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Abstract We report on the isolation and character-

ization of 11 microsatellite loci in the Sichuan

snub-nosed monkey (Rhinopithecus roxellana) from

AC-enriched genomic libraries. 20 microsatellite loci

were screened from the libraries, of which 11 were

polymorphic. The number of observed alleles among

32 samples of snub-nosed monkey ranged from three to

nine. The observed and expected heterozygosity were

0.071–0.815 and 0.201–0.819, respectively. The high

variability revealed in this study should be useful tools

for further study on social structure and population

genetics of snub-nosed monkey in the future.

Keywords Rhinopithecus roxellana � Microsatellite �
Polymorphism � Sichuan snub-nosed monkey

Sichuan snub-nosed monkey (Rhinopithecus roxell-

ana), one species of the genus Rhinopithecus, is

widely known for its shining golden-haired coat and

funny upturned nose. It is confined to very limited

areas in isolated mountainous regions in Sichuan,

Gansu, Shaanxi and Hubei provinces (Li et al. 2001;

Li et al. 2002), with approximate population size of

20,000 (Ma and Wang 1988; Wang et al. 1998; Quan

and Xie 2002). Now, fragmented and deteriorating

habitat has severely threatened the survival of this

species. Sichuan snub-nosed monkey has been recog-

nized as ‘‘vulnerable’’ in the 2006 IUCN List category

(http://www.redlist.org/), and has drawn a lot of

attention in various conservation efforts. As molecu-

lar markers, microsatellite markers are powerful tools

for investigating genetic diversity and mating patterns.

To date, almost all microsatellite markers for genetic

study on Sichuan snub-nosed monkey were from

those of humans (Pan et al. 2005). However, we

found that a lot of microsatellite markers from human

were not powerful enough for some studies on the

snub-nosed monkey such as social structure analysis.

Clearly, there is a requirement to isolate the specific

microsatellite marker for Sichuan snub-nosed monkey

study in the future. Here, we report the isolation

and characterization of 11 novel microsatellite loci in

R. roxellana.

A genomic library enriched for AC repeat was

constructed by using enrichment protocols modified

from those described in Hamilton et al. (1999) and Liu

et al. (2005). Thirty-two samples including blood,

muscle and skin were collected from the wild and zoos.

Genomic DNA was extracted from blood using a

standard phenol–chloroform method (Sambrook et al.

1989) and used for microsatellite isolation. DNA was

digested with restriction enzyme Sau3A1 and the

resulting fragments ranging from 300 to 1,000 bp were

isolated and ligated to linkers made by annealing

equimolar amounts of SAULA (5¢-GCG GTA CCC

GGG AAG CTT GG-3¢) and SAULB (5¢-GAT CCC

AAG CTT CCC GGG TAC CGC-3¢). The ligated

fragments were amplified and made double-stranded

by polymerase chain reaction (PCR) (5 min 72�C, then

30 cycles of 30 s denaturation at 94�C, 30 s annealing at
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67�C and 30 s extension at 72�C) using SAULA as the

PCR primer. After denaturation, single-strand DNA

fragments of the PCR products were hybridized to

biotin-labelled probe [biotin-ATAGAATAT (CA)15]

(Kandpal et al. 1994) and the targeted genomic frag-

ments were recovered using streptavidin-coated

MagneSphere (Promega). The eluted fragments were

amplified by using SAULA primer and cloned in the

pGEM-T Easy Vector (Promega), transfected into

Escherichia coli DH5a competent cells, following the

manufacturer’s instruction. Positive colonies were

screened for the presence of a repeat-insert using

universal M13 primers and the nonbiotin-labelled AC

nucleotide repeat primer. Approximately 576 colonies

were screened and a total of 65 recombinants that

potentially contained microsatellite sequence were

obtained. Forty three positive colonies were chosen

randomly and subjected to sequencing by using the

ABI PRISM Big Dye Terminator Cycle Sequencing

Ready Reaction Kit (Applied Biosystems) and an

ABI 377 automated DNA sequencer. The sequencing

results showed that 35 out of 43 colonies contained ten

repeats or more and had suitable flanking sequences.

Twenty primer pairs were designed from the candidate

35 microsatellite sequences using the software program

OLIGOTM 6.0 (Molecular Biology Insights) for further

polymorphism analysis.

We tested them to confirm a distinct amplification

with a gradient PCR over a range of annealing tem-

perature between 50 and 60�C. PCR amplifications

were performed in a 20 ll reaction volume containing

approximately 50 ng of template DNA, 10 · PCR

buffer, 0.2 mM of each primer, 0.2 mM of each dNTP,

and 0.5 U of Ex Taq DNA polymerase (TaKaRa).

Conditions for PCR included: an initial denaturing step

of 5 min at 94�C followed by 35 cycles of 94�C for 30 s,

annealing temperature (Ta in Table 1) for 30 s, and

72�C for 30 s, with a final extension 5 min at 72�C.

Microsatellite polymorphism was screened using an

ABI PRISM 3100 Genetic Analyser (Applied Biosys-

tems) and alleles were designated according to the

PCR product size relative to GeneScan ROX 500

internal size standard. The genotyping analysis was

carried out with GENESCAN version 2.0 (Applied

Biosystems).

Of 20 loci succeeded in PCR amplification, only 11

loci were polymorphic. Population genetic parame-

ters, deviations from Hardy–Weinberg equilibrium

(HWE) and linkage disequilibrium (LD) test were

estimated with ARLEQUIN version 3.01(Laurent

et al. 2006). The characteristics of the 11 microsat-

ellite loci were listed in Table 1. All of the 11 loci

were highly polymorphic with an average of 5.91

alleles per locus (range from three to nine), expected

heterozygosity (HE) ranged from 0.201 to 0.819,

while observed heterozygosity (HO) ranged from

0.071 to 0.815. The HWE test revealed that 4 loci

significantly deviated from Hardy–Weinberg expec-

tations (P < 0.001), all of them exhibited heterozy-

gote deficiency, because the samples came from

different regions and we have no information about

the relationship among them, probably due to the

presence of null alleles (Pemberton et al. 1995) as

well as the inbreeding–produced sample analysis.

Among the 11 loci, only six pairs of loci showed

linkage (GM209-GM228, GM209-GM109, GM219-

GM228, GM228-GM227, GM228-GM206, GM227-

GM109), which indicate these loci should be used

selectively. The stability of genotypes was confirmed

by repeating up to four times. Contribution of the 11

microsatellite markers developed in this study will

provide necessary molecular tools for further studies

on Sichuan snub-nosed monkey in the future.
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