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Abstract Rhesus macaques (Macaca mulatta) provide
well-established models for studying human disease path-
ogenesis and vaccine development. When challenged with
infectious agents, macaques exhibit individual differences
in susceptibility. An important determinant of these differ-
ences is the complement of major histocompatability
complex (MHC) class I sequences expressed by each
animal. Although previous studies have reported strong
associations between MHC expression and disease out-
come, a rapid, cost-effective method for high-resolution
MHC genotyping in macaques is lacking. In this study, we
adapted a modified heteroduplex assay, reference strand-
mediated conformational analysis (RSCA) to an ABI
3130xl capillary electrophoresis genetic analyzer for ma-
caque MHC class I genotyping. For validation, we

investigated the concordance of RSCA genotyping for 14
MHC class I sequences in 12 Chinese rhesus macaques
whose genotypes were established through complementary
DNA cloning and sequencing of MHC class I sequences.
We observed a concordance greater than 98% between
RSCA and the cloning and sequencing data. Furthermore,
RSCA confirmed the presence of MHC haplotype sharing
between three macaques as predicted previously by micro-
satellite analysis. RSCA genotyping of an additional 25
Chinese rhesus macaques demonstrated that the frequency
of these 14 MHC class I sequences ranged from 5% to
32%, with the Mamu-A1*2601 sequence being most
common in this cohort. Capillary RSCA genotyping has
the potential to enable researchers to rapidly evaluate MHC
class I genotypes in rhesus macaques and associate specific
MHC sequences with disease susceptibility.
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Introduction

The rhesus macaque (Macaca mulatta) is the most widely
used non-human primate in biomedical research primarily
due to their physiological and genetic similarity to humans
(Gibbs et al. 2007). Functional similarities between the
human and macaque major histocompatability complex
(MHC) make the macaque an indispensible model for
biomedical studies that focus on human disease pathogen-
esis (Wiseman and O’Connor 2007). MHC gene products
play a fundamental role in regulating the host immune
response to foreign antigens, and expression of specific
MHC gene products may significantly influence disease
susceptibility and outcome. For example, strong associa-
tions have been shown between slower disease progression
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following infection with human immunodeficiency virus or
simian immunodeficiency virus and specific MHC genes
such as HLA-B*27 and HLA-B*57 in humans or Mamu-
B*08 and Mamu-B*17 in rhesus macaques, respectively
(Kaslow et al. 1996; Bontrop and Watkins 2005; Martin
and Carrington 2005; Loffredo et al. 2007). As correlations
between macaque MHC genetics and disease susceptibility
become increasingly evident, the need for a cost-effective
method for high-resolution MHC genotyping becomes
more pronounced.

Cloning and sequencing from rhesus macaque comple-
mentary DNA (cDNA) libraries remains the “gold
standard” for high-resolution MHC genotyping (Wiseman
and O’Connor 2007). However, preparation and screening
of cDNA libraries for MHC class I sequences is laborious
and prohibitively expensive for comprehensive MHC
genotyping of large cohorts of animals, like those used for
vaccine studies. More economical techniques such as
sequence specific primer [polymerase chain reaction
(PCR)–SSP] and microsatellite PCR analysis are commonly
used, but these techniques provide information on only a
limited number of known MHC sequences (Kaizu et al.
2007; Penedo et al. 2005).

Several recent studies utilized reference strand-mediated
conformational analysis (RSCA) to characterize MHC
alleles in various non-human primates, including MHC–
DRB sequences in Aotus monkeys (Baquero et al. 2006)
and MHC class I sequences in pigtail, cynomolgus, and
rhesus macaques (Smith et al. 2005; Pratt et al. 2006; Krebs
et al. 2005; Wiseman et al. 2007; Mee et al. 2008; Tanaka-
Takahashi et al. 2007). RSCA resolves heteroduplexes
between PCR amplicons and sequence-mismatched refer-
ence strands based on their electrophoretic mobility under
non-denaturing conditions. RSCA is an effective method
for identifying both known and novel MHC sequences, and
has the added advantage of detecting shared sequences
among multiple macaques in a single run. However,
difficulties with reproducibility using slab gel platforms
and subjective interpretation of electrophoretic profiles
have limited the broad application of RSCA as a genotyp-
ing method. Additionally, the discontinued technical sup-
port for out-dated instrumentation (e.g., the ABI 377 and
Alf Express II) has highlighted a need to adapt RSCA onto
a capillary electrophoresis platform.

This study aimed to develop a protocol for capillary
RSCA on the ABI 3130xL genetic analyzer as a method for
MHC class I genotyping in rhesus macaques. The adapta-
tion of our RSCA protocol was validated with 12 Chinese
rhesus macaques whose genotypes were established previ-
ously through cDNA cloning and sequencing of MHC class
I sequences. An additional 25 Chinese rhesus macaques
were screened by capillary RSCA and frequencies of 14
MHC class I sequences were determined.

Materials and methods

Animals

Peripheral blood mononuclear cell (PBMC) samples were
obtained from 37 Chinese-origin rhesus macaques (ChRh01–
18, 22–33, 35–41) from Covance (Alice, TX, USA). Nucleic
acids from the 37 PBMC samples were isolated using the
Qiagen AllPrep DNA/RNA mini purification kit (Qiagen,
Valencia, CA, USA). MHC genotypes for 12 macaques
(ChRh01–12) were determined by cloning and sequencing,
and haplotyped using microsatellite analysis as previously
described (Karl et al. 2008). The additional 25 macaques
(ChRh13–18, 22–33, 35–41) were genotyped by RSCA
alone in this present study.

Generation of custom DNA sizing standard

A custom internal ROX-labeled sizing standard was
generated for RSCA on the 3130xL instrument using
amplicons from the vector pcDNA3.1 (Invitrogen Life
Technologies, Carlsbad, CA, USA). A universal ROX-
labeled forward primer ROX-pcDNA3.1 (5′-[ROX]AGA
CAATCGGCTGCTCTGAT) and one of a series of unla-
beled reverse oligonucleotides were used to generate PCR
amplicons that increased approximately 30 bp in size
(Table 1). Primers used in this study were purified by
standard de-salting only. PCR of each amplicon was
performed using high-fidelity Phusion™ DNA polymerase
(New England BioLabs, Ipswich, MA, USA), 5 ng pcDNA
3.1, and 3.2 μM of primers. Each reaction was carried out
under the following PCR conditions: 98°C for an initial
30 s followed by 24 cycles of 5 s at 98°C, 1 s at 60°C, and
20 s at 72°C, then a final extension for 5 min at 72°C. PCR
products were purified by electrophoresis through a 1%
agarose gel and a QiaQuick™ centrifuge PCR clean up kit
(Qiagen). Purified products were normalized to 10 ng/μl
and pooled to generate an internal size standard. Pooled
amplicons were diluted 1:20 in nuclease free water
(Integrated DNA Technologies, Coralville, IA, USA).
Sixteen microliters of pooled amplicons were mixed with
4 ul heteroduplex to make a final 20-μl sample volume.

cDNA synthesis and PCR of Chinese rhesus macaque
MHC class I sequences

Synthesis of complementary DNA (cDNA) was performed
using the Superscript™ III First-Strand Synthesis System
for RT-PCR (Invitrogen). The highly polymorphic MHC
class I exon 2/exon 3 region was amplified from the cDNA
using high-fidelity Phusion™ DNA polymerase (New
England BioLabs), phosphorylated forward primer 5P
Refstrand (5′-[Phos]GCTACGTGGACGACACGC), and
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reverse primer 3′ Short-RSCA (5′-TTCAGGGCGATG-
TAATCC). Amplicons were generated and purified under
the conditions described above for custom sizing standard.
Purified products were treated with λ exonuclease (New
England BioLabs) to generate single-stranded antisense
products for heteroduplex formation.

Preparation of fluorescently labeled reference strands

Fluorescently labeled reference strands were generated from
MHC class I clones containingMamu-B*07 (U41829),Mamu-
A1*7402 (EU622036), or Mafa-B*430101 (AY958140).
Sequence clones were amplified using a labeled forward

primer, FAM-Refstrand-F (5′-[FAM]CTACGTGGACGA
CACGC) and 3′ Short-RSCA-P (5′-[Phos]TTCAGGGC
GATGTAATCC). Fluorescently labeled reference strands
were amplified, purified, and exonuclease-treated as described
above to generate single-stranded sense products for hetero-
duplex formation.

Selecting MHC class I sequences for the RSCA screening
panel

Fourteen cloned MHC class I cDNAs were selected for the
RSCA genotyping screening panel based on their identifi-
cation in two or more of 12 previously screened Chinese

Table 1 Custom internal size
standard primers

A single ROX-labeled forward
primer and a series of 20
reverse primers were used to
generate amplicons of varying
length using the pcDNA3.1
plasmid as a template for PCR.
Amplicon lengths are indicated
to the right of each reverse
primer. PCR products were
purified, normalized to
10 ng/ul and pooled to generate
a custom internal size standard
for 3130xL capillary electro-
phoresis RSCA.

Primer Sequence Product size (bp)

Forward primer 5′-ROX-AGACAATCGGCTGCTCTGAT
Reverse primer 5′-CTCGTCCTGCAGTTCATTCA 110

5′-GTGGCCAGCCACGATAGC 136
5′-CACAGCTGCGCAAGGAAC 161
5′-CTTCCCGCTTCAGTGACAAC 187
5′-GCCCAATAGCAGCCAGTC 206
5′-GCAAGGTGAGATGACAGGAGA 244
5′-GCCATGATGGATACTTTCTCG 271
5′-GTAGCCGGATCAAGCGTATG 334
5′-TTCGCTTGGTGGTCGAAT 334
5′-AGTACGTGCTCGTCGATG 359
5′-TCATCCTGATCGACAAGACC 391
5′-AGCCCCTGATGCTCTTCGT 415
5′-CTTGAGCCTGGCGAACAGT 446
5′-CCATGGGTCACGACGAGAT 487
5′-ACCATGATATTCGGCAAGCA 514
5′-GCCACAGTCGATGAATCCAG 551
5′-AGCCAACGCTATGTCCTGAT 593
5′-TCTTCAGCAATATCACGGGTA 613
5′-CCGTAAAGCACGAGGAAGC 655
5′-AAGGCGATAGAAGGCGATG 698

Table 2 MHC class I screen-
ing panel sequences pooled
based on reference strand-
specific migration rates

The 14 screening panel sequen-
ces exhibit distinct characteristic
electrophoretic mobilities when
hybridized to each of three
reference strand sequences.
Based on their relative
mobilities, screening panel
sequences were divided into two
pools per reference strand,
increasing the number of
sequences that can be identified
in a single run.

Reference strand

Mamu-B*07 Mamu-A1*7402 Mafa-B*43

Pool 1 B*6502 A7*0103 B*8301
A2*050202 A2*050202 B*9001
A1*5702 A1*2202 B*8701
A7*0103 B*8701 B*2401
B*6902 A1*2601 A2*050202
B*4802 B*9001 A1*1103
B*8301 B*6902 A7*0103

Pool 2 B*8701 A1*1103 B*4802
A1*1103 A1*5702 A1*2601
B*1702 B*6502 B*6902
A1*2202 B*2401 A1*2202
B*2401 B*4802 A1*5702
A1*2601 B8301 B*6502
B*9001 B*1702 B*1702
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rhesus macaques (Karl et al. 2008). These 14 sequences
were amplified from plasmid clones under PCR conditions
described above using the 5P-Refstrand and 3′ Short-RSCA
primers. Products were purified and exonuclease-treated as
described above with resultant single-stranded DNA prod-
ucts being added directly into a heteroduplex reaction.
Screening panel clones were hybridized with each of the
three fluorescently labeled reference strands then combined
into two separate pools of seven clones each per reference

strand based on their respective electrophoretic mobility
(Table 2).

Heteroduplex formation

To form the heteroduplexes, single-stranded FAM-labeled
reference strands were mixed 1:5 with single-stranded
screening panel sequence clones or single-stranded cDNA
PCR products. Annealing reactions were carried out under
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Fig. 1 Degradation of commer-
cial size standard signal intensity
on the 3130xL platform. Com-
mercially available size standards
GeneScan 600-LIZ and Mega-
BACE ET900-ROX exhibited
significant degradation in signal
intensity after being in queue for
8 h, severely hindering data anal-
ysis and sample throughput. The
commercially available internal
sizing standards and our custom-
designed internal size standard
were analyzed on the ABI
3130xL after waiting in queue for
8 h, and the relative signal inten-
sities were compared
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the following conditions: 95°C for 4 min, 56°C for 5 min,
and 15°C for 5 min. Heteroduplexed products were then
purified using the Invitrogen ChargeSwitch® PCR clean up
kit (Invitrogen). Four microliters of heteroduplexed sample
was mixed in 16 μl custom ROX-labeled internal size
standard and analyzed on the ABI 3130xL.

Electrophoresis

RSCA genotyping was performed on an Applied Biosystems
(ABI) 3130xL genetic analyzer (Applied BioSystems, Foster
City, CA, USA) managed by Data Collection software
(Applied BioSystems) under the following run conditions:
oven temperature, 18°C; poly fill volume, 10,000 steps;
current stability, 5.0 μA; pre-run voltage, 15 kV; pre-run
time, 180; injection voltage, 1.6 kV; injection time: 15 s;
voltage number of steps, 30 nk; voltage step interval, 15 s;
data delay time, 200 s; run voltage, 4 kV; and run time,
14,000 s. Fluorescently labeled heteroduplexes underwent
electrophoresis through a 5% non-denaturing conformation-
al analysis polymer (CAP) prepared by mixing 12.7 g of 9%

CAP (Applied BioSystems), 5.5 g urea (Fluka), 1.7 g ddH20,
and 1.1 g 20× Tris–TAPS–EDTA (TTE; National Diag-
nostics, Atlanta, GA, USA) for 45 min followed by filtering
through a 0.22-µM filter (Nalgene, Rochester, NY, USA;
Mattocks et al. 2007). Introduction of the custom 5% CAP
onto the 3130xL platform led to an instrument pre-run
voltage check failure due to the change in polymer electric
resistance. To overcome this issue, additional code was
written into the instrument startup program to circumvent
the pre-run voltage check (Applied BioSystems, personal
communication; Mattocks et al. 2007). The ABI 3130xL
can simultaneously resolve fluorescently labeled hetero-
duplexes for 16 capillaries. For this study, a single
injection series contained one reference strand-specific
screening panel in quadruplicate and four macaques in
triplicate. A 50-cm array was used to improve assay
resolution as compared to the standard 36-cm array
(Arguello and Madrigal 1999). The instrument was
buffered with 1× TTE buffer (National Diagnostics), and
its spectral calibration was established using Dye Set D
(Applied BioSystems).

Mamu-A1*1103
357.8 bp

Mamu-A1*1103
415.8 bp

Mamu-A1*1103
511.3 bp

Reference Strand Mamu A1*7402
Screening Panel Pool 2

Reference Strand Mafa B*430101
Screening Panel Pool 1

Reference Strand Mamu B*07
Screening Panel Pool 2
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Fig. 2 Use of three reference strands to vary heteroduplex migration
rates for improved genotyping accuracy. The heteroduplexes formed
when screening panel sequences are hybridized with a reference strand
exhibit characteristic electrophoretic mobilities. Instances in which
these heteroduplexes co-migrate make genotyping more difficult. To
improve genotyping resolution and overcome genotyping errors and
ambiguities, the screening panel clones were hybridized to each of

three distinct reference strands: Mamu-A1*7402, Mamu-B*07, and
Mafa-B*430101. This example illustrates the variation in migration
rate for screening panel sequence Mamu-A1*1103 when heterodu-
plexed with Mamu-A1*7402 (357.8 bp), Mamu-B*07 (415.8 bp), and
Mafa-B*430101 (511.3 bp). The prominent peak at 304 bp is the
Mamu-B*07 reference strand homoduplex
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Analysis

Raw.fsa files were extracted from the 3130xL using Data
Collection software (Applied Biosystems). The electropho-
retic mobility of fluorescently labeled heteroduplexes was
converted into peak profiles and analyzed using the Dax
software package (Van Mierlo Software Consultancy, The
Netherlands). Macaque heteroduplexes were run in tripli-
cate and compared to intra-run screening pool heterodu-
plexes. Peaks with an apparent base-pair size of ±0.5% of
the screening pool heteroduplexes were scored positive. A
minimum threshold for fluorescence intensity set at ten
times the run noise level was established for Dax analysis
to avoid error associated with minor peaks created by the
formation of alternative secondary structures. Macaques
that scored positive with the ±0.5% tolerance for a given
sequence with at least two of the three reference strands
were considered positive in final genotype reporting.

Results and discussion

Adaptation of RSCA onto the 3130xl platform for MHC
class I genotyping

Run conditions and the non-denaturing polymer mixture
were established on the 3130xL based on a conformational
sensitive capillary electrophoresis application note from the
National Genetics Reference Laboratory, Wessex, UK
(Mattocks et al. 2007). Commercially available internal
sizing standards have been employed previously to reduce
RSCA intra- and inter-experiment variability (Krebs et al.
2005; Kennedy et al. 2005). During the initial adaptation,
the commercially available internal size standards Mega-
BACE ET900-ROX (GE Healthcare) and GeneScan 600-
LIZ (Applied Biosystems) exhibited significant fluorescent
signal decay while samples were in queue to be processed,
severely limiting RSCA automation and throughput
(Fig. 1). Using a series of fluorescently labeled amplicons
(Table 1), we generated a custom internal size standard
that maintained strong fluorescent signal intensity over a
24-h period. This custom size standard, included in all
capillary lanes, acts as a scaffold for establishing electro-
phoretic mobility and was used by the Dax software
package (Van Mierlo Software Consultancy) for automated
alignment of samples in all 16 capillaries to normalize inter-
and intra-experiment variation (data not shown).

Establishing a screening panel for RSCA genotyping

Fourteen rhesus macaque MHC class I cDNA clones were
selected as a screening panel for RSCA genotyping based
on their identification in multiple macaques (Karl et al.

2008). The highly polymorphic exon 2/exon 3 region for all
14 MHC class I sequences were aligned with the sequence
for Mamu-B*07 reference strand using the LaserGene
MegAlign program (DNASTAR, Madison, WI, USA) to
illustrate the wide range of sequence variation among these
sequences. For example, the heteroduplex between Mamu-
B*1702 and the Mamu-B*07 reference strand contains 22
mismatched base pairs. These 14 sequences were hybrid-
ized with a reference strand to generate screening panel
heteroduplexes. To reduce genotyping errors and ambigu-
ities due to co-migration of different MHC class I
sequences (Baquero et al. 2006; Kennedy et al. 2005;
Krebs et al. 2005; Pratt et al. 2006; Tanaka-Takahashi et al.
2007), we used three diverse reference strands for hetero-
duplex formation: Mamu-A1*7402, Mamu-B*07, and
Mafa-B*430101 (Fig. 2). The screening panel heteroduplex
migration rates were established through a series of RSCA
runs on the 3130xL (Fig. 3). We found an inter-run variance
of less than 0.5% total apparent base pair mobility for 41/42
(98%) screening panel heteroduplexes. The only exception
was the Mamu-A1*7402/Mamu-B*6902 heteroduplex
whose mobility varied 0.69% between runs. Based on their
relative mobilities, screening panel clones were divided into
two pools per reference strand to increase the number of
MHC class I sequences that can be screened for in a single
RSCA run (Table 2).
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Fig. 3 Migration values for 14 screening panel MHC class I
sequences bound to each of three fluorescently labeled reference
strands. The relative electrophoresis mobility of each screening panel
MHC sequence changes dramatically depending on the reference
strand used for heteroduplex formation. Migrations rates for all 14
MHC class I sequences were determined by averaging the heterodu-
plex mobility from three independent instrument runs. The relative
migration rates for each heteroduplex were taken into account when
pooling sequences for screening panels
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Validation of RSCA capillary electrophoresis MHC class I
genotyping

To validate the ability of RSCA to identify the 14 screening
panel sequences in animal samples, cDNA PCR amplicons
from 12 Chinese rhesus macaques, previously used for
MHC class I sequence discovery (Karl et al. 2008), were
hybridized to the same three fluorescently labeled reference
strands used to establish the screening panel. Capillary

RSCA of the resultant heteroduplexes was compared
against the appropriate screening panels to analyze and
score each animal as described above. RSCA genotyping
results were then compared to the previous cloning and
sequencing data, and we found a 98% concordance (165/
168) between these two methods. Eighty-eight percent of
these positive RSCA scores (30/34) were concordant in all
three reference strands. RSCA yielded only three false
negatives for 168 expected genotypes (Table 3). The

Table 3 The concordance of RSCA genotyping for 12 previously screened Chinese rhesus macaques and the frequency of 14 MHC class I alleles
in 37 Chinese rhesus macaques

The concordance of RSCA genotyping with cDNA cloning and sequencing was determined for 12 Chinese rhesus macaques (upper panel). The
frequencies of the 14 screening panel sequences were determined using an additional 25 Chinese rhesus macaques (bottom row). Nine macaques
(ChRh13,15,23,25,32,35,37–39) did not express any of the 14 screening panel clones.

Immunogenetics (2008) 60:575–584 581



screening panel sequence Mamu-A7*0103 was discordant
in two out of the three of the false negatives and, therefore,
may be a poor candidate for future RSCA genotyping
studies when hybridized with these specific reference
strands. The discordant sequence Mamu-B*6902 has a
single nucleotide mismatch under one of the amplification
primers that may have influenced our ability to consistently
genotype for this sequence (Supplemental Fig. 1). Further
investigation into the preparation and electrophoresis of the
discordant sequences is needed to identify any possible
sources underlying the validation typing discordance;
however, the transcription level of these sequences may
also play a significant role in determining the ability of
RSCA to accurately genotype. Additional cloning and

sequencing performed on ChRh08 confirmed the presence
of two sequences, Mamu-A1*2202 and Mamu-A7*0103,
that were detected by capillary electrophoresis RSCA but
had been missed previously due to limited cloning and
sequencing.

MHC class I haplotype sharing

RSCA profiles for three Chinese rhesus macaques (ChRh10,
11, and 12) previously shown to be haploidentical by
microsatellite analysis were examined for potential sharing
of MHC class I sequences (Karl et al. 2008). All three
macaques were positive for Mamu-A1*2601 and Mamu-
B*9001 by capillary electrophoresis RSCA, as predicted by
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Fig. 4 Capillary RSCA identi-
fies three haploidentical Chinese
rhesus macaques. Capillary
electrophoresis RSCA con-
firmed previously reported hap-
lotype sharing between three
Chinese rhesus macaques
(ChRh10–12). RSCA heterodu-
plex profiles for the three mac-
aques are aligned below the
Mamu-B*07 reference strand
screening panel. Unknown
shared heteroduplexes (A–E) are
indicated with open arrows
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cloning and sequencing. Moreover, these macaques
exhibited nearly identical peak profiles for each reference
strand (Fig. 4). All three macaques shared at least five
unknown heteroduplexes with each reference strand (Fig. 4,
data not shown). Additional cloning and sequencing of the
RSCA cDNA PCR products suggests that at least two of
these shared sequences are Mamu-A4*1403 and a Mamu-I
sequence. The ability to identify both known and unknown
shared MHC class I sequences in rhesus macaques highlights
the versatility of capillary RSCA genotyping.

Frequency of 14 MHC class I sequences in 37 Chinese
rhesus macaques

After validating our capillary electrophoresis RSCA meth-
od with Chinese rhesus macaques of known MHC class I
genotypes, we determined the frequency of the 14 MHC
class I screening panel sequences in a total of 37 Chinese
rhesus macaques (Table 3). Our results show that MHC
class I frequencies range between 5% and 32% with two
MHC class I sequences identified in more than 20% of this
cohort; Mamu-A1*2601 was present in 32%, and Mamu-
B*8701 was identified in 22% of the macaques genotyped.
Interestingly, the Mamu-A1*2601 cDNA has been previ-
ously described in rhesus macaque of both Indian and
Chinese origin (Otting et al. 2005; Otting et al. 2007; Karl
et al. 2008). Given the largely distinct allelic repertoire
of these geographically distinct macaque populations,
this suggests that Mamu-A1*2601 is an unusually well-
conserved allele and merits further study.

Capillary electrophoresis RSCA for MHC class I
genotyping

Current techniques for MHC class I genotyping in rhesus
macaques are either high resolution but expensive or low
resolution and limited to only known sequences. Although
previous studies have used RSCA for MHC genotyping,
cumbersome assay preparation and the loss of support for
slab gel instrumentation necessitate a need for further assay
optimization. Our results demonstrate that capillary RSCA
on the widely available ABI 3130xL is an effective tool for
simultaneously typing entire cohorts of Chinese rhesus
macaques for multiple known and unknown MHC class I
sequences.

RSCA can easily be expanded to screen for additional
known MHC class I sequences, and the ability to pool
screening panel sequences drastically increases the breadth
of information gleaned from a single instrument run. In
addition, the ability of RSCA to detect the presence of both
known and unknown MHC sequences is particularly useful
for genotyping nonhuman primates less studied than Indian
rhesus macaques, as well as other model organisms that

lack complete MHC sequence databases. However, the
current setup for capillary RSCA does have limitations. The
use of non-denaturing polymer for capillary RSCA is an
inconvenience for investigators who currently use perfor-
mance optimized polymer for sequencing and fragment
analysis applications on the 3130xL platform. To perform
these assays on a single instrument, the capillary array must
be thoroughly flushed and filled with the appropriate
polymer when switching between assays.

The ability of capillary RSCA to screen multiple
macaques within a single run for both known and unknown
MHC class I sequences makes it especially appealing for
researchers who intend to screen for shared MHC geno-
types in large macaque cohorts. Our successful adaptation
of capillary electrophoresis RSCA for MHC class I
genotyping of Chinese rhesus macaques is an important
step forward in the development of increased throughput
methods for high-resolution MHC genotyping of nonhuman
primates.
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