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SSR characteristics of transcriptome of Mengnong sainfoin
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Abstract: [Objective] This study analyzed SSR characteristics of petal transcriptome of Mengnong
sainfoin to provide basis for development of new molecular markers and genetic mechanism of various
traits. [Method]) Light color flowers from mutant population and purplish-red flowers in the control group
of Mengnong sainfoin were selected and high-throughput sequencing of petals was conducted with Illumina
HiSeq™ 2000 and de novo. Then, SSR from all Unigenes were searched using software MISA and SSR
characteristics were analyzed. [Result] A total of 53 009 Unigene were obtained from the transcriptome of
Mengnong sainfoin petals,and 8 175 SSR loci were distributed on 6 202 Unigene with a distribution density
of 5. 86 kb. The numbers of repeat motifs were mainly tri-nucleotide (49. 13%) ,followed by di-nucleotide
(22.07%). AG/CT type was the highest (16. 16%) among 284 repeat motifs, followed by AAG/CTT
(14.30%). Tri-nucleotide type of motifs repeated the most, followed by di-nucleotide. The number of nu-
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cleotides decreased with the increase of motif repeats. The length of SSRs of Mengnong sainfoin was 12—

441 bp with the most in 12— 24 bp. There were 3 130 SSR showing high polymorphism potential with

length greater than or equal to 20 bp,accounting for 38. 29% of total SSRs. [Conclusion) The SSR locus in

the petal transcriptome of Mengnong sainfoin had high occurring frequency, motif type richness,high distribu-

tion density and high polymorphism potential,and these characteristics can be applied in future studies.
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Fig.1 Tested Mengnong sainfoin petals
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¢ Unigene, 3547 5 293 Hr .

1.2.3 SSR # f& ik fageit 247 K MISA
(http://pgre. ipk-gatersleben. de/misa/) X} 4 2% i)
Jiifi Unigene #4744 %%, 5 # Unigene 1y SSR,
JH Microsoft Excel 2010 X 4l 178 ¥ 22 &, 31
F SAS FEATAH A4

2 gER 558

ERLATERMEREAF SSR S

H 28 1 ], X 52k 40 G AR I AT o il i
53] 53 009 2 Unigene, FE¥ K H 904 bp, A&
K BE Ry 47 910 205 bp. KP4 $E 8 175 4~ SSR fir
AL AE 6 202 4% Unigene [+, SSR [ H 8155 %
R AR R 15, 42% F1 11.70% . SSR 1443
A% B A 170. 63 4~/Mb, A, &% 2 47 SSR 1)
FEoEA 755 45, & 1 A LL b SSR B R A A
1 373%% .15 Unigene J#51 B501) 2.59% .
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Table 1 Searching and analysis of SSRs in transcriptome of Mengnong sainfoin petals

LD W 7 8 L7 W7 H

Index Value Index Value
Unigene % 51| 5% 53 009 SSR A B RE /(4 « Mb™ 1) 170. 63
Total number of sequences examined Density ’
Unigene J91 & K £/ bp 17 ol00s | 7 SSR G RESIEE S 200
Total size of examined sequences Number of SSR containing sequences
SSR it 4 545 s | A OUBLE SSR Gt e s
Total number of identified SSRs Number of sequences containing more than 1 SSR
SSR K/ Y 11. 70 AT SSR 1 5% H 755
Frequency of SSR incidence : Number of SSRs present in compound formation :
SSR i B/ %% 15. 42
Frequency of SSR occurrence o

2.2 EROEELMERHEASSRES LR
FH% 2 A, DN B2 KR 21 T B 46 e 5 S 4 AR A5 1Y
SSR &2 A, JIF b H ) A AR e 19 =

MR, 29 49. 13% F 7. 58% s ok - — #%

4,996 0. 77 % ; AT BRI SSR $it £y 2 N AT
iz SSR 19 10 £, M fE Bl KUl , & 11. 93 kb if}
PL A=K AR SSR v 45,4 117,43 kb HE 1 4~
AR S 4 5. 86 kb gl B 1 4~ SSR {7

M2 5 fe /D ISR S AZ IR BT o5 LG A8 0 LR A3 43 i) Ry o
R FRISEXBERASSRESEXBPBEN I HER
Table 2 Number and distribution characteristics of SSRs repeating types in transcriptome of Mengnong sainfoin petals
EEER SSR # i Bt Ee B/ % HEL R Y Y / kb
Repeat type Number Rate Frequency Mean distance
Z# 4B Di-nucleotide 1804 22.07 3.40 26. 56
ZAHZAF MR Tri-nucleotide 4016 49.13 7.58 11.93
V4% 15 2 Tetra-nucleotide 1332 16. 29 2.51 35.97
A% AF R Penta-nucleotide 615 7.52 1.16 77.90
AN R Hexa-nucleotide 408 4.99 0.77 117. 43
it Total 8175 100. 00 15. 42 —
2.3 EROATERWERASSREEETEEM EITOM LR 6 202 45 SSR, Hid = = (U, H N

Et i)
TE SR LL T AL e AL A I B ey 284 Fh

At iR i & FL e 24y 3o 4,10,32,82,156, H &
Wik 15.42% , 29 15 4 Unigene H 3 1 4~ SSR {if
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TR EE Lok 2 Ry AT 10 4>, mE 3w, =
EAHmRhm AG/CT EfiiEE R uh i nz,
M1 3214 b TAE TR A AT 73,22 % . o5 B A K
) 16. 16%; H ik H AC/GT (4. 37%) ., AT/AT
(1. 48%) F1 CG/CG(0. 06%), =# Mk 5
T It N AAG/CTT, & = & 4 e 24 5w
14.30% . HiA @4 H e sm 8 ATC/ATG(6.56 %)
>AAC/GTT(6.04%)>AGG/CCT(5.82%), 7
AR h AAATTG/AATTTC i # & & 3o,

i B B 0,16 % ik o AAGCAG/CTGCTT
i AAAGAG/CTCTTT, ¥y b a7 5 8em 0. 12%
T IO AT R 1 43 AR AR R 0. 01 06 ~
2.49% , Hih AG/CT W4 i di R e » M 2. 49 % 5
AAG/CTT WA MR m R, hy 2. 21 % ., i fd 9 §%
SR IR AR CG/CG B B0 SSR &
B 0. 0626 5 LA KAE B F AR 9 b H B 3R 4K i
FE RS WA P s IR R A ) CCG/CGG A
Hoth SSR BN 0.48% . BRI F SRR E
BRTUMERZ, BETREZETHERZ.
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Table 3 Number and distribution of different SSRs repeat types in transcriptome of Mengnong sainfoin petals

CUESIE VE ST ¢ 1 R Ve T Mt WO/ R/ %
Repeat type Motif Number Rate Frequency|| Repeat type Motif Number Rate Frequency
ZEAFBR AG/CT 1321 16. 16 2.49 HAZH R AAGAG/CTCTT 43 0.53 0.08
Dirnucleotide  p¢/GT 357 4.37 0.67 nﬁ:;?i’de AAAAG/CTTTT 29 0.35 0.05
AT/AT 121 1.48 0.23 AAATC/ATTTG 26 0.32 0.05
CG/CG 5 0.06 0.01 AACAG/CTGTT 23 0.28 0.04
=HH®R  AAG/CTT 1169 14. 30 2.21 AAAAC/GTTTT 23 0.28 0. 04
mljcf;’tidc ATC/ATG 536 6.56 1.01 AATTC/AATTG 23 0.28 0. 04
AAC/GTT 494 6.04 0.93 AACAC/GTGTT 22 0.27 0.04
AGG/CCT 476 5.82 0.90 AAAGC/CTTTG 21 0.26 0.04
ACC/GGT 369 4.51 0.70 AACTC/AGTTG 20 0. 24 0.04
ACT/AGT 350 1. 28 0.66 AGAGG/CCTCT 16 0. 20 0.03
AGC/CTG 354 4.33 0.67 AN ER AAATTG/AATTTC 13 0.16 0.02
AAT/ATT 172 2.10 0.32 nui{liﬁ:de AAGCAG/CTGCTT 10 0.12 0.02
ACG/CGT 57 0.70 0.11 AAAGAG/CTCTTT 10 0.12 0.02
CCG/CGG 39 0.48 0.07 AATTCC/AATTGG 8 0.10 0.02
WEHBR  AAAG/CTTT 236 2.89 0.45 AAGAGG/CCTCTT 7 0.09 0.01
nulcfet(fjlde ACTC/AGTG 127 1.55 0.24 AATGGC/ATTGCC 7 0.09 0.01
AGAT/ATCT 98 1.20 0.18 AAACTC/AGTTTG 7 0.09 0.01
AAAC/GTTT 93 1.14 0.18 AAACTG/AGTTTC 7 0.09 0.01
AAGG/CCTT 82 1.00 0.15 AACTCC/AGTTGG 6 0.07 0.01
AATG/ATTC 74 0.91 0.14 AAGGAG/CCTTCT 6 0.07 0.01
ACAT/ATGT 68 0.83 0.13 HiT Total 8175 100. 00 15. 42
AGCT/AGCT 66 0. 81 0.12
AATC/ATTG 53 0.65 0.10
AACT/AGTT 44 0.54 0.08
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H 2 a3 S A 21 5 8 8 175 4 SSR i 4,
(53 7 & B SSR T IR B B AE 4~7 Yk,ﬂ:
7 353% .5 SSR EEY 89. 94%, BE RO T
SSR 5 & YA 32 2 R 435 F R IR EUEE 8~ 10
A AZ AT PR AR i 2k 720 4%, & SSR Y 8. 810 A
WH =11 iR EcE It 102 %, 5 & SSR 1
1. 2500 BRI 7 . B & 5L o0 8 2 B0 1 %4
TR 1) 85 AE DD

6 4 AT, =A% IR 3k o T A IR B R I

Z (11 fo, i%%qﬂf 5~T7 W, HE RN
388645, 5 = H 4 H2 SSR M B K 96. 76% ., & B

SSR %1y 47. 544;/&&%@50\&%;’@7@ 10 B@
TR TR E S W FEE T AE6~10 K,
B i 1732 4,5 AR SSR LK 96. 012,
i B SSR ﬁ[gﬁ@ 21.19% . PO H NEAFRECH
BRI 535 8,6,8 R, Horp 4~5 Y & A
JC N A R 4y HoA% R 43 ) 1 256,578
381 4%, 40 35 4 A AZ TR SSR B 94. 292,
93.98% F193.38% . /5 4 SSR By 15.36%,7.07%,
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Fig. 2 Distribution of SSRs repeating types in transcriptome of Mengnong sainfoin petals
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Table 4 Repeat times and distribution of different motifs of SSRs in petal transcriptome of Mengnong sainfoin

N R H SSR
, . EWELUT i f S
& . /
HRERA BS WA Number of repeat unit It fh2%  Primary motif repetition tl/ %
Repeat type Total Types Percentage
_ number ¥ H A/ % of total
- 9 <1 /
4 g 6 ! § 9 101 12 1314 =15 Number Proportion SSR
#&H’ﬁ& 0 0 742 396 288 206 100 45 9 1 1 16 1 804 10 1732 96.01 21.19
Di-nucleotide
—
f&ﬂ‘ﬁ% 0 2315 1151 420 70 7 30 3 5 2 3 10 4016 11 3 886 96. 76 47.54
Tri-nucleotide
T
WEHE 95 291 49 15 7 2 0 0 0 2 1 0 1332 8 1256 94,29 15. 36
Tetra-nucleotide
TR . 492 86 30 2 4 1 0 0 0 0 0 0 615 6 578 93.98 7.07
Penta-nucleotide
ﬁ&ﬁ:% 301 80 11 7 4 1 0 3 1 0 0 0 408 8 381 93.38 4,66
Hexa-nucleotide
2.5 ENRLATENRMWERE SR KESTH 6 49545, /5 & SSR 19 79. 45% . FEFT AT SSR AL

3 ML, FRAEHE SSRKEN 12~441 HL M ZEK 15 bp i SSR (L 1 935 4, 5 Ik
bp, H K Bk 233,296,441 bp i SSR K& 45, 23.67%), HAB R IL ST EE WH N 5 ) = A ik,
Bl 3,47, BAKWE . FRAGER it BA & E 28 SSRUKE =20 bp) A
SR SSR K FEAEAE 12~24 bp, HE= N 3130 45,15 38.29%.,
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Fig. 3 Length distribution of SSRs in transcriptome of Mengnong sainfoin petals
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M 5 AIAHN, TR SSR K EZAE A
12~24 bp, H SSR %t A 1 489 4. 5 B HR
SSR B H 82,54 % s Hdpr K B 12 bp A9 SSR H
£ (627 1), R SSR BB 34. 76 %, A5
KBS 14 bp SSR 1 2 £, =# W T SSR K&
15 bp M HR K Z . 1 935 4, i =R

SSR B 48. 18 %0 =B AT MR 1Y K B EZAE P #E
15~24 bp, HAr &R 3 300 4%, i = FF R SSR &
Bk 82.17% . MU L NAZTTR SSR K i 43 i) 2 %2
LA 16~20,20~25,24~30 bp, HE &5 5K
1 023,450,330 &5, 70 9 5 & A #% 1 R SSR A
76.80%,73.17%.,80. 88 %,

k5 RROCTERBHERATRAEELEN SSRKESH
Table 5 Length distribution of SSRs different repeating types in transcriptome of Mengnong sainfoin petals
EREKH KE SSR ¥ & i/ %% I KE SSR #i#t e/ %%
Repeat type Length SSR number Rate Repeat type Length SSR number Rate
R 12 627 34.76 PO A% iR 16 795 59. 68
Di-nucleotide 14 326 18. 07 Tetra-nucleotide 20 298 17.12
16 235 13.03 24 33 2.48
18 161 8.92 25 1 0.08
20 90 4.99 27 2 0.15
22 39 2.16 28 14 1.05
24 11 0.61 29 2 0.15
25 1 0.06 31~50 50 3.75
26 6 0.33 51~70 65 1.88
27 3 0.17 71~90 42 3.15
28 9 0.50 91~110 38 2.85
29 1 0.06 111~130 26 1.95
30 6 0.33 131~150 12 0.90
31~50 71 3.94 151~170 9 0.68
51~70 44 2. 44 171~190 6 0.45
71~90 53 2.94 191~210 2 0.15
91~110 48 2.66 211~230 2 0.15
111~130 35 1.94 233 1 0.08
131~150 14 0.78 441 4 0. 30
151~170 8 0.44 AT IR 20 390 63. 41
171~190 5 0.28 Penta-nucleotide 25 60 9.76
191~210 3 0.17 30 24 3.90
211~230 7 0.39 31~50 18 2.93
441 1 0.06 51~70 23 3.74
AR 15 1935 48.18 71~90 28 4.55
Tri-nucleotide 18 966 24.05 91~110 26 4,23
21 342 8.52 111~130 21 3.41
24 57 1.42 131~150 9 1.46
27 6 0.15 151~170 5 0.81
28 1 0.02 171~190 2 0.33
29 1 0.02 191~210 5 0.81
30 33 0. 82 211~230 4 0.65
31~50 173 4.31 NEAT IR 24 260 63.73
51~70 128 3.19 Hexa-nucleotide 30 70 17.16
71~90 102 2.54 31~50 19 4.66
91~110 96 2.39 51~70 17 1.17
111~130 93 2.32 71~90 14 3.43
131~150 28 0.70 91~110 13 3.19
151~170 18 0.45 111~130 2 0.49
171~190 11 0. 27 131~150 7 1.72
191~210 9 0.22 151~170 1 0.98
211~230 9 0. 22 171~190 1 0. 25
233 2 0.05 191~210 1 0.25
296 4 0.10
141 2 0.05
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FAFERE ZHER U9 13%) , Kk W
(22.07%) . iX 54 Vb3 L 0L £ FES R R B R
LEYF R G R — B PR R (R A
B AT R = R O 2R | 8
PP T RO L XM A BT 2 T
e S5 WA AS R A

ARHEIE K B S AR T R AR S A b
fzlh AG/CT R £, = H 8L AAG/CTT H £,
HH A (AG/CT,AAT/ATT M | 15 PR3 (AC/
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CTD™ i Z =AM ST AR, X T fE 5
AN TR0 A e R R G A5 B 0 R A A 2 A
Kl RS R SRR AL G R AR S Y
iz CG/CG HE FITHIFARML AN 0.01%, X5
SV TE R VY AR R BIF 9T 45 S — L
FEH CG/CG A% i 5 B ] B 2 B T iz 4 Fh 5k
41 DNA 1y CpG 8 & 4 W 34k, B 3Lk 5 19 B

R C %5 5 1o Bl 2 356 i Ak hy Mg B ws g T, [) B 3%
CpG 1 BBk Bk 32240 o 35 DR 5 8 (1 4 o fH 2 —
FEFT R GC R YEFREY Rl DNA 47 22 5 P T b
T

SSR i s 80k B R LTI K ENZE
PE T B 5L H5 RN L o0 E A OO [ J2: 8 B SSR KB
MR EEIFREY , B L, P SSR K
MRS 28 A, 2 SSR KE =20 bp i H £
BB Y SSR KETE 12~20 bp I 2%,
2 SSR K JE <12 bp W Z &ML . A
GRS AR LT G R AR sk 4] SSR K JE/NT 12 bp Y
JP AT HEAT T a8, Bl aX 28 SSR P 81 £ 348 T g
RAK. TUESE R RO GG, k4l SSR K
JiE4E P 7E 12~230 bp, K JF 233,296,441 bp ) SSR
B oyl hy 3.4,7, B & 2 AR SSR(Z=20
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