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Abstract Ecological studies using microsatellite data
often require the selection of an optimal marker set for use
in parentage and relatedness inference. Commonly, this
requires a candidate pool of microsatellite markers from
which several are selected to ensure data are acquired
efficiently and accurately. We developed 10 microsatellite
loci for use with Northern Bobwhite (Colinus virginianus)
and tested these loci using individuals collected from two

This note has been submitted to Conservation Genetics and no other
journal. We presented details regarding creation of the enriched
library described in this manuscript in Schable et al. (2004). The
primers described herein were developed in another laboratory and
are independent of development efforts outlined in Schable et al.
(2004), other than library construction. We have retained authors
where appropriate to recognize their library development efforts.

In this manuscript, we use updated sequencing and primer design
techniques and different sets of individuals for polymorphism
screening.
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distinct populations in GA and VA. Our new markers
yielded seven alleles/locus (range: 2—16) in the Georgia
population and six alleles/locus (range: 2—13) in the Vir-
ginia population. Exclusionary power of all markers in
each population with both parents unknown was >0.98.
These microsatellite loci should be combined with previ-
ously developed markers to select an optimal set for use in
subsequent analyses of parentage and relatedness.

Keywords Microsatellites - SSRs - Galliformes -
Northern Bobwhite - Colinus virginianus

Precision and accuracy of ecological parameters derived
from microsatellite marker data are important to
researchers. Ideally, loci within marker sets should:
amplify cleanly and consistently across individuals and
populations, have high levels of polymorphism, conform to
Hardy—Weinberg equilibrium (HWE), and minimize vari-
ance in the estimated parameters (for review, see Selkoe
and Toonen 2006). In certain cases, increasing the number
of polymorphic loci increases both the precision and
accuracy of parameter estimates (Blouin 2003; Milligan
2003; Csilléry et al. 2006). Often, this optimal set requires
selection of microsatellite markers from a large candidate
pool. We describe the isolation of 10 novel microsatellite
loci from a commercially important, declining member
of Order Galliformes, Northern Bobwhite (Colinus
virgnianus; Brennan 1999; Burger et al. 1999). These
microsatellite loci may be used in conjunction or combi-
nation with 23 previously described loci (Schable et al.
2004) to build an optimal set of genetic markers for use at
the population, region, or range-wide scale.

@ Springer



Conserv Genet (2009) 10:535-538

536

(100 > d) UONOALI0d TUOLIRJUOY
191y wnuqimbe 3roqurop\—ApIeH WOIj UONBIAIP 9JBIIPUI , PuUEB Juuod uonewiojul smydiowAod D[ A11s034zo1ajoy pajoadxa HY (A)1s084Z019)ay PIAIesqo °H ‘S9[Q[[e JO Joquunu Y/
£$1001 Yora I8 padA10udsd srenprarpur jo requnu ;7 rowid 1omof T towd 1addn :n -ons Surpuig-rewd oyroads-snoof oy pue  reisid,, LILLO 10 ‘S8l (,¢-LVIOVOLVYIOOVIVVVOD-S)
METIN S8 (L€-VILVILODDODDDILOVI-,S) DV UaamIaq Saprios[onu Jo SuLieys 9)edIpul SISeq PAUILISpU[) "SOI[RIl P[oq Ul dIe Jowlid [BSISAIUN 9Y) 10J S3)IS 2dnpoxul 0) pasn saouanbag

DDDOVVVIVIDOHVVOOVOVILLLD T17OD0d-AD

70 (0] 90 8v(LLLD) 11€-66C 14 94 S9 70088944 DILVIOLOLOVIDIOOOLLLVILVILIIODIDILOVI N 7OD0d-AD
DVOVVIVIOLVVVOLIODOVIOVLLLD T SdDd-AD

60 60 L0 11vQOV) 9TC—881 91 0¢ <9 £0088944 VIVOVOV.LLLODILODODLODVILVILIIODDODILOVI N S42d-AD
DDVOVOLVIOVVIODVODLOVOLVIIVIOLVIIOVIVVVID T SHAd-AD

10 1'0 1’0 LvOV) €€T61T € 6C 09 L66L89d9 DDDIVVYDHOVIVV.LLYIVIIDLLLD N SHYd-AD
DDLVILOOVVIILOIDLLLOVVOVLLLD T1+¥vdad-AD

L0 L0 90 SV(OVVVY) LI—10% S 0¢ <9 986L89dH DDLIDLIOLIDDOVILY VIOLVILIIDIOILIVI N yvdd-AD
DIDLOOIOLLOVIOLODIIOVILVILIIIODILOVI T LdTd-AD

70 (0] 70 W(OVVY) 69C—69¢ (4 LT 09 £€86L8944d D1D0DLODLIIDOIIVOVLLLD N Ld<d-AD
DOVVILOVOVOLOVOOLIDVVVOLVILVILOIIONIIILOV) T101ded-AD

L0 80 €0 8v(1D) 0ce-01¢ 9 LT 09 086.894H LLVOLVLLVVVLVOVVOLIODODLLLD N 01ded-AD
DVVIVIOVOLLV.LOLODDOVIILOVILVILOIOIOIILOVI T €d1d-AD

80 80 80 VYY) Y0—C8¢ 6 9C 09 996L89d44 VIVVDLIDDIOLVIIDDVOLOLLLO N €d1d-AD
DILODIDDLIOLOOV.LVOIDOIOLLLD T2d1d-AD

L0 80 S0 8v(1D) 8¥C-0¢€C 8 (44 09 §96L8944 DVVVIDLVOVIOLOVVVIOVILVILOIDNIIILOVD N cdid-AD
LOVODLIOLLOOVIOLLLOOLLLD T9d1d-AD

L0 80 70 LV(LLD) L1T-961 L LT 09 796L894H DVVVDIODLVOVYVIDLOLVILVILODDDIOILOVD N 94d1d-AD
DVODVILOLVODLVOVODLOVILVILIIODODILOVI TLVId-AD

L0 80 70 0Tv(LID) 8¥€-9¢¢E S S¢ 09 196,894 DLIIDLVOVOVIVIOVIOLLLO N LVId-AD
OId Iy OH jeadoy J3uer oz1§ | % N [eouuy UOISSAIIY Qouanbag SNo0

vD “0) Apein ur uonendod & woiy pajdwes Ajwopuer (snuviuidiia snuijo)) AMYmqoqg UIdYMION Woly 100] Aqrfesororur Juikyrdwe sired rowd (] Jo uonezuwoerey) [ dqe],

pringer

A's



Conserv Genet (2009) 10:535-538

537

We developed a double-enriched microsatellite library as
outlined in Schable et al. (2004). From this library, we
selected 480 colonies containing inserts using the f-galac-
tosidase gene and bi-directionally sequenced 95 positive
(white) colony PCR products of 500—-1,100 bp using BigDye
(v3.1, PE Applied Biosystems) chemistry and an ABI
PRISM 3730xI sequencer (PE Applied Biosystems). We
edited sequences and assembled contigs using Sequencher
4.2 (Gene Codes Corp.). Using MSATCOMMANDER
(Faircloth 2008), we located microsatellite repeat arrays
within 50 contigs, designed primers, and applied 5'-tags
(CAG or M13R) to 43 primer pairs for subsequent poly-
morphism testing (Boutin-Ganache et al. 2001; Glenn and
Schable 2005). We reviewed contigs containing repeats for
which the automated software could not design primers, and
we attempted to manually design primers for these regions
using Oligo 6.0 (Molecular Biology Insights). We added
GTTT “pigtails” to the 5'-end of each primer lacking either
CAG or M13-reverse tag to facilitate the addition of aden-
osine by Tag polymerase (Brownstein et al. 1996).

We optimized primer pairs using DNA extracted from
feathers taken from seven Northern Bobwhite collected in
Grady County, GA. We performed PCR amplifications in
10 pl volumes using MyCycler thermal cyclers (Bio-Rad
Laboratories). Final concentrations for optimizing reac-
tions were 10 mM Tris pH 8.4, 50 mM KCl, 0.5 uM
“pigtailed” primer, 0.05 pM CAG or M13-reverse tagged
primer (CAG or Ml3-reverse + primer), 0.45 pM dye-
labeled tag (HEX or FAM + CAG or MIl3-reverse),
1.5 mM MgCl,, 0.5 mM dNTPs, 0.5 U AmpliTaq Gold
DNA Polymerase, and 6-10 ng DNA. M13R and CAG
universal primers were labeled with FAM or HEX fluo-
rescent dyes. We performed reactions using a touchdown
thermal cycling program (Don et al. 1991), and we eval-
uated each primer at an initial annealing temperature of 60
and 65°C. Cycling parameters were: 1 cycle of 95°C for
5 min; followed by 20 cycles of 95°C for 20 s, either 60 or
65°C for 30 s —0.5°C per annealing cycle, and 72°C for
90 s; followed by 20 cycles of 95°C for 20 s, 50 or 60°C,
respectively, for 30 s, 72°C for 90 s; and a final extension
period of 10 min at 72°C.

We checked PCR products for amplification and scored
each amplicon using an ABI PRISM 3730x/ sequencer in
combination with Genescan Rox500 fluorescent size stan-
dard, GeneMapper 4.0 Software (PE Applied Biosystems),
and the global southern size calling method. We ran neg-
ative controls for each locus amplified. Following
evaluation of the optimal annealing temperature for each
locus, we genotyped 30 individuals randomly selected from
two populations: Grady County, GA and Sussex and
Southampton Counties, VA.

We calculated observed (Hp) and expected (Hg) heter-
ozygosity, tested for HWE, and evaluated genotypic

Table 2 Characterization of 10 primer pairs amplifying microsatel-
lite loci from Northern Bobwhite (Colinus virginianus) randomly
sampled from a population in Sussex and Southampton Counties, VA

Locus N A Size range H, H. PIC
CV-P1A7 25 5 336-348 0.8 0.789  0.736
CV-P1E6 24 7 202-220 0.25 0.746  0.698
CV-P1F2 23 8 234-252 0.609 0.814 0.77
CV-PIF3 29 9 386402 0.931 0.837  0.801
CV-P2D10 27 7 310-324 0.37 0.771 0.72
CV-P2D7 29 2 265-269 0.517 0499 037
CV-PBA4 30 6 401417 0.5 0.699  0.64
CV-PBH5 30 2 231-233 0.033  0.033  0.032
CV-PCF5 30 13 188-230 0.8 0.878  0.849
CV-PCG2 28 3 299-307 0286  0.305  0.264

linkage disequilibrium using Arlequin (Schneider et al.
2000). We computed polymorphic information content for
each locus and exclusionary power using Cervus 2.0
(Marshall et al. 1998; Kalinowski et al. 2007). We con-
ducted a posteriori Bonferroni correction for each analysis
consisting of multiple, concurrent statistical tests (Rice
1989).

Table 1 summarizes the characteristics of 10 primer
pairs amplifying microsatellite loci from the Northern
Bobwhite and tested with individuals from Grady County,
GA. The number of alleles per locus ranged from 2 to 16,
averaging 6.5. Total exclusionary power with both parents
unknown was >0.98. Two loci (CV-P1E6 and CV-P1A7)
deviated from HWE (P < 0.01) after Bonferroni correc-
tion. We could not estimate an exact P-value for
CV-P2D10 but Ho < Hg. We did not detect linkage dis-
equilibrium after sequential Bonferroni correction. Table 2
summarizes the characteristics of primer pairs tested using
individuals from Virginia. The number of alleles per locus
ranged from 2 to 13, averaging 6.2. Total exclusionary
power with both parents unknown was >0.98. We could
not estimate exact P-values for CV-P1E6 or CV-P2D10,
but in both cases Hy < Hg. No other loci deviated from
HWE after Bonferroni correction. Deviations from HWE
and loci with Ho < Hg potentially resulted from small
sample sizes. However, deviations may indicate the pres-
ence of null alleles. Issues with CV-P1E6 and CV-P2D10
in both populations suggest the results from these loci may
be more than sampling artifact.
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