*5026 ¢ ¢ 3% Chinese Traditional and Herbal Drugs 35 50 % #5203 20194 10 A

- BHARETR
FAZEL R SSR FREFF R R EH S MM

wiEm L oshEm ', BHS L iR, ZARY

Lo WPEREZ R 240, v KR 030619

2. B RNRE GV AR SRR TR ST, A AR AR AR A Seae s, A 7 R A S R IR )
HIE LI E, =~/ B 650223
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Abstract: Objective The SSR loci information in the transcriptome of Tussilago farfara was analyzed and specific primers were
designed, so as to provide powerful tools for molecular marker-assisted breeding in this plant. Methods SSR loci in 18 938 unigenes
with length of 1 kb or more obtained by transcriptome sequencing were searched by using MISA. SSR primers were designed by
Primer3 and 55 pairs were randomly selected for the polymorphic analysis on 18 samples collected from different habitats. Results A
total of 4 688 SSRs were detected in the transcriptome of 7. farfara, distributed in 3 844 unigenes with the distribution frequency of
24.75%. SSR loci occurred every 7 979 bp. Trinucleotide repeats appeared to be the most abundant SSRs with a frequency of 37.12%,
followed by mononucleotide (32.36%) and dinucleotide (28.20%). Among all 60 repeat motifs, A/T (31.42%), AG/CT (12.80%), and
ATC/ATG (9.62%) were the predominant repeat types. For validating the availability of the SSR primers, 55 pairs of primers were
randomly selected for polymorphism analysis. Among them, 42 pairs (76.36%) produced clear and reproductive bands and 14 pairs
showed polymorphism. Eighteen plants were divided into three groups by UPGMA. Conclusion The SSR markers in the
transcriptome of 7. farfara show high frequency, rich type, and high polymorphism, which will provide the abundant candidate markers
for genetic diversity, genetic mapping construction and marker-assisted breeding study for this plant.
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K% Tussilago farfara L. %R TEEYD,
HAJRRIFRACE R EE G h bk & qE, BA
JER A IR R ThRG IR T8 T7 8 A%
WL TR . S A e . AERRIN, kAt
IR TR 7M. ARG 254 i 2 32 B AR R
A, BEETRERE I, BRI, AT
AR RO EE R, H . WSS Wb,
P, BRiG. HE RS A BB R, A —
MR ZE AT OB AE, FEURIEFE N, wFE
HEAT B AR SRR ORI R AL R at Mt &, (HRRE
SRR A FERIIT AT 55 S R 2 ELA L) 1A
B AR A VO RS B DNA 4r AR id 2 5
P BRI A ZAEPER B, R — P E B
HENEMFE, HEITE DNA 73T 7K PX sk & Fhii
MRS 5. SRR ARG R DD,

SSR (simple sequence repeat) ARitEH 1~6
MEZERAMIRIKER I, |2 ETEZE
ERAY, BAHEFE. EEEG. LR,
PR A 2 510 BRI, A58 SSR ARiCIT K it g
. AR B, ELLEE R TR, T
K, LT E 2 s EN 76 BRI
(RNA-seq) $AR, HAMREGEGN BRAMRED A,
B 1 B8 A IR 78 4 S Ry S I [) 26k DR 3Rk e o
AFBERFRILFEEZ A, ElisHAEMEEY T A
S EA S B SSR Arid, AU 52B
SRS Y CIEHZNEIT R T KRN
EST-SSR. A 57 5 T i SR & e s 0 I 3R A5 1)
K& unigene 741, iz HAYIE B5 77751248 SSR,
OIS AR AR, AT R R T
W, DR AL T . 8% B  d F 7r 1
bric 4 B B b ST 71 35 5 HE A
1 #H

TERAAC T =X LA A X HN v, A
S it VAT CIb S B T e BT AR AR T AR 18
By, ETEEAEE T RS E . AT MR L
= 24 K %% 35 5 B Bl 0% 5 8 WAk % Tussilago
Sarfara L.. SEERAPRME B 1, SRR T4
FEE A H T DNA #2510
2 FE
2.1 HFENMFS SSR fifik

L P KA R &AL T A T8 RNA SR BRI
JE SRS A CEAL S B3 e AR A TR A A
BEAT ), W A BN 22 o AR R AT 39 912 371

£1 FERERLHH

Table 1 Tested samples from different sources

5 Ui FE i RIR A K70
1 Nml RE-SEPiiIE=t Hekk
2 Gsl HR B & Hekk
3 Gs2 HR R Bk
4 Gs3 HRIRE Bk
5 Gs4 HAR B IR HeHE
6 Hbl bR B Hekk
7 Sx1 DM~ Lgas
8 Sx2 LG SR VA B A
9 Sx3 Ly 76 AL liiges
10 Sx4 Wl Pe A A S liges
11 Sx5 IR IS0 liiges
12 Sx6 i ae= H A
13 Sx7 PN iiges
14 Sx8 =t Liigas
15 Sx9 LthipE 2% iges
16 Sx10 P& [iges
17 Sxl11 L PE AR L LIEeS
18 Sx12 =R LIEeS

Y EREFY (clean read), HEEH 91 118 4%
unigene. FEHOILHHEART 1 kb 1) 18 938 741,
i I MISA % 4 ( http://pgre.ikp-gatersleben.
de/misa/) % SSR fi s, HMERMENF, = =,
VU, FANSAZ IR /b B B 5 H 100 64 5.
5. 5.5, H4A SSR (BEHED 24 SSR) A
/T 100 bps
22 5|4t

F  Primer3 X {4 ( http:/frodo.wi.mit.edu/
primer3/) XJ %A SSR AT HE 514, SSR
KL A0 3581 K BE KT 100 bp, B4 SSR 774 3 %t
5190 IR B KGR (T, £E 55~65 C,
L NSV T2 <2 °C; PCR P2#)7E 100~
300 bp, 51K J&F 18~28 bp; GC & HAE 40%~60%,
REBHR R SRR, HES0 H I,
XL BB TH SSR 51 % E unigene 2 13T Blast
IUE. BENLBRIE 55 X514, mAETAM TR (b
) A RAR AR
2.3 DNA #2BU5S PCR ¥ 1§

IR R4 DNA $2EBCR e K () CTAB 31,
PCR ¥ M8 MifAZ& 20 pL: Premix Tag B§ 10 uL
(TaKaRa), 10 umol/L b Fif51#% 1.0 uL, 50
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ng/uL FEF 20 DNA 2.0 uL, ddH,O 6.0 uL. PCR
PIEFEST: 94 CHIAEME 4 min, 94 CARYE 45 s,
60 CiB-k 455, 72 ‘CIEf#H 1 min, FH 35K,
72 CHEA#H 10 min, 4 CLRAF. ¥ =PI 8%IE
AR SRR TR e B I FELIK 40 B, BRI 1X
TBE, fHE MK 220 V K 1 h, PO R4k R,
EIELLERTAE
24 HUEALIE

KRN T 7%, BakE ErTEE ., iE
BT 2510 17, [l B oy BAS 5 43 R 55
e “0”, EILEIRHEEHE, FH NTsys 2.10e
YA 4T UPGMA B0 .
3 ZR5NHR
30 HEEFESSRUSHESHH

R A F AR ERT 1 kb 1 18 938 5%

unigene CEVBHFE 37 406 030 bp) HE{T SSR £ fid8
%, {E 3 844 % unigene FAH 4 688 /> SSR i £,
SSR KAEMZE (% SSR Y unigene %5 & unigene
Bz ) N 2030%, HIUSERE (K SSR 5 &
unigene ¥ tb) N 24.75%, “F-¥I%E 7 979 bp HiHL
1 4~ SSR. H:H 3 562 % unigene H AL #A> SSR
fI s, 680 %% unigene A 2 B 2 LA ER) SSR
e, AEEVIEAAALER SSR AL A 219 1> 3K
KB SSR KR FE, PR ERENRERES
KEAPAE, AERBHEAR, Hb =% E
H%, b SSR 1) 37.12%, HUUE BT R AN
TRHERES R, 5lh 32.36%F1 28.20%, .
TREBHRES S, =F A 97.68%; VU
Fiv AEETRES R EENR D, 555 S8
1.69%-+ 0.30% F10.34%, =iFH2.33% (& 2),

R2 REERASSRUEANBERST

Table 2 Number and distribution of SSR loci in 7. farfara transcriptome

SSR 7! SSR #i i 5 /% HHUR /% P35 2 /kb K bp “FIKE op
HAZHR 1517 32.36 8.01 24.66 16273 10.73
THHR 1322 28.20 6.98 28.30 20110 15.21
—H TR 1 740 37.12 9.19 21.50 29 079 16.71
VA% TR 79 1.69 0.42 473.49 1704 21.57
FZHR 14 0.30 0.07 2671.86 360 25.71
NIEH TR 16 0.34 0.08 2337.88 678 42.38
Mt 4 688 100.00 24.75 7.98 68 204 14.55

AL SSR A A5 1741 K 68 204 bp,
FEIKE 14.55 bp, HRE, =, = 4. F. N
R B A SSR AIBHZE M K43 7 16 273,20 110,
29079+ 1 704. 360+ 678 bp, “F¥JK 437N 10.73+
1521, 16.71. 21.57. 25.71. 4238 bp (£ 2). —
BN, SSR KJE/NTF 12 bp I, HZEMERAK,
KREEAE 12~20 bp B 2 &M %S, KERRZEE] 20 bp
B, 2R B H SR SSR KEEFTE 12~
20 bp A 2856 4, ALK 60.92%, =20 bp
SSR 553, 5 11.80%, <12 bp I SSR A 1 279
A d27.28%, REIAHTFL A R & S R 4y
SSR EHIe FHA AL, E 2N
3.2 REEFESSR NESHNEFIFN

MEEIRERE, K440 SSR HE KT L
HE 10 RIBIIZER S, A 1116 1, fE SSR
19 23.81%, HIKAE S IXRER 6 IRER, 7775 5
SSR 1 23.53%. 20.71% (% 3). HEHREE T
BAEHRLE 10~17 Ik, FHAh SSR HEEZ IR LB H
1E 5~10 K.

KA SSR A pi AL 60 PhEE LT,
BPRHREANZHIRERIEITH A 24 4. 10, 20,
11 F1 13 Mo IS RS, A% HTER A/T (1473
A BT IR s, A SSR B 31.42%, H
YN T HRHFRFETT AG/CT (600 ) M= Bt
JG ATC/ATG (451 1), 730l d5 12.80%- 9.62%.
PEHEFRESETCT AT RS, SR TRER
MHET 97.10%; i HIRE R I uH I 2 12
AG/CT, 5 A HRREE D 45.39%, HIXE
AC/GT. AT/AT, 735l 29.95%. 24.58%; CG/CG
HELRAD, (A 1A A= ERERSEIGT,
ATC/ATG (451) BHEHIuHRZ, HE = HRE
BHITH 25.92%, HIZE AAG/ICTT. ACC/GGT,
3R 18.97%. 17.64%. HAMDY. T, NEHFBRE
SR L, HEMEREERD, A 1~3
A IR (R 4.

3.3 SSR 3|¥IA0i&IT R AR

K FH Primer3 Xt 4 688 A~ SSR 4 55 1247 5| 44tk

HIWT, NIIESI VIR R, BENLERE KT 55
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#3 SSRARZHERATNEEH
Table 3 Repeat numbers of SSR different repeat motifs in 7. farfara

—
SSR KA 5 6 7 8§E%€ﬁ” 10 11 12 =13
BIZER — — — — — 994 285 110 128
ZEER — 470 275 187 191 122 67 8 2
— R 1026 476 214 21 1 0 0 1 1
U k% EF R 54 22 0 3 0 0 0 0 0
T E R 12 2 0 0 0 0 0 0 0
AV 11 1 1 0 0 0 0 1 2
Mt 1103 971 490 211 192 1116 352 120 133
5 E/% 23.53 20.71 10.45 4.50 4.10 23.81 7.51 2.56 2.84
R4 FESSREEHETHIEE
Table 4 SSR repeat motifs in 7. farfara
HERA iy =B ST il E-E B~ RAEDE% 5 =SSR EL#1/%
PREETR 2 A/T 1473 7.78 31.42
C/G 44 0.23 0.94
TIHEHR 4 AC/GT 396 2.09 8.45
AG/CT 600 3.17 12.80
AT/AT 325 1.72 6.93
CG/CG 1 0.01 0.02
=HER 10 AAC/GTT 153 0.81 3.26
AAG/CTT 330 1.74 7.04
AAT/ATT 209 0.86 4.46
ACC/GGT 307 1.10 6.55
ACG/CGT 29 0.15 0.62
ACT/AGT 50 0.26 1.07
AGC/CTG 136 0.72 2.90
AGG/CCT 52 0.81 1.11
ATC/ATG 451 2.38 9.62
CCG/CGG 23 0.12 0.49
VYRR 20 AAAC/GTTT 4 0.02 0.09
AAAG/CTTT 14 0.07 0.30
AAAT/ATTT 6 0.03 0.13
AATC/ATTG 10 0.05 0.21
AAGG/CCTT 4 0.02 0.09
ACAT/ATGT 5 0.03 0.11
HARWZER 36 0.19 0.77
T ER 11 AAAAT/ATTTT 2 0.01 0.04
AAACT/AGTTT 2 0.01 0.04
AGATC/ATCGT 2 0.01 0.04
HRAZER® 8 0.04 0.17
IEFTR 13 AAGAGG/CCTCTT 2 0.01 0.04
AAAAAG/CTTTTT 2 0.01 0.04
ACCAGC/CTGGTG 2 0.01 0.04

HARNEH R 10 0.05 0.21
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X SSR 519, FHH R RIK Bl sarks s FH, M E
PESRIE 5 AN F=HbRIER &AM SSR A S22
PE, L 42 X519 8 s &, AT
RN 76.36%, Hh 14 w5l HRZEME; e 13
SEEIMTCY . 42 XF 51RO N 4%
., H 41 X5 Mmsam e T 1 5%, X0l g
Fe T AR FEIT K ) SSR Fric Kk T4 S HE,
14 Bt FBAR A2 FE K 41 DNA

TEHX 14 %60 7 B M A 1) 2 251 51 0% 18 4
AR MRIAT 8L Z P08, L1593 65 2%
i, 2SR B 234, X5 A2 S
FEB 1~34, F¥1.644 (K5 KB 1. 1814
ML AE H LR B AT 0.130 4~0.826 1,

0541 1, fKIEE LML RBERE, RA
UPGAM 4 18 th iR N 325, BB IKRUN
SE ML HR R AL E R 3 AR R
AL PG, B o P AR AR R AE — s
551 RSECUH R 1 3 AR ARVRL PG (1) 7 A8
A RERTE—#T, 2 12800 — B4 2 AN
e, HRURE . Pevd. JEVE RS AR S L
KIEL BB AEM BRI —/NE, I ILJE |
PeSRiE . . fsk. R E AR S —
AN B T SR DAL P SRR B 2 AN B AR PR R
N2 (B 2), A] R A&AS R R IR A R 2R
FREH B RIFM AR E, AR
WAL NEE .

%5 14 %F SSR S|#IRVEER

Table 5 Information of 14 primer pairs developed from 7. farfara

ElEZ SIYFA (5°—3) HE R T 4/op PR BRI

Tfl F: ATCAGCACATGTCAACGAGC (AT), 143 5 3
R: TTGGAGGAAGAACCATCGTC

T2 F: TGAGGATTCACTGGACACCA (TC)gtge (CA), 241 4 2
R: TGGTTACAACTGTATGTGGA

Tf3 F: AGGGCCACATATCCGTGTTA (AT)g 198 6 3
R: CGGCAGTTTAAGTCCTTGCT

T4 F: CACCATGATTGCAGTGCTTT; (M2 217 3 1
R: ATGCCGATTAGCCCACATAG

Tf5 F: TTAATTTGTCGGGCCGTTAC A 220 4 2
R: TCGGGCTAGGTTATGGTCTG

Tf6 F: GAGACTCATCATGGCAGCAA (T)1o 201 4 2
R: AAGAACCAATTGCACCAAGC

Tf7 F: TCTGGCCAGCTGTAAGAGGT (GTG)s 184 4 2
R: GCTATGGTGTTGCAGGGTTT

T8 F: CGATCATCGATTTCAGTATT ©)io 225 4 2
R: TTGGACGACTTTCAACCTCC

T F: TAGGCCTTTCGACATTTGCT (AAG)s 171 3 1
R: GCTGGTTTTGATTGTCGGTT

Tf10 F: GTATGCTGCTGCTGCTTGAG (TGA) 125 3 1
R: TGCTGAGGATCCAGGGATAG

Tfl1 F: AACAATGGCGACCAAATCAT (CTA)s 168 4 1
R: CGGTCGGAGAGTTTTGAGA

Tf12 F: TGACATCTCCTTCAGGTCCC (TGA)s 189 3 1
R: AGGCTATCTCTGGTGGCTCA

Tf13 F: CCAAATTTATTACAAGTCCCT Ao 206 3 1
R: TGTTATCACGAGTTCCGCTG

Tf14 F: CGCGTTATCTCTCTCTCTTT (GAT)s 186 6 1
R: TGAAGGTTCCATCCGAACTC

65 23
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1~18-MEVFSFEE 1 M-Marker i 3kFs N2 &4k B
1—18-Order of plants is the same as table 1 M-Marker Arrow

indicates polymorphic fragments

Bl 1 SSR 5|4 TI7 3} 18 LRI 18R
Fig. 1 PCR amplification result of SSR primers Tf7 in 18

different 7. farfara varieties

Nml
Gs2
— Hbl
[ [ Sx5
Sx9
Sx10
Gsl
P Sx7
— —  Sx8
— Gs4
Gs3
Sx1
I | Sx2
Sx3

—Sx6
I — sxll
Sx12
0.45 0.55 0.64 0.73 0.83
Coefficient

2 HIREREMRE UPGMA BE

Fig.2 UPGMA dendrogram for tested 7. farfara
4 g

TERRAHFESRZH =1 kb [ 18 938 4% unigene 1, ]
F MISA #4825 4 688 4™ SSR i/ 14, 041 T 3 844
% unigene 1, IR N 24.75%, V357979 bp
1/ SSR, SHFA AR EL 4 SSR AT EE
BT, RILEA SSR HBUIRAK T-4T 354 (1/1 170
bp) M 3% (1/45206p) B AZ: (1/5 800 bp) 7,
54408 (177490 bp) P, BEESESTEE (1/7 970 bp) M
FAAT, & T HEEE (1/9 040 bp) M2 VEZ (1/14 100
bp) 1, 3z BT g5 Tk B R K/ SSR %
RSN B AFREFRZA L.

KEFREHEY P . = LI i
g, HYXEEEH AR, REFHARTRE
ANEHRES 6 REIFE, HP =R HRER
SSR B R Fe i, i SSR A7 AT 37.12%, H
UOB AL T IR AN AR, 73 ) i 32.36%+28.20%,
XA, I A P e = R AR AR

IR — 8, B2 TR E!, e

JRUCT i MR R R SSR AR A 2R

[Al. Bl 20 SSR AL 60 M E R HIt, XK

IR AT s SSR RMLLALH 5, 7Y SSR Y

TR S Bt E E R IR, B TR AT

(31.42%)+ AG/CT (12.80%)~ ATC/ATG (9.62%).

GC HEHITAELHHEY P RAE W], HIIRIIR

TR, ARFFCHRI, AT, C/G. CG/CG.

CCG/CGG EHEI LRI EH PRFE D (R

4). HEEFZ SSR AHLL, EST-SSR Sehk 13K ZH 1)

D IX I, T EEGKIFEREFRERE R, X T ohRedk

PIRIWTFERM A AL BV b SR AN LR

FEDRIZH AR SRR A E A E
HEHL 14 % 72 5 51005 18 MR &AM EHEAT 4%

Jrifr, B UPGMA R0, HON 3 RIFK, Moy

KIGWEA LM G E . KB

PIBER, Lot H 7R R AR A 52 4R A4 R 8L R

Homok (0.826 1), FAE—E, HHHRKRKSHH

Bevt. T, URERIRORLENRCE RAE R, XATRE

5 AN [F) iy XA T 8] 5 A DA B 51 At R iR 68 AN

PEA G, X 5H SRAP dRidarHrif g GRS,

T TR SR T2 IR A R SRR AN A

PRHUIR . ARA AR BRI 23T B0, R

KRR G Rhcss, — A R AE L3 X B2 4T 37

WA SERR ELRGHEAT I, R 2RI RS,

Z [ B B R B R A 2 B A B A

PRI R A BRRIE iR A, A B AR FY

B, XA E AN S BOIRRE SR 2, SN 1k

AR 2R, R RAE T T 2R R

el L, g RS SRS K

N YIRS, ST 7 AR, [R5

A%, I EIE AR AR dUT L JEMERIREM,

PRI, RS RN R AL E R

&30k

[1] HEZ [S]. —#&. 2015.

[21 LiZY, Zhi HJ, Zhang F S, et al. Metabolomic profiling
of the antitussive and expectorant plant Tussilago farfara
L. by nuclear magnetic resonance spectroscopy and
multivariate data analysis [J]. J Pharm Biomed Anal,
2013, 75(5): 158-164.

31 RBE, KHR, VRN, & EAE R M2 2
WPERT AU (0], b E B A BR, 2015, 34Q2):
33-36.

[4] EERR, R, BWIEE. HOR AL TR B R



*5032 -

%%

Chinese Traditional and Herbal Drugs

FES0% F20H 200194108

(3]

(6]

(7]

(8]

9]

[10]

(1]

[12]

[7]. "FEBACHZ, 2008, 10(4): 42-43.

POREWN, FFF, FATF, FOAREERER R R E
SRAP gttt ZFEPE T [J]. 1oL R 22, 2014,
42(4): 321-323.

SKAE, EICEF. MY EST-SSR #ric F R K 35
[J]. FEF A5 N HAEYE, 2010, 29(3): 534-541.

Li C, Zhu Y, Guo X, ef al. Transcriptome analysis reveals
ginsenosides biosynthetic genes, microRNAs and simple
sequence repeats in Panax ginseng CA Meyer [J]. BMC
Genomics, 2013, 14(1): 245-255.

£ R, BRI, SETF. wSHExAT SSR ALAME
BIHT [7. " EiZh, 2014, 45(16): 2390-2394.

% M, =&, XTtHH, £ LT EST-SSR K4 HRAE
S TR TR O[I]. %% AR, 2012, 47(6):
803-810.

MRoOB, ZERbE, FER, % (T SRIEES4H SSR AT
FEESTERZEBMERFA [ TETZRE, 2014,
39(7): 1220-1224.

WO, H W, KRN, 55 ESER RS AN T
VAL L H SSR A mUAE BT TE [J]. T E
22 &, 2016, 41(8): 1430-1434.

Rpese, xIMESt, £ Ak S MR FYL SSR AR
SR EHZEMTI [J]. FEZ, 2016, 47(10):
1762-1767.

[13]

[14]

[15]

[16]

[17]

[20]

AL, SRALAR, X8, A AR R4 SSR R
Br ke B2 Ao (0. @& %M, 2015, 42(6):
1103-1111.

Hao D C, Ma P, Mu J, et al. De novo characterization of
the root transcriptome of a traditional Chinese medicinal
plant Polygonum cuspidatum [J]. Sci China Life Sci,
2012, 55: 452-466.

B, WALE, whalt, & PERFGRA T SSR Az
HRANT G5 L (7). AR EEER, 2015, 36(7):
1261-1266.

EVEE, BOCH, IR0, . BV R KA SSR 15
BT R EZ AT (1], WZ R, 2016, 4303):
578-586.

EOF,EOH, RKR, ST RN R AR
SSR 7 Fhrid k55w [J]. FEZ4R, 2016, 43(8):

1566-1576.
0 F b, WIRE. SRR SSR LA

50N (I REFZARE, 2017, 42(1): 63-69.
MRUesl, X 48, 3 4%, 4. 3% bHLH N1
R GA DG RS R FRE AN [ FEZ, 2018,
49(3): 671-677.

KR, AEKR, PRA, 5. %S EST-SSR frid
IR BAE S JE P IS [J]. P2, 2018, 49(13):
3110-3115.



