Wen et. al.-Silvae Genetica (2013) 62-3, 137-141

Development and characterization of 28 polymorphic
EST-SSR markers for Cunninghamia lanceolata (Taxodiaceae)
based on transcriptome sequences
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Abstract

The Chinese fir (Cunninghamia lanceolata) is a very
important plantation species that is mainly distributed
in Southern China. However, genomic analyses of
C. lanceolata have lagged significantly behind those of
other conifer species due to a lack of suitable markers.
To address this issue, we examined 27,666,670 reads
from C. lanceolata transcriptome sequences recorded in
the SRA database. Assembly produced 35,633 contigs,
1,822 (5.11%) of which contained one or more SSRs. In
total, 2,156 SSRs were identified, giving an average SSR
density of 68.4 SSRs/Mb. The most common SSR types
were tri-SSRs (41.7 %), followed by hexa-(29.8 %), penta-
(12.7%), di-(11.1%) and tetra-(4.7%) SSRs. EST-SSR
markers based on the 1,822 SSR-containing contigs
were developed using the CMiB pipeline and primer
pairs were designed to target 35 loci. Polymorphism was
observed in 28 of these loci, for which the number of
alleles per locus ranged from 3 to 12 over 16 plus-tree
individuals. The observed heterozygosity (Ho), expected
heterozygosity (He) and fixation index (F|5) values for
the targeted loci ranged from 0.125 to 0.938, 0.225 to
0.891 and -0.368 to 0.456, respectively. The corres-
ponding PIC values ranged from 0.210 to 0.881, with an
average of 0.573. Some of these markers have since been
used in our ongoing genetic diversity analyses of
C. lanceolata. To our knowledge, this is the first analysis
of SSRs and EST-SSR markers in C. lanceolata, and the
identified EST-SSR markers will be useful in future
genetic analyses of C. lanceolata and related species.
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Introduction

The Chinese fir (Cunninghamia lanceolata) is an
allogamous, long-lived, evergreen conifer that is mainly
distributed in Southern China. It is one of the most
important plantation species in this region and is widely
used to restore degraded land and as a source of com-
mercial timber in China. However, genetic analyses of
this species have lagged behind those of other conifers
due to a lack of suitable markers. To date, only a few
studies have examined the genetic diversity and phy-
logeny of C. lanceolata and related species, typically by
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analyzing dominant DNA markers using techniques
such as RAPD (You and Hong, 1998), ISSR (Q1, 2008;
YANG et al., 2009) and AFLP (CHUNG et al., 2004). To the
authors’ knowledge, no microsatellite markers have yet
been developed for C. lanceolata, which has seriously
impeded its genetic analysis and the development of
breeding programs.

Genetic studies based on microsatellite markers (also
known as simple sequence repeats, or SSRs) have a
number of advantages over those based on random fin-
gerprinting approaches (JARNE and LAGODA, 1996;
SELKOE and TOONEN, 2006), including the co-dominant
inheritance of the markers according to Mendelian laws,
their high information content, and their ready detec-
tion by PCR amplification. EST-SSR markers offer fur-
ther advantages over genomic SSRs in that they directly
reflect gene expression. However, to develop new
species-specific microsatellites, it is necessary to study
their flanking sequences using traditional approaches,
which is costly and time-consuming (ZANE et al., 2002;
SQUIRRELL et al., 2003). With the advent of second gener-
ation sequencing technologies, very large amounts of
DNA sequence data have been generated and deposited
in public databases such as the Sequence Read Archive
(SRA), which include high-throughput transcriptome
sequences from different taxa. These data are valuable
genomic resources that can be used to develop new and
specific SSR markers for target species (ZALAPA et al.,
2012). In this work, we mined SSRs to develop and char-
acterize a set of EST-SSR markers for C. lanceolata from
publically-available transcriptome sequences.

Materials and Methods

Plant materials

In order to evaluate the polymorphism of the candi-
date EST-SSR markers, we selected 16 plus tree individ-
uals from two seed orchards in Southern China. Twelve
of these individuals (Y6, Y18, J5, J80, Ht14, Ht16, Jh10,
Jh16, Y26, J18, Y110, Y1116) were obtained from the
Youxian seed orchard in Hunan province (N27°18',
E113°47") and the remaining four were obtained from
the Lechang seed orchard in Guangdong province (Lc6,
Lcl2, Lcl8, Le418) (N25°12', E113°28'). Leaves from the
selected individuals were dried over silica gel and their
DNA was extracted using a modification of the CTAB
method (TSUMURA et al., 1995).

SSR mining and primer design

Transcriptome sequences for C. lanceolata (Accession:
SRX151872) were downloaded from the NCBI's SRA
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database (http:/www.ncbi.nlm.nih.gov/sra/SRX151872). recently-developed CMiB pipeline (UENO et al., 2012)
CLC Genomics Workbench (http:/www.clcbio.com) was was used to mine SSRs and design PCR amplicon
used to trim and assemble sequence reads, and the primers for contigs that contained SSRs. The CMiB

Table 1. — Basic properties of the 28 polymorhphic EST-SSR markers developed for C. lanceolata.

Locus Primer sequence (5 37 RCPC.a.I Blasl,\'.lop hil £ (';C'1Bank

motif description -value accession no

contig3N78 1424A F: GCCTCCCTCGCGCCACAAICAGCCAAGTTGTACAGGC (ATH(AGHs % ARB757708
R: CATACCTTAGCAAAGCCCTCAGC ABTS7709

contig3400 101A F: GCCTCCCTCGUGCCATGAAATTGCGTTGTACCGAAGG (GAN N ABR749554
R: TAACGAGACGAGCGACAALICTICC a AR749355

contig3354 691A I GCCTCCCTCGCGCCAGATCCTCTGGTACTTGGTGCCC (AT N ADB749556
R TGCAAAGTCATGICAICTCTGOGE AIT749557

contig34100 18R6A F: GCCTCCCTCGCCCCAGGCICGAGTTTGCATCICACALC (TC) N AIRT49558
R: CACATCCAATCCATACAGGAGGG ABR749559

contigh724_201A F: GCCTCCCTCGUGCCAGGTCCGGGCATTTAGAGTCATC (AT N AB7493560
R: GCTCAGATCCAAGGTGACTCAGG AB74936]

contigl 6147-262A F: GCCTCCCTCGCGUCATGAATGGACTGUCACAAALTCC (AG) N AB749350
R:TTCTTTGCAGGAAAGCCAACAAG ART74955]

contigl 6322 [79A FGOCTCCCTCGOGCCACTGLGCATGTAAAGACCATGTTAGG (1A N AR749552
R: GGCTOGAGCCTTTAGTGTATCTTCCC AB749553

contigl 382 349B F: GCCTTGCCAGCCCGCCTTAAGATAGCAGCGGGAATGG €1, N AB749562
R: CTTGCTCGATTICTTGCATCTGO AB749563

contigl 997 271B F: GCCTTGCCAGCCCGCAGAAATGTATACGGACCCTGCG (TA) N AB749564
R: AAAICAAAGCACACGGIGAGAGC ’ AB749565

contigdd 17 4398 F:GCCTTGCCAGCCCGCAAGAGAAGAGGAGGAGGICCAAG ) AB749570
R: CAGGAGCAGGTOGCAGTAGCATTC (AG)s N ARTI957]

contigd728 384B F: GCCTTGCCAGCCCGUATTATCCGAGOGUCAGATACGCAC (GOA N AR749572
R: CTTCTCCGTATTTGATCCATCGC AB749573

contig7616 6838 F: GCCTTGCCAGCCCGCGAGCCGTGAAGAACGAAGGTCTC (GAA)» N AB749574
R: ACGATCGGATTGTCTCAGAAACG AB749575

contig7671_1267B F: GCCTTGCCAGCCCGCTGATCTTGGCATGTCAGTCTGG (AT) N AB749576
R: TGTCTGTCTGCCTGCAGTTATGC AB749577

contig20738 8298 F: GCCTTGCCAGCCCGCTCCACACCTTGCTGCTCTCTTC (AT}, N AB749566
R: GAGATTAGGGCACTAGCGATGGO AR749567

contig25400 116B F: GCCTTGCCAGCCCGCAGCGATTAGAATCCGAGCAGAG H)pﬁtg}[]eeilliwl AB749568

R: GOTCGAGAICTGCG IAGGAAG LG (ATC), (fowering ~ 31E-13 AB749369

promoting

factor 1}
contigd06 1206C ¥ GOACCAGGCTACCCTGICATCAGCCTCAGTTTGTACTTGC (AT) N AT1749584
R: GCAATCATGGGCTCTCTGCAC g ABR749385
contig2573_171C F: AGGACCAGGCTACCGTGAAIGCGAC TTGCAAALTTCTGE (AGA) N AB749582
R: CGAATTCCTCAATCAC TTGGCTG ’ " AB749383
contig6bl6d 1563C F: GGACCAGGCTACCGTGUCACAGTCAATGTC CGTTATCGTTC (TA N AB749386
R: AATGGCAGCAACATCAGAAATGG » AT3749587
contigh319 750C F: CAGGACCAGGCTACCGTGGC GGCCATTTATATC ATCTTC (GAA) N ATI749388
R: CACGCCTGTAATTCATCTCCGIC TRk AII749589
contig 2886 2058C  F: CAGGACCACGCTACCGTCGGAGCCCTTAGAG TTACGGAG ATA) N AII749578
R: TGGGOTCCATTCATTTGTACTGE ( g AB749579
contigl6181 1285C  F: AGGACCAGGCTACCGTGGOTACTGCGAATCTICAAATCC (IC) N AB749580
R: TGTTCAAGAAAGGAAGCAAACGG " AB74958]
contigd76 S26D I GGAGAGCCGAGAGGTGTTTGGGACCTTATGGAGUGTGGAG (GOA) N AB749602
R: AAACCACCAGGTTGAGAAGCAGC b ATIT49603
contig1 56017891 F: GCAGAGCCGAGAGG TG TTTCGGCTCTCCGACTCCTTAAC ©n N ATY719564
R: AGAATCGCGTCCAGAACACAGAG o AB749505
contigd056_9740) F: GAGAGCCGAGAGGTGTCCAGGAGTC TG TGAATCCGAAG (TG N AB749600
R: CAGTACCAATTC AACCCAGCAGE ’ AB749601
contigl0192_16771)  F: GAGAGCCGAGAGGTGTCAAGAAGTTCCGCCATTGAGAG ©TT) N AB749560
R: CCCATGAGGATTCAGAAACAIGC e AB74959]
contia14033_2361 ¥ GGAGAGOCGAGAGG TG U TAAIGG TGCAAGG IGGANT TG (GAA) N AB749592
R: TTGAATCCCACTGATCACAU TGO TR AB749593
contiglh781 9130 I CGGAGAGCCGAGAGGTGU THTT TG TACATTGGCC TCGAC (1) N AB749595
R: TCACAAACCACTGTGOTGGAATE oh AI¥F49597
contig 8815 _ 185D F: COGAGAGCCGAGAGGTGOGTTGGOGATCTCATC AAGATTGO (1) N AB749508
R: TGAAAGAGGUGGAAAT TGGIAGG U AB749569

Note: N No hits found; 4 universal primers sequence (5'-3") and their PCR fluorophore:
Tail A (FAM), GCCTCCCTCGCGCCA; Tail B (HEX), GCCTTGCCAGCCCGC;
Tail C (NED), CAGGACCAGGCTACCGTG; Tail D (PET), CGGAGAGCCGAGAGGTG.
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pipeline is based on a combination of the CD-HIT-EST,
MISA, ipcress and BlastCLUST packages, and produces
non-redundant SSR sequences along with corresponding
primer pairs. 35 di- and tri-nucleotide microsatellite loci
containing SSRs with nine or more repeats each were
selected for further evaluation.

PCR amplification and polymorphism testing

Genotyping was performed wusing fluorescently
labelled universal primers and a three-primer PCR
approach (BLACKET et al., 2012). Each locus-specific for-
ward primer was modified with a 5' universal primer
sequence tail (A, B, C or D; see Table 1). The primer
pairs were then tested against DNA from two sampled
individuals to verify that they afforded successful ampli-
fication. PCR was performed according to the protocol
supplied with the QIAGEN® Multiplex PCR kit, in a
10.0 pL reaction volume containing 1 X Multiplex PCR
master mix (Qiagen), 1 puL of 10 X primer mix, and
5-10 ng of template DNA. The 10 X Primer mix for each
marker in the multiplex contained 1.0 pM universal
fluorescent primer, 1.0 uM tailed forward primer and
2.0 uM reverse primer. The PCR amplification condi-
tions were: 15 min at 95°C, then 35 cycles of 30 s at
94°C, 90 s at 60°C, and 60 s at 72°C, followed by a
30 min extension step at 60°C. The PCR products were
electrophoretically separated on 2% agarose gels stained
with ethidium bromide. For loci that were successfully
amplified, singleplex PCR amplification was performed
to investigate their polymorphism in the 16 sampled
individuals. The PCR amplification system and condi-
tions used in this second round of amplifications were
the same as those described above. Four fluorescently
labelled markers with different universal primers (A, B,
C or D) were pooled in a single lane for allele screening
and analyzed with an ABI3100 genetic analyzer using
the Liz 600 size standards. GENALEX6.3 (PEAKALL and
SMOUSE, 2006) was used to estimate a range of genetic
parameters for each locus, including the number of alle-
les per locus (Na), observed heterozygosity (Ho), expect-
ed heterozygosity (He), and fixation index (Fg). The
polymorphism information content (PIC) (BOTSTEIN et
al., 1980) was determined for each locus using MS-tools
(PARk, 2001). Exact tests of Hardy-Weinberg equilibrium
(HWE) and Linkage disequilibrium (LD) were assessed
using version 4.2 of the on-line GENEPOP tool (RAY-
index.html). Null alleles were detected using Micro-
checker 2.2.3 (VAN OOSTERHOUT et al., 2004). In order to
identify putative functions for SSR-containing contigs,
they were blasted against the NCBI NR protein data-
base using Blast2GO (CoNEsA et al., 2005) with an e-
value cutoff of 1e-3.

Results and Discussion

SSRs mining of EST contigs

We examined 27,666,670 reads of C. lanceolata
derived from transcriptome sequences. Assembly gener-
ated 35,633 contigs, of which 1,822 (5.11%) contained
one or more SSRs. In total, 2,156 SSRs were identified
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with threshold repeat numbers of 6, 5, 4, 3 and 3 for di-,
tri-, tetra-, penta- and hexa-SSRs, respectively. The
average SSR density was 68.4 SSRs/Mb, which is much
lower than that observed in Cryptomeria japonica (UENO
et al., 2012), but higher than the values for loblolly pine
and spruce (BERUBE et al., 2006). Tri-SSRs were the
most common SSR type encountered (41.7%), followed
by hexa-(29.8%), penta-(12.7%), di-(11.1%) and tetra-
(4.7%) SSRs. The most common tri-SSR motif was AAG,
which was found in 239 (26.6%) of all tri-SSRs. The
most common di-SSR motifs were AG and AT, both of
which occurred 109 times (45.6% of all di-SSRs). With
the advent of high-throughput sequencing technologies,
several computational tools or pipelines have been
developed for SSR mining, including TROLL (CASTELO
et al., 2002), MISA (THIEL et al., 2003), CMiB (UENO et
al., 2012) and ESMP (SArRMAH et al., 2012). CMiB is a
new method developed in our laboratories that empha-
sizes the identification of unique primer pairs targeting
specific genes and relies on a combination of widely-used
programs. It has previously been successfully used to
mine SSRs for Cryptomeria japonica.

Characterization of selected EST-SSR markers

Of the 35 primer pairs designed, 29 (82.9%) produced
clear PCR fragment patterns with one or two bands, one
produced multiple (more than two) bands, and 5 (14.3 %)
did not produce any fragments. Polymorphic genotypes
were obtained for 28 loci (Table 1 and Table 2) with the
number of alleles per locus ranging from 3 to 12 for the
16 studied individuals. The observed heterozygosity
(Ho), expected heterozygosity (He) and fixation index
(F\g) values for each locus ranged from 0.125 to 0.938,
0.225 to 0.891 and —0.368 to 0.456, respectively. Two loci
(contig4417_459B and contigl6147_262A) showed sig-
nificant deviation from Hardy-Weinberg equilibrium
(HWE) due to heterozygote deficiency or null alleles.
The PIC values for the loci ranged from 0.210 to 0.881,
with an average of 0.573. These values indicate that the
identified EST-SSR markers exhibit a high degree of
polymorphism. Significant linkage disequilibrium was
observed for eleven of the 378 possible pairs of the 28
EST-SSR markers (p<0.05). Possible null alleles were
identified in two loci (contigd417_459B and con-
tig3078_1424A), with null allele frequencies of 0.22 and
0.11, respectively.

In order to assess the power of these markers, Princi-
pal Coordinates Analysis (PCA) was performed using
GENALEX6.3. The four individuals from the Lechang
seed orchard formed a small cluster based on the PCA
results (data not shown), indicating that they were
closely genetically related, while the 12 individuals from
the Youxian seed orchard formed looser clusters because
they were collected over a broader range in Hunan
Province. Since their identification, some of the markers
developed in this work have been used in our ongoing
analysis of genetic diversity in C. lanceolata. To our
knowledge, the results presented herein represent the
first analysis of SSRs and EST-SSR markers in C. lance-
olata. The newly-established EST-SSR markers will be
very useful in future genetic analyses of C. lanceolata
and closely related species.
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Table 2. — 28 Polymorphic EST-SSR markers of C. lanceolata screening in 16 individuals.

Locus N Sire Na Ho He Fig PIC Null allcles

Rang(bp) (frequency)

contigd078 1424A 16 343375 12 0.688 0.883 0.221 0872 Yes (0.11}
contig3400 101A 16 273-297 10 0.875 0.861 -0.016 0.846 No
contigh3s4 691A 15 186-190 3 0.400 0.384 -0.040 0.351 No
contigh410 1886A 16 229-733 3 0.625 0.635 0.015 0.557 No
contigh724 201A 16 211-241 10 0.813 0.846 0.03Y 0.429 No
contigl6147-262A 16 288-298 5 0.300 0.668 02517 0.623 Na
contigl6322 179A 16 282-290 4 0.563 0.637 0.117 0.387 No
contig] 3823498 16 258-279 i 0.625 0.648 0.036 0.607 No
contiglVy7 2718 16 247235 5 0.813 0.594 -0.36% 0.535 No

contigdd17 4598 16 269283 5 0.375 0.689 0.456" 0.616 Yes (0.22)
conligd728 38413 15 336-354 6 0.400 0.444 0.100 0.425 No
contig7616 68313 16 260-281 7 0.688 0.785 0.124 0.752 No
contig7671 1267B 16 144-158 5 0.563 0.064 0.153 0.007 No
contig2(158 #298 16 324-344 9 0.813 0.795 -0.022 0.774 No
conlig23400 1168 16 337-349 3 0.750 0.713 -0.032 0.660 No
conligd06 1209C 16 348-384 I 0.513 .869 (1.065 0.855 No
contig2s73 171C 16 240-258 4 0.43% 0.416 -0.052 0.392 No
conligh06d 1563C 16 357-363 4 0.688 0.664 -0.033 0.616 No
contigh319 250C 16 126-135 4 0.563 0.609 0.077 0.530 No
contigl 2886 2058C 16 231240 3 0.563 0.506 0.112 0.406 No
contiglf 181 1285C 16 293297 3 0.375 0.490 0,235 0.397 No
contigd76 326D 16 153-139 3 0313 0.275 -0.135 0.257 No
contigl 360_1789D 16 129-147 5 0.438 0.492 0.111 0.458 No
conligd036 974D 16 223-23% 3 0.125 0.225 0.443 0.210 No
contigl0192 16770 16 354-375 6 0.750 0.750 0.000 0.717 No
contigl4033 236D 16 280-286 3 0.250 0.271 0.079 0.248 No
contigl§781 913D 16 136-148 4 0.500 0416 -0.202 0.392 No
contigl 8815 185D 16 226-270 12 0.938 0.891 -0.053 0.881 No

Note: N number of individuals genotyped; Na number of alleles per locus detected; Ho observed heterozygosity;
He expected heterozygosity; Fiq fixation index; *** significant departure from Hardy-Weinberg equilibrium
(HWE) (P<0.05, P<0.001, respectively); PIC polymorphism information content.

List of 11 significant linkage disequilibrium pairs markers (P <0.05)
contig1997_271B and contig2573_171C, contig1997_271B and contigh354_691A,
contig4056_974D and contigh354_691A, contigd76_526D and contigh410_1886A,
contig2573_171C and contig12886_2058C, contigd417_459B and contig16181_1285C,
contig7671_1267B and contig16147-262A, contig18815_185D and contig16147-262A,
contig1560_1789D and contig20158_829B, contigh410_1886A and contig20158_829B,
contig4417_459B and contig16781_913D.
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