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% E- i EST-SSR 43 FAric FF & FlFh #E i 4% 22 FE 1
PEHY

FEesr 12, A EER Y, BES Rk

(1 RMEE A A SE IR B, WL IR 325035; 2. ERACEHIRH AR EE, EIK 400044; 3. EFR B ALDBT TR, MAE 610041)

FE: 2SR T B VA (Diospyros morrisiana) 8 W5 % HEHE, FIFH CandiSSR BAFTF R T 1 620 X HA Z MK EST-SSR
S FhRG, HEETRENLIIER 15 X EST-SSR 70 FARic kT 8 ANKARFIUGHLI) 157 Ak 27 i B A AR 1 8 45 2 BEVEREAT VR A
SRR, FERHHERE S 100 285 % Unigene /751, S48 98 738 602 bp; HH & 34 121 4> SSR A pi, RAMEN
34.02%, 2% 2.89 kb & 1 4~ SSR A7, MAFFENLIELER 15 W HA RIFL &R EST-SSR 514, £&MEEEEPION
0.244~0.877, ¥IMEN 0.623, H 12 Mz S B &2 2 A1 (PIC: 0.543~0.788). FET 15 %} EST-SSR 3 #)f1) 8 4B i hli B9 4=
TR A4 A E N 0.503~0.650, HIEAZ4A A 0.574~0.610, Shannon ZFEMESEECN 1.072~1.245, R P& L 2R
TR BT A PR (0 B 70 S 2 KR A TE PR EE N(83.29%), FREFINIAEAE) V2 BRIV, (846 X REUE . W T R B A1)
TR BERVTEAT . 384% 2 FEE AT AN o F A 6l Bl B R R AR AR SRR K HE

K. BiFH; SIMITK; EST-SSR; Mifkgity; itk Fitt

doi: 10.11926/jtsb.5003  CSTR: 32235.14.jtsb.5003

Development of EST-SSR Molecular Markers for Diospyros morrisiana and
Assessment of Population Genetic Diversity

TANG Ruiyu'?, LI Xiang!, HUANG Yulin!, FENG Yu?, ZHANG Yonghua'”

(1. College of Life and Environmental Science, Wenzhou University, Wenzhou 325035, Zhejiang, China; 2. College of Environmental and Ecology, Chongqing

University, Chongqing 400044, China; 3. Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract: Based on the transcriptome data of Diospyros morrisiana seedlings, 1620 pairs of polymorphic EST-
SSR molecular markers were developed using CandiSSR software. The genetic diversity of 157 wild plants from 8
natural provenances was evaluated using 15 pairs of EST-SSR molecular markers randomly selected. The results
showed that the transcriptome dataset contained 100 285 Unigene sequences with a total length of 98 738 602 bp;
among them, 34 121 SSR loci were identified, with a frequency of 34.02%, approximately one SSR locus every
2.89 kb. The 15 pairs of EST-SSR primers with good polymorphism had a polymorphism information content (PIC)
ranging from 0.244 to 0.877, with an average of 0.623, and 12 loci were highly polymorphic (PIC: 0.543-0.788).
The observed heterozygosity of the 8 wild populations of D. morrisiana based on 15 pairs of EST-SSR primers
ranged from 0.503 to 0.650, the expected heterozygosity ranged from 0.574 to 0.610, and the Shannon diversity
index ranged from 1.072 to 1.245, indicating moderate genetic diversity. The majority of the genetic variation in the
wild populations of D. morrisiana occurred within the populations (83.29%), and there was extensive gene flow

among the populations, with a relatively close genetic relationship. These would provide technical support and
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scientific basis for the evaluation of germplasm resources, genetic diversity analysis, and molecular marker-assisted

breeding of D. morrisiana.

Key words: Diospyros morrisiana; Primer development; EST-SSR; Genetic structure; Genetic diversity

B Mi(Diospyros morrisiana), X4 LAl 11138
fli, ARl (Ebenaceae) fili J& i) 2 & &k /N e K BT
K, WAk 20 mo DURAN A AR, KRR Y
IR, BAPR AL B, ML,
BERAAE, R4 R, e, et i
A, MR, SMHERFEE, B 6
Mo, FRERIE; RSR, sARr 236, HAZ 1.5~
22 cm; PFIEKETE, Mk, 56 1605 H—6
H, 3110 AWM, 2 32 250 A0 T b (B 46 R e A
RUX, 7ERFE A ZES . AFA A AR
WA, 2N B AL R R S B A R 1
M ETEA A IE NG, 51D, glaucifolia) 7T
T(D. lotus)Z &R FZ BRI, BMiFILRMFEEE
TETE R BT AR IR R R R, R 8 2 NMFEZ
P BT T RIEYT . AR (R
HY #of fli Jh i 2 . AR # it Fi R
B, VE AR AR 2 — B A, oA ZE ] DA
ANZG, W R, MEE, BRAREIE AR IWEUEYE
FITha, EREYHE. BIE. FiR. KKKZEMG
S PR A R A I R S R TE T TR A R B,
B AT DA SR E AR AR SRELH T 77K o BRI Z A1,
WA EE BT RIS AT B AR S ME, P
FAE A B A M, B ERIIK LR DI RE, I
HHABALGE AR, 5L a5
FeANBIE, DR H i AR B V& AL T AR RROE (AR
AL, A [ B R BRI VA U B BT S
WAL TR AL, R DR . SRR
AT ERA SE =L, (HHTH g E R
BT R AE A PR . FEFLRIOT 7T 2, 2 AT Y
FhEf B AR S M AT AL A S B Fe B =, BRI 1 %%
WA R A g S R S P 4 T R . FE N JZ T,
T8 A 30 Al Wiks 17X ERifE RN Z
F B2 IR AN AR 2B L T30 Fh 1) it o 245 5 DA B no) FE
Iy TR E R T I E AR .

DNA 43 FAric /&2 T DNA /341 (1 3 14 b i
FOR, R M R 20 BE 5% 20 2 T 48 7= 400 M i) st
& 2 FEPERFAE o /448 DNA 43 F A ic B 55 FR 1] 14
b B KB 2 & M (length limited fragment polymor-
phism, RFLP). FALY 14 £ & 1% (random amplified

polymorphic DNA, RAPD). J7FIHFIEALY 3G [X 45,
(sequence characterized amplified region, SCAR)FIfi
T EFrid(simple sequence repeat, SSR)ZE, [ 5 &=
WEWFHEARMPOE R E, PR 2 AP (single-
nucleotide polymorphism, SNP). & [ 43 B4l Jf
(genotyping by sequencing, GBS)FHHE [ ] 7> 3 [A]
437 (genotyping by target sequencing, GBTS)%5 T
RUFRAC B A BB S AT FE R0, SR, SSR A
LHREHEFEE.. 255 HLEMEEBARMSLE
JRAAREE T, FEIEB AP 1) 184 2 4R o A
BV A B AN A BARIEN T, e 2 B T
FRIEJFHNRRZETF K ) EST-SSR (expressed sequence
tag-simple sequence repeat)bric, EH R T IhfE
SR g 65 X BRI 5 X, AN B 0SS B gt
B35 SR AIE, BT I 5 R A IR I SRR 4 Hr 48
N T8 N BEA AL, I A SR AR U S A ) OR3P R BT
AR G R E R 248 Tz R M CandiSSR A& —
AL TTHT SSRARCTF A AEMNE R TR, &
i Z A RS SSR FAILLXT, BT H 3Rk B A
b P 22 25 M R0 ol 1B] £R 53 ME 1) SSR AL AT, 8 A St
W EIT K R EE BTS2 G
i) A,

KHEFRET DR M PR 2 B0 iR
TR S XA AL ZAEvE i, B e
T T I U U R T 2R J8 A T B I A 4 o AT e 3¢
P 54H%%, FRI A CandiSSR T HPEREA LR,
i gt [R5 HLHL 22 A5 PR ¥ BST-SSR 47 5%, JF A zhik it
TERZABMESIY. W5, HIFRIEIINT RE
ZA A IREE B I AARERAT A A, Ead asA
ZHREVE AT (ISR R B G B BERSE M S R
PR)BUERRIC A R S5 S I o e, MR
ST 2 AT AR A ARV S . RS OC R
ST GEURARFAE , F BT B8 R T HE AR AR
T )11 € S BRI S H%

1 BRIV

1.1 #8
I B 2 U 0 R T 2R BB A TR SR 4 1 B I R
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DA BEH EST-SSR 0 TARic T AR RESAL 22 FEME A 65

(Diospyros morrisiana)Fh ¥, 20§ K 1557 3 i fa %5
KANFIKAERAAR) 1 RAIEREAS, BEAT I RETETE
Ja T80 CHfr, M T /LM zErt RNA HIIRFE$2

18 AP ELE R

Table 1 Location information for eight Diospyros morrisiana populations

o F3REERE 8 A RIRFhH 0 A 2 Al A
3157 RIIZIIMH 7 (R 1), B T o848 R I
BRERR, iF RS = T DNA $2HL.

pibid KA Hh 4 (N) %% (E) K
Population Sampling location Latitude Longitude Number
AT SD IR E TR BRI 23°46' 111°90' 22
Hz W BY JTRABT M E B 23°18' 113°30 17
FINFEH LW JTRBRINT Z R K E 22°65' 114°44' 14
L HIE QM JTARA MG B 23°84" 115°38' 20
RETHTT JUARAATT M T A IX R LT 23°59/ 113°76' 26
KI 1T JTRABFRRRIFL B AR X 24°92' 113002’ 24
Wl GD JTRABILI T ol B AR R X 22024’ 112°95' 22
HUH H &%k HP TR BN G BRI X 23°06" 11523 12
1.2 DNA $#REU K& 3l 7 YAy HY, I E AR GS500 FRAS AT A BOK FE I

H—80 CURAFI & E A 41 B A i T-UK CReR J
ERFRYIERIERFMF A7), REBHR. 2. HREE
FER) RNA, H44 8 cDNA U, FH Illumina Nova-
Seq “FERATHEFANMT . 5 KH R CTAB %4
B A 8 DN FHEEREAS S L[R2 DNA, 2460 & 4%
JEAE AR DNA AT 2 H) PCR 474
1.3 SSR A7 =40 47 K 51 M6 BB IE

RNA 7 R 464035 (Raw reads)Z i =it V€ )5,
KH] Trinity 2.4.0 (http://trinityrnaseq.sourceforge.net/)
HEAT de novo 2%, SAGHE A7 51 b J5 {8 H Teicl
AT K X TR, W8 Unigene J751. FIH
CandiSSR (https://github.com/xiaenhua/CandiSSR)*}
2 AT A4 B S 2H Unigene 74133517 SSR £
MEHEXT, HA 2 &M SSR (polymorphic simple
sequence repeats, PolySSRs). BB M SH: 1~6
MNEE FICH SSR S/NE B IRE 08 10, 64 5.
5. 5.5 (BRI ERRDEZRECN 10 Ik, —t%H
M/ PEFRECH 6 I, = . H. AZHREK
B SN 5 UK. MR SSR A U i ) DR ST
X1, FIH Primer 3.0 11519 F T J5 45600

MBTRT R i% EST-SSR 24151 ) Hh BEH LI
1615 X GER 2 MR 1), HAEERAEMIREA TR A
Al(BUM)E R BEfE L 8 ANBRATFHER 157 MEAR
MRLEAT EST-SSR 1) PCR ™ Hi(F 2 L 3),
I ZE 1.0% 35 5 HE B B Uk & BioRad Chemi-
Doc g R Gk, 3 th H AR %17 1) PCR 77 #i%
AR EREYIRECA IR A B (BN BT DO BAE

S, AENEEHEAE Z R TR .
1.4 SSR 5| Y 23S
FIFH#AF GeneMarker! U0 B4 H yk B s i3k 47 52

B NS, FIAHAT FREENAUD 2% SSR i
RIS AL B IR A TR . 83T Genepop 4.7
(https://genepop.curtin.edu.au/) k& | %437 55 1] Hardy-
Weinberg P&, Cervus 3.0UHFFA5 2 & MAL
FEDUI S & B (Ho) JHEE IR G (He). Z2A/MEE R
& B(PIC) M A5 AL 5 R B (Na) S5 i bm o 28— 20
GenALEx 6.5!"SIiH 54 2% 5 A1 5 X % (Ve) . Shannon
ZFEMEFREUD), TEUY EST-SSR AL s 2451, FH4rHFh
TR EEASE AL Z FEE SR PR (A1 R (Nm) 5 54
SR E(Fst). 18T EAAbR 7 BT (principal coordi- nate
analysis, PCoA)5 ;¥ 75 Z 73 HT(analysis of molecular
variance, AMOVA) &7~ FE (] S PR P st 45 28 45
o FIF STRUCTURE 2.3.4MVE:T- DU R A vk
(bayesian clustering algorithm)X} 157 A2 Al AMAE
ITRHRGE R o Hr, HEWT BB ARG, FEif e BRI R
(K)o T Nei's BfEEEES, I POPtree B AF1%

4415 (neighbour-joining, NI)f4%E 8 N FFFliFFHE
1 248 Kk B AR (neighbor-joining tree, NJ ),

2 ZERLR T
2.1 BT

2.1.1 EST-SSR i s5 ) 73 A 545
TELHE1F 21 100 285 2k Unigenes 741 H, 3
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R 215%F SSR FIME AL 2 FEESH
Table 2 Information and genetic diversity parameters of 15 SSR primers
. wEE AR ] N
5 37 Repeat  K/h (bp) AIFI (53 Na  Ne  Ho  He I PIC
No. Primer . . Primer sequence
motif  Expected size
1 CPSSR_5 AAG 200 F: GCCACTGCCACCTGTATGTA 4 1.554 0314 0.458 0.503 0.366
R: TCAGGGTGCCACTTCATAGC
2 CPSSR_209 AGA 190 F: ACAATCGGACCGATACGCTT 14 6.001  0.769  0.890 1.922 0.877
R: GAGAGAGGTGGACGTTTGAGA
3 CPSSR_282 AT 197 F: GGTGACGGGGTAGAGCTACA 10 3.304  0.609 0.720 1.301 0.690
R: GGCGCATTTTGCAAGTCCTA
4 CPSSR_332 AT 166 F: GAGTTCGGCAAGCACACAAG 7 2.040  0.500 0.554 0.823 0.459
R: ATGGCCAGATGAAGCATGCT
5  CPSSR_565 CGG 161 F: CACCGACTTCCTCCTCAACC 16 5.045 0.788  0.850 1.758 0.834
R: GTGGAGCTCCGAGTCAAGTC
6  CPSSR_586 CT 172 F: ACCCATTCTCAACTCTTGCT 15 4722 0.782  0.855 1.690 0.836
R: CCTTCTTCCTCCTTGCCAGA
7  CPSSR_610 CT 198 F: TGGCGGTGGTGGAATTGAAT 8 2280 0516  0.621 0.942 0.570
R: ATTTGCCGACAGCTTGTCCT
8  CPSSR_746 CTT 200 F: AAGCTGGTTGAAGGCACTGC 6 1397  0.178  0.252 0.470 0.244
R: GCAAGATCGATGGGAAACTACC
9 CPSSR_798 GA 172 F: CGTGTGATTTCCGCAGAACC 7 2751 0.677 0.731 1.144 0.693
R: CCAACGCTCCTCTCCACAAT
10 CPSSR_900 GAA 192 F: CGAGAATCTGTGGGTGCGAA 8 2332 0427 0.613 0.954 0.543
R: CGGACCTCCTTGAACACGTT
11 CPSSR_998 GCA 149 F: TATCGATGCCTTGTGCTGCT 10 2226 0516  0.614 0.989 0.586
R: TTGCCCTTTCCCTCCACTTC
12 CPSSR_1296  TAA 133 F: CCGCCTCGTTACTCTCACTC 9 3.813  0.643  0.774 1.472 0.740
R: GGGCCAGAGAGGAGATCCAT
13 CPSSR_1350 TC 183 F: GGGCGAGGAGGAAGAAGAAG 7 2.415 0561  0.619 1.028 0.576
R: TGCACATAGTCAGCAGCCAA
14 CPSSR_1439 TC 182 F: TTGACGACAGCACTGCAGAT 10 2.843  0.580 0.722 1.191 0.677
R: TGCGTTAGAGGAAAGCTCTGG
15 CPSSR_1613  TTC 134 F: TGGCCTTTTGCTTCCTCACT 7 2912 0.682 0.717 1.165 0.661
R: CCCTCCTTTTGCCATCGAGT
I8 Mean 92 3.042 0569 0.666 1.157 0.623

Na: S5hZFHG Ne: HREEMIEEFE G Ho: ML He: ARG I HREFEEIEY, PIC: Z2EMEEERE. TR

Na: Number of alleles; Ne: Effective number of alleles; Ho: Observed heterozygosity; He: Expected heterozygosity; /: Shannon's information index; P/C: Poly-

morphism information content. The same below

A 24028 267 FIA I E] SSR 47 £, it 34 121 A
SSR {7 £51.. B AL 2H H SSR IR A 34.02%,
YA L) NEE 2.89 kb A 14~ SSR. MEE LT
HKARE, DL HERNEA8853, 5525%), H
W = A ’R (6977, 20.45%) A1 B 4% 1 12 (6 336,
18.57%): WU\ Ti. NEEHEREME A, 7550 646
(1.89%)- 642 (1.88%)F1 667 (1.95%), &ttt 5.73%
(B 1: A, B). SiESRBAMKES TS, HAAE
B2 SSR M E E IRHII KT 9 IR, HARFAEIH
HE BB ES . b, —BREFRTUER6
K% (12.07%), = EHBRMUZERUES 5K
BEZDHN 9.7%. 1.34%), BTN AR
MPLE S 4 R % (1.46% 1.70%).

FE4HE 34121 4> EST-SSR fi7 i, — iR
1L AG/CT (13 398, 39.27%)# i M., HkJE AT/AT
(3 632, 10.64%)AC/GT (1 745, 5.11%)H1 CG/CG (78,

0.23%). —IF R L AAG/CTT (2682, 7.70%)N
+, Hk2 AGG/CCT (814, 2.39%). AGC/CTG (786,
2.30%). ATC/ATG (654, 1.92%). CCG/CGG (611,
1.79%). AAT/ATT (507, 1.49%). ACC/GGT (330,
0.97%). AAC/GTT (260, 0.76%). ACG/CGT (210,
0.62%)A1 ACT/AGT (123, 0.36%) (& 1: C). ik 14
b AR TIN5 S 75.7%, AR & 24.3%.
2.1.2 SSR i fi 2 A%

15 X 2 41 EST-SSR 5147 (3 2) S 246 £
T 138 MEELLEE ], Na N 4~16 4, “F35 9.2 4N; Ne
N 1.397~6.001, “F-13 3.042 4~. Ho N 0.178~0.788,
PN 0.569; He ¥ 0.252~0.890, “F¥JN 0.666. 1
N 0.470~1.922, *F-¥J°4 1.157; PIC N 0.244~0.877,
FH4°4 0.623; & CPSSR_5 (PIC=0.366). CPSSR
332 (PIC=0.459)f1 CPSSR_ 746 (PIC=0.244), H:4&
5191 PIC ¥J7E 0.500 UL L, RICAE L&
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Fig. 1 Simple sequence repeat types detected in the transcriptome of Diospyros morrisiana. A: Number of SSRs; B: Proportion of SSRs; C: Number of EST-SSRs.

2.2 BT
2.2.1 BEAEREAE Z AT

BT 15 K2 A1 EST-SSR 514, X% %4 8
A EARFREE AT I AL Z RV IT(GR 3). B FEETY
A A FE R BON 4.858 o Ne S T FhEER T
RG22 FEE K, S FhREIR] Ne fFAE2E 5, N 2.755
(BY)~3.423 (QM), “F¥J°4 3.043. Ho 4 0.503 (TJ)~
0.650 (QM), “F#41°4 0.571; He 4 0.574 (BY)~0.610
(QM), “FHJ4 0.590. 14 1.072 (BY)~1.245 (QM), *F*
BIA 1.157. F 4-0.060 (QM)~0.135 (TJ), “F-15 0.042.
SRS, QM FHEEAE Ne. He F1 I ZZfhr L3
DR, BonFsE 2R R, PR R AR A
K HF QM B Ho &=, HxN SD, &AKHN T,

# 3 HT 15 EST-SSR s i) 8 DR M AP HFGA% 2 Ff1E

BY [ Ne 5 Na s#%i, $enHSEAERE A AREN
Byfis 1 GD PRI H A s A AR, (R
2K S5 A 5 DRI AFDR G, 3 8 2 45 A 8 IR A 2R 6
fiX, TTBRERR.

2.2.2 PEERAL 7L AT AT AMOVA 73 #

8 AT VR AT AR I R Nm N 1.32~4.96, 18
&0k 230 Fsr 4 0.037~0.108 (1€ 4). HP 1 GD
T35 15 HAdPR I e AL b B84 73 41.(0.058 < Fsr<
0.108); LW B 15 QM g% 704 REIKT 0.05
(Fs7=0.043)41, 5 HAh 6 AR I b BE st A%
346(0.064<Fsr<<0.100). TJ A1 TT FIFEE AN B4E
I RBUER /N, N 0.037; GD Al SD HIFREE N 8 4%
AL RBUR K, N 0.108. 3 MRIFEEX SD A1 TT.

Table 3 Genetic diversity of the 8 populations of Diospyros morrisiana based on 15 EST-SSRs

FEE Population Na Ne Ho He 1 [i] 72 54} Fixed index (F)
MO T SD 4.933 3.124 0.601 0.596 1.162 -0.021
Hz 1l BY 4.133 2.755 0.592 0.574 1.072 —0.008
WYY EH LW 4.600 3.103 0.590 0.592 1.145 0.051
-+ H i QM 5.533 3.423 0.650 0.610 1.245 —0.060
RETTT 5.333 3.201 0.574 0.609 1.218 0.048
RKI TI 4.600 2.888 0.503 0.579 1.128 0.135
W¥eil GD 5.400 3.039 0.512 0.581 1.193 0.133
BN A&k °HP 4.333 2.808 0.546 0.576 1.090 0.060
Y18 Mean 4.858 3.043 0.571 0.590 1.157 0.042
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LW F1 QM. TJ FI TT, o H 5 ey (14 25 PR AR
FIBEAE L R B, IR SU R RE 2 0] B i 3
RIAZ 5 1N B 4k

AMOVA 77 2453138, {EREMIKT P<0.001

x4 8 ANFIFRIMELN AMOVA 43 T 238 740t

N, 8 ANDTEANAEE R ZE AN TTER T 16.71%, MiFidE
W2 R DTk 1 83.29%, UlPAMEEEE 2R E R
BORIE T S DUF AR, MR A AR AR
(I, FRFRIEAE RS, BERRILGEER 4).

Table 4 Analysis of molecular variance (AMOVA) of 8 Diospyros morrisiana populations

A FKIE (SV)

Source of variation

HHE (Df)

Degree of freedom

B2 (SS)

Sum of squares

BRMASY (VO)

Variance component

¥J7 (MS)

Mean square

A5 % of P

total variation

£ Among populations 7 338.824
FEEN Within populations 149 1 470.195
A Total 156 1.809.019

48.403 1.979 16.71% <0.001
9.867 9.986 83.29% <0.001
- 11.846 100.00% -

2.3 BIEGE ST
2.3.1 AL 45 M o

F STRUCTURE # A A 56T DUt i S 28 5 1600
DA B AL SR T A (B 2: A), ARE
Evanno 26U W (1 71500 € fedE 741 K {H, AK 7R
K=2 WA B E, MIHE 8 AN i Fi i fe 43
HHCH 2, FRYRE 8 NP IRAIFEEN 157 MRTEEHE
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WAL 2: B). FEESD. TI A TT KL =K
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AK=mean(L"(K)|)/sd(L(K))

+SDuTJATT BY ¢GD

QMaLW e HP

JUREARL, R H AR M GD. QM. LW
FHP IBHE T SeECAAREL,  E 2k A G I R,
TR BY fEAER [ 2 MR LR 5 .

2.3.2 FAFRHT(PCoA)

FAFR AT (PCoA) KELK 8 N IR AFIHE 73 A
2AVEEH, B A (4 f)EFE GD. QM. LW, HP
A ANFREE, BE4LB (MEf)EFE SD. T, TT 253
ANFREE, T BY FOEEMESBUEREA AVB H, H
KZH BY F#EM AR mEREA A H (B 2: C).
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Fig. 2 Genetic structure analysis of 8 populations of Diospyros morrisiana. A: Choose K value based on criterion of AK=mean(|L*(K)|)/sd[L(K)]; B: STRUC-

TURE clustering analysis (K=2); C: PCoA analysis; D: NJ cluster analysis based on Nei’s genetic distance. SD, TJ, TT, BY, GD, QM, LW, HP see Table 1.
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