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Analysis on SSR Information in Transcriptome and

Development of Molecular Markers in Summer Squash

Zhu Haisheng, Huang Lifang, Wang Bin, Liu Jianting, Ye Xinru, Chen Mindong,
Zhang Qianrong, Lin Hui, Li Yongping*, Wen Qingfang*
(Crops Research Institute, Fujian Academy of Agricultural Sciences; Vegetable Research Center,
Fujian Academy of Agricultural Sciences; Fujian Engineering Research Center for Vegetables, Fuzhou 350013, China)

Abstract 83 650 unigenes were obtained by transcriptome sequencing analysis from Cucurbita pepo L.
in this study. 15 356 unigenes above 1 kilo base pairs were found by MISA software, and a total of 7 478 SSR locis
were identified that were distributed in 5 786 unigenes. The frequency of these SSR locis was 48.7%, and the mean
distribution distance of loci was 4.08 Kb. Mean while, the major repeat motifs were mononucleotide, dinucleotide
and trinucleotide, which accounted for 47.90%, 20.57% and 22.36%, respectively. Furthermore, the AG/CT were the
predominant dinucleotide repeat motifs, and the AAG/CTT were the predominant trinucleotide repeat motifs. 5 786
pairs of SSR primers were designed by Primer 3.0, then 50 pairs of primers were randomly selected from 114 pairs of
effective amplification primers for the polymorphism analysis of 28 Cucurbita pepo L. germplasms, and 35 out of 50
SSR primers showed stable and reproducible polymorphism. According to the UPGMA mapping results, 28 Cucurbita
pepo L. samples were divided into 2 categories. Using transcriptome data of Cucurbita pepo L. to develop SSR

markers could obtain higher frequencies of SSR locis and the types of them were rich. It provides more abundant and
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reliable marker selection for genetic diversity analysis and genetic map construction of Cucurbita pepo L.
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ITRNA-Seq#% s M 7, K FH Trinity iE 1T 17 511 4H 3¢,
33183 65045 Unigene, 1 o Hr i .
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FH T SSR5| 47 g6 A AT A VPAN IR 6 A
A AR BF 2= Bt 5 B A O SR DR AT 1) 2847 55 i P
JEA BN D). FEKIZHDNA R BUR F CTABIEHE4T
1.3 3 REASSRALSERKSSRE it

15 FI MISAFE 7 (http://pgre.ikp-gatersleben.de/
misa)BETSSRAL S %R, L =B AN EHR /D EE
WHEY BING. 5. 5. AMAUCHFRAEF T %,
Primer 3.0% 14 % SSR & & % ¢ 71 /5 1 /7 41 3E 47 5]
WL SR, BEARSSRIZAE3 KB, SIWITAIK
J£18~27 bp, GCH #40%~60%, iE K fE56~62 °C,
LRSI Tm S A 25 <2 °C, TRY 8 = oK
100~280 bp; H. TG &5 1 — R4k .
1.4 EST-SSR3 |4k

PCR I M A& % 925 pL, H: 74110 mmol/L NTP
1 uL, 5U Taq®0.3 pL, 50 ng DNA 1.5 pL, 10 pmol/L
B F 51 4 %1 uL, 10xBuffer (Mg®") 2.5 uL, fin
ddH,O %} 25 pL. PCRY HE 2 7 H: 95 °CHi 42
PS5 min; SR IHEAT3SMER, B MEHEIE94 °CE
P£30 s, 58 °CiB k30 s(GEB Kl FE KA [H 51 201 5«
72 °CHEA#1 min, #%)572 °CZEfH7 min. PCRY 14/~
M2 H ik Ja Mg e
1.5 #HiE%it

SSRAE A H N SSRIUnigeneH & 5 &
Unigene#{ & 2 b, SSRIJ H BLAIH HSSRATAN 1 5
& Unigenelf1 %0 & Lk, SSRFI /- AR EE 2 41 KbLh |
IUnigene M35 5 SSRE = 2 Lb . K AN Ly
(1) 7542, 5 H ik P b mT B T ()9 T 2 A e oL, ]
— AL B I B 5 B AT IC <07, AL R AR E
PEHERE . R AFDPSIZUPGMAR T R4 K.

2 H#HR
2.1 EMEINHSSREY 7 7 R EEHIHF =

929N B N B 3 2H 2 2 3 5 2 3K 1983 6504
Unigene(}¥ 51 51 K:£960 408 531 bp), FIMISA#EXT1 Kb
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P b Unigene(15 3565%, 74114433 606 770 bp)it
TR, RILFH A5 7865 Unigene /7 41l 1 5 H7 478
ANSSRAT A, Hid1 3834k Unigene &4 M5/ EL AN LL
- EST-SSRAV £ . SSRAAESNZ (£ SSR I Unigene
4 5 EUnigene%l 2 F0)H37.68%, Hi AT 2 (K tY
SSR/M 5 & Unigene .2 LL) A48.70%, “F-44.08 Kb
H L1/ SSR.

F M EE N S HSSRF R B N R, SHER
AL H BT AT K 22 7, SSREE & 2R Aloff 1
A, PR TR EANZTRES, HIMEF S ESSR
B H TR, R ERA - ERERH
BB AR, 2 5] 5 BSSRIKI47.90%- 20.57%A0

22.36%; VURZHF IR FUR% TR RN 7S A% 1 IR 2 4T 2R Y
B, 730l 5 B EU1.85%. 0.47%F10.33%, K
A SSR A HL116.53% . MEEIRECE, KM EE N
Sk SSRE & ALy 11 #  IE ) A AE5~261k 2 [H],
HrP5~10/XISSRILE 4 3624, 5 B E162.41%;
UONT1~20K [ISSR, 42 4934, 5 8 H1135.67%;
200K AR DL A 1354, 491.93%(32).
2.2 EMEREFREDSSREFEE LBFMIRR
FIE

SN EE L e h 7 478N SSRAT s 3L 10454
HEREF, BRTREANKTREL 562, 4.
18+ 39, 22F119F0. M43 A il % 5K & (%£3), bh

&1 EMEINSSRE M D HHH AL

Table 1 List of accessions used in assessing the level of SSR in the species summer squash

FFs G e =) TR e

Serial number ~ Number Color Serial number Number Color

1 XHL1 Dark green 15 XHLI5 Light green

2 XHL2 Light green 16 XHL16 Light green

3 XHL3 Light green 17 XHL17 Green

4 XHL4 Light green 18 XHL18 White

5 XHL5 Green 19 XHL19 White

6 XHL6 Green 20 XHL20 White

7 XHL7 Green 21 XHL21 Light yellow

8 XHLS8 Blackish green 22 XHL22 Golden yellow

9 XHL9 Blackish green 23 XHL23 Yellow

10 XHL10 Dark green 24 XHL24 Golden yellow

11 XHL11 Dark green 25 XHL25 Yellow

12 XHL12 Light green 26 XHL26 Light yellow

13 XHL13 Green 27 XHL27 Yellow

14 XHL14 Green 28 XHL28 Golden yellow

®2 EIMEINEST-SSREVEE, HESHHIME
Table 2 Type, number and frequency of EST-SSRs in summer squash

HEETFKE B 5 B (Repeat number) Mt A5 (%)
Repeat motif length 5 6 7 8 9 10 11~20 >20 Total Ratio (%)
Mono 0 0 0 0 0 1062 2385 135 3582 47.90
Di 0 440 307 261 239 187 104 0 1538 20.57
Tri 877 508 270 15 1 0 1 0 1672 22.36
Tetra 106 27 3 0 0 0 0 138 1.85
Penta 28 5 1 0 0 1 0 35 0.47
Hexa 12 0 0 2 0 25 0.33
Compound 0 0 0 0 0 0 0 0 488 6.53
Total 1023 987 583 280 240 1249 2493 135 7478 100
Ratio (%) 14.64 14.12 834 401 3.43 17.87 35,67 1.93 100
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PLAAG/CTT (548 %, 7 KLSSRI16.19%, b = #% FF
TR AL 127.69%; VUKL H IR HAZH R S HER
HEF R K A SSRO A A4y HL, H LI A 2R 55
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2.3 EIMNEAEEFRASSRE M 5k

H] FH Primer3.0%} 7 SSRAZ £ ()5 786 2% Unigene
FEBIEAT 51V, St 5107 958% . BfibLik
FEH 20 bpLh ESSRIFFII150X bric#AT & %,
B OoBHR. —EFR. WZTR. AR
AN IR B E HE P (ISSRA A4, X 36 P B I XHLD
DNAHE{TSSR-PCRY™ 4 DASG UF H AT 251 o 45 3R,
11455 51 Vs A 88 14, (5 1505 SSRE| ¥ 1176%

®3 EMNmIEREPFIERIEESEFHIAME

Table 3 Occurrence frequency of different microsatellites motifs of summer squash

HERFEY  EHEREF Ko EEH1(%)
Repeat type Repeat motif Number Ratio (%)
Mono A/T 3536 47.29
C/G 46 0.62
Di AC/GT 136 1.82
AG/CT 988 13.21
AT/TA 412 5.51
CG/GC 2 0.03
Tri AAC/GTT 52 0.70
AAG/CTT 463 6.19
AAT/ATT 111 1.49
ACA/TGT 22 0.29
ACC/GGT 58 0.78
ACG/CGT 50 0.67
ACT/AGT 43 0.57
AGA/TCT 171 2.29
AGC/GCT 103 1.37
AGG/CCT 120 1.61
ATA/TAT 41 0.55
ATC/GAT 55 0.74
ATG/CAT 39 0.52
CAC/GTG 27 0.36
CAG/CTG 105 0.67
CCG/CGG 110 221
CGC/GCG 41 0.55
CTC/GAG 61 0.82
Tetra AAAC/GTTT 6 0.08
AAAT/ATTT 20 0.26
TTTC/GAAA 6 0.08

AACA/TGTT, AAGA/TCTT, AAGG/CCTT, AATA/TATT, ACAT/ATGT, AGGG/

CCCT, ATGG/CCAT, ATTC/GAAT, CAAC/GTTG, CAGA/TCTG, CATC/GATG,

CCAA/TTGG, CTGC/GCAG, GTGA/TCAC, TCCA/TGGA, TGAA/TTCA, AAAG/

CATA, AACG/CATG, AATC/CTCA, AATT/CTCG, ACCA/CTGG, ACGA/CTTG, 106 1.42
ACTG/GAAG, AGAA/GAGG, AGAC/GGAG, AGGA/GAGC, ACAGGC/GATA,

AGGT/GGAC, ATAA/GGCA, ATAG/GGTC, ATCA/GTTA, ATCC/TCAA, ATGC/

TGTC, CACT/TTCC, CATT/TTGC, TTGT/TTGT




St S5 LN P UL AL SSRAZ B0 M e 7 T AR id TR

103

114X 83 8 5140, 103%F(90.35%)PCRY™ 14 7
Y5 R K NFETE, A 115F(9.65%) 3 14 7= W K JiE

24 MO

MI14XS A 29 18 51 4 vh B8 AL i BXS0XTEST-

R SSR5| W%t 2843 S I wg INIEAT 7 48 Jo 2 S VEP-Ar o
R4 ISIRMEISSRE | HER
Table 4 Information of 35 pairs of primers developed from summer squash

SRS SIS —3) SSREEF  “#(bp)
Primer No.  Primer sequence (5'—3’) SSR motif Length (bp)
XH1 F: CTT GCCAAAACAAAG CAACA R: GTGTAC CACCCGACAATCCT  (TA)9 255
XH2 F: GAA GCA GAG GAC CAG TCAGC R: GCGTTT GCT GCCATTATTTT (AC)9 216
XH3 F: TCT TCC TTC CTC CAATTC CC R: TCT TTG TCC GGA GAAGTITGC  (TC)9 278
XH4 F: TCAACC CCTTCACTCTCACC R: CGC TCC CTC ATA GTC CGTTA (AT)10 241
XH5 F: GGATAC CAGACA CCTACC GC R:AGCAACTGT GAAACTGGGCT  (CAT)7 174
XH6 F: CTAAAC CCAAAC CTACCCGC R: CCACAC AAG GAAAGG GTCAC (CTCTT)6 226
XH7 F: AAG GCT GCT GGT GAATGA GT R: TTC CCA CCT GGG TGT TGT AT (AG)9 180
XH8 F: ATC AGC AGT AGA GGC GTC GT R: TGATTT TGC AGC GTT GAT TC (CGG)7 273
XH9 F: ACT TTC AGT TGG TGG GGA GA R: GAAGAA CCCCAAGAGATGGA (GTTG)6 199
XH10 F: TCT GTC CGGAAA GTT CAACC R: TCGTTTTCATCT TCA GCACG (GCG)7 234
XHI1 F: GAT GAT GAT GAC ATG CCT GG R: ATC AAC CAT CAATCC CCAAA (GATCC)5 147
XHI12 F: CAG CAG CAGAAC ATC AGG AA R: CCC CACAACAAAACCAGAAT  (TGGCT)5 275
XHI13 F: TTC ATT CAA GGA GAC GGG AC R:ACCATT GTT TCC TCG TTC CA (TCG)7 218
XH14 F: ATC AAG GGA GGA TGT GTT GG iZGCéGT GACAGTAACAGAGGC (CTGC)5 245
XHI15 F: TCAACC CCA CCC TACAAT ACA R: TAA GAG ATC CGAACCGTTGC  (TA)10 179
XHI16 F: ACA CGG GAATCT CGAATC AG R: TGG GGT TTT CTC CAT TTT CA (AGA)6 276
XH17 F: GTT CAT CCA CAG CCA GGA AT R: GAA GAAAAT GGG TGC CTGAA  (AGGG)6 226
XHI18 F: GCC TCC TTC AAT GGA ATC AA R: CTG TTT TTC GGG TTC TCC TG (TTA)7 278
XH19 F: GGA CGAATT CTT CTC CGT CA R: CCCTAGAAATCCCTTAGCCG  (ACAGAA)6 139
XH20 F: CGAACT CGG AGAAGAAGT CG R:ACT GCT CAG CAATTTCAGCA  (TGC)7 144
XH21 F: GCA GCC AAT TCAACCAGT TT R: GGAAAGAAT GCGTCG GTAAA  (ACA)7 246
XH22 F: GGG AGT TTG AGA AGG CAT CA R: CTT TCG TGT TCG ATG CGA TA (ACAAAC)5 189
XH23 F: GAT GAG AGC GCA GGAAAAAC R: TCATCATTT TCA GTG GCG AA (cnio 229
XH24 F: AGC TGC ATC ATA GCA CCT CA R: GCTTCC CCACATGTTCTGTT (ATTAT)S 209
XH25 F: GAATTG GAATTG GCATGCTT R: TGA GTG TCC CAAGGG GTTTA  (TCTG)5 238
XH26 F: CTC GGC CACATAAAC CCTTA R: CTT GTG GTG GGATAC CCT TG (TTTTAC)6 242
XH27 F: TACA CGATGG AGC GAG TCA G R: GAT TTG CAGAAG CAGAAG GC  (CA)TA(TC)6 241
XH28 F: TAGAGG AGG CAG GAG GTCAA  R:ATG CAATGAAGC CAACATCA  (GAAT)6 219
XH29 ngC CCAACT GAC CTA GGATAT R: CAATTT GCT CAAGCG TTC AA (TA)9 239
XH30 F: TTC ACA CCATAATGC CGAAA R:ACCCCG CAATACTCACTCAC (AG)7 201
XH31 F: TGG CAT TCAAAG CAACAAAG R: GCATCA GAT ATCAAC GGC CT (AGGO)5 147
XH32 F: TAACCT ACAAAA CCACCG CC R: TTCACG TTG GTTACT GCT GC (CGGTCT)12 213
XH33 F: CAGTTC CCTTCG TTG AGT GC R: ATT CTG TCCATT CCG GTG AA (TTA)7 280
XH34 F: CCAAAG AAG CAACCAAGCTC R: TAT TTG GCCTCACAC CACAA  (AT)10 159
XH35 F: AGC GGGAGAAAC CTTAGAGC R: CAATGG CTT CCACCT CTT GT (GCT)7 239
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M: marker; fhF w5 AR LKL,
M: marker; Code names are shown in Table 1.
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Fig.1 Polymorphisms showed in 28 summer squash germplasms by primer XH4
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Code names are shown in Table 1.
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Fig.2 Cluster diagram for summer squash tested by UPGMA method
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