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Genetic Diversity Analysis of Toona sinensis Germplasms Based on SRAP
and EST-SSR Markers
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Abstract: Expressed sequence tags (EST) - simple sequence repeats (SSR) and sequence related
amplified polymorphism (SRAP) markers were applied to assess the genetic diversity and genetic
relationship of 10 Toona sinensis populations collected from nine provinces in China. A total of 167
polymorphic loci were detected by 33 SRAP primers with 5.06 polymorphic loci per primer, and 221
polymorphic loci were observed by 45 EST-SSR primers with 4.9 alleles per primer. The results of
observed number of alleles (EST-SSR, N, =2.3506), expected heterozygosity (EST-SSR, H.=0.4632)
and the Shannon’s information index (SRAP, [ = 0.6140; EST-SSR, 7 = 0.6752) demonstrated that

relatively higher level of genetic diversity possessed in these populations of 7. sinensis. The genetic
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differentiation coefficients data (SRAP, G, =0.3124; EST-SSR, F, =0.2462) also revealed relatively
higher level of genetic polymorphisms among these 7. sinensis resources. Cluster analysis divided 10
populations into 3 groups, one group consisted of Hengshui, Tai’an and Taihe populations, another group
consisted of Chengdu, Kunming, Wuhan and Ruyang populations, Dezhou and Quanzhou populations
were belonging to the third group. The results of Nanjing population were different in two kind of markers.
Genetic relationship among these 7. sinensis populations have no significant correlation with their
geographical distribution.

Keywords: Toona sinensis; genetic diversity; SRAP; EST-SSR

i (Toona sinensis) AEJFF KT 5t R AT I 25 €& [FEAEY), X AT BRI e . dsifh 2 REE
PP A R X B FFssAL 2 07 st iig 8, B2 85U m IR T A X
B LA R (Wang et al., 2008; Xingetal., 2016), HAESBRAL ., AL, BRI HEREE
TR Z R FIPEAT

HETRIE PV RS TT R BB L A bR id EST-SSR (expressed sequence tag SSR), K H T & ik e i
L R ARSI TR MERE PSSO AL (FRAR 25, 20065 DT 5%, 20065 ISR 4,
2008; Songetal., 2016; H# &%, 2017), # 2N TAEYEAL ZREMEVEAN . MOSUEE . dRidil
HPESEWET (R 45, 2008; XERE %5, 2009; Zeng et al., 2010) . SRAP (sequence-related amplified
polymorphism) 7> FFric M ORFs TR~ IXIMBEATHIM Bt BIAMEANFELL LR IN S 7. E3)
TSI EEASEM A 280, HRERRE, ) 2 N TP oot s 5 e PR AL B A
i FEEYERARC LA PR LR 41 24255 F9T (Li & Quiros, 2001; H&XWE 45, 2016; Yang et al., 2016 ).

AWFFHEE TR FH R 228G Wby DU 9. 2R3 9 24 10 MR RER 93 & M vE i,
FIH 33 %F SRAP F1 45 X EST-SSR bric xf HdEAT T st Ak Z FEIE 23 A, LB 25 7 b B #6925 1 ot A%
FERSR R R, A EE IR ICER IR AT . 2R 5E S BITFAROR M i b ik & B 7€ Jk il

QY VR SRS DARES

1.1 RIEarel
R FTH 10 DNFEFEFEREIL O3 (B iEA R (R 1) Bl T il A R MoK 2425 A . 2016 4 5

F1 BRERNRSERERER

Table 1 Geographical locations and codes of the ten Toona sinensis populations

S T A YR HE FEA 2 Zp
Sampling locality Sample size Latitude Longitude
kK Hengshui, Hebei 9 37°44'17.84" 115°39'51.49"
PUJIp#R  Chengdu, Sichuan 5 30°34'30.93" 104°03'51.45"
#IJLEG Wuhan, Hubei 8 30°35'42.92" 114°18'0.36"
114484 Tai’an, Shandong 33 36°12'0.02" 117°04'53.59"
44 M Dezhou, Shandong 4 37°25'59.63" 116°21'5.67"
ZFF M Kunming, Yunnan 9 24°52'59.33" 102°49'53.27"
WA Quanzhou, Fujian 2 24°52'37.34" 118°40'16.09"
R Taihe, Anhui 15 33°09'44.08" 115°36'59.81"
VL7550 Nanjing, Jiangsu 4 32°03'44.36" 118°47'30.10"

Jl Y4Bl Ruyang, Henan 4 34°09'18.88" 112°28'1.07"
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1 SHEAMRIBUE =S (1~ 2 B, IR R AR sE R,
e

BURT - 20 ‘CUK4H, HT DNA 1

1.2 DNA B9#2El5 PCR # 1%

FEK 4 DNA [J42EL 54140 2 [ Rogers A1 Bendich (1989) [ CTAB Jii%, MMt .
43 100 4~ SRAP 1 120 /> EST-SSR 5|40 & Hh ik B E R MELF . 27 IS 33 4 SRAP
(Li & Quiros, 2001) F145 4 EST-SSR (& 2) HF 74T,

%2 EST-SSR 3|9F3|
Table 2 List of primers used in EST-SSR

JIRS Eg TC IEFSIHS1 (5 -39 R 51Rs (5 -3

Primer code  Motif " Forward primer sequence Reverse primer sequence

2 AG 59 CCATCCGGGTAAGAAATAGTTTCC TGAGGCCATCAGTTTCACGG

5 TC 60 CGCTGTGTGTTTGTGTGTGT TCGCTGATTTTGAGGCAGGA

9 ATT 59 ACCAAAGGCACCACAAATGAG ACCCATTGCAAATTTCATCAAGA
11 AC 60 GACGAATAGCAGGGTCAGCA AGTTCAACATTGTTACTACCTTGCA
12 TC 60 CCAACTTCGCTTCAGGTCCT GATGAGAGGAGAGTCGTGCG

14 CAG 60 TGCAGAGGCGATGGAAGTTT AGCCATACCCGGTCCCTAAA

16 AG 60 CCATCTTCGGCTTCGATCCA ACCGTGTTACACATTCCATGT

18 ATT 60 TCACACTCGTACTCATCAAGCA ATGGGTTAGCTTGTGGGTGG

19 AG 60 GTAGACCTAGCTCGACGCAC TCCCAAATAGAAAAACTGTCGCAC
21 AT 60 AATGCATTCGTGGAGGAGCA ACATGCTTGGGTAGGCATGT

22 CAG 59 GAGGCAGCAGACCATCTTCT TGCAGGTGCTTTGTATCCACA

24 ACC 60 CAGCAGCGGTGGTAGTACTC GCTCAATTGTCTCACCCCCA

29 AC 60 TGAAACCTGAGGTGCCATTCT TCCTTGGTTCCCGAGTCTCT

32 TC 60 TCTGTCCAAGGCCAAAACCA AGGCTTGCTTGACCGATCAA

35 GTT 59 TCTGGGTGGTGTCCAAATCT TCGGAAGTTGGTTTGGTCGA

38 AGA 60 AACACCAATGGAAATGCCGC AACCCACCTCGTTTACACCG

39 ATG 60 ATTGCAACTGGTGAGGGGAG TGGGTGGTGGAAATGGTCAT

40 CT 60 GTGCAGGCAGTTGGTTTTCC CCAGGTGTTTGTTGAAATGAAATGA
42 TC 60 CCTTCCAAAGAGCATGGGGT CGAAAGAGCGTGCCAAACAA
44 TC 60 AGTGCACTAAAGTAGGCTTGCT TCAGCTGATTGACCGAGTAGT
45 TG 60 TGAATTGTTTCATGCATGAAGCCT TGGGCAGAACTTAGTGTGCA

47 GTG 60 GCAATACTGGAGCTGCTGGA TCGGTGATTCACAGCTTGGA

50 ACC 60 AGCGATTTCCACCATGCTGA TATGAAGATCCGGCTGCTGC

51 TA 60 TGTACAAAACCGCCGTACGT TCGCAACACAATCCGTCTCT

52 GCT 60 TGTCTCGAAGAAGAGGAGGGT GCCAAATCCCCGGAGCTTAT

53 AAAG 59 AAGGTAAAGAAGGAGGGGCG TCGAAGGCGAGTTTTTGGGA

56 TGT 60 TTCGTGGCTGTCACATCCTC ATTACGAGGAGCAGCAGCAG

58 TA 60 CGGGTACTTTGACTGCAGGT ATTTGCGGCAGACAGACAGA

60 TGT 60 AACAGCTCCAGAAACTCCGG TCAAGCTCATCAGTCACTCCT

64 TA 60 CTTCCTTCGCATCCTGTGGT AGTCATCAGCAGCCATACAAGA
66 TGA 59 GCTGTCTTATCGCTTTGCCA TTTGAAACCTGCACTGCTGC

70 GA 57 ATGAAGTTTTTGGGCGGAAC AGGTAGCCAATCCTCCTCGT

71 AG 60 GCCACATTTGCAAGGCTTCA ATACAAAGCCCAGTCCCTGC

72 AG 60 GAGACGAAGGCGATGGAGAG TGTGAATAACCACAAAAGCCAAACT
73 TGG 60 GGATGGTCAGAACACTGGCA AGCAGACAACAACCACACCA

74 GCT 59 TGCTTCTTCCTTCACTTTTGCT AGCAGTTCTCTGAAGTGGGA

78 TCT 59 CTCCAGCAAGGGTTACATCTCT GCGAGGGAGGAAGCCAAATA

82 GA 59 ACCAAGTGCCTAACAGCGTA CACCGCTACACTTGCAAGTT

83 GA 59 CCAACGCGTCTCCTCTAGAA AGGTTTCAATCCTCCTTGGCT

84 TA 59 TCGTAGCTGTCTCATGTCAACT CTCACAAGCCTCAGGTCGAT

86 TCG 60 TGGCAGAGCAGCATTAGAGG TGGAAGGATTGTGGCTCACC

87 AAG 59 AGCCAACGCAATCTTAGAAATCA CGTCTGCCTCGTTCTTTCCT

97 CAC 60 GCTAGCTGCAACATGGCATC AGCCTCCTCAGATGCTCTCA

99 GA 60 AAGAAGAGCACGACGTCTCG CTCAGTTCCACTGTCGGTCG

100 AG 60 CAGCCAATGGTGAGCCTACA ACCTCCACTCTCTGACCTGT
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PCR ¥ 14 Jx W AF BIO-RAD FYFE K H 484 L334T .15 ul ) PCR [ WAK &, Tag PCR Master Mix
750, ddH,0 Jy4.5puL, L. R34 1 ul, DNA (30ng-pL™") 1 puL. SRAP [ PCR 41
FEFE . 94 CHIASYE 4 min, #R)5 94 ‘CAEYE45s, 50 CiBK 50s, 72 CHEM 50 s, 35 MEH, #ix
Jii 72 CHEA 5 min. EST-SSR ) PCR § H4F2/ 5. 94 CHIA N 4 min; 94 CTAME40s, 55~58°C
Bk 40s, 72 CHEM 1 min, 35 WAEHR; )i 72 ‘CHEMH 7 min.

PP W2 6.0% 58 N RS Wz Bk i Ha vk (1x TBE 29, 120V, 2.5h) K E4Rgy, BJ54m
WL

1.3 KRS

X T SRAP fric, KN LB 7732, K Ak Bl o] 582 piG i i 4547 (G994 dh
“17, [ BT RN G A9 €07, Gty A AL R 2 AN S, S
AR ST . A POPGENE 1.32 (Yeh et al., 1997) #4470 rit-45 4% JE eI 22 A MEAT 55 8 (4D
LA AL (P). Nei ZERIZFREE (H). Shannon’s {5 B840 (1D, LUK EREN K Nei K1t
fEEEE (GD) gL —3 (GD . JRRER R IE AL R FsE /- RE (G FIIEDIE (M) K
fli%E. M Nei FEH0%—8U%, FIH NTSYSpc-2.10 (Exeter Software, Setauket, N.Y.) #fFH (K
UPGMA J7 VAR 25 Ja BE AT FEZR A0 H

XFF EST-SSR bric, 1EHE Lk Bl i mbifew LI 4717, AR 2 1 /N KRB ME ek
A. B. C. D+ (4 45, 2007). A POPGENE 1.32 (Yehetal., 1997) #AF0#ril &4
HEAL BRI SEA SE AL (N AREEASEREL (N ML TE (H) WA (H).
Shannon’s {5 BI85 (D, FHRIFKJEREZ BN A% (O ZEMAL S E A (P JEEER
Nei FEHB LR (GD) FBHE—BU% (GD. JERFRIE AL AR HEHE /- REL (Fy) RIER
W (Np) KA AR Nei SEREHE—20%, FIH NTSYSpe-2.10 (Exeter Software, Setauket, N.Y.)
BAEF I UPGMA J7 7255 i fEEA T 2 2R 04T

2 R

2.1 WRIBHIE SRR

AWFFTH PTG 33 %7 SRAP 5 L B 168 465, &ML 167 4, 7 99.41%. A[FASI
YIS A RIE 4 ~ 8 AR Z I, PR 5.09 4%

45 Xf EST-SSR 5|4 fedr 1 th Z AL i, ik Z28MAL S 73 A, 774 221 NS LD,
SRR S AN R 4.9 DNERIER . S AL R ZREMEIR B TR 4, PRI R I A R 5
h3.03, HREAMEER (N 8 2.4633, MMZAETE (Hy) 4 04149, WEIEE (H) 4 0.5820,
PRI A BAR T IR A R, R BB N AEE— e R I AL .

22 BETREHNERSHMN

SRAP Fric &5 R E7R (K 3), 10 NEHEHEAM Nei ZEHF ZHE H 4 0.4275, Shannon’s {5 5
FRE 10 0.6140, S T A ks TEURIEAL 2 FEPEACT R S . 10 AN Fr ks e N 1K) 2 28 AL s 38U7E 27 ~ 160
Z 18], 414 106.3; 22 &ML A 20 EEAE 16.07% ~ 95.24% 5 N, Y1 63.27%: H {E 0.0666 ~ 0.4105
Z ], 3418 0.2625; 111 0.0972 ~ 0.5864 . [f], {4 0.3802. 10 NEHFERFLLER, ZBOKNHERE,
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2R SRR DA SR B IR AL 2 REME v T oAt 7 AR RE, o AR AL A S, 1 SR N Jo Jh st
EZGREY QS T 3i

%3 ET SRAP {RiCHHEEEIIRE S HIEIEH

Table 3 Genetic diversity index of 10 Toona sinensis populations analyzed by SRAP markers

A P H 1

iilation 2 ML i E o 2L ETA I /% o Ne %%#Eﬁ _ AR R
Number of polymorphic loci  The percentage of polymorphic loci Nei’s gene diversity Shannon’s information index

/K Hengshui 121 72.02 0.3216 0.4588

J%#R Chengdu 120 71.43 0.2871 0.4182

X Wuhan 160 95.24 0.3679 0.5394

Zx%¢ Tai’an 160 95.24 0.4065 0.5864

1)1l Dezhou 64 38.10 0.1501 0.2203

9 Kunming 127 75.60 0.3005 0.4395

SN Quanzhou 27 16.07 0.0666 0.0972

KA Taihe 153 91.07 0.4105 0.5834

7 3¢ Nanjing 31 18.45 0.0727 0.1064

Y& FH Ruyang 100 59.52 0.2415 0.3525

154k Total 167 99.40 0.4275 0.6140

*F-3] Mean 106.3 63.27 0.2625 0.3802

EST-SSR #Ric 45 R (% 4) KW, HEBHFI 28N fE (O b 633, ZEMN AH
(P) 1 86.71%, Fthfarasih 2K Fm. &mBrEA R (N T 1.6027 ~ 2.9452,
BN 2.3506; A RSB (N ) 1.9305. W& (Hy) 5N 0.2500 ~ 0.5513, F
%324 0.3385, MIHEILARE (H) 24T Y 0.3293 ~ 0.5595, ~F14 % 0.4632, #4K %% 4 7 ; Shannon’s
5 BFRE (D Y4 03755 ~0.9033, 1) 0.6752, &ERH EHRERBEZEYEET . 25 %0
fabR, ZRLZTRIEAE 10 AN rbastf 2 v dom, KA BT BUE R, SN E B B As: 2 4
PESRAK

#*4 BT EST-SSR IR EEB ARG S HIRE

Table 4 Genetic diversity index of 10 Toona sinensis populations on EST-SSR markers

A P N,

N . e sty Ne I H, H,

et SAMMIA FHANT SRR opompmmy  wrrmmg WIRAE MBS
Population The numbe‘r of 47L6/% The Observed Effective number ~ Shannon’s Observed Expected

polymorphic ~ Percentage of number of . . . .

loci Polymorphic loci  alleles of alleles information index ~ heterozygosity heterozygosity
fii/k Hengshui 70 95.89 2.4932 1.9885 0.7273 0.3957 0.4815
# Chengdu 68 93.15 2.4110 1.9378 0.6996 0.2849 0.4822
284 Tai’an 73 100.00 2.9452 2.3229 0.9033 0.5513 0.5595
i)l Dezhou 61 83.56 2.0959 1.7273 0.5629 0.3041 0.3985
W Kunming 70 95.89 2.5753 1.9808 0.7492 0.2542 0.4888
#H Wuhan 70 95.89 2.5753 1.9608 0.7348 0.2500 0.4822
SR Quanzhou 40 54.79 1.6027 1.5132 0.3755 0.3219 0.3447
FA Taihe 72 98.63 2.7808 2.2845 0.8690 0.4447 0.5517
M Nanjing 46 63.01 1.7397 1.5680 0.4282 0.3116 0.3293
B Ruyang 63 86.30 2.2877 2.0218 0.7028 0.2671 0.5137
“F¥) Mean 63.3 86.71 2.3506 1.9305 0.6752 0.3385 0.4632

2.3 ET SRAP iR EEERBESN
FIF SRAP Fricd vH57 10 AR HEM) Nei it/ —8UE (GD FEHEEE (GD). 48R ER Gk 5),
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JEAE IV Bt —SUEAE 0.6479 ~ 0.9621 Z[A], i B £F 0.0386 ~ 0.4339 ZJl. 10 A7 b i A 7] ()
FRIARE BE B vy, Al IR B AR/

FRE (B D R, {EEl—80U%R 0.85744 kbl 10 MEMHEEED 0 3 25, 5 1 K5
IR BEHMRAERE s 2 2 RO sUD BT Y BIARE e 28 3 SRE AR TE AR M
Ao M B BT [ o L1 A PO BB PRI 2 J A3 o AR MO A1, 4 M RAR B AR Y S Tl
JE 28, A ] 032 135 5 552 o ) b L 39 80T S AR OGP

F5 FIEERMN Nei BEE—BEMBLEDNEREMEIT (SRAP)

Table 5 Nei’s unbiased measures of genetic identity and genetic distance of Toona sinensis populations (SRAP)

Je T ik S X Bu 8N E SN A [EZp et
Population Hengshui  Chengdu ~ Wuhan Tai’an Dezhou Kunming Quanzhou Taihe Nanjing Ruyang
17K Hengshui kK 0.8096 0.8049 0.9590 0.7360 0.8242 0.7083 0.9311 0.6479 0.7603
% #f Chengdu 0.2113 K 0.9610 0.8469 0.8475 0.9460 0.8413 0.8819 0.8914 0.9294
X Wuhan 0.2170 0.0397 okk 0.8689 0.8220 0.9284 0.7923 0.8836 0.8482 0.9136
Z&4¢ Tai’an 0.0419 0.1662 0.1405 ok 0.7387 0.8577 0.7348 0.9621 0.6846 0.7998
78 1| Dezhou 0.3066 0.1654 0.1960 0.3029 ook 0.8827 0.9167 0.8201 0.8973 0.8621
E& 1] Kunming 0.1933 0.0555 0.0743 0.1535 0.1248 ko 0.8719 0.8968 0.9065 0.9453
J& M Quanzhou 0.3449 0.1728 0.2328 0.3081 0.0869 0.1371 ko 0.8128 0.8742 0.8644
KAl Taihe 0.0714 0.1257 0.1238 0.0386 0.1984 0.1089 0.2073 ook 0.7788 0.8724
F45{ Nanjing 0.4339 0.1150 0.1647 0.3790 0.1083 0.0981 0.1345 0.2501 ok 0.9410
7 Ruyang 0.2741 0.0733 0.0904 0.2233 0.1484 0.0563 0.1457 0.1365 0.0609 okok

e e I Nei i fl—BUE, N 50 Nei AL HHE .

Note: Nei’s genetic identity is above **** and genetic distance is below ****.

—— {7k Hengshui
#%%2 Tai’an

— KAl Taihe
J¥#P Chengdu
I Wuhan

#%[H Ruyang
i ¢ Nanjing

— )¢ Dezhou
. Rt Quanzhou

0.7985 0.8312 0.8640 0.8967 0.9294 0.9621
Nei 86— &
Nei’s genetic identity

BE1 ET Neis BffE—BUER 10 MEEEHRLE (SRAP)
Fig. 1 Dendrogram obtained by UPGMA analysis based on Nei’s genetic identity on ten Toona sinensis populations (SRAP)

2.4 ETF EST-SSR fRiCHIBEE B LN

FIF EST-SSR #ricXf 10 MNEaBERIBALIEE (GD) Mt —8U% (GD HHiEn (£ 6), fi
TEIR) (R a0t —BUEAE 0.5471 ~0.9116 Z.[8), AL EEEAE 0.0925 ~0.6031. ¥ KA, 10 NEHERE
st AR AL B B i, It 25 S /N
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RRE LR (B2), L8 0.7792 4, 7K 10 DMEfEr 3 28, 28 1 KUK, &
GRORFN R 58 2 K00 A2 et WYL oA P st 26 3 K2 AEM . SRMAm R, 5
A SRAP Fic 734 RS RIEA —H

o6 BEEEM Nei BE—BEMBRLEZEHIMEMAIT (EST-SSR)

Table 6 Nei’s unbiased measures of genetic identity and genetic distance of Toona sinensis populations (EST-SSR)

J LN JEAHR e TN E 1] I SR Pl 25y |
Population Hengshui  Chengdu  Tai’an Dezhou Kunming  Wuhan Quanzhou Taihe Nanjing Ruyang
f#77K Hengshui ok 0.7635 0.8745 0.6722 0.7624 0.7793 0.5810 0.8831 0.5471 0.6857
% #R Chengdu 0.2699 ok 0.8075 0.8368 0.8740 0.8484 0.8005 0.8061 0.7654 0.7548
754 Tai’an 0.1341 0.2138 kR 0.7904 0.7933 0.7672 0.6960 0.8992 0.6564 0.7374
##J1 Dezhou 0.3972 0.1782 0.2352 kKK 0.8313 0.7825 0.8295 0.7390 0.8037 0.7460
W] Kunming 0.2713 0.1347 0.2316 0.1847 kK 09116 0.7181 0.8101 0.7123 0.8198
X Wuhan 0.2493 0.1643 0.2650 0.2453 0.0925 kK 0.7018 0.8323 0.6800 0.8165
JEM Quanzhou  0.5430 0.2225 0.3624 0.1869 0.3311 0.3540 ok 0.6687 0.8052 0.7295
X FH Taihe 0.1243 0.2155 0.1062 0.3025 0.2106 0.1836 0.4025 ok 0.6516 0.7515
43¢ Nanjing 0.6031 0.2673 0.4210 0.2186 0.3393 0.3857 0.2166 0.4283 kR 0.7507
B Ruyang 0.3773 0.2813 0.3047 0.2930 0.1987 0.2027 0.3154 0.2857 0.2868 ook

e Rk BT Nei it —BUE, **** N 750 Nei AL E .

Note: Nei’s genetic identity is above **** and genetic distance is below ****,

fiif7k Hengshui
#%%% Tai’an
— A0 Taihe
J#E Chengdu
E B Kunming

I Wuhan

%M Ruyang
)¢ Dezhou
R Quanzhou

Hi ¢ Nanjing

|
0.7170 0.7559 0.7948 0.8338 0.8727 0.9116

Nei 18— &
Nei’s genetic identity

B2 BT Neiiiff—BUER 10 M EEFERIRAEE (EST-SSR)
Fig.2 Dendrogram obtained by UPGMA analysis based on Nei’s genetic identity on ten Toona sinensis populations (EST-SSR)

2.5 BREEBEHNEESUREFERR

X 10 ANF M FE B B4R AL R BCRIFE R 0 28145 3 B0k, AT SRAP drid 3 2 st b &
(G A 03124, KW 31.24% 1L AL e K AEAE R BER],  68.76% s A4 A% i - AT Ja B 9 358
FIFH EST-SSR Fricd M3 BN AL 0L R B (Fy) 4 0.2462, 75.38%MIiB LA S g A A0 Ja BE P 36
PIRRFRAC BTG B FE RIAEAE 1 2247, 20004 1.1004 F1 0.7656, Ju BEMRIAEAE— € MFERTL, (HIf
AHE
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3 e

3.1 HEEEZRAERSHM

SEATIEEL (N FUTEEINE S (H) BT — MRt 2 A SR 2R bR . AT
U, R RS LN B (N, = 2.3506) FUWSEZEE (H, = 0.4632) %, T Hamrick
25 (1992) 4RI 1 HAh 2 AR AR I V-1 (N, = 1.76, H, = 0.148), Shannon’s 15 E. 5% (SRAP,
I1=10.6140; EST-SSR, 7=0.6752) KFHjA (Xingetal., 2016) K745 % (ISSR, I=0.1466;
SRAP, 1=0.1717). AT HoAth 5B 55 FlORIAE ) W8 06, WA (EST-SSR, 1=0.5933) (%
fit %%, 2008). %1 (SRAP, 1=0.572; EST-SSR, 1=0.493) (/N NE %%, 2017). Zki (EST-SSR,
I1=0.425) (il 2%, 2010). ¥4 4% (EST-SSR, I=0.55) (#FH %%, 2009). ¥tk (H.=0.44) (Ma
etal., 2011). ML (I=0.418) (Souzasobreiraetal., 2015). =AM (H,=0.4977) (L% 2%,
2010) FlilI#i% (H,=0.5762) (Wuetal., 2008) 2, F[HEHEBAEREMBELZHEME. 5 Wang
4 (2008). Xing ¢ (2016) [MHFFCAHLL, AT H B #s vtk Z RO 5 . XTRgS A
WA BT R IE AT 2 FEAR BB RE K. fERBACE L, PRbric &5 AL, ¥ ER
WA, BRI i s A 2 AR, SR e R ast A 2 AR TR IR I 2 PRI 22 S T R
JERENFTIREA TG X (CENYE 55, 20100, 284, sQBUFURRIEFERE AR KT 20 4, 1SR MY
24, UEBHERERE AN B2 5 2 FE I o B 45 R LR 32
32 FEEBERREES K

FHEIRMACRCRGE . JERTE . A3 Ao Bl L R A2 25 S PR ) B2 L st A% 2 FEPE I T 2R A
WU i Ak A 2R AT A A A R m R e A% 2 FE I (Hamrick & Godt, 1989; Hamrick, 1990) .
T b MEME bk 2 AR R A, ARG AT, #An TR AR e Wide. Uil
PRSI L R B L 7 TR(ENE I > € ) N1 55 5 A S Ui e A 2 Y = N R s e L TN N IS
JE R ) s AL A R B R, U AT S A A TR UK 23 (M AR AR S Ar A T BE N, v REDRA B b
J& T B R bRy, AR R — RN B AMA T 7850 2958, TR ARIEAR AR AN [ J A ) £y T b B R
B, BRIRT 2 v RetE, s REURBERAAAE— e s oAk, RS RN AL CRFR}
H A, 2009). Mg R T HARLZ A ARARY I ME (0.076) (Hamrick & Godt, 1989), 55
T Hamrick (1990) X} 1968—1988 4 HL LU 48 4 F WAL & 5 & (Gy=0.10) g4 R, [
I, #HE Nei (1978) XTI A UFRBERT Gy 0 hriE (fIK: Gy < 0.05, H%5: G4 =0.05~0.15, =i
Gy > 0.15), AHFFL T A M 02 D5t o B 7 AU AA o LA AR 5 o B i S A AT v A% 234k

L DRI 2 S i A 1A A5 M ) - B K % (Hamrick, 1990). ASHFFT Y5 EST-SSR Fric 4533 i)
FER N 4 0.7656, HHE SRAP S HT45 R K Ny oA 1.1004, Ui B R IR A7 28— & IS AT i, il
SRR Bl AT ER R R 2228 1) 05 5, (RIS, AT BP0 (R 7 A S B 2 .

3.3 BERREFEMBES TS HFIRRIPREE

4 SRAP 1 EST-SSR PR AR ICTT B SRR GG RIEA—2, 10 ANMafrklanh 3 28, 31 K4
FE K AR FOKFI e 5 2 REHEAl. . EWIRILRH R 28 3 83 SUR AR R M =
HEo NN F ORI A BEE S, d5a 282 IR TI R BE L 2 FE MR, R 135K,
FEBOTLATESS 1 R b gl 37 AZR e R Ja A 0 vho O i LB AR S vty 7028 2 B rp gt ar DL



WRilfl, RemngE, AR, x| W, B W, RIRIT.
FIH] SRAP 1 EST-SSR 40 #71 7 b B (K1t A4 22 #E 4.
i & 244], 2018, 45 (5): 967 - 976. 975

DU A 0 () R BRI AR T, FRLE SR MR N S IR RO 0y, IR AT — e R LR
PO T E TR . O 511 AR A e A B A B AR S, (L B B T, 38tk — S
BN, RO B AR PR S M B EE B 2 AR OGN R, X BRI G T B S R AR, 5N T
PR B I 2O ek R

AWEFH A 33 %F SRAP Fil 45 X%} EST-SSR 7> FhricXf K [ 10 AN EH 1 # #r ST 2 AE
VR FIRE AR G5 R 0 AT, 25 ISR I o [ A S IR AR s st 2R, SRS 25 K, gt
FE A BIIE,  [RIE D A AT TSRSt T WD R4 SRS o Tl S mT A o [ b B DR P T VT
oo DI RSRIH . B POk & 507 0788 e Skt

References

Chen Shu-lin, Wang Pei-zheng, Hu Bao-min. 2006. Transferability of upland cotton EST-SSRs to sunflower. Acta Botanica Boreali-Occidentalia
Sinica, 26 (3): 502 - 506. (in Chinese)

WK, OB WIPRES. 2006. Mo EST-SSRs 7E 1 H 250l FPEBEST. PUdbis 74, 26 (3): 502 - 506.

Deng Ke-jun, Zhang Yong, Xiong Bing-quan, Peng Jin-hua, Zhang Tao, Zhao Xiao-nan, Ren Zheng-long. 2009. Identification, characterization
and utilization of simple sequence repeat markers derived from Salvia miltiorrhiza expressed sequence tags. Acta Pharmaceutica Sinica, 44
(10): 1165 - 1172. (in Chinese)

XEE, kB, N4, Zak, kW, BB, TIER. 2009, 25415 EST-SSR #rid % . 2R, 44 (10):
1165 - 1172.

Hamrick J L. 1990. Isozymes and the analysis of genetic structure in plant populations // Soltis D E, Soltis P S. Isozymes in plant biology (II) .
London: Chapman and Hall: 87 - 105.

Hamrick JL, Godt M JW. 1989. Allozyme diversity in plant species / Brown AHD, Clegg M T, Kahler AT, Weir B S. Plant population genetics,
breeding and genetic resources (II) . Sunderland: Sinauer: 43 - 63.

Hamrick J K, Godt M JW, Sherman-Broyles S L. 1992. Factors influencing levels of genetic diversity in woody plant species. New Forests, 6
(1-4): 95-124.

Jing Zhao-bin, Xu Ming, Lei Yu-shan. 2016. Construction and application of SRAP-PCR system to analyze genetic relationship of Actinidia. Acta
Horticulturae Sinica, 43 (2): 337 - 346. (in Chinese)

IR, 4R WY, HE L. 2016, Ak SRAP-PCR 2R ML K iRl BEIOR X RBETL. T 2244, 43 (2): 337 - 346

Li G, Quiros CF. 2001. Sequence-related amplified polymorphism (SRAP), a new marker system based on a simple PCR reaction: its application
to mapping and gene tagging in Brassica. Theoretical & Applied Genetics, 103 (2 - 3): 455 - 461.

Li Wei-feng, Yang Lang, Tang Kan, Zeng Ling, Liang Guang-wen. 2007. Microsatellite polymorphism of Bactrocera dorsalis (Hendel) populations
in China. Acta Entomologica Sinica, 50 (12): 1255 - 1262. (in Chinese)

ZE o Bl oo BT 2007, PRGN SLERPIER PR 2 BVES AT, BLAER, 50 (12): 1255 - 1262.

Liang Xiao-yu, Bai Shi-qie, Ji Yang, Hu Yuan-bin, YiJun, Zhang Xin-quan. 2017. Comparative analysis of genetic diversity of Cichorium intybus
L. with SRAP and EST-SSR markers. Heilongjiang Animal Science and Veterinary Medicine, (7): 17 - 23. (in Chinese)

BAE, ALH, F b, W6EMW, S F, KEi4. 2017. SRAP 1 EST-SSR ARic 444 Eist G 2 PEbE I LU o3 . R IRTE RO ie,
(7): 17 -23.

Lu Min, Yan Xiu-qin, BailJing, Zhuang Huai-shan, Wang Dao-ping, An Hua-ming. 2017. Construction of core collection in wild Rosa roxburghii
from Guizhou province using EST-SSR markers and fruits quality traits. Acta Horticulturae Sinica, 44 (8): 1486 - 1495. (in Chinese)

B, BE, A W, SR, TSP, 4R 2017, 55T BST-SSR ARt AL S R TR 6 5 N B A R AR R TR . el 24
i, 44 (8): 1486 - 1495.
Ma Q Q, Zhang J P, Pei D. 2011. Genetic analysis of walnut cultivars in china using fluorescent amplified fragment length polymorphism. Journal of

the American Society for Horticultural Science American Society for Horticultural Science, 136 (6): 422 - 428.



Chen Qiangian, Rong Liyuan, Shao Zijun, Liu Tian, WeiLei, Song Zhengiao.
Genetic diversity analysis of Toona sinensis germplasms based on SRAP and EST-SSR markers.
976 Acta Horticulturae Sinica, 2018, 45 (5): 967 - 976.

Nei M. 1978. Estimation of average heterozygosity and genetic distance from a small number of individuals. Genetics, 89 (3): 583 - 590.

Rogers S O, Bendich A J. 1989. Extraction of DNA from plant tissues. Plant molecular biology manual. Berlin: Springer Netherlands: 73 - 83.

Song XY, Zhang CZ,Li Y, Feng S S, Yang Q, Huang S W. 2016. SSR analysis of genetic diversity among 192 diploid potato cultivars. Horticultural
Plant Journal, 2 (3): 163 - 171.

Souzasobreira F B, Souza G B, Rosado C C, Miranda F D, Soares T C, Gontijo A B. 2015. Genetic diversity in three natural populations of Pitcairnia
flammea (L.) John (Bromeliaceae) estimated by ISSR markers. Genetics & Molecular Research, 14 (4): 15892 - 15901.

Wang CL, CaoJW, Tian SR, WangY R,Chen Z Q. 2008. Germplasm resources research of Toona sinensis, with RAPD and isoenzyme analysis.
Biologia, 63 (3): 320 - 326.

Wang Li-yuan, Jiang Yan-hua, Duan Yun-shang, Cheng Hao, Zhou Jian, Zeng Jian-ming, Wei Kang. 2010. Genetic diversity of tea landraces using
SSR markers. Acta Agronomica Sinica, 36 (12): 2191 - 2195. (in Chinese)

L%, ZMe, B, e ¥, R M, WEwl, F5 0 B 2010, AU SSR A TARC A BT AR M7 SR KA 2 RERE. AR,
36 (12): 2191 -2195.

WuZL, WangJ, Shen Y J, Lu W P. 2008. Analysis of genetic diversity of Vitis amurensis by using SSR markers. Journal of Fruit Science, 25 (6):
821 - 827.

Xiang Xu, Ou Liang-xi, Chen Hou-bin, Sun Qing-ming, Chen Jie-zhen, Cai Chang-he, Bai Li-jun, Zhao Jun-sheng. 2010. EST-SSR analysis of
genetic diversity in 96 litch (Litchi chinensis Sonn.) germplasm resources in China. Genomics and Applied Biology, 29 (6): 1082 - 1092. (in
Chinese)

o8, BRIRE, BRIEW, IMNEW, G2, KW, A%, B854 2010, E 96 4N B R % JE ) EST-SSR igt4& Z FE b7,
RIZ 5 5 R AR, 29 (6): 1082 - 1092.

Xin Ya, Cui Hai-rui, Zhang Ming-long, Yao Yan-ling, Lu Mei-zhen, Jin Ji-qiang, Lim Yong-pyo, Choi Su-ryun. 2006. The transferability of chinese
cabbage EST-SSR markers. Chinese Journal of Cell Biology, 28 (2): 248 - 252. (in Chinese)

P A R, KR, BHHERS, IR0, SRR, MM, BEZKGE. 2006. 3% EST-SSR AR A TE. AUMuEY G, 28 (2):
248 - 252.

Xing PY, LiuT, SongZQ, LiXF. 2016. Genetic diversity of Toona sinensis roem in China revealed by ISSR and SRAP markers. Genetics &
Molecular Research, 15 (3): doi: 10.4238/gmr.15038387.

Yang Cheng-jun, Wang Jun, Mu Li-qiang, Li Shao-chen, Liu Guan-jun, Hu Chang-qun. 2008. Development of EST-SSR marker in Panax ginseng.
Journal of Agricultural Biotechnology, 16 (1): 114 - 120. (in Chinese)

MpcH, £ %, B, B4R, XIOOH, BIKHE 2008. AZ EST-SSR Frid M. RAEYE AR, 16 (1): 114 -120.

Yang S H, Guo N, Ge H. 2016. Morphological and AFLP-Based genetic diversity in Rosa platyacantha population in eastern Tianshan mountains of
northwestern China. Horticultural Plant Journal, 2 (1): 55 - 60.

Yang Yang, Liu Zhen, Zhao Yang, Liang Guo-qiang, Zhao Xi. 2009. Genetic diversity and relationship of Huangjincha cultivar based on EST-SSR
markers. Journal of Tea Science, 29 (3): 236 - 242. (in Chinese)

BB, 0 gk, B VE, REER, B BE 2009, FI EST-SSR ARCHIFHEARERIS L L ARV Rtk 25 RIS, 29 (3): 236 - 242.

Yeh F C, Yang R C, Boyle T. 1997. Popgene, the user friendly shareware for population genetic analysis. Edomonton, Canada: Molecular Biology
and Biotechnology Centre, Universityof Alberta.

Zeng S H, Xiao G, Guo J, Fei ZJ, Xu Y Q, Roe B A, Wang Y. 2010. Development of a EST dataset and characterization of EST-SSRs in a traditional
Chinese medicinal plant, Epimedium sagittatum (Sieb. Et Zucc.) Maxim. BMC Genomics, 11 (1): 1-11.

Zheng Jian, Zheng Yong-qi, Zhang Shuan-hong, Zong Yi-chen, Li Bo-jing, Wu Chao. 2008. Genetic diversity in natural populations of Sorbus
pohuashanensis. Biodiversity Science, 16 (6): 562 - 569. (in Chinese)

MW, HEHAr, KN, FIREL, AT, 5 . 2008. LI RARBEA AL ZREMEDTTC. B RENE, 16 (6): 562 - 569.

Zheng Li-shan, Shi Yu-zhen, Wang Jing-yi, Huang Bing-zhi, Ji Xiao-rui, Zhang Bao-cai, Yuan You-lu, Wu Yao-ting. 2008. Transferability of cotton
EST-SSRs markers to Musa. Chinese Agricultural Science Bulletin, 24 (1): 33 - 37. (in Chinese)

SR, AR, TR ST, JUNE, IKGSE, 3R EMEE. 2008. FAE EST-SSRs fEFASHUEAINE. ThEARSEER, 24 (1): 33 -37.



