Ao R MK F F R, 2019, 36(2): 422-428
Journal of Zhejiang A &F University
doi:10.11833/j.issn.2095-0756.2019.02.025

RRMICHERA SSR ERAM RS FIRc A%
FOR, ® #, BRESL, TTE, #xF, ¥4k
(FELAMREBE F M TREARBIT L, 55 )1 750002)

BE: 54 ZRMA Lycium ruthenicum # F 40 ¥ # 2 & £ 5 7 (SSR)MZ £ 15 &, JF& SSR o F 4732, KA MISA %
HEZRAMACEE F P Em 2] 73 896 A SSR 425, 44 T 56 170 %4 % 3K B 4% (unigenes) 7, £ IR F 4 26.36%,
FALHIEE A 35kb, B TAAFALBHFR, —HFBRAZAZFHK, 25 &8 SSR 4L 549 74.33%, 13.30%
o 11.81%; £ ZI 84 ELLF, THLRKAS33 Kk, AP EAMERZHASH AT, AG/CT, AT/AT, C/G
Fa AAC/GTT., 4F» SSR 4% 5353t 7 12 674 2431 4, BAALPeit 128 33| 47 § S IiE, £ ¥ 74 34 (57.8%) 4% 3|
EMTAG TR E A AL P 28 b S AW At 24 A AR AT R, EA MBS E 256 A, T34 9.1
AN, FHIHESARME, WRLLE., MEoE S AEESH A4 0432, 0439, 0.712 #2 0.678, WA L%
RAEW: AT EZRMATHEFAN A 17549 Unigene 13 8 T 4F 4 - & SSR AR 69 A ALk R, K449 K& SSR 4732
T AR S A AT Ao i 4 B A R T e ARinik . B 1 A4 431
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SSR information in transcriptome and development of molecular markers

in Lycium ruthenicum
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Abstract: The objective was to analyze Simple Sequence Repeat (SSR) loci information and to develop SSR
molecular markers in Lycium ruthenicum (wolfberry) for further analysis with genetic diversity. A total of
73 896 SSRs were identified in L. ruthenicum transcriptome by MISA software, and primer pairs were designed
from the SSR loci by BatchPrimer 3 software. Results showed that distribution was in 56 170 unigenes with a
frequency of 26.36% and an average density of one SSR per 3.55 kb. Among these SSR loci, the most abundant
motifs were mononucleotide (74.33% ), dinucleotide (13.30% ), and trinucleotide (11.81% ) repeat types. A-
mong 73 896 SSR loci, 84 repeat motifs with iteration numbers from 5 to 33 were discovered. The most abun-
dant repeat motifs were A/T, AG/CT, AT/AT, C/G, and AAC/GTT. A total of 12 674 primer pairs were designed
from the SSR loci by BatchPrimer 3 software, and 128 primers pairs of randomly selected SSR were validated,
of which 74 (57.8% ) pairs of primers were able to produce Polymerase Chain Reaction (PCR) products. A-
mong the 74 SSR loci, 28 high polymorphic SSR loci were used to amplify 24 accessions of wolfberry
germplasm. A total of 256 alleles were detected for an average of 9.1. The average major allele frequency
(0.432), observed heterozygosity (0.439), expected heterozygosity (0.712), and polymorphism information con-
tent (PIC) (0.678) were noted. Thus, the development of SSR markers based on the transcriptome of L.
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ruthenicum could provide reliable marker selection for genetic diversity analysis and genetic map construction
of wolfberry germplasm. [Ch, 1 fig. 4 tab. 31 ref. ]
Key words: forest tree breeding; Lycium ruthenicum; transcriptome; SSR

BIHMIFE Lycium ruthenicum J& 7 Bl Solanaceae #ACJ& Lycium fH4Y), EZ e EE L X",
PR R IRAE R F o, W T R AR HORSUE SR . AT R S RS DR SF A YiE v
Wi, BHAWPZMEmmaa™, W2l sEsEZ. Har, R ESSE YRR E >,
WA A 1 5 B 28 M (AFLP) Y, & 5 E 8 7 51 [ 4744 2 84 (ISSR) DRIAH G 7 51 i 1 2 245
PE (SRAP) OFRid #4784 Z R4, (B A I AT SR 8 2 )% 51 (SSROARIC A iR IE . SSR Arid &k F2E
P4 i 1~6 DA BR AL 0 BB E P SRR R 14y FAric, BAZSWFEE . mE s,
W VR S, ©) i e B . ARG B E R ST BT U A RN A 2R o B
GG, TP ZEEAGE, LT IE AT I & BRI SSR FRic A, S BEP, SSR
B ie e 2 S ATl BT B PR A 5T b 0 L R A2 BIRR . R, SE AR MR {5 B b (NCBI) A 2 i 11 JR 2R
FIFL 235 P F bR 245 (EST) M /b, B T CHEN S5 58 1 36 F bbbt B SR M AT 5% i 41 2235 )7 97 7 2% - )
AT A (EST-SSR)ARICTF & Z 41, 3 F 5% 5410 7 2B R A Fe EST-SSR #ric IF & i A& W HitiE . EST-SSR
s F AR I AL X3, v ELHE AR SC I P AR, ZE R R Rl R) AT R AT 3 R I 5 Bl e
W 5 AR A G B r s R R, Ik T8 L4y © JF & 5L Rosa roxburghii, ™ E Ak Cerasus
pseudocerasus , % Solanum tuberosum 55" ZFP RPN SSR ARIC . AHEST LA T B SR AALHT R 5L 5
YL e 3R AT B BE R 3wl R A YIS B F  ikHE F & EST-SSR brid, 4 oA e i . 4L
fiE, DA R AR AT B BT 0 IR 5t % ZRE MR A T S AR RS 5

R I/ I

1.1 BRAHERIRE

B AR A B M ARC RS T e T py R, 42 RNA J5 AT 7% 4 41l )7 (62, HiSeqTM2500,
JestiE AR BUE A BRHEARAR ), 2612 MHEA, 31 80 G %, I Trinnity 25 476 5 (19
B AT PRI AL %S, AR75 213 058 2% HHk N % (unigene ) 1 O 5 55 K04l R4 T 707 o
1.2 #EH¥# 1% DNA 2E

FIT SSR 51 ¥y i 56 S ATAN 1 24 A fd b B 8 95 (% 1) 2490k B T B ARMBE# B [ Z AL TR AR B
FE LM A BT B I ] (38°38749"N, 106°9"10"E) , FI| FH R AR I & (DP5-02, KAR)FEEUEEFI ZHDNA
1.3 3 3%4H SSR i R £ 50 %5 ¥igit

i Fl MISA #44: (http://pgre.ipk-gatersleben.de/misa/misa.html ) # 2 Unigene 7 51| #) SSR {37 45, . 18 R A5
MEd: EEPICKE 1~6bp, PRHRELRHE=10 K, —BEFRELZKE=6K, =, MW, 7. A
MHREERE =5 K, AR SSR s s 2L 7] ff < 100 bp,

& A BatchPrimer 3 %% {}: (https://probes.pw.usda.gov/batchprimer3/) %} 845 f9 SSR v 5 it & 5115190 -
GBS EON . SIWKEE 18~27 bp(Fef 22 bp), GC Jy 40%~70% (feidi 50%) , 1B KBl 50~60 C
(i 55 °C), PCR 4734/ i 2y 100~300 bp, HAUZSEOEIA B E
1.4 EST-SSR 35| ¥ 7 i & 56 IiF

BEHLPELE 128 XF 519, 12 L #F 519 5 dmdsm 18 bp /Y M13 5@ Al 51 ¥ 7 51 (TGTAAAACGACG-
GCCAGT), 3'smfdf A7, H FAM ZCEMEiG , el 5L 57 50 A PR w5

PCR #" 14 {& % (15.0 pl) : DNA Fiti 1.0 pl, MI13 726514 0.1 pl, s Figs Y&
0.4 wlL, 2xTag PCR Master Mix 7.5 pl., ¥Z&7/K 5.6 wl, PCR § ¥ 7E ABI-2720( AW RGN+, 5%
E) EiEfr, §rEF)F R 95 °C 5 ming 95 C 30s, 60~45 C30s, 72 °C30s, 15 MMEH; 95 C 30 s,
50 C30s, 72 °C30s, 20 4G ; 72 °C 7 min, § #9454 ABI3730XL DNA (W AV RGN A,
SEEDAM, ) LIZS00 /54 7015 N s .
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Table 1  Information of twenty-four materials used in this study

haes Tift 5t 44 RO FT5 Tl 5T 44 B )
1 TH 15" Lycium bararum  ‘Ningqi 1’ AR 13 BIMAE L. ruthenicum A
2 P28 L bararum  ‘Ninggi 2’ AN 14 HEMAL L. chinense AN
3 ‘7R 5% L bararum  ‘Ningqi 5’ EAN N 15 B & AT L. changjicum 1
4  “FRLTS’ L bararum  ‘Ningqgi 7’ EAN N 16 HramAAL L. dasystemum EAN N
5 THFE 1S L bararum  ‘Ninggicai 1’ EAN N 17 ‘HGB’ L. bararum ‘HGB’ gl
6 TAhAL 15" L bararum  ‘Ningnongqi 1’ FAR R 18 SC-09 (P T 45 A H1) EAN N
7 TAAL 25" L. bararum  ‘Ningnongqi 2’ FARER 19 HB-09 ($i1 T 24 A& 51) FAR R
8 TAAL 35" L. bararum  ‘Ningnongqi 3’ EAN N 20 DHG (42 T & A& 51) A
9 TRAL9 S L. bararum  ‘Ningnongqi 9’ FAN N 21 AN-YN-O1($7 T % K 50) FAN N
10 “Zf 1% L bararum ‘Mengqi 1’ EA NN 22 W-12-30(HL T 4 KA A
11 “Zf 2% L bararum ‘Mengqi 2’ FAN N 23 W-12-27 (0T & KA A
12 “R¥3%5 (T4 AKHA) a1 24 W-l1-15(80 T £ A Wi o,
VL. 1~12 R B il , 13~24 S B AR BRI
1.5 BiRSH

LI SSRHy B A A1 SSR 24 404 B 85 i i EST-SSR. A1 F - WSSR B fi=c/nx100%, Hrf
¢ JAER B SSR HE (1), n WA EST Bik (4) . @SSR P50 Mi B 85 fv=Nic, e N}y Jo4x EST
B I B IEE (1) . B GeneMapper 4.0 B F3RAG Y18 7= 4 A Bt KN, F] DataFormater 2.7 1416 5k
YAl PowerMarker v3.25 B4 AAE R, 118457 L R 4L (number of alleles, L ERLEEN LA
4 2% (major allele frequency, Sn) . I E FF (expected heterozygosity, Hg) . WE ARG f_ (observed het-
erozygosity, Ho) £ %515 B & (polymorphism information content, Cy),

2 HR5a4

21 ERWICHRAH SSRILANS TSR
I MISA #5fe  B S M AT 5 57 4 00 3R 454 213 058 4% Unigene (J551) 5K 2 262 643 598 bp) ¥
SIgEfTi8 4, KIHA 56 170 4% Unigene JF5 F &4 73 896 4~ SSR v 5, Hirf 13 611 4% Unigene 54
2 AEL 2 A LLE EST-SSR v 5. Mk I, SSR &SR N 26.36%, ¥ 3.55 kb Hi Bl 1 4~ SSR i 44 .
SSR KA T W, BREMREANEERE R KM BRER . A H R =B H B E IR
e, 430 b A SSR Y 74.33%, 13.30% A1 11.81%; PURTF IR . A% 4 R A/ 41 R B 2 2R R B 4%
A AR BB 0.49%, 0.03%F1 0.04% (35 2).,

*x2 ERMRHERASSRYE. XBMME
Table 2 Frequencies of the different SSR repeat motif types observed in the Lycium ruthenicum transcriptome

AN I RALT SSR Bt/ 4%

i R A MUK HIY %
5 6 7 8 9 10 >10 &

AR 20 340 34 587 54 927 74.33
— AR 3 661 2116 1502 1282 970 298 9 829 13.30
AR 5285 2414 982 39 1 1 4 8 726 11.81
DU A% R 317 32 5 2 1 3 360 0.49
AR 13 1 5 1 1 21 0.03
AN IR 16 9 2 2 4 33 0.04
JE3 5631 6117 3110 1 546 1284 21 311 34 897 73 896

B4 /% 7.62 8.28 421 2.09 1.74 28.84 47.22 100.00

22 %3R4 SSRERFES KBTI
MIBIRMIFC IS S 2 SSR B ML P B A2 2R TUOR , 73 896 > SSR i i db Ay 84 FE ML, BB
MREANETREL A 2, 4, 10, 26, 18 F124 Fro M BAYBIAORE (£ 3): HILHMHT 3 FhE L
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HOCKRRBERRER ., R HFRM B HFRELE T, BETRELEICU AT A E, iR SSR
A7 A5 A 95.64% ; — IR EELL AG/ICT ¥, IR S BN 40.42% , Hk & AT/AT, AC/GT
M CG/CG, 4y T el Sk 35.37% , 23.74% F1 0.46% ; = % 11 R 8 & B850 UL AAC/GTT, AAG/CTT,
AAT/ATT, ATC/ATG F1 ACC/GGT K, v = HIREEHICH 75.88%; UL HER . TiA% HER TN
BAT IR 2 B e B 438, B AR B, AR 0.56%

®3 EFRWICEST-SSRAESETHEE., HERIE

Table 3 Number and frequencies of repeat motif types in Lycium ruthenicum

HE PO B/ % %R SSR /% (N SSR L1/ % | [FE B BT R Bk A %A SSR L I/% 5 AL SSR L il/%

A/T 52 531 95.64 71.09 ACC/GGT 635 7.28 0.86
C/IG 2 396 4.36 3.24 ACG/CGT 174 1.99 0.24
AC/GT 2333 23.74 3.16 ACT/AGT 319 3.66 0.43
AG/CT 3973 40.42 5.38 AGC/CTG 597 6.84 0.81
AT/AT 3477 35.37 4.71 AGG/CCT 424 4.86 0.57
CG/CG 46 0.47 0.06 ATC/ATG 978 11.21 1.32
AAC/GTT 2108 24.16 2.85 CCG/CGG 591 6.77 0.80
AAG/CTT 1 865 21.37 2.52 HoAb A 414 0.56
AAT/ATT 1035 11.86 1.40

2.3 SSR3|¥HEHMERZHMEKN

RN BT &% 1) EST-SSR FRic 9 /] I, XF 56 170 2% Unigene 7511 73 896 4~ EST-SSR fif s i3t
g1y, ARG 12 674 Xf . FEPLPEIE 128 Xf (U4l R . = E MR . WA HKR . ILEH RN
HR), URBMIRZEREORR ERM TR 1S TR 1S M ShEMRE /9 DNA g
Weifi 4T PCR 748, FHorh 74 Xp 5| Wy RE Y 15 WG M 0 4™ 5724, 5199 8 A 8RN 57.8%; FHorb 28 Xt 5|
WEAG LM, 2888w EGREI W 37.8%., B 1 K514 LM-02 Xf 4 4 Fl 5 4 35k B 50 ]

2.4 SSRfLmiEfEEHEMEDT

DA e 1) 28 Xf Z 255 ) 24 Gy i A F B4 352 4% 2 1 20 o JRAG I 21 55 47 B [ 256 4>, #5149
A6 3 (19 S5 AL HE R Oy 4~19 A, SFE 9.1 A RS I 21 5L R R 303 A5 3 %A A ik PRI AT AR A8 Ak
A 0.188~0.729, SEI{E Hy 0.432; WMEIEEH 0.167~0.833, SEI{E N 0.439; W& N 0433~
0.904, FH(EN 0712, ZA(5E =N 0.395~0.897, FH{E K 0.678, Hi Botstein HLiE Pl (£ 4), 7E
TFAR M 28 D ZBALEPA 24 DEEZ B A (Crn=05), 4 M EZEAH(0.25<0,<0.5),

3 it

AWFFEAE R T HRARAMIFLAY 213 058 5% Unigene JF51, KB HH) 56 170 ZH & A 73 896 4> SSR i
W, RAESER R 26.36%; 5T EAME Cerasus pseudocerasus (15.62% )™, 44 % Solanum tuberosum
(3.43%)'™), F M Sinocalycanthus chinensis (21.25% )", Ty &S Pinus massoniana(4.69% )= F1 v ] 45
X9 )L Caragana intermedia(14.78% )™, & T % #t B 2L & Lonicera caerulea var. edulis (32.51%) ', 1L i+
Idesia polycarpa(35.00% )™, i@ M4 Camellia oleifera(39.67% ) FJE %875 Prunus salicina(54.51% ),
AL, AR W) Rh e s 41 SSR AL s i 0 U R[], R 22 S i I DR B T R AR B 22 5, IR W BB 5 40
B R R/ . SSR 4248 TH A8 = 450 o6,

MR RICHUR KR, B 410 SSR B KRN T R T & 27 (74.33%) , Fokoh —
BHIRE R (13.30%) I =R EL (11.81%) . W5 KM : ZHAEY b EST-SSR D) &% H IR M =%
MR F, (AFEMELEEFRAARRE, M EE A g8 SSR M RSHR B A K, ZHHEY) 1E 31T SSR
PSS R I RN R IR T B B8 W R X

AHEFE I 213 058 55 Unigene 741 f 485t 73 896 > SSR fii i, F& 1 HIRMIAL EST-SSR #ric Y
B O 7 ik — 2 Il X 4 EST-SSR G1#) i it , M BEIH 211 12 674 Xf EST-SSR 514 i Bl #L Bk € th
128 X514, 54 Xf 5l YR aed gt =9y, BRI ARy 1= Wb AR e R & Fall g | ot A G #50,
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Figure 1 Genotypes of 4 samples at LM-02 site
F& 4 28 %t EST-SSR 5| ¥ #1148 7 G 1Y 122 15 & A 40 T
Table 4  Genetic diversity of 24 wolfberry germplasm revealed by 28 EST-SSR markers
Sy BN R PUE S EZN S BN WE PURZS EZ5
519 4 i . § NRIEIEES S § o
FENB MR ReE RAE (FERE FNEC PSR ReE RAE [(FRE
LM-02 6 0.458 0.683 0.458 0.634 LM-61 10 0.479 0.722 0.167 0.699
LM-04 8 0.375 0.773 0.250 0.743 LM-64 11 0.438 0.769 0.667 0.753
LM-05 10 0.438 0.747 0.292 0.722 LM-68 7 0.354 0.724 0.333 0.680
LM-08 0.500 0.682 0.458 0.647 LM-71 9 0.396 0.760 0.458 0.730
LM-20 9 0.250 0.805 0.292 0.777 LM-75 7 0.521 0.586 0.250 0.508
LM-22 10 0.500 0.697 0.542 0.669 LM-86 [§ 0.583 0.602 0.292 0.560
LM-28 9 0.250 0.835 0.417 0.815 LM-96 7 0.417 0.745 0.667 0.712
LM-30 15 0.250 0.882 0.542 0.873 LM-99 11 0.333 0.819 0.375 0.800
LM-33 8 0.542 0.655 0.500 0.622 LM-101 5 0.667 0.481 0.458 0.414
LM-42 4 0.729 0.433 0.167 0.395 LM-110 15 0.250 0.876 0.708 0.865
LM-43 4 0.646 0.513 0.583 0.454 LM-111 19 0.188 0.904 0.542 0.897
LM-50 4 0.646 0.484 0.417 0.402 LM-112 7 0.500 0.591 0.250 0.511
LM-51 7 0.583 0.615 0.542 0.584 LM-114 12 0.313 0.832 0.292 0.814
LM-56 15 0.229 0.872 0.542 0.861 LM-125 13 0.271 0.854 0.833 0.840
T {E 9.1 0.432 0.712 0.439 0.678
A T4 XTI YR Y, 3|$@iﬁiﬁ¥§§1ﬁtiﬁ 57.8%, FHWIIT KM W)BCEE R, X5 28R AL

b s AL 2 FE A

IR AR E

181 R T H S 201 B 7 A 3 P A1
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