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Abstract

Leopoldamys neilli is a threatened murine rodent species endemic to limestone karsts of
Thailand. Twelve microsatellite loci were identified using the method of microsatellite-
enriched libraries. Polymorphism was assessed in samples (N=62) from four geographically
distinct populations in Thailand. Number of alleles per locus ranged from 9 to 15 (average
11.6). Observed and expected heterozygosities varied from 0.28 to 1.0 and from 0.44 to 0.91,
respectively. There was no evidence for linkage disequilibrium, however, four loci showed
evidence of departure from Hardy—Weinberg equilibrium in one population. Presence of null
alleles was not detected in all the 12 loci. These first microsatellites primers developed for L.
neilli will provide information on the fine-scale genetic structure of this threatened species

and will help in the development of future conservation policies.
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The Neill’s Rat, Leopoldamys neilli (Marshall, 1976), is a murine rodent species endemic to
limestone karsts of Thailand, a strongly threatened habitat patchy distributed within Thailand.
L. neilli was discovered in 1973 in Saraburi province, Central Thailand (Lekagul and
McNeely 1988) and has also been recorded in a few locations in northern and western
Thailand (Lekagul and McNeely 1988; Waengsothorn et al. 2007). However, the limits of its
geographical range are not clearly resolved. This species was previously classified as
“Endangered” on the IUCN Red List, but is now listed as “Data deficient” since very little
information is available about its biology and ecology (Lunde and Aplin 2008). Acquisition of
information about its geographic range, ecological requirements and the genetic structure of
its populations are thus urgently needed to assess the conservation status of L. neilli. With the
use of microsatellites we aim to describe the levels of genetic differentiation within and
between populations of L. neilli and to estimate population dynamics between isolated karst
regions. A better understanding of these processes is essential for creating effective

conservation policies.

Novel microsatellite loci for L. neilli were isolated from a microsatellite-enriched library,
following the protocol of Billote et al. (1999). Genomic DNA was extracted from skin
samples using the DNeasy Tissue Kit (Qiagen Inc., Valencia, California) following the
manufacturer’s instructions. DNA was restricted by Haelll and the fragments were ligated to
RSA21 and RSA25 self-complementary primers. The ligated fragments were amplified by
polymerase chain reaction (PCR), and products were allowed to hybridize to biotinylated
Is(CT)s and Is(GT)s probes, which were later recovered by Streptavidin MagneSphere
Paramagnetic Particles (Promega, Madison). After amplification, the microsatellite-enriched
fragments were cloned into pGEM-T (Promega) and transformed into XL1-Blue
electroporation-competent cells (Stratagene). One hundred ninety-two recombinants were
randomly picked and PCR-amplified with RSA21 primer. PCR fragments were transferred on
Hybon N+ membranes, which were hybridized with [y32P] dATP end-labelled (GA)s and
(GT)15 probes. One hundred clones with hybridization signal were sequenced. Sequences
were analysed and fifty-two primers pairs were designed using SAT program (Dereeper et al.
2007).

Polymorphism of 20 loci was first tested using monolocus PCRs. From these 20 loci, 12 were
selected for further analysis for displaying good quality and polymorphic amplification. The

forward primer of each locus was 5’-end labeled with a fluorescent dye (FAM, HEX, NED).



Based on size limitations and amplification specificity, the 12 microsatellites were distributed
in four sets: set A (mLn01, mLn02, mLn03), set B (mLn04, mLn05, mLn06), set C (mLn07,
mLn08, mLn09) and set D (mLn10, mLn1l, mLn12). PCRs were carried out in 10 pl volume
containing 0.2 pl of each 10 uM primers, 5 pl of Multiplex PCR kit (QIAGEN) and 2.5 pl of
DNA. Amplifications were performed in thermal cycler VWR Unocycler using one activation
step (95°C/15 min) followed by 30 cycles (denaturation at 94°C for 30 s, annealing at 57°C
(sets A, D) or 61°C (sets B, C) for 90 s, extension at 72°C for 90 s) and final extension step at
72°C for 30 min. PCR products were detected on an ABI 3700 sequencer using 2 ul of
amplified DNA, 13.5 ul of formamide and 0.5 pl of ROX 350 size standard (QIAGEN).

The four microsatellite sets were tested on 62 L. neilli live-trapped in four localities of
Thailand (Loei (north-eastern Thailand): N=17; Nan (northern Thailand): N=16; Nakhon
Ratchasima (central Thailand): N=14; Kanchanaburi (western Thailand): N=15) throughout
the geographical range of this species. All loci were highly polymorphic in all populations.
The observed number of alleles per locus ranged from 9 to 15 (average 11.6) (Table 1).
Observed and expected heterozygosities and deviations from Hardy-Weinberg equilibrium
were calculated with Arlequin 3.11 (Excoffier et al. 2005). Observed heterozygosity ranged
from 0.28 to 1.0 and expected heterozygosity varied from 0.44 to 0.91. Exact tests performed
with Arlequin 3.11 revealed significant deviations from Hardy-Weinberg equilibrium for loci
mLn01, mLn03 and mLn07 in Kanchanaburi population and for locus mLn06 in Nakhon
Ratchasima population. These loci exhibited a deficit of heterozygotes, indicating the
possibility of null alleles. However, the values of Null allele frequency (NAF) determined in
FreeNA (Chapuis and Estoup 2007) were always < 0.2, indicating that null alleles are not
expected to cause significant problems in the analysis. After Bonferroni correction, no
significant linkage disequilibrium was detected using Fisher’s exact test performed in
Genepop 4.0 (Rousset 2008).

In conclusion, these first microsatellites primers developed for L. neilli will provide
information on the fine-scale genetic structure and dynamics among populations of this

threatened species and help in the development of future management and conservation plans.
Acknowledgements

This work was supported by a Belgian FRS-FNRS (Fonds National de la Recherche
Scientifique) fellowship to A. Latinne and to J.R. Michaux. This study is part of the



“CERoPath project” (Community Ecology of Rodents and their Pathogens in South-East
Asia: effects of biodiversity changes and implications in health ecology), ANR Biodiversity
ANR 07 BDIV 012, funded by the French National Agency for Research.

References

Billotte N, Lagoda P, Risterucci AM, Baurens FC (1999) Microsatellite enriched libraries:
applied methodology for the development of SSR markers in tropical crops. Fruits 54:277—
288

Chapuis M-P, Estoup A (2007) Microsatellites null alleles and estimation of population
differentiation. Mol Biol Evol 24:621-631

Dereeper A, Argout X, Billot C, Rami JF, Ruiz M (2007) Sat, a flexible and optimized web
application for SSR marker development. BMC Bioinformatics 8:465

Excoffier L, Laval G, Schneider S (2005) Arlequin ver 3.0: An integrated software package

for population genetics data analysis. Evol Biol Online 1:47-50

Lekagul B, McNeely JA (1988) Mammals of Thailand. White Lotus Press, Bangkok,
Thailand

Lunde D, Aplin K (2008) Leopoldamys neilli. In: TUCN 2010 (ed) IUCN Red List of
Threatened Species, Version 2010.1

Rousset F (2008) GENEPOP’007: a complete re-implementation of the GENEPOP software for
Windows and Linux. Mol Ecol Resour 8:103-106

Waengsothorn S, Nabhitabhata J, Moochan T (2007) The ecological distribution of Thai
endemic rodents with a new distributional range of Niviventer hinpoon. Thailand Natural
History Museum Journal 2:31-42



Table 1 Characteristics of 12 microsatellite loci from Leopoldamys neilli with primer
sequences, number of alleles, size range of PCR product, expected (Hg) and observed (Ho)
heterozygosities with deviation from Hardy-Weinberg proportions (*P < 0.05, **P < 0.01,
***P < 0.001) and null allele frequency (NAF)

L . R t No. of iz .
Gzzllj?zsank Primer sequence (5°-3”) m?ﬁﬁ‘a al?eleos rSanSe Population He/Ho NAF
mLn01 F: FAM-CCCCTTGTGGACAGTTATT (G20 9 165-185 Loei 0.83/0.94 0
HQ848952 R: AGCTGAGACTCTGGAAAGC Nan 0.56/0.44 0.042

N. Ratchasima  0.60/0.57 0

Kanchanaburi 0.82/0.73* 0
mLn02 F: HEX-CCCTTGTTGTCATTTGCT (GT)1s 11 187-219 Loei 0.78/0.59 0.079
HQ848953 R: TCCTAGTCTGCCTTCTGG Nan 0.83/0.87 0

N. Ratchasima  0.44/0.43 0

Kanchanaburi 0.82/0.87 0
mLn03 F: FAM-TCTGGATGTTCTGAAAGGA (TG)1o 15 251-293  Loei 0.82/0.76 0.027
HQ848954 R: TGGCTGACTTGTTAAGAGC Nan 0.76/0.87 0

N. Ratchasima  0.67/0.78 0

Kanchanaburi 0.73/0.53*  0.096
mLn04 F: NED-CGGTGCAAGAAGCAAATA (TG),3 12 186-212 Loei 0.84/0.88 0
HQ848955 R: CGACCTCTGACCTCCATT Nan 0.72/0.69 0.046

N. Ratchasima  0.71/0.71 0

Kanchanaburi 0.60/0.53 0
mLn05 F: FAM-CCCGCGTACATTTGGTAT (AG)2s 10 222-248  Loei 0.67/0.76 0
HQ848956 R: CAAATACCCGGCAAAGAC Nan 0.58/0.56 0

N. Ratchasima  0.75/0.78 0

Kanchanaburi 0.74/0.87 0
mLn06 F: HEX-TTCATCTCCTAGAATAGCAACA (TG)yy 14 243-275 Loei 0.9/1.0 0
HQ848957 R: CATTAACCCACCATCTGC Nan 0.82/0.94 0

N. Ratchasima  0.62/0.28** 0.189

Kanchanaburi 0.72/0.67 0.021
mLn07 F: HEX-CACATCTTCCCAGTTTGC (TC)x»(CA),, 14 174-202  Loei 0.91/0.94 0
HQ848958 R: GCTCCCTTTTCTCCTGTC Nan 0.71/0.75 0

N. Ratchasima  0.88/0.93 0

Kanchanaburi 0.81/0.53* 0.130
mLn08 F: FAM-TGAAACAAAGAAGTCTCAACC (GT1e 9 191-209  Loei 0.86/1.0 0
HQ848959 R: CAAGTTCAGCCCAAAAGA Nan 0.63/0.69 0

N. Ratchasima  0.54/0.57 0

Kanchanaburi 0.58/0.67 0
mLn09 F: NED-TGATTTGATAGGTGTTGTGG (GT)g 14 202-240 Loei 0.86/0.94 0
HQ848960 R: AGCTTGGACAACTTGATTG Nan 0.71/0.62 0.064

N. Ratchasima  0.74/0.86 0

Kanchanaburi 0.70/0.67 0
mLn10 F: FAM-CGATGGACAAACCTGAAG (AC)yg 10 174-194  Loei 0.61/0.47 0.04
HQ848961 R:TTTTCTTATTTGCTTGATTGG Nan 0.72/0.75 0

N. Ratchasima  0.32/0.36 0

Kanchanaburi 0.76/0.67 0.025
mLn11l F: HEX-TCCAAGGAGGCTTTTCTT (TG),3 12 191-217 Loei 0.77/0.82 0
HQ848962 R:GGGTCCTGGTCAGTATGTC Nan 0.80/0.87 0

N. Ratchasima  0.78/0.93 0

Kanchanaburi 0.71/0.73 0
mLn12 F: NED-TGCATACTCCTGACTCCTT (GT)xn 9 194-230 Loei 0.67/0.59 0.020
HQ848963 R: CATTAGGCAACTACACTCTTG Nan 0.49/0.44 0.027

N. Ratchasima  0.57/0.71 0
Kanchanaburi 0.73/0.80 0




