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Abstract

Rhesus macaques (Macaca mulatta) are an important primate model species in several areas of
biomedical research. The wide geographic distribution of this species has led to significant genetic
differentiation among local and regional populations. These regional differences can be important
factors in the selection of the most appropriate subjects for particular research studies, as animals
from different populations can respond differently to the same experimental treatment.
Consequently, it is valuable to confirm the ancestry of individual rhesus monkeys from
geographically distinct populations. Using DNA samples obtained from rhesus macaques from six
National Primate Research Centers, we tested a set of 384 potential ancestry informative single
nucleotide polymorphisms (SNPs) and identified a final panel of 91 SNPs that can reliably
distinguish Indian-origin from Chinese-origin rhesus monkeys. This genetic test can be used to
determine the ancestral origin of animals and to detect individuals that are hybrids between these
two regional populations. To demonstrate use of the SNP panel, we investigated the ancestry of
480 animals from the Yerkes NPRC (YNPRC) for which the colony records were insufficient to
clearly establish ancestry. Three of the YNPRC animals tested were determined to be hybrids.

Corresponding Author: Jeffrey Rogers, Human Genome Sequencing Center, Baylor College of Medicine, Houston, TX 77030,
jri3@bem.tme.edu.

These two authors contributed equally to this paper.
Conflict of Interest Statement:
Two authors (SK and DGS) have a relationship with Primate Products Inc. in which the company markets and manages a service for
genetic testing to assess geographic ancestry in macaques. Primate Products, Inc. receives biological samples from commercial clients,
and sends those samples as well as financial support for supplies and technical staff to the laboratory of SK and DGS, where SK and
DGS oversee the genetic testing and return results back to Primate Products, Inc. No other authors have conflicts of interest.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kanthaswamy et al. Page 2

This SNP ancestry tool will be useful to researchers, colony managers, and others who wish to
evaluate the ancestral origin of individual rhesus macaques, and therefore will facilitate more
effective and efficient use of these animals in biomedical research.
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Introduction

The rhesus macaque (Macaca mulatta) is the most widely used nonhuman primate species in
biomedical research. Rhesus macaques provide critical models for studies of infectious
disease (especially simian immunodeficiency virus infection as a model of HIV-AIDS),
neurobiology, endocrinology, alcohol and drug addiction, metabolic disease and other
aspects of human biology and health. This species has the widest geographic range of any
nonhuman primate, extending from Pakistan and Afghanistan in the west across southern
Asia to the northern parts of Thailand, Laos, Vietnam and north throughout China south of
the Yangtze River [Groves, 2001]. Although fully capable of interbreeding, the animals
from distant parts of this range are genetically distinct. Their anatomical and morphological
diversity is reflected in taxonomy, with six subspecies recognized [Groves, 2001]. In U.S.
research colonies, most rhesus macaques are derived from founding animals that were
obtained from either India or China. While both Indian- and Chinese-origin animals range in
color from dusty brown to auburn with reddish pink faces, adult Chinese-origin animals are
generally heavier, with longer limbs and greater head-to-tail length than their Indian-origin
conspecifics [Clarke and O’Neil, 1999]. This variation in size, external appearance and other
traits [Champoux et al., 1997; Champoux et al., 1994] reflect underlying population genetic
diversification dating to at least 160,000 years ago [Ferguson et al., 2007; Gibbs et al., 2007;
Hernandez et al., 2007].

Importantly for biomedical research, the two geographic populations (Indian and Chinese)
exhibit phenotypic differences that are directly relevant to their use in experimental studies.
For example, the different responses to SIV infection in Indian and Chinese rhesus
macaques lead to strong preferences for Indian-origin animals among researchers working
on the rhesus model of SIV infection and AIDS [Cohen, 2002; Ling et al., 2002; Trichel et
al., 2002]. Chinese-derived animals also have an array of MHC class | haplotypes that only
partially overlaps with that found in Indian-derived animals, suggesting that immunological
challenges may be processed by the immune systems of the two populations in different
ways [Karl et al., 2013; Wiseman et al., 2009]. In addition, behavioral traits can differ
between the two geographic populations as animals with Chinese ancestry exhibit increased
behavioral reactivity compared to Indian origin subjects [Champoux et al., 1997; Champoux
etal., 1994]. As a result of these and other biological differences between regional
populations of this species, investigators frequently prefer to study rhesus macaques of one
population or geographic ancestry than another.

AmJ Primatol. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kanthaswamy et al.

Methods

Page 3

However, the ancestry of individual rhesus macaques available for research is not always
known with complete reliability. While most of the rhesus macaques in U.S. research and
breeding colonies are Indian-origin animals, in recent years an increasing number of animals
with Chinese ancestry have been imported into the US [2011]. Incomplete or inaccurate
animal records can result in macaques of mixed Indian-Chinese ancestry being inadvertently
incorporated into breeding colonies or experimental protocols. This admixture may not be
recognized and could influence research results. An inexpensive and accurate genetic test for
ancestry is needed to allow colony managers, veterinarians and researchers to verify the
ancestry of individual rhesus macaques. The Genetics and Genomics Working Group
(GGWG) of the NIH Nonhuman Primate Research Consortium has developed and validated
such a genetic test, here called the Ancestry Informative Markers (AIMs) test. This assay
uses single nucleotide polymorphisms (SNPs) that differ in allele frequencies between
Indian-origin and Chinese-origin rhesus monkeys. The test can be performed in a short time
using a small amount of DNA and either assigns an individual to one or the other regional
population, or provides an estimate of admixture. We report here the methods used to
develop and validate this test. Our intent is to make this assay and the associated analytical
procedures available to the research community to facilitate the evaluation of specific
animals for breeding programs and research protocols.

We also describe the use of this test for an extensive analysis of a single rhesus macaque
breeding colony. The Yerkes National Primate Research Center (YNPRC) rhesus macaque
colony is typical of those of the eight National Primate Research Centers (NPRCs); while all
rhesus macaques currently housed at the YNPRC have been bred in captivity, the founders
of that population were obtained through multiple sources. The YNPRC has acquired
animals from other NPRCs and from commercial breeding facilities in an effort to increase
genetic variation within this captive population. While these acquired animals were
described as of Indian-origin, in many cases inadequate information was available to reliably
document their ancestry. Therefore, as with other NPRCs, there is interest in validating the
ancestry of the current YNPRC rhesus macaque colony.

Candidate SNPs with potential for use in this AIMs panel were identified from re-
sequencing data as described in Ferguson et al. (2007) and Satkoski et al. (2008). A set of
384 SNPs was chosen for further evaluation based upon identified differences in minor
allele frequencies (MAF) between Indian and Chinese rhesus macaque populations detected
in these initial discovery studies [Ferguson et al., 2007; Kanthaswamy et al., 2009].

We next genotyped the 384 candidate SNPs in 341 rhesus macaques from six NPRCs. The
sample set included animals presumed to be pure Indian or pure Chinese, based on purchase
records, pedigree data or genotypes at short tandem repeat (STR) loci. DNA samples from
unrelated animals, as well as 30 sets of trios (sire, dam and offspring), were included as test
subjects. Finally, DNA samples from a set of 30 known hybrid animals from the California
and Oregon NPRCs, including animals with 25%, 50% or 75% Indian ancestry, as inferred
from pedigree data, were also analyzed. Table I lists the number of animals tested from the
different centers.
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Genotyping was performed at the Oregon Health Sciences University Gene Profiling Shared
Resource using the lllumina, Inc. (San Diego, CA) BeadXpress Assay, BeadStudio Reader,
and GoldenGate™ Platform. After initial analysis of the genotype data, we excluded
individuals that had more than 10% missing genotypes. A total of 336 animals satisfied this
criterion and were used in subsequent analyses. The genotype data were then used to
identify the most informative SNPs for ancestry discrimination, using two criteria. First, the
SNPs were ranked by their information value for discriminating the two ancestral
populations, an approach that prioritizes SNPs having the largest differences in MAF
between the two populations [Banks et al., 2003; Kanthaswamy et al., 2009]. Second, we
considered SNP chromosomal positions to maximize the distribution of SNPs across the
genome. Through this process we identified a subset of 96 candidate SNPs for inclusion in
the AlMs panel (Supplemental Table 1). The size of the SNP array was designed to achieve a
balance between the need for accurate ancestry discrimination and the cost of each assay.
Additional information on these SNPs, including chromosome coordinates and flanking
sequences, is provided in the Supplemental Table I and 1l. Chromosomal locations were
based on the Macaca mulatta genome assembly, rheMac2 (Gibbs et al 2007).

We further tested the reliability of the 96 SNP AIMS panel by re-genotyping a set of 95
samples consisting of 54 confirmed Indian-origin animals (including 20 samples from the
Caribbean Primate Research Center (CPRC)), 22 confirmed Chinese-origin individuals, and
19 hybrid animals based on the initial round of genotyping (Table I). This round of SNP
genotyping of the 95 samples was performed at a different genotyping facility, the UC Davis
Genome Center, using the lllumina BeadExpress Assay, BeadStudio Reader and
GoldenGate Platform as in the first round. We reviewed the genotypes to ensure GenCall
and GenTrain quality scores were at least 0.60, and that the SNP profiles did not exhibit
more than 5% missing information.

This AIMS assay was then applied to the YNPRC rhesus macaque colony as a case study
and to demonstrate the utility of the test. The 480 YNPRC subject animals were selected
based on the number of offspring each had produced, so as to represent the maximum
proportion of the total genetic variance present within the YNPRC colony. Genotypes for
each individual were assigned using Illumina’s GenomeStudio software (an upgrade of
BeadStudio). Again, individual genotypes or SNPs with quality scores below 0.6 were
eliminated from further analysis and only animals with at least 95% genotype calls were
included in the analysis.

Genotype data from each of the above studies were analyzed using STRUCTURE 2.3.3
[Hubisz et al., 2009; Pritchard et al., 2000]. The program employs a Markov chain Monte
Carlo (MCMC) method to compute P(X|K), the probability that the data fit the hypothesis of
K genetically discrete clusters. STRUCTURE also calculates the fractional genetic
composition of each animal derived from each inferred ancestral population (Q). In this
analysis, it was assumed that all animals were members of one of two possible ancestral
populations, i.e. Indian or Chinese (K = 2), or hybrids produced from those two populations,
with Q defined as the proportion of Indian ancestry. STRUCTURE was run with 5 X 10°
MCMC iterations after a burn-in period of 1 x 10° iterations to ensure that group
assignments with the greatest probabilities were detected. It was assumed that allele
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frequencies are correlated among populations and that, despite prior assignment of an
individual to a specific ancestral population, each individual could have ancestors that were
derived from both populations. A discriminant analysis of principal components (DAPC),
which provides a visual and quantitative method for identifying genetic clusters by
partitioning within- and between-group variance [Jombart and Ahmed, 2011], was
performed using the adegenet package in R [Jombart, 2008].

All research protocols reported in this manuscript were reviewed and approved by the
appropriate institutional animal utilization and care committees and adhered to the legal and
ethical requirements that regulate research with animals in the United States. The research
also complied with the American Society of Primatologists (ASP) Principles for the Ethical
Treatment of Non Human Primates as found at https://www.asp.org/society/resolutions/
Ethical TreatmentOfNonHumanPrimates.cfm.

Detailed review of the genotypes generated in the second round of testing identified 3 SNPs
(CXCL123173, GREM13811 and ZAP1283210) that did not produce reliable genotype calls
across the two different genotyping centers, and thus they were eliminated from the panel.
Two X-linked markers (CD40LG:738G and MAOA:116G) were also eliminated from the
panel. Therefore the final SNP set includes 91 SNP loci. The Supplemental Table Il presents
the chromosome coordinates, alleles, MAF for each ancestral population and AMAF values
(differences in MAF between Indian- and Chinese-origin animals) for the 91 SNPs included
in the AIMS panel. The AMAF values ranged from 0.09
(X34958656.8.08YOWMI01A87RR) to 0.69 (FJX13286), with an average of 0.365
(£0.098).

Overall, the SNP panel performed well in distinguishing animals from the two ancestral
populations and for identifying hybrid individuals. Within the set of 336 rhesus macaques
retained for analysis, the majority (93.5%) of animals reported as pure Chinese or pure
Indian ancestry based on prior records were also classified as purebred using this ancestry
assay (Fig. 1 and 2). Known hybrid animals exhibited mixed ancestry with Q values ranging
from 0.171 to 0.846 (Figures 1 and 2).

STRUCTURE analysis provides not only a point estimate for the likelihood of membership
in each cluster (population), but also the 90% credible interval (Cl) for inclusion in each
cluster. In our study, individuals that were estimated to have 15% or less admixture based on
AIMS genotypes also had a 90% CI range that included 0% secondary ancestry contribution
(purebred). Thus, the lower limit for the resolution of hybrid status using this assay was
established as 15%.

Among the 336 NPRC animals, the AIMS assay identified 20 individuals whose genotypes
did not correspond with predictions based on colony records or other prior information
(Figure 1 and 2). These problematic cases provide clear demonstration of the need for and
value of this SNP ancestry-testing panel. In one case, a DNA sample from an animal initially
labeled as unmixed Indian-origin was assigned purebred (99.8 %) Chinese ancestry. This
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sample is labeled “m” in bottom row of Figure 1. It was subsequently discovered that the
sample had been mislabeled as Indian and is actually of unmixed Chinese ancestry. Another
sample initially assigned as 25% Indian ancestry (third sample, also labeled “m”, in the first
row of Figure 1) was subsequently found to have incorrect sire and dam records, and is in
fact 75% Indian ancestry. These cases provide both a cautionary tale and a series of real-
world examples demonstrating that this panel will be useful.

In all cases in which animals were initially labeled as purebred Indian, but were indicated by
the SNP testing to be hybrids, subsequent analysis of colony records showed that either a
parent or grandparent of the predicted hybrid was obtained from breeding facilities outside
the NPRC system. These acquired breeders were labeled as being purebred Indian origin by
their suppliers, but our genetic test suggests that this was probably not the case. Thus,
genetic ancestry testing was immediately useful in these specific cases. In the future, this
approach can be used to validate the ancestry of individuals prior to their introduction into
NPRC breeding or research populations.

In the test of the reproducibility of the 91 SNP assay using the 95 individuals selected for re-
genotyping, five DNA samples failed for all 91 SNPs and were thus omitted from further
analysis. The Q values of all of the unmixed samples were consistent with pure ancestry of
their assumed countries of origin. All eight of the remaining predicted hybrids identified in
Round One of our assays that were re-genotyped in Round Two were reconfirmed as
hybrids (Figure 3). Their Q values range from 0.517 to 0.730. This testing also confirmed
that one animal, originally thought to be ~25% Indian ancestry, was in fact ~75% Indian in
both the first pass and confirmatory analysis (animal m in Figure 3).

To demonstrate use of the SNP ancestry assay for extensive analysis of a single breeding
center, a set of 480 rhesus macaques born at the YNPRC were genotyped using the 91 SNP
set (Figure 4). The 75 rhesus macaques whose ancestries were re-confirmed in the
replication study, and the 20 new CPRC animals, were used as a reference panel for
STRUCTURE analysis in this study. All but three of the YNPRC rhesus macaques were
unambiguously assigned to the pure Indian subpopulation, having at least 85% probability of
Indian ancestry. Each of these three animals was subsequently removed from the breeding
population. In tracing the origin of these animals it was discovered that one of three, as well
as a common ancestor of the other two, were acquired from a common outside vendor, again
highlighting the importance of ancestry testing on newly acquired animals.

Discussion

The genetic and physiological differences among rhesus macaques from different parts of
the species’ natural geographic range are significant enough to influence results in some
types of experimental studies. The difference in response to SIV infection is the most widely
cited example (Ling et al. 2002; Cohen 2002; Trichel et al. 2002), but others have also been
described (Champoux et al. 1994, 1997). Ancestry records for specific animals may be
incomplete or in doubt, making it useful in some circumstances to confirm the ancestry of
individual rhesus macaques using a genetic test.
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The SNP-based test described here is capable of distinguishing purebred Chinese-origin
from purebred Indian-origin rhesus macaques with great reliability. This AIMs test is also
capable of detecting hybrid ancestry when the proportion of admixture is at least 15%.
Though no wild-caught animal samples were available for use as controls in this test, the
overwhelming agreement between the reported animal ancestry and the ancestry predicted
by this SNP panel across hundreds of subjects provides confidence that the assay correctly
distinguishes the two ancestral populations of Indian and Chinese rhesus macaques.

There are at least two circumstances in which this genetic test will be valuable to colony
managers or researchers. First, it can be used to confirm the genetic background of new
animals introduced into a colony for breeding. If a colony consists of purebred animals of
one origin, it may be appropriate to test new potential breeders to maintain a population with
unmixed ancestry. The potential value of this test was unexpectedly demonstrated during
these development studies, and again in the survey of the YNPRC breeding group, by the
identification of several hybrid animals originally thought to be unmixed. Second, the test
will be appropriate in cases where the background of a set of existing research animals,
based on available records, is in some doubt and documentation from an independent assay
is desired.

At this time, it is beyond the power of this test to reliably detect low (less than 15%) levels
of admixture. Thus, it is important to bear in mind that when the result of this test for a given
animal is either “Indian-origin” or “Chinese-origin,” this actually means that the animal
shows no evidence of > 15% admixture. Thus, an animal with one great-grandparent (out of
eight) with a geographic (genetic) origin different from the other seven may be
indistinguishable from a true purebred individual using this test. In addition, this test cannot
determine which parent or grandparent contributed the contrasting genetic heritage, though
direct testing of each of those parents or ancestors would probably provide this information.

While the current panel of SNPs is effective and reliable for the intended purpose, this assay
could be improved or expanded in the future. Expansion of the AIMs panel by incorporating
additional informative SNPs would provide increased statistical power that might facilitate
detection of admixture below 15%. Improved information concerning allele frequencies in
different parts of the natural range of rhesus macaques would help identify other
subpopulations with potentially differing allele distributions. The establishment of a well-
characterized reference panel of animals of known and fully confirmed ancestry would also
ensure the consistency of results across studies.

Finally, as we learn more about the genetic basis of the phenotypic traits that differ between
Indian and Chinese rhesus macaques, such as their differential response to SIV or
differences in temperament and behavior, it should be possible to develop a panel of genetic
tests that includes some of those functionally significant variants. A SNP panel including a
series of functional variants that drive phenotypic variation might provide more useful
predictions about the response of specific individuals to certain experimental protocols,
independent of their overall ancestry. In the long run, researchers may also consider targeted
genetic testing for specific genetic variants that influence specific phenotypes of interest, as
compared to testing for geographic origin, which measures underlying, but currently
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unidentified functional genetic differences between populations. Finally, we note that the
same type of test could be developed for cynomolgus macaques (M. fascicularis), to
distinguish among animals born or with ancestry in Indonesia, Malaysia, Indochina, the
Philippines or Mauritius, and among whom genetic differentiation exceeds that among
regional populations of rhesus macaques [Kanthaswamy et al., 2008; Smith et al., 2007].
This type of genetic test could, in principle, also be developed for different regional
populations of baboons, African green monkeys, squirrel monkeys or any other primate
species that exhibits substantial genetic variation among its natural regional populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
The fractional genetic ancestry (Q) of each individual rhesus macaque (represented by a

vertical bar) derived from the calculated Chinese (light grey) and Indian (dark grey) clusters,
as estimated by STRUCTURE. Thirteen individuals predicted to have greater than 15%
hybrid ancestry are indicated with an ‘h’. An additional three offspring/parent pairs (‘1/2,
*3/4°, *5/6) with predicted hybrid ancestry are shown. A Chinese rhesus that was
misclassified as an Indian rhesus and a 75% Indian animal that was misclassified as a 25%
Indian rhesus are indicated with an ‘m’.
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Fig. 2.
The first two PCA axes differentiating pure Chinese, Indian and hybrid rhesus macaques

explain approximately 75% and 15% of the variation respectively.
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Fig. 3.
The probability of assignment or fractional ancestry (Q) of each individual rhesus macaque

in the retest panel (represented by a vertical bar) derived from the putative Chinese (dark
grey) and putative Indian (light grey) samples, as estimated by STRUCTURE. Eight
individuals are labeled with ‘h’ to indicate that they have greater than 15% hybrid ancestry.
A 75% Indian animal that was misclassified as a 25% Indian rhesus in Figure 1 is indicated
with an ‘m’ in this figure.
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Fig. 4.
With the exception of three individuals, all animals among the YNPRC sample were

assigned to 85% or greater Indian ancestry and were considered pure Indian ancestry.
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Source and reported geographic origin of the rhesus macaque samples used in the initial development of this
SNP assay. The number of samples used for initial testing is listed first and the numbers of samples used for
validating the AIMs SNP panel are in parentheses.

Source N Origin
NENPRC | 50 (13) Indian
WNPRC | 50 (6) Indian
ONPRC 19(2) Chinese
ONPRC | 50(2) Indian
ONPRC 5(0) | 50% Indian
ONPRC 5(1) | 75% Indian
TNPRC | 50(6) Indian
YNPRC | 50(3) Indian
CNPRC | 20(4) Indian

CPRC 0 (20) Indian
CNPRC 5() | 75% Indian
CNPRC 10 (@) | 50% Indian
CNPRC 5() | 25% Indian
CNPRC 22 (20) Chinese

Total | 341(95)

AmJ Primatol. Author manuscript; available in PMC 2015 November 01.



Page 15

Kanthaswamy et al.

700 v 9 o 9 v S50 B4 969€TSE0T | € ig4hll
LE0 ) v 1€0 v ) g0 o €1/2€598 € ¢SSArZ0INMOABAEELLEETIBX
8€0 9 A4 600 A4 9 €50 B4 €ETVI8T € OETY:¢doll
6€°0 ) o] €0 o] ) 8€0 910 08ETTC6LT | ¢ 282e00dIAY
92’0 v o} 100 A4 o} ¥20 oV 0600EYSLT | ¢ 00¢y: 400
¢co ) v o ) v 6T°0 o G866686VT | ¢ TAOLVTOINMOABQA ¢'S8666867TX
¥¢0 1 o} G0 o} 1 [0140) 1/ 99/¥9¥8ET | ¢ 6¢4NDZ0INMOABA ¢ 99.L7IV8ETX
70 o] 1 20 1 o] g0 1/0 ¥SE098SET | ¢ P1NGETOINMOABQA ¢ ¥SE098SETX
¥0°0 o} 9 820 o} 9 G20 9/0 69T985TCT | ¢ 99/:3HO4
100 1 o] 9¢'0 1 o] §S¢0 1/0 YECISTIS [4 GLEEETTLL
6v'0 o} 1 910 o} 1 ce0 1/ 1085818¢ [4 §SS1.vAd
6T°0 v ) [44\ ) v 6€0 o 071S5.28L¢ [4 €90IGTOINMOABA¢'0TSLe8LeX
EV'o 1 o} 000 1 ev'0 1/ L6VTE60C [4 TPPEHSHV L
500 o] 1 0 o] 1 6€0 1/0 TOET82LTC | T 065CENHHO
¢00 1 o} 920 1 o} ¥20 1/ 9€8ETEBGT | T 00¢€: 110X
or'0 1 o] ¢e0 o] 1 8¢°0 1/0 666TVE68T | T [OVIVTOINMOABA T'666TYEE8TX
6v'0 1 v S0°0 v 1 Lv'0 v 16888¢88T | T 0£9€71N7T19
8¢0 ) v 100 ) v 120 o 878.06¢9T | T €6T¢d0
600 o} 1 6€0 o} 1 1€0 1/0 SOLEVILVT | T 168€:5471L
€0 1 v 100 1 v €€0 v TTEBLBEET | T 7LOEHCOIWMOABA T'TTEBLBEETX
¥0°0 A4 9 9€0 v 9 €€0 B4 T.v90708 T 992EMV
¢00 ) 1 [44\ ) 1 6€0 1/9 TC6ESLYL T dXT8VTOINMOABA T TC6ESLYLX
¢00 1 o} 60 1 o} 120 1/ 8GT1GCT9S T J.v9:8dd1
¥0°0 ) v 8¢0 ) v S¢0 o €¢16005€ T 0dO49¢0INMOABA’T'ECT6005EX
9’0 1 9 610 9 1 ¥€0 1/9 61075982 T OM4YOZ0INMOASA T'6T0¥S98ZX
AVIN | 8BV JofeN | dp91Iv JoutN | AVIN | BlBIIV JofeN | BRI JoulN | ANV | 8Bueyd | uomisod awosowoayo dNS
9saulyD uelpuj

"MO]9 papIAoId 8. uoleUIWIBIBP ANSaoue 10y Pasn SANS T6 aY) J0) SanjeA eljap pue salouanbal) afa|e Joul Ajquiasse
ZORINIBYJ 8 UO paseq ale Sajeulplood olwoual sy jaued SIAY 8yl Jo Juawidojansp ayl oy paiynuapl Ajjeulbiio SNS 96 aU1 J0J SUOIRIO| [BLIOSOWOIYD

Author Manuscript

I a|qeL

Author Manuscript

Author Manuscript

Author Manuscript

AmJ Primatol. Author manuscript; available in PMC 2015 November 01.



Page 16

Kanthaswamy et al.

900 1 v 97’0 1 v [0)40] v 1G20evTy 0T 9T09dTOINMOABA 0T LS20C Ty X
920 9 o) 0€0 o) 9 Sv'0 9/0 Zv006T. 0T TOSETTOdS
¢e0 o] 1 100 o] 1 T€0 170 90¥86€2CT | 6 AVSHITOINMOABA 6'90786€CCTX
¥0°0 9 o) 6€0 0 9 150 9/0 028zyLT0T | 6 8ABHATOINMOABA 6'028CYLTOTX
LE0 v Q) €€0 Q) v 620 o 09260528 6 3dOdOZ0INMOABQ'6'09260528X
620 9 v 1€°0 v 9 6€°0 N €2992€29 | 8 MNZ1A9TOINMOABA'8'€2992€29IX
100 1 Q) o 1 Q) [0)40] 1/9 8¢88658¢ 8 9¢¢Sdv1S
620 9 v 8€0 9 v 600 o 9598567 | 8 HY.8VTOINMOABA 8'959856VEX
100 o] Q) (0)40] o] Q) ¢e0 9/ LELBETIOT | L 0.T€dVHL
¥0°0 9 v 6€0 9 v v€'0 o 05965T€8 | L 9TZTTX3dV
9¢'0 9 v 440 v Q) ¢e0 o Y6VEELEL L VIBAICOINMOASBQA L'V6VEELELX
200 9 o) 170 9 o) 6€°0 9/0 66520T¢S | L J13IMOTOINMOABA L' 66520TZSX
¥0°0 9 v 0€'0 Q) v LZ0 o TVeeTLLy L IMINLVTOINMOASBQA L TYCETLLYX
700 o] 1 6¢°0 o] 1 20 1/0 121902¢T L YYTSNEHO
100 1 o] 0€'0 1 o] 620 170 ¢699/897T | 9 8G€¥.AD
6€°0 1 9 LT0 1 ) o 1/9 T€8EBCSYT | 9 €1S9IC0INMOABA9I'TEBEBCSYTX
ST'0 9 v €0 v Q) ¢S0 o ¢8668T6TT | 9 EVOWITOINMOABA'9'¢8668T6TTX
6€0 v 9 700 v 9 S€'0 o 9186026T | 9 ALVIITOINMOABA 9 9T86026TX
o 1 o] 610 o] 1 6€°0 170 CEVVEITT 9 1LE3OTOINMOABA 9 CEVPEITTX
€0 v 1 <00 v 1 ¢e0 v €E090€LET | § €65¢130av
100 9 v 120 Q) v G20 o G66S.E€CT | S HAOAIZOINMOABQ'G'S665LEECTX
820 9 v €e0 v 9 6€°0 o 9e8v8eseE | § 6V7E6VNUHO
100 9 v T€0 Q) v 0€0 o ¢16TTSC S TL22TSAM
<00 o] v Ge0 o] v €€0 o T¥8TT909 14 HHZZATO0lINMOASA ¥ T¥8TT909X
¢00 9 v €0 Q) v T€0 o 9/¢8EV9E % 9TVTVINMAD
670 o) v 100 o) v o o €980¢csve | v TOTZIVSHATY
00 v Q) 6€°0 v Q) 9€°0 o L¥969G.9T | € NAZSHZOIWMOABA'€'L¥96S5GL9TX
600 v 1 S¥'0 v 1 LE0 v GO0T8I8ET | € 9GZMAT0INMOA8BA E'SO0TBTBETX
4VIN | 8BV JofeN | dpR1Iv JoulIN | AVINL | BI8IIV JofeiN | BjBlY JoutiN | JYINV | dbueyd | uomisod awosowoayo dNS
asauIyD uelpuj

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

AmJ Primatol. Author manuscript; available in PMC 2015 November 01.



Page 17

Kanthaswamy et al.

€00 o] Q) 440 Q) o] 95°0 9/ TSEVTLSC LT GevTved1lH
8¢0 1 v 6¢0 v 1 €70 v 9S¢ETVTC LT NT1299C0INMOABA LT 9SCETYTCX
¢00 1 o] L20 1 o] G20 170 Yy¥6207S 9T OTST'AAd
90 v 9 700 9 v 050 o G65/8€05 | 9T S.LOVTOINMOABA 9T'565.8806X
€0 v o] 100 v o] €€0 o 6SEVYTTE 9T 0069:G7100
200 9 v 90 9 v €v'0 o 09T9096¢ | 9T V915:87100
¢00 9 v (0)40] Q) v 8€0 o ¥¢6.62ST 9T 7.TE0TMX a4
200 9 v €e0 9 v 1€°0 o €2967v08 | ST JVHEIZOINMOASQA ST €C9GH708X
o v Q) 91’0 Q) v €70 o GT20E9Y9 qT LOUrd420INMOABA ST 'STC0EIIX
€e0 v 9 100 v 9 €€0 o 885€89YY | ST 9eT185XAA
¢00 9 v T€0 Q) v 620 o YeovLiive qT TEOTOZOINMOABA ST 729 LTYeX
ze0 v 9 100 v 9 1€°0 o 67€8596T | ST YZrEINLSY
€0 1 o] 100 1 o] €€0 170 Tere9E8T qT O€0L:7dT1L
Y00 o] 1 LE0 o] 1 €0 1/0 ¢vSL0LL qT 10714920INMOABA ST ZVSL0LLX
100 1 o] (0)40] 1 o] 6€°0 170 9¢TG¢c00T | VT J4THOCCOINMOABA T 92TSC200TX
<00 9 v 6€°0 9 v 9€'0 O 19650299 14 ZMNAdATOINMOABA ¥T'L9650L59X
0€0 1 o] 100 1 o] 620 170 9668099€ T OTLy:yyAD
620 o) 1 100 1 o) 690 10 98¥8029¢ | ¥T 982€TXr4
900 o] 1 €€0 o] 1 LZ0 170 8¢¢v/S9¢T | €1 1TET:ddHNI
LZ0 o] 1 000 o] 1 920 1/0 ¢¥/52886 €1 089VATOINMOABA T Ci.52886X
¢00 9 v w0 Q) v 0 o C90€ELTE €T CATXIZOINMOABAET C90EELTEX
1A 9 v 200 v 9 €50 o 09SvETSY | 2T OTCEYVOLI
¢00 o] Q) 620 o] Q) 920 9/ 18¥S¢ceect | 11 1LOEDC0INMOABA'TT L8YSCCCeTX
800 9 v ¥€'0 9 v 62°0 o G0TZC9le | TT T6EETBENLS
100 1 o] GE'0 1 o] 820 170 9¢8T¢9.¢ 11 CTTET8EMNLS
100 o] 1 €0 1 o] 850 1/0 ¥SS100L 17 855€rAd
8¢€0 9 v 600 Q) v 620 o 168€90¢ 11 SINOMIZOINMOABA TT'L68E90CX
¥0°0 v 9 620 v 9 9z'0 o 9/89gsey | OT ¥5¥2SZdVNS
4VIN | 8BV JofeN | dpR1Iv JoulIN | AVINL | BI8IIV JofeiN | BjBlY JoutiN | JYINV | dbueyd | uomisod awosowoayo dNS
asauIyD uelpuj

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

AmJ Primatol. Author manuscript; available in PMC 2015 November 01.



Page 18

Kanthaswamy et al.

8EGC6ET 6 €LTECTTIOXD

Z¢ySTT8 X O9TT:-VOVIN

8E8TB99ET | L 0T¢€82TdVZ

¢C60LT L TI8ETNIHD

¥1298¢ X 98€.:9710rAdd

Jaued SINI U3 WOy pajeullI|d a1am Jeyl SANS

8¢€0 9 o] S0°0 Q) o] €€0 9/ 6.79876.L 0¢ 069ZNVO
Sv'0 9 v 20 v ) €0 O 865611€9 0¢ VINXOTOINMOABQA 0¢'8656T7E9IX
00 o] v 44\ o] v 8€0 o €6.026€S 0¢ S6¥2¢v9D1S
100 9 v 920 9 v S0 o vE60Lv6E | 6T IVM8HZOINMOASQA 6T VEB0LYBEX
[440] 1 o] LE0 o] 1 0 170 TTLTTT6S 8T HAMNMOTOINMOABA'8T TTLTTTESX
10 o) v G20 v o) v€'0 o €88€98.¢ | 8T OWICDZOIWMOABQ 8T €88E98LEX
¢00 9 v GE'0 Q) v ¢e0 o Lyy¥6T62 8T 6ONTIZOINMOABA 8T Lry6T6CX
€00 o] 1 LE°0 o] 1 €0 1/0 LYTCTTST 8T dT16HZ0INMOABA 8T LYTCTTSTX
Sv'0 o] 1 100 o] 1 8€0 170 7869708 8T Ndl8OZ0INMOABA 8T ¥8691708X
9e0 v 9 ¥0°0 9 v 090 o 999vTLST | LT 0ZTTVZHLH
4VIN | 8BV JofeN | dpR1Iv JoulIN | AVINL | BI8IIV JofeiN | BjBlY JoutiN | JYINV | dbueyd | uomisod awosowoayo dNS

asauIyD uelpuj

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

AmJ Primatol. Author manuscript; available in PMC 2015 November 01.



