal population 
has not as yet been rigorously excluded. 
Failure to observe Hardy-Weinberg equilib- 
rium for MNSs also raises the question of 
Negro gene admixture. 

Within the Rh system, the high inci- 
dence of R’ and RZ in the Cherokee is char- 
acteristic of Indian populations; the R’ 
gene frequency of 0.615 and the R“ gene 
frequency of 0.058 are surpassed only by 
the Digueno of California. 

The presence of one Kell positive among 
the full-blooded Cherokee led to a K gene 
frequency less than that of the Chippewa 
and Pawnee but more than in other tribes. 
The Kp” gene is apparently absent in full- 
blooded Indians. The Fy“ gene appears 
somewhat less than in most other Indian 
tribes, and the Jh“ gene is far lower than in 
the Blood Indians. P‘ appears very close 
to that of the other tribes in the table, 
with the exception of the Digueno. 

The absence of the Diego antigen 
among the Cherokees is unexpected inas- 
much as it is present in 5 to 10% of 
most other North American Indian tribes 
(Schmidt et al., ’60). This lack of Diego 
has been previously reported for the 
Kutchin Indians of the Yukon (Lewis et 
al., ’60), for the Esquimo (Lewis, et al., 
‘56), and for one Warrau tribe in Vene- 
zuela (Layrisse et al., ’58). The Iroquois 
of New York State, who are of the same 
linguistic stock as the Cherokee, showed 
10% Diego phenotypes in tests run in 
parallel with those of the present study. 
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TABLE 11 
Gene frequencies in some American Indian populations 

~ 

Tribe Cherokee1 Chippewa2 Blood3 Navaho4 Pima5 Apaches Pawnee’ Dieguenos 
Sample size 78 161 241 361 489 73 80 58 

0 
A’ 
A2 
B 

M 
N 
S 

MS 
M s  
N S  
N s  

R* 
R= 
R. 
R” or r 
r‘ 
r” 

K 
Jka 
P’ 
FY“ 

s 

0.981 
0 
0.006 
0.013 

0.801 
0.199 
0.449 
0.551 
0.369 
0.432 
0.079 
0.119 

0.615 
0.288 
0.058 
0.038 
0 
0 

0.006 
0.469 
0.592 
0.547 

0.936 
0.064 

0 

0.718 
0.282 
0.342 
0.658 
0.296 
0.424 
0.046 
0.234 

0.315 
0.587 
0.019 
0 
0 
0.079 

0.075 

(0.602) 
0.867 

0.407 
0.582 
0 
0.010 

0.873 
0.127 
0.382 
0.618 
0.301 
0.565 
0.069 
0.065 

0.469 
0.401 
0.038 
0.065 
0 
0.027 

0 
0.722 

(0.613) 
0.747 

0.876 
0.124 
0 
0 

0.917 
0.083 

0.326 
0.356 
0.058 
0.069 
0.172 
0.019 

0.899 
0.100 
0 
0.001 

0.699 
0.301 

(0.161) 
(0.839) 
0.133 
0.571 
0.109 
0.187 

0.444 
0.263 
0.051 
0.126 
0.081 
0.036 

0 

0.013 

0.731 
0.269 
0.009 
0 

0.836 
0.164 

0.471 
0.450 
0.015 
0.064 
0 
0 

0.594 
0.638 

0.762 
0.226 

0.012 

(0.832) 
( 0.168 ) 
(0.290) 
(0.710) 
0.140 
0.691 
0.052 
0.117 

0.451 
0.402 
0.055 
0.092 
0 
0 

(0.019) 

(0.776) 
(0.646) 

0.983 
0.009 
0 
0.009 

(0.756) 
(0.244) 
(0.401) 
(0.599) 
0.401 
0.356 
0 
0.244 

0.682 
0.233 
0.060 
0.025 
0 
0 

0 

0.344 
0.678 

2 Matson, Koch, and  Levine, ’54; Chippewa; Algon- 
kin language; full-bloods; only anti-S of Ss system 
used; subgrouping not done; gene frequencies by 
authors except for PI where parentheses indicate 
estimat? based on phenotype frequency. Chown and 
Lewis, 57 (Am. J. Phys. Anthrop., 15: 149) suggest 
K gene frequency in Chippewa should be zero. 

3 Chown and Lewis ’53. Blood. Algonkin language; 
sample represents onk-six‘th White admixture; Duffy 
based on 235, Kidd on 194 tested; gene frequencies 
by authors except fo r  Pl as  noted above. 

4Boyd and Boyd, ’49; Navajo; Athapascan lan- 
guage; full-bloods, except for one family with white 
admixture; Rh based on 305; ABO and MN gene 
frequencies by authors, Rh gene frequencies from 
Mourant. 

1 Present study; Cherokee; Iroquois language fam- 5 Brown et al., ’58; Pima. Uto-Aztecan language. 
school children on reservatibn, not necessarily full: 
bloods; MNS based on 172; only anti+ of Ss system 
used; gene frequencies by authors except for S-s esti- 

ily; full-bloods. 

mates f rom phertotype frequency. 
6 Gershowitz, 59; Apache (Mescalero and Chin- 

cahua);  Athapascan language; full-bloods; Rh based 
on 71, Duffy on 54, and P on 34; gene frequencies 
by author. 

‘Gray and Laughlin, ’60; Pawnee; Caddoan lan- 
guage; “tribal status,” i.e., full-blood Pawnee plus 
hybrids of Pawnee with other Indian tribes; sub- 
groupings not done. only anti-S of Ss system used. 
gene frequencies by’authors except for M-N, S-s, Keli 
Duffy, and P estimated fFom phenotype frequencies: 

8 Pantin and Kallsen, 53. Diegueno; Uto-Aztecan 
language. full-bloods, only Lnti-S of Ss system used. 
MNS baskd on 39; gene frequencies by authors, ex: 
cept M-N, S-s estimated from phenotype frequencies. 

If it is granted that the gene frequencies 
for the full-blooded are essentially indica- 
tive of the Cherokee people at the time of 
contact with white colonists and that these 
genes are selectively neutral, it should 
then be possible to determine with what 
ethnic group they combined in order to 
yield the frequencies of the mixed popu- 
lation. Gene frequencies for English popu- 
lations may be tried first; they should be 
similar to those of the ancestral white 
component and readily available from pub- 
lished studies. Table 12 shows a test of 
the hypothesis t.hat the English contributed 
genes in equal number with the full- 
blooded Cherokee to produce the mixed 
population. The gene frequencies for the 
English are taken from Race and Sanger 

(’59). The ABO genes in the first three 
lines of the tables are based upon the first 
and second surveys combined; while all 
of the succeeding genes refer to the second 
survey alone. The 442 individuals in the 
combined surveys actually average 53% 
Indian ancestry; thus, the column marked 
“Expected Mixed for the first three items 
of the table is computed by adding 53% of 
the full-blooded Cherokee ABO gene fre- 
quencies to 47% of the English figures for 
those genes. The 94 persons of the second 
survey average 63% Indian ancestry; con- 
sequently, the figures in the “Expected 
Mixed” column for all succeeding genes 
are found by adding 63% of the Cherokee 
full-blooded frequencies to 37% of the 
English figures. “Observed Mixed refers 
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TABLE 12 
Comparison of  gene frequencies in  mixed Cherokees wi th  those expected on the 

hypothesis of  English admixture 

English2 

0 0.973 0.683 0.837 0.826 
A 0.018 0.257 0.130 0.140 
B 0.009 0.060 0.033 0.034 
0 0.981 0.660 0.862 0.884 
A' 0 0.209 0.077 0.072 
A2 0.006 0.070 0.030 0.023 
B 0.013 0.061 0.031 0.021 
M 0.801 0.532 0.701 0.686 
S 0.449 0.327 0.404 0.277 
M S  0.369 0.247 0.324 0.244 
M s  0.432 0.283 0.377 0.442 
N S  0.079 0.080 0.079 0.032 
NS 0.119 0.389 0.219 0.282 
R" 0.058 0.002 0.037 0.021 
R' 0.615 0.420 0.543 0.670 
R2 0.288 0.141 0.234 0.245 
Ro+r  0.038 0.414 0.177 0.064 
K 0.006 0.046 0.021 0.005 
Jka 0.469 0.526 0.490 0.457 
P' 0.592 0.542 0.574 0.600 
FY" 0.547 0.414 0.498 0.658 

1 Cherokee full-blood gene frequencies are from 3 Expected mixed for the ABO genes of the 
the present study; the first three figures are for first three lines is 53% of the Cherokee full- 
the 166 full-bloods of the combined first and blood frequency plus 47% of the English fre- 
second surveys; all subsequent figures are for the quency; for all subsequent figures it is 63% of 
78 full-bloods of the second survey only. All  the Cherokee full-blood frequency plus 37% of 
figures have been rounded off to three decimal the English frequency. 
places. 4 Observed mixed includes all who are as much 

ZEnglish gene frequencies are based on Race as 1/32 Indian but less than full-blood; the first 
and Sanger ('591, as follows: ABO, p. 24; three figures are for the 442 mixed Indians of 
A'AZBO, p. 25; M, p. 69; S, p. 74; MS, etc., p. 74; the combined first and second surveys; all sub- 
Rh, p. 132; K, p. 193; J k g  p. 228; PI, p. 110; sequent figures are from the 94 mixed Indians 
Fya, p. 215. of the second survey only. 

Expected Observed 
mixed3 mixed4 

Cherokee 
full-bloods' Gene 

to every one with as little as 1/32 Indian 
ancestry but less than "full-blooded." 

From the table it is evident that the 
ABO groups based on the large sample 
give a close fit to the hypothesis that the 
admixture has been with an English popu- 
lation. The subgroup data, based on the 
smaller sample size, yields results which 
are different but still reasonably close. 
The M N  data further substantiate the hy- 
pothesis, but the Ss figures are far out of 
line, the observed hybrids being outside 
the range of full-blooded Cherokees or 
English. Within the Rh system R" gives a 
close fit between observed and expected; 
R' and R" are not as good, while R" plus 
r is very poor. Of the other genes, Jlz" 
yields a reasonably close fit, P' is fair, 
while both K and Fy" are considerably off. 

(The assumption of 10% Negroid ad- 
mixture in the hybrids would alter the "Ex- 
pected Mixed column only moderately. 
Of the 21 marker genes of table 12, 6 of 
them would be closer to the "Observed 

Mixed," 11 would be further away, and 
4 would be essentially unchanged. The 
6 markers which would fit the observed 
data better by this hypothesis of Negroid 
admixture are 0 and A of the large com- 
bined surveys, and S, MS, N s ,  and P' of 
the smaller single survey.) 

Another approach to the question of ad- 
mixture may be made by substituting each 
gene in the formula: 

Proportion of English Admixture = 
Mixed - Full-blooded 
English - Full-blooded' 
_ _ _ _ ~ .  

If the calculation is confined to those genes 
in which the frequency in the observed 
hybrids lies between the frequencies of the 
two parental populations, the results are 
as shown in table 13. 

In this table the ABO genes of the large 
combined surveys are used first. The aver- 
age for the locus suggests 50-50 admix- 
ture between Cherokees and English for 
the 442 mixed Indians, a close approxi- 
mation to the 53% Indian ancestry ob- 
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TABLE 13 
Proportion of English admixture with Cherokee 

full-bloods as shown by gene frequencies 

Based on 442 mixed Indians who average 
53% Indian ancestry: 

English 
Gene admixture 

0 0.507 
A 0.510 
B 0.490 

Average for Locus 0.502 

Expected Indian ancestry 1 - 0.502 = 0.498 

Based on 94 mixed Indians who average 
63% Indian ancestry: 

English 
admixture Gene 

0 0.302 
A’ 0.344 
A2 0.266 
B 0.167 

Average for Locus 0.270 

M 0.428 
NS 0.604 

Average for Locus 0.516 

R Z  0.661 
R2 0.292 
Ro+r 0.069 

Average for Locus 0.341 
Average for 3 Loci 0.376 

Expected Indian ancestry 1 - 0.376 = 0.624 

tained from the record. In the succeeding 
figures, based on the 94 mixed Indians of 
the second survey only, the average 
English admixture is calculated for each 
gene, averaged for each locus, and then 
averaged for the three loci. The expected 
Indian ancestry of 0.624 is almost iden- 
tical with the 63% obtained from the 
record. Of the individual genes of the sec- 
ond survey those of the ABO locus are 
below the general average, M and N s  are 
well above, and the Rh genes are variable. 
It must be emphasized that many genes 
(S-s and most of its combinations with 
M-N, along with K ,  Fy”, PI, Jha, R‘) yield 
“impossible” answers, as the hybrid group 
is not within the range of the Cherokee 
full-blooded and English. 

The apparent discrepancy is most likely 
due not so much to other ethnic strains 
entering the Indian population as it is to 
sampling error or genetic drift within a 
small and relatively inbred community. 
The gene frequencies of Scotch-Irish and 

even other Europeans are not appreciably 
distinct from the English. Although the 
one Henshaw in “full-blooded,” the one 
Hunter in the mixed Indians, and the S-s 
imbalance raise the question of Negroid 
admixture, the absence of Rho, Js, S”, V, 
and all abnormal hemoglobins, and the 
observed incidence of ABO, Fy”, Jk“, and 
P make considerable genetic contribution 
from Negroes extremely unlikely. When 
the small number of the Indians who hid 
out in the hills in 1838 to become the 
ancestors of the present-day eastern band 
of Cherokees is taken into consideration, 
then the so-called “founder effect” looms 
large as a factor in the production of the 
gene frequencies described here. Insofar 
as it is possible to determine, the present 
day serological study confirms the histor- 
ical supposition that the Cherokees of to- 
day who are not fully Indian represent an 
approximately equal admixture with an 
English (or English-Scotch-Irish) stock. 

The data on the Cherokees of North 
Carolina may be useful in helping to 
answer one persistent question of genetic 
anthropology : did the American Indian 
contribute genes in significant quantity to 
the American Negro? Through anthro- 
pometry and interview, Herskovits (’30) 
concluded that the Indian admixture in the 
Negro was large. Through gene frequency 
studies of Africans, American Negroes, 
Whites, and Indians, Glass (’55) con- 
cluded that the Indian contribution to the 
Negro gene pool was negligible. However, 
the Indian population which Glass used 
for his figures were primarily the Chippewa 
of Minnesota, a tribe which had little op- 
portunity for hybridization with the Negro. 
It may therefore be of interest to substitute 
Cherokee gene frequencies for Chippewa 
in his calculations to ascertain if they alter 
his conclusion. 

Glass first used the R” (Dce) gene, 
which is negligible or absent in both 
Whites and Indians and high in Negroes, 
to estimate the admixture of other popula- 
tions with West African Negroes neces- 
sary to yield the observed American Negro 
gene frequencies. This figure lies between 
22 and 29%, depending on the classifica- 
tion of the Rho variant (D“). The question 
of Indian contribution may then be tested 
by calculating expectancies for other genes 
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on the hypothesis that all of the shift in 
R" frequency has been produced by admix- 
ture with the white population, and then 
checking these expectancies against the 
actual frequencies observed in the North 
American Negro population. This is done 
by multiplying the difference between the 
frequency of a gene in African Negroes 
and Whites by 0.22 or 0.29 and adding 
this quantity to the African value. The 
result may then be compared with the ob- 
served American Negro gene frequency to 
determine whether the Indian may have 
altered this expected figure. The calcula- 
tions for the genes A, B ,  0, R', R2, r, and 
M agree in denying appreciable Indian 
contribution to the American Negro gene 
pool. The gene P and the combinations of 
S or s with M or N yield anomalous results 
in that the observed American Negro fre- 
quency of P lies outside the range of all 
three possible parents, and the S combina- 
tions present internal contradictions. 

Reference to table 11 will show that the 
frequencies of the genes utilized by Glass 
for his estimate are essentially similar in 
the Cherokee (first column) and the Chip- 
pewa (second column). The greatest dif- 
ferences between the two sets of figures 
occur in the Rh system, where the R' gene 
frequency of the Cherokee is approximately 
twice that of the Chippewa, and the re- 
verse is true of the R2 gene. Even these 
differences do not alter Glass' conclusion; 
in the case of both genes the observed 
American Negro frequencies are almost 
identical with that expected from the 
introgression of White genes alone into 
the African stock. 

Certain genes not used by Glass in his 
computations are now available. V, like 
R", is absent or negligible in both Whites 
and Indians, but appreciable in Negroes. 
This gene may therefore be used to con- 
sider the total genetic change between the 
Negro from Africa to America, regardless 
of the relative magnitude of contribution 
by Whites or Indians to the hybrid. Put- 
ting available data (Race and Sanger, '59, 
p. 128) into Glass' formula the admixture 
becomes 

1 -  = 1 -  American Negro - White 
African Negro -White 

0.144 - 0.002 
0.225 - 0.002 

= 0.363. 

If information from the sampling of few 
populations may be relied upon, the V 
gene thus suggests about 36% admixture, 
an even greater alteration of the Negro in 
America than that indicated by the R" 
gene. J s  will become another valuable 
marker when more data are available. 

Too few observations, too low an inci- 
dence in all populations, and/or too little 
differential between populations render 
many genes cited in the present study 
relatively useless for precise computation 
of Indian genetic contribution to the 
Negro. R", r', r f f ,  C", S", V", Kp", Lua, Wr", 
Be", and Di" fall into this category. The 
presence of one Henshaw in the Cherokee 
full-blooded and one Hunter in the mixed 
Indians also makes these two genes of 
doubtful value as markers. 

Of the remaining blood group genes, 
A', K ,  Jh", and Fy" agree in excluding any 
measurable influence of Indians on the 
Negro gene pool. Only A', absent in the 78 
full-blooded Cherokees tested, suggests a 
possible Indian effect on the Negro. 

It is safe to conclude that the present 
study lends further support to Glass' hy- 
pothesis of negligible contribution of 
Indians to the American Negro. 

SUMMARY 

Data have been presented on the blood 
types of the Cherokee Indians of North 
Carolina partitioned into full-blooded and 
others. The figures are essentially similar 
to those of other American Indians, ex- 
cluding such tribes high in group A as 
the Blood Indians. The Diego gene is 
completely absent, however, and the R' 
chromosome is far more common than in 
most other Indian tribes. It appears prob- 
able that hybrid Cherokees have been pro- 
duced primarily by an admixture with an 
essentially English population. The gene 
frequencies lend further support to the 
hypothesis of Glass that the American 
Indian made little genetic contribution to 
the American Negro. 
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