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SRS FLA SSR M9 1 R EFFIHFE

b, ZFRE, KON, EZER, €K, F A
xR, ERER'T, e
(L. PR, PO L ARSI SR B E T E S0, =M W] 650224
2. KR IR, SR K5 5517005
3. mEfO K, VR AR SR HE R A TRV .G, 2 B 650201)

WE: [ B ) hra st X S8t sl SSR v 25 B P FIRHE, v SSR 51 K& T & 28
I, [ iR ] LIRSt bk, Sty )5, R MISA B 41T de novo 4145 ; il Excel X
347 50 BT 3+ Primer 3 B854, [ 455 1 AN 77 942 2% Unigenes J¥ 81 348 5 6 660 1k R
R, O HMBUUR Ky 8.54%, VAR A 401.64 kb, R EN A SSR A a5 H A =A% H R AN A% IR ) BUUR
B, o BlE 58.69% F1 35.77%, 1L HEEH &R/ (1.24%). AG/TC 5 GA/CT J& A% H MR AL 5 1T,
23 3 B EEIC Y 12.66% Al 10.45%. CTT/GAA Fll AAC/TTG fE =B HF BR b il B R\, & BV FEIT I
3.71% F1 3.60%. MRYRHE AL OMFEE R, P R4 SSR i s MBI BRE &, B F&E ok
B, FHABRSHWEZRE, AABESHZEMET . IR RANNTER, BEYLES 82 X5 H TR
W, HHef 20 X5 1P REY 1 v AR — i, [ 4598 ] Skt 410 £ Y Unigene 277 & SSR A
BORIR, ARSI SSR 519y nT LA &RBITRN T3 IR 1Y 8% 48 Rt 3 2 iARic.

KHRIR): G SSR; FhoRdd

hE 5SS Q943.2; S 567.239 EAFRIRED: A NEHHS: 1004-390X (2019) 05-0808—07

The Distribution and Characteristics of SSR in Transcriptome of
Psammosilene tunicoides

YE Peng', LI Xianhuang', CHEN Jie’, QU Shaohong', DONG Zhanghong', LEI Han',
LIU Cheng', XIN Peiyao', YANG Shengchao’
(1. Southwest Forestry University, Key Laboratory of Forest Resources Conservation and Utilization in the Southwest
Mountains of Ministry of Education, Kunming 650224, China; 2. Bijie Institute of Traditional Chinese Medicine, Bijie
551700, China; 3. National-Local Joint Engineering Research Center on Gempiasm Innovation & Ultillization of

Chinese Medicinal Materials in Southwest China, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose]| The distribution and sequence characteristics of SSR loci information in

Psammosilene tunicoides in Yunnan-Guizhou region were analyzed, which laid a foundation for the
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development of SSR primers. [ Method ] De novo assembly was carried out by MISA software after
transcriptome sequencing with the young leaves of P. tunicoides as material. Excel software was used
to analyze and Primer 3 software was used to design primers. [ Results ] A total of 6 660 microsatel-
lite loci were detected from 77 942 Unigenes sequences, with a frequency of 8.54% and an average
distribution distance of 401.64 kb. Trinucleotide and dinucleotide were major repeat types, account-
ing for 58.69% and 35.77%, respectively. Pentanucleotide was minimum (1.24%). AG/TC, GA/CT,
CTT/GAA and ACC/TGG were respectively most frequent repeated motifs in di-nucleotide and tri-
nucleotide repeated types, and accounting for 12.66%, 10.45%, 3.71% and 3.60%. SSR primers were
designed based on these Unigenes. The SSR loci in the P. tunicoides transcriptome showed moderate
frequency of distribution, close distribution distance, rich repeated types, high repeated times and sig-
nificant potention of polymorphism. 20 primers were successfully amplified which were selected ran-
domly from 82 primers. [ Conclusion | The results indicated that the Unigenes obtained from tran-

scriptome sequence in P. funicoides can be used as an effective way for the development of SSR loci.

OB, A ST SSR AU B HF HIAHIE 809

The SSR primers will provide more markers for the research of genetic variation of P. tunicoides.

Keywords: Psammosilene tunicoides; SSR; transcriptome

4 BR 81 (Psammosilene tunicoides) J& T A 1T
Fl (Caryophyllaceae) 4 4k 8l J& (Psammosilene) H.
JEFEY, FEAETE S 5t 1A,
ST [ 7 T L R AR e b B2 R LIAR
Agy, AR MPTRIEHY, Tk, W
T a0 A SRS BE TR 1Y AR PR B8 3 FI N
KA, SRR A SRR RIR T
REES, SERBUE A Bfa A A E A
Wk ) , REZESAPHEZ -9 5
Ah, FELRPYTRIERE L, PR R A R 2R
Bt A R A D Y TR R B K A A A i —
HAl, X T agksiny A=Yy re vk . AN TSRk
AR IR 2", A a7
T AR E AR A D . BRI, A7 W SR A T AR Y
B G PRIC SRR B RIBETE, DL T oA
DX A AN [ RE B) B2 e I a5 A 454 e 2R PR
O, DSEHHA T AL AP I R

fiij PR 5 &2 J¥ %)) (simple sequence repeat, SSR)
B (ZECH 1 2 64 Bl A B Ay
I DNA JFH, WA AR, SSR bricH
Abricim 2 . 28R . mRE ML HAL M
FRAERR A, R N T 2R . s
T8 B & TR 5 A 2 UM, SSR HE R IR
A 43 R4 SSR Al EST-SSR,  Hii & i@ it cDNA
SCREAS RN S RN Y () T ik kAR, (R DB
TAER KR! J5 a8 R A e R i ik

JF 5 b5 2 F i si 20 DU ) 285 SR kA7 0 &1, H
HIT, SSR ARiCHARTEL HAEYI & /A s8] 1
Rz, aixt NS (Panax ginseng C. A. Mey)™
MFELAE (Crocus sativus L)"#E47 T SSR {5 B 1Y
I3, STARAY (Ginkgo biloba L™ 5471 SSR 5|
PIITT A5 o A G A BRI SSR ARICHE AR I &
W 5% #e 18 % D W, A B 5 R A Hllumina
HiSeq™ 2000 7= i et 7 B A X 455 R B S 28 ok
FFONFY, iy HFG SRR P, JF 4T SSR B 431
KLy B RRAE SEAT 43 B, BFSE 45 AT A EST-
SSR 5| KR I R S AR A

1 MRIFIFE

1.1 Fhk

M EER A = ma R 2, SREH
BT E 102049, N 25°55, ¥k 2 467m myLl |,
2 AR T AR SRR IO e, BT T K
A7
1.2 HANF

PRI S B4 o % 2= Ab AR A
BHE AR, HEBUS RNA, FIH] lumina HiSeq™
2000 V-5 A T SR T
1.3 FHlPHEE

Xof Bt 53 A 0 45 SR Al Trinity 00F 47 de
novo %%, K EA —EKEN reads il ¥ 51 [H]
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$34%

[ overlap JEfi ZRNEEAEH Y B, 152010 Bt
7 Conting; #R#E Conting XA ¥ i) {5 B X} Cont-
ing AT IE % 2 ANHE FE n] P i B, 453 A9 )7 51
i Unigene, M 15 3| £z 24 1Y Unigene 7 Xf H it
1T RICARAE— 25 PR, JF XTI 27 51 i 17
FAHP,
1.4 SSR {7 rifJH# %R

o AR TR T 5 MISA Perl I AS %5 3]
] Unigene #17 SSR i/ 5% &, ##% 1~6 bp [
MEAE, WMROWERI B FREDER 6 1K,
AR BN S AL IR 1Y e B IRES  S IR
M F AT TR E R LT SSR A8 i 1 S i FH 3
DI RIS, U TR, Bt
I FE S 1B KR 52~62 °C5 51
1 18~26 bp; GC % & 1t 40%~60% Z 7] ; PCR
FEPITE 100~400 bp Z[0]; SRR AN K R 45 |
BERC . RIR . 51W T RIRES Y R
.

1.5 HdEawr

DL Bl s 4l v SSR o7 A5 ) H A BT Y26
RO PR | SSR A3 AR B S T A
TN 3 BT 4 R B 5% st 4 SSR R A S G 31 4
fiEo Horp, SSR A 54047 T4 5 5 SR kil 21 1)
R BB (BN HR) 5 B Unigene K
JEZ s SSR IR A AT IR BN /S AL AT IR
#5405 Unigene EFFIECE 2 L,

2 RGN

2.1 S S SSR AT A B R N
paiitiian

AP S, AR5 L ITR A Unigene
77942 &, MKREE2.55GB, GHC &l 43%.
HEHHFRILT 6 6601 SSR S, H I FE K
8.54%. H:HA 3 385 2% Unigene 73S A 14D
14 SSR v 5, i SSR A4 H LI E Ky 47.08%.
TE 4 R B G Sk 4l R S 1 401.64 kb iT DL &k BE
1 /> SSR i s (% 1)

1 EHRBEEREE SSR N THHFE

Tab. 1 The distribution characteristics of various SSR in P. tunicoides

B Ve it HE i SSR ELH/% IR/ % I3 F I BE RS /kb T bp oo E
primitive types quantity proportion of total SSR  frequency of occurrence the average distance of distribution _average length number of primitive
MHR
. . 2382 35.77 3.06 1122.97 17.07 6
dinucleotide
B

4)& H% 3909 58.69 5.01 684.29 20.22 30
trinucleotide
PURZFF IR

ikl . 155 2.33 0.20 17 257.53 24.59 36
tetranucleotide
FAHRR

alalisi . 83 1.24 0.11 32227.92 26.08 31
pentanucleotide
KR
B 131 1.97 0.16 2041921 34.90 83
hexanucleotide
&t total 6 660 100 8.54 401.64 19.56 186

2.2 SERBEE A SSR A I B A T kA
SRR S T SSR ZERIE R, i
X ARG S 2 SSR 45 T BT T 4 1]
HGERD: EERREmNEICEBE =R,
Hi B 58.69%, HUOR AR, (5 35.77%,
POURZ TR . LAY R M /S A IR AR ST AR R
e Hrp, fi. AEHERER UM LTI
AR . 45 2 KRR SSR 43 Ay~ HE 2
IR 2200, D= R E R S n
R R A (5.01%), ASEEIT IR H A KL u e Al
() H BB R B A1, /N 0.16%; SSR 434 iY-F- 14
P L HE R e, A 32227.92 kb, HI4
32227.92 kb B 1 P FAZTF B SSR,

23 SEBUE SR SSR HEAE FCHRFE A R
TSP, R RB SR
M ETTECN 6. 30, 36, 31 F1 83 i, 4k
A 186 FHEIT, £ HITI/ AR AN 1 s
TR A HTTT S BRI . AG/TC (843
A, 12.66%) > GA/CT (696 1>, 10.45%) >AT/TA
(665 1>, 9.98%)>AC/TG (106 1>, 1.59%)>CA/GT
(68 1~, 1.02%) > CG/GC (4 1>, 0.06%). i —#%
T B2 v B A 02 CTT/GAA (247 4,
3.71%), HUKZE AAC/TTG (240 4>, 3.60%), i
LI CGG/GCC (124>, 0.18%) M RH A%, DU
iR rf 00 R A 1R AAAT/TTTA (174,
0.26%); T AR H PSR & v 1 & CACCA/
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4.45%

29.22%~

35.39%

I AC/TG B AG/TG mm AT/TA 0 GA/GT Il CG/GC W GA/CT

a) "R dinucleotide

B —
l.Os%f <

6.06% - 4.94%

0.56%1.7190-79%6.23% 6.14%
56%1. )

5.70%

5,197

0.69%

591%

0.67%
0.82%

0,

W AAC/TTG ® AAG/TTC  AAT/TTA = ACA/TGT B ACC/TGG M ACG/TGC M ACT/TGA B AGA/TCT M AGC/TCG M AGG/TCC M AGT/TCA B ATA/TAT

= ATC/TAG m ATC/TAC m ATT/TAA = CAA/GTT m CAC/GAG m CAG/GTC m GAT/GTA m CCA/GGT m CCG/GGC m CCT/GGA m CGA/GCT m CGC/GCG

}.39%

49.03% ~
4.52%
5.15%

2.58%
1.29%

3.88%5.81% 1.93%

= AAAG/TTTC M AAAT/TTTC m AAGA/TTCT m AATA/TTAT M AATT/TTAA W AGAA/TCTT
W AGTT/TCAAm ATAA/TATT m ATTA/TAAT m ATTT/CAAA m CAAA/GTTT m others

¢) MI#Z# R teranucleotide

96.94%

1.53% ~_ 1.53%

CGG/GCC mCGT/GCA = CTA/GAT = GAT/GTA B CTG/GAC = CTT/GAA

b) =#%F W trinucleotide

4.82%

4.82%

90.36%

[l CACCA/GTGGT ll CTCTC/GAGAG [ others

d) Tii%E R pentanucleotide

B ACAAGA/TGTTCT M ACCACA/TGGTGT I others

e) 7NZ TR hexanucleotide

H: “others” MRS H Y FITC B,

Note: “others” represents the motifs for not being listed in the bar.

El1 SR REE SSR ETHIELH]
Fig. 1 Motif proportions of different SSR in P. tunicoides

GTGGT 5 CTCTC/GAGAG (¥ 41>, 4.82%);

FNEATIR P H TR s 1 )2 ACAAGA/TGTTCT

5 ACCACA/TGGTGT (30 214>, 1.53%).

24 GBS AN EIT SSR H A L
HER 2 I S EE RN EE R EE

fE 5~12 R Z [ P38l , JF B B & B 3 in

SSR %cdt (1)t BRI LR FEAR . B T sh,

SRAFIRB)ASAZ T ERAY SSR M S H A 5 IR
W%, HEBY 28.95%, Hh 6wk, NEE
) 26.68%. I — 4% 1 W ) # 2 IR SR
SSR & 0, 6 & & A% IR A B
R, JFH T SSR WY H R kA EEE P 1E
5~8 K, 1 EEAY 81.49%.,
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Tab. 2 Different repeat types with different repetitions in P. tunicoides
B /bp A IRHL repetitions
length of motif 5 6 7 8 9 10 11 12 >12
2 0 803 467 307 230 129 129 99 218
3 1699 886 447 466 55 88 43 53 172
4 90 35 12 7 2 0 6 0 3
5 69 13 0 0 0 1 0 0 0
6 70 40 11 5 0 2 1 2 0
KT total 1928 1777 937 785 287 220 179 154 393
EL451/% proportion 28.95 26.68 14.07 11.79 431 3.30 2.69 231 5.90

2.5 SHBIERAF SSR EE A BKE

wWE 2 fis: KB EEF KB 12~
20bp, AT 46114, HEEW 69.23%; HIKE
TE 21~30 bp Y27, A 15704, &85
23.57%; 1M 7E 30 bp LA A B FF &, K
4794, BB 7.2%, 5 FPIEAIR) SSR SEH K
BESE 19.56 bp, T AZATIR BN AT IR T 344
Sy B 17.07. 2022, 24.59. 26.08 1 34.90 bp
(F o WNE 2 ATLIE W i SSR B K
FIBEAN, SSR A B BE L AE B s N .

100 -

I 69.23

B 1%
frequency

D

)

N
(=]

o
[=]

=51

12~20 21~30 31~40 41~50

SSR # 5 Btk JiE /bp
length of SSR repeat fragments

2 EHPIEERE SSR EEFFIKEN S INE

Fig. 2 Frequency of repeat sequence length in P. tunicoides

2.6 P SSR I

RGP RAM P LR, Bt ikt
F I SSR 1) 82 %, FFHEAT BN E BRI FL UK
SRR, Hr AT 20 XFS I BEYT R 3 o ELE—
2T, ARMEERILK 3,

3 TWig
X~ B AR B SR Y, e 3t

3RS 77 942 %% Unigene, % SSR v S8 &)5, I
5 AR B SEATERIL 6 660 > SSR A5, H

M

23456738

910111213141516

TE: 20519, 22445 8 ME, M A Marker.
Note: It showed 2 pair primers, 8 samples in left and right, M. Marker.

3 &#%i SSR 51478 PCR # B4R
Fig. 3 The amplification result of SSR in P. tunicoides

BN 8.54%, FH)AiHiE 401.64 kb, £
TR 25 A h R R I IR BN A% H R
SSR oA A B K L . 2 K [Pinellia ternata
(Thunb.) Breit] & 4.33 kb, 4T 2% 1£ [Erigeron
breviscapus (Vant.) Hand.-Mazz.] & 22.32 kb™,
4t 2 [Codonopsis pilosula (Franch.) Nannf]#y 5.25
kb, &AL (Lonicera japonica Thunb.) Sk 4.05
kb, fa & (Houttuynia cordata Thunb.) 7 9.04
kb, EAGEL (Prunella vulgaris L.) J 5.59 kb,
MHZ T, &84 SSR P il g ¥ T
WG HIAEY, BEWIAS I 5% 10 6 Bk i EE sk b i)
SSR W W M fik . ik 22 S ml fig 5 A [W] i 9 b
SSR 4% H 2 SR By i D R KL . RG]
1Y P8 BRI AN [T G

B0 A YRS TR AN [R] BT R U Y
YK BE Z A8 52 SSR v s Z ey F LA ,
1M SSR KB NS0 2 8 SRR F 2R R,
XU SEPHA Sy | 7 5 K EAETE 1A BE
SSR /N T BI{E s T4 5K, 1M SSR K&
KT EE A T . aekaiilsgdd, 7.2%
Y SSR i 5 K BEFE 30 bp Db, X #6457 5 fiil[a]
WeHi s i 69.23% (1) SSR v 5 K EEAE 12~20 bp 2
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RUKA [R] o 1 76 98K 4 R 1] V5 8 28 2% (Swertia mus-
sotii Franch)™ . 4T 2% f£ ®. V4 V¥ & (Panax
quinquefolius L) SEAH Y — B AF R FETT UL AT/
TARBIRZ, =B EMRATTL. AAT/TTA &£,
X AT BRI A [ T 3 A

SV L, AFSE R ARl S 4 T SSR Y
PUFRAL A TE 8.54%; T4/ A HE B 7E 401.64 kb,
WK A7 69.23% HY SSR 7 s K FEAE 12~20
bp Z A, ULRHHZAMEW R Sk
[ EEEGRAE =B HRER, FHER
FIUHE CTT/GAA, X5 RZHHEY b 45
AR X SZs BRI s 1L B ik 2 ]
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