Isolation and characterization of microsatellite
loci in Quercus fabri (Fagaceae)
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ABSTRACT. Quercus fabriis apioneer species of secondary succession
in evergreen broadleaved forests in China. In this study, we isolated and
developed 12 polymorphic and 2 monomorphic microsatellite loci for
Q. fabri using the biotin-streptavidin capture method. We characterized
12 polymorphic loci in 52 individuals from two populations. The
number of alleles per locus ranged from 3 to 23. The observed and
expected heterozygosities per locus were 0.033-0.773 and 0.138-0.924,
respectively. These microsatellite loci will facilitate the studies on
genetic variation, mating system, and gene flow of Q. fabri.
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INTRODUCTION

Quercus fabri Hance (Fagaceae) is a common deciduous and nut-bearing tree in
subtropical forests in China. Due to its ability to grow in barren soils, high capacity to sprout,
and tolerance to disturbance, Q. fabri is not only a pioneer species for secondary succession
of evergreen broadleaved forests (EBLFs) but also plays an important role in the recovery of
EBLFs, which have suffered from serious anthropogenic destructions in China and need to be
restored and managed efficiently (Song and Chen, 2007). It is therefore necessary to identify
the genetic variation of Q. fabri because a better understanding of the genetic background of
early successional species will greatly contribute to the success of preliminary stages in forest
recovery (Davies et al., 2015).

Microsatellites are co-dominant and highly polymorphic markers that provide
an outstanding tool to detect genetic variation and have been widely used in the study of
population genetics (Liu et al., 2009). In this study, 12 polymorphic and two monomorphic
microsatellites in Q. fabri were isolated and characterized for further study of the population
genetic diversity, gene flow, and parentage relationship for this species.

MATERIAL AND METHODS

Genomic DNA was extracted from silica-gel-dried leaves of one Q. fabri
individual using the Plant Genomic DNA Extraction Kit (Tiangen, Beijing, China). This
individual was collected from Tiantong, Zhejiang Province, China. Microsatellite loci
were developed according to the protocol of Tong et al. (2012). A total of 250 ng genomic
DNA was digested with the Msel restriction enzyme (New England Biolabs, Beverly, MA,
USA) and fragments 200-800 bp in length were produced. An Msel-adapter pair (forward:
5'-TACTCAGGACTCAT-3'", reverse: 5'-GACGATGAGTCCTGAG-3") was then attached
to the DNA fragments instantly and the fragments were then amplified with an Msel-N
primer (5'-GATGAGTCCTGAGTAAN-3") in a 20-uL reaction system using the following
conditions: 95°C (3 min), followed by 23 cycles at 94°C (30 s), 53°C (60 s), and 72°C (60
s). After samples were denatured at 95°C for 5 min, the PCR products were hybridized
with a 5'-biotinylated oligonucleotide probe (AG) /(AC),, in a 250-pL solution at 48°C
for 2 h. The products were captured with streptavidin-coated magnetic beads (Promega
Corporation, Madison, WI, USA), and then amplified with the Msel-N primer again and
purified with a multifunctional DNA Extraction Kit (BioTeke, Beijing, China). Following
ligation into the pMD 19-T vector (TaKaRa Biotechnology Co., Dalian, China), the
products were transformed into the Escherichia coli strain JM109 by transient thermal
stimulation. A total of 943 clones were tested by PCR using (AG), /(AC),, and M13"/M13-
as primers, respectively. Among these, 242 positive clones were chosen and sequenced
on an ABI 3730 DNA Sequence Analyzer (Applied Biosystems, Foster City, CA, USA).
Finally, 21 sequences were selected for use in the design of microsatellite primers with
the Primer Premier 5.0 program (PREMIER Biosoft International, Palo Alto, CA, USA).

To test the performance and polymorphism for each locus, 24 Q. fabri individuals
that were randomly selected from two populations in Tiantong, and Gutian, Zhejiang
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Province, China, were assessed following the method proposed by Schuelke (2000). For
fluorescent labeling of PCR fragments manually, three primers were prepared: a sequence-
specific forward primer with an M13(-21) tail (5'-TGTAAAACGACGGCCAGT-3") at its 5'-
end, a sequence-specific reverse primer, and a fluorescently (6-FAM, HEX, or ROX) labeled
M13(-21) primer (Sangon Biotech, Shanghai, China). The PCR method was performed in a
15-puL reaction system, including 50 ng genomic DNA, 0.2 mM each dNTP, 0.2 uM reverse
primer, 0.2 uM fluorescent-labeling M13(-21) sequencing primer, 0.05 pM forward primer
with M13(-21) tail, 1X PCR buffer, 1.5 mM Mg*, and 0.4 U DNA Tag polymerase (Sangon
Biotech). The PCR amplification conditions were as follows: 94°C (5 min); 30 cycles at
94°C (30 s), 56°-63°C (45 s) (depending on the specific locus; Table 1), and 72°C (45 s);
followed by 8 cycles 94°C (30 s), 53°C (45 s), and 72°C (45 s); and a final extension at
72°C for 10 min on a Mastercycler® Pro thermal cycler gradient (Eppendorf, Hamburg,
Germany). The PCR products were then scanned on an ABI 3730 automated sequencer
(Applied Biosystems) using the internal lane standard (GS-500 LIZ) and analyzed by the
GeneMapper 4.0 software (Applied Biosystems).

All polymorphic loci were further characterized in the 52 individuals collected
from Tiantong and Gutian using the method proposed by Schuelke (2000). Voucher
specimens were deposited at East China Normal University, China. We performed the
PCR amplification for each polymorphic locus separately and scanned the products
using an ABI 3730 genetic analyzer. The alleles were then binned using GeneMapper 4.0
(Applied Biosystems).

For each polymorphic locus, the number of alleles was estimated using the GENEPOP
v4.0 software (Rousset, 2008). The observed (H,) and expected (/1) heterozygosities, Hardy-
Weinberg equilibrium (HWE), and linkage disequilibrium were analyzed using the TFPGA
version 1.3 software (Miller, 1997).

RESULTS AND DISCUSSION

We obtained clear PCR products from 14 of the 21 primer pairs tested, among
which 12 loci were polymorphic and 2 loci were monomorphic (Table 1). In the 12 primer
pairs tested, the number of alleles per locus varied from 3 to 23, with an average of
9.2 (Table 1). At the population level, H  and H, were 0.033-0.773 and 0.138-0.924,
respectively (Table 1). No significant linkage disequilibrium (P > 0.05) was found for any
pair of loci across either population. After sequential Bonferroni adjustment (Rice, 1989),
five loci (QF04, QF05, QF14, QF17, and QF20) in the Tiantong population and five loci
(QF01, QF05, QF10, QF14, and QF17) in the Gutian population significantly deviated
from HWE (P < 0.05) (Table 1), most likely due to heterozygote deficiency or population
structure within the samples.

We successfully developed 12 polymorphic and two monomorphic microsatellite loci
for Q. fabri. These primers will facilitate the analysis of population genetic structure and gene
flow in Q. fabri (Liu et al., 2015). The use of these markers in parentage analyses will provide
key information on mating system, seed dispersal, and seedling recruitment of Q. fabri for a
better understanding of the succession of EBLFs.

Genetics and Molecular Research 15 (2): gmr.15028322 ©FUNPEC-RP www.funpecrp.com.br



Z.7. Xiao et al.

“190] [[9yes0Id1w dydIowouoin, (500 > d) wnuqinba 31oquiop -ApIeH woij uonerAdp juedyiusis, (dq g1)
sownd Surouanbas (1z-) ¢ 1IN Sutpqe[-iusasalony oy Jo yiSud] ayy Surpnpour sponpoid YD Ay JO SIZIS [ Ay, AIS0FLZ01919Y paAIasqo = °f7 <K11soSAzoraray
paradxa = i1 {(0002) aPNYdS Jo [000101d SurdKrousg oy Sursn axmerodway Sureauue = vl padAlousd sajdwes Jo IoquInu = N SI[I[[B JO Joqunu = A/

DDVVIDVOVILVLVIIVIL A

- - - - - - - - - - I 68776103 19 331 “(vD) DVDLVVIIVVVOIIVVVIO<XOU>d | 4170
VIOVODLLLODLIODLOOO A

T8€1'0 | 9LY0'0 € | 1T | 88SI'0 | «€€€0°0 | € | 0O€ | LLSO'O | 96100 | € 88rr6 1N €9 8TI-vTl S(OV)LO*(OL) DLOVDLYOIIIDLODVVIVINVA>d | 0240
DLOOVVOIOLVOOLOVIOLL ¥

- - - - - - - - - - I L8PP6 1N 65 44! “(vD) DVV.LOOOVVILOLLYOOOV<XO¥>d | 8140
DLVOLOVYOVVVDOOLLOVOIO ¥

00€£9°0 | +T8IE0 | 9 | TT | 9€89°0 | +€€€T0 | 9 | 0€ | $¥99°0 | 76920 | 8 98776103 95 161-SS1 “(Ov) VOVVDDLOVOVVVDLLLIOD<XOY>:d | L140
1DOLV.LVOVDLOIDOVOLOD ¥

6€5S°0 | SPSPO | € | TT | L6LV0 | L99€0 | € | 0€ | L9TS0 | 8€0v°0 | € S8PY61N 29 671-S21 “Dv) OVDOLVOVILOVVIDLODID<AVI>:d | S140
DIOVOVVVOOVVIOLY.LIOD A

88980 | «LS8T0 | O | 1T | €498°0 | «ILSE€0 | TI | 8T | 79980 | S97€0 | €1 P8I610N 95 T81-+S1 (DV) VOVIDVILLYVOVIVOVOVI<XOY>:d | #140
DOVIVOLLVDLIDIOVYVOOO ¥

12050 | «LTLLO | € | TT | 0TTHO | L9950 | € | 0E | €9S¥°0 | 86690 | ¢ €816 10 29 €162l “(vD) VOLODIDVYILIIVIILLY<XO¥>:d | 0140
D1LOJOLLLOVYVOILIOVOV A

L1990 | S¥SP0 | 9 | TT | T9SL0 | 8ppE0 | 8 | 6T | 991L°0 | TT6E0 | 6 T8PY610L €9 921-001 5(1D) DVIOVIDLLYLIOVVIOIVL<AVA> d | 8040
DLOVVOLVLLYLOVOLOLLOOOVO ¥

Y9160 | €I1L0 | 91 | 1T | ¥bT6'0 | L6890 | LI | 6T | LEE6'0 | 000L0 | €T 18776103 €9 867961 f((vD) LLOODLYILLOVOLODVOLYOV<XAH>:d | 9040
LOVVVDOVIDDDOVIVVVVOL ¥

9TLS'0 | %S061°0 | ¥ | 1T | €20S0 | %0001°0 | ¥ | 0€ | 69250 | 00210 | + 08776103 65 T1T90T °(OV) LVOVLVDOOOVOOVVVVIIV<XAH>:d | $040
DDOVILOLOVILOLLLLOVY 4

0L06'0 | S¥S¥'0 | €1 | TT | T088'0 | x0009°0 | €1 | 0 | 9680 | S8€S0 | ¥1 6LPY610 €9 151-€21 “OL) (VD) DOIVOIVILIILVVIOVVIO<NVA> A | +040
DDHDIOV.LLOLLYVVDOOOVLD A

9PP8'0 | €LTL0 | 8 | TT | $808°0 | L99L0 | OI | 0€ | 9€T80 | 00SLO | OT 8LYPOTN 9 20T-8L1 [ie)) VOLLVVOVODVIODOLOVLI<KAVA> 4 | €040
LODVVV.IOVLLYODLLODOO ¥

9ISL°0 | €TL0 | S | TT | 16L90 | 00090 | S | 0€ | €60L°0 | 86590 | LLYP610 19 IP1-€11 “OVv) DVOLVVOVVOVIOVOVVIOV<XOU>d | 7040
1OLOV.LLODIVOVVYOLYVIO A

6LY8'0 | %xT9LF0 | €1 | 1T | T1€68°0 | S8ISO | TI | LT | L¥680 | 00050 | ST 9LPP61N 09 L61-L91 "(OV) OVOILIIDIVV.LVILVVLVV<NVA>:d | 1040

H OH YN | N H OH YN | N H OH YN | -oN uorssaooe
(900811 ‘N.¥1067) uenno (H.Lbo1T1 ‘Nu8o67) Suojuery, [e10] JueguoD (Do) BL | o(dq) o8uerozig | jnow jeadoy (,€-,5) oouonbos sowiLyg | SN0

‘suonerndod r.gn/ sna4ong) omy ul 190 ajjjejesororw orydiowouow g pue srydiowjod g Jo uonezuaoeIey) | d[qeL

©FUNPEC-RP www.funpecrp.com.br

Genetics and Molecular Research 15 (2): gmr.15028322




Quercus fabri microsatellites 5

Conflicts of interest

The authors declare no conflict of interest.
ACKNOWLEDGMENTS

The authors thank Prof. X.Y. Chen for revising the manuscript, and J.H. Li, X.
Tong, Q. Zhang, L.Y. Zhang, J. Gong, J.Y. Deng, and Y.Y. Ding for assistance in the field
and experimental works. Research supported by the National Natural Science Foundation of
China (#31361123001) and the US National Science Foundation (Grants #DEB-1342751 and
#DEB-1342757).

REFERENCES

Davies SJ, Cavers S, Finegan B, White A, et al. (2015). Pollen flow in fragmented landscapes maintains genetic diversity
following stand-replacing disturbance in a neotropical pioneer tree, Vochysia ferruginea Mart. Heredity (Edinb) 115:
125-129. http://dx.doi.org/10.1038/hdy.2013.95

Liu M, Shi MM, Liu MH and Chen XY (2009). Isolation and characterization of microsatellite loci in Fagus longipetiolata
Seem. (Fagaceae). Conserv. Genet. 10: 1981-1983. http://dx.doi.org/10.1007/s10592-009-9873-5

Liu M, Compton SG, Peng FE, Zhang J, et al. (2015). Movements of genes between populations: are pollinators more
effective at transferring their own or plant genetic markers? Proc. Biol. Sci. 282: 20150290.

Miller MP (1997). Tools for population genetic analyses (TFPGA) version 1.3: a Windows program for the analysis of
allozyme and molecular population genetic data. Flagstatf, AZ, Northern Arizona University.

Rice WR (1989). Analyzing tables of statistical tests. Evolution 43: 223-225. http://dx.doi.org/10.2307/2409177

Rousset F (2008). genepop’007: a complete re-implementation of the genepop software for Windows and Linux. Mol.
Ecol. Resour. 8: 103-106. http://dx.doi.org/10.1111/7.1471-8286.2007.01931.x

Schuelke M (2000). An economic method for the fluorescent labeling of PCR fragments. Nat. Biotechnol. 18: 233-234.
http://dx.doi.org/10.1038/72708

Song YC and Chen XY (2007). Degradation mechanism and ecological restoration of evergreen broadleaved forest
ecosystem in East China. Science Press, Beijing.

Tong X, Xu NN, Li L and Chen XY (2012). Development and characterization of polymorphic microsatellite markers in
Cyclobalanopsis glauca (Fagaceae). Am. J. Bot. 99: ¢120-e122. http://dx.doi.org/10.3732/ajb.1100448

Genetics and Molecular Research 15 (2): gmr.15028322 ©FUNPEC-RP www.funpecrp.com.br



