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polymorphism
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Abstract: Objective Simple sequence repeats (SSR) loci information in the transcriptome of Houttuynia cordata was analyzed in this
study and the more powerful tools were provided for molecular marker-assisted breeding in this plant. Methods SSR loci were
searched in all 63 954 unigenes by using MISA. SSR loci information was analyzed and SSR primers were designed by Primer 3.
Furthermore, 50 pairs of primers were randomly selected for the polymorphic analysis on 16 H. cordata plants collected from different
habitats. Results A total of 4 800 SSRs were found in the transcriptome of H. cordata, which distributed in 4 413 unigenes with the
distribution frequency of 7.51%. Tri-nucleotide repeat was the main type, accounted for as much as 41.54% of all SSRs, followed by
mono-nucleotide repeat motif (27.35%). The mononucleotide repeat motifs of A/T were the predominant repeat type (27.0%). A total
of 3068 pairs of SSR primers were designed by using Primer 3. For validating the availability of those SSR primers, 50 pairs of primers
were randomly selected for PCR amplification. Among them, 43 pairs of primers (86.0%) produced clear and reproductive bands,
which showed polymorphism, and 16 H. cordata plants collected from different places were divided into two groups by UPGMA.
Conclusion There are numerous SSRs in H. cordata transcriptome with high frequency and various types, this will provide the basis
for study on genetic diversity and genetic map for H. cordata.
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Table 1 H. cordata from different sources

Gy feili Gy et

1 R 9 R

2 SUMNAEIR 10 VL E TS

3 U1 5 1L 11 WAL TE

4 DY )10k JE L 12 TR RN

5 G 13 T V4 5

6 BV vt 22 14 1R B

7 WHT 4 9% 15 W EE RS A AT
8 I G 16 W RS A
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415 1K ¥ Unigene 14 Z27% 741, (] SSR A
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FIFZIR /& e R UE R . E R 511 DNA Fikt 2
30 pg/mL Lh#s PCR 34 H] . RNVAAZR: 10 X buffer
2 uL, 1 mol/L MgCl, 1 uL, 10 pmol/L -5 [4#1
US4 0.7 uL, 2.5 mmol/L dNTPs 1 pL, Taq
DNA polymerase 0.5 uL, 10 mg/L 5z DNA 2 pL,
B ddH,0 £ 45 16 pLo JNAAT A 94 CHARYE 1
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Quad-nucleotide repeat /> (39 4~), %E4% SSR 41
AFEEE 1 112.7 kb (£ 2). faf SfE %4 SSR
P A FIFF Kk 80 754 bp, LA R TRIR . KT
2. AR VIR . T RA AL T IR
SHETCI SSR AV UHIBEIE B AL/l 17 587,25 362+
33012, 800 1365, 2628 bp. 7527 SSR A7 LT
B PEM M 130 19, 170 214 21, 24bp (£ 2).
2.2 BEEREREE SSR AYFFIE

MRS SSR FRFH, —BEAKTIR

TR RMARREE 2, HE R H IR AR, F %
SEPZTIR. TN = ITRES, F &5 SSR
1) 95.52%, Hh = TRELZHRZ, 5 41.54%,

e AT IR SR IR R 2R, il
26.63%H1 27.35%, PURZTHTIR. TR IRFI N EL T
TR SRR D, 0l 0.81%. 1.38%.

2.29%. WNEERHCKE, RIWELILICLEL 5
DN AR e, 5 1 426 4, (55 SSRs 1)
29.71%, HUIEEE 6 k. =13 K 12 k. 7T IR
18 K, 4y #4980, 710, 608, 492, 223 4™ SSR,
439 d7 s SSR 1 20.42%- 14.77%- 12.59%- 10.25%
1 4.65%, E/ORINEZIEITTEL 11K, 1A 80
Al 1.7% (3 3). Xl RS20 SSR Seit )
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Table 2 Occurrence frequency of SSRs in H. cordata transcriptome

=kt #H FARA LA /% AR S% V4B B /Kb K bp VB K P /op
FAZ IR 1313 27.35 2.05 33.05 17 587 13
TR 1278 26.63 2.00 33.96 25362 19
EX 387 1 994 41.54 3.12 21.76 33012 17
Mtz 39 0.81 0.06 1112.70 800 21
TAZ TR 66 1.38 0.10 657.55 1365 21
NIZHR 110 2.29 0.17 394.50 2628 24
#3 BaREESSRAREFKENESHNHENH
Table 3 Distribution of SSR with different motif types and repeat numbers in H. cordata
R TRV
5 6 7 8 9 10 11 12 =13
AKTTIR — — — — — — 604 709
TR — 446 284 202 145 119 78 4 0
AL 1275 481 208 21 3 0 2 0 4
IESER T, 0 34 5 0 0 0 0 0 0
TR 57 9 0 0 0 0 0 0 0
INEHTR 94 10 2 3 0 0 0 0 1
TR SRR VURETR . O A X AR RN AR T IR E R I TIRA T, 1%

ANEHREEIEICH AT 12, 58, 26, 52, 84 Fi.
MU KT, LA S S e A A AT
R AT, e R IRA R E R LG,
HABPURAF IR . TR AN S AZ TR R e 28
IIARED, HIUIREAE (B D).

W4 P EREHLBENLAL A 0 NGt G, RIL—#
TR =AZ TR EE LI 54 4 Bkl 10 Ff, Bl
2 Pk i 3 o R A £ I 5 SSR P41 rh A
fAfE. Hh o FREZECHIN&RZ 12
AG/CT, 3L47 11084, HiZHEEELITH] 86.70%,
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Fig. 1 Frequency distribution of SSR based on different
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motif sequence types in H. cordata

HoAbE 2 B AT/GC. AC/GT MIAF 5N 6.34%7F1
6.96%; —ZHTMRELMERZ, KEZHELET
3 GAA/CTT, 34 336 />, GAA/CCT 4 333 1,
S =R IR E R LG 16.85%. 16.70%. HK
11 GGT/CCA (Jt45 168 ). AGA/TCT (JbAg

153 41~ GAG/CTC (345 153 4~ GCT/CGA (3
1 89 1), CAG/GTC (L5 62 1)
2.3 SSR 5|¥0#i%k 5 3 HiE

PR FPAIIASINT 150 bp f SSR 50 4N, i
Po et s ), A Primer3 Wih5 14, X
IRAFH 4 800 4~ SSR AL i it 514, FIF A H 3 068
AMEE SSR 514, BEALEKIE T 50 XF514), Lo 43
X5 IR G AW A, IERI 2 AR, £
AMEHEE (PIC) 4 0.49~0.96, FHME A 0.72; 2547
FEBGE RN 3~10, P40 5.74, RWAEEE (Ho),
WIS GRE (He) W 4. AU SSR 281X 16 A
0 AR TR T, R EIR, MRUAECER
FOMIR —2s JLAWREARTR ) —2. DU )1EA S oA
BABRARDIE N 2 N mFd. SEM. EPRAE
(s AL PR BRI T A — 8 IR IR s EE B
ISR —BE VL TOP . WIS AL B i 58
H—#E (E2),

%4 SSR-PCR f#i£514)
Table 4 Screening primers of SSR-PCR

Gl SSRs ERBIY (5-3) KRG (5°-3") LNIERE Ho He PIC
HM 1 (TGA)s  GAAGCTTAAGGAGGTAGAGGCTG CAGTAAGTTGTGTCCAAAGGTGC 3 1.00 0.59 0.49
HM 2 (AGA)s GAAGGACTGCAAGAAACTCTGAA CCCCATCTTCTGTCTCTTCTCTT 7 1.00 0.86 0.84
HM 3  (AC), AAACATGCATTGTCACATACAGC ~ AGAGCTCGCGAAATATACTGTTG 6 0.89 0.93 0.93
HM 4 (GGA)s  CGACGACGATGAGACGGT GAGCCCACCCCATCTTTC 4 1.00 0.71 0.63
HM 5  (AG) AAGGGGAGAGAAAGAAAGAGAGC CCATAATAAAGCTCAATGCTGCT 6 1.00 0.84 0.79
HM 6  (CTC)s CTACCAAACCCCTCTCCAAAAT GCAGCAGCAGTAGAGGATTTG 8 0.60 0.79 0.68
HM 7 (GCT)s  CTCGTTCGGCAAACTGCT CGCGTATTATGAGCAGGATTACT 5 0.91 0.90 0.89
HM 8  (TCC)s CAGTCCTGGTGGACATACTTGAT  CAATCGATGATGAGGAAGAAAAC 4 1.00 0.73 0.66
HM 9 (TGA)s  CTGCTGAGTCTGCATTAATTCCT  CAGCAGCTTCAGATACCTCAGA 7 1.00 0.79 0.75
HM 10 (AG), TATGGTGATAATAATTCCGGTCG TTCTCCCAAATGATGGATGATAA 8 0.67 0.80 0.72
HM 11 (TGG)s  GGTGCAGGTGTTGATGTCCT CAAGGAGAAGTTCGAGGAGGT 10 0.65 0.82 0.73
HM 12 (TTC)g GAGTCTTCCATTTCTTTTGCTGA  GAGTGATGTGGAATGCTCTCTTC 4 1.00 0.76 0.70
HM 13 (TGA);  GAGCATGACCTTAAAAAGGATGA TAGACAAAAAGAATACCATCGGC 4 1.00 0.75 0.68
HM 14 (TA), CATGTCAACGTCATCTGTAGCAT  ATTTGGGTAGGGTACTGGAGCTA 5 0.80 0.69 0.65
HM 15 (CT)s ACCATCTCCTCCGTTCCAC GGAAGTAAAGATCGAGGAGGTCT 8 1.00 0.89 0.84
HM 16 (GCG)s  AGTGATACCTCCTTCTTCCGCTA  AGCAACAGGTGACAACGTACC 7 0.63 0.82 0.65
HM 17 (TTC)s GAGTGAAAGTGTTTGCTTTGGAG  CCAACAGAACCAAATAAAACCAA 6 1.00 0.85 0.80
HM 18 (ACT)s  AATTCGAACGCGTAATCATCTT CTAACTTCGTCGAATTGGGTCTT 6 0.54 0.65 0.63
HM 19 (CCA)s  CCTCCTCCTCTTATGGGGG GTGGTGGCGGTCTATTTTCTAA 4 0.58 0.96 0.96
HM 20 (TCA)s  TCAGTATTGAATTTTGTCTCCCC CTTGTTAAACGAGTGATATCGGG 7 0.88 0.79 0.78
HM 21 (GA)g AAATAGAGTTACAGGCCCCAAAA  CTTTGTACTTTTGCGTCCACTTT 8 0.64 0.83 0.76
HM 22 (TTC)s TTCTGCTTCTTCCCCTTCTTATT GCTTTTACAGAGACCTCTTGTGC 4 0.50 0.67 0.62
HM 23 (TCT)g GCATTACAAGAACCCAAACACAT  ACTACTGGTTCTAAGCGAGGAGC 4 1.00 0.68 0.60
HM 24 (GAA)s  AAATTTTAACAGCAATTCCTCCG  TCCTTCTCTGATCTAGGGTTTCC 4 1.00 0.65 0.57
HM 25 (GCG)y  AAGGAGTCCCTGGATACTGCTAC  ACCACAAAACGAACGGATTC 7 040 0.61 0.52
HM 26 (CT), TTCTTCGCTTCTAGATTCCCTTT TCTAGCCAAAGTCTTCCTTCCTT 8 0.67 0.76 0.65
HM 27 (GA)g ATCAAAGCTGCAAGCTTATATCG ~ TTGTTCACCACTGGAATCACA 5 0.60 0.80 0.73
HM 28 (GGA)s  GGTCTACGGCAAACAGACTAGC  CGATCCTCCAACTCCAAAAA 7 0.59 0.80 0.71
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519 SSRs EmFY (5-3) KI5 (5°-3) NS Ho He PIC
HM 29 (AT)8 CTAGCAGACTGGATGTTGGTTTT GTAAGGCGCATAATACTTGTTGC 4 1.00 0.73 0.66
HM 30 (GCT)5 AGATCCCCACCCTTTCTTGTAT ATGACTTGATGAAAAAGAGGCAA 4 1.00 0.75 0.68
HM 31 (GCCCCA)4 GGCATTGCCTATAGAAGAAGTATCA CATTGTTCCACCTGGGTAAGAT 5 0.75 0.63 0.59
HM 32 (TGT)7 GTACGAAGAGGAGGAATTGGG TCAGAAAAGAAAAACCAGACCAA 8 1.00 0.87 0.82
HM 33 (TCC)5 GTCAGATCGAGGAGCGTAAATC CCTCCTGATGGAATGAAGATG 6 0.68 0.78 0.67
HM 34 (GAA)7 GACGCAAGGTAACCCTCAATAAT ATTGCTTTCACTCTGGTTGTCAT 5 0.52 0.71 0.64
HM 35 (GGCGAT)7 GAGGGAAGAAGGCGATCAG CTGTCTTCTCGAGGACTGCTCT 3 1.00 0.63 0.54
HM 36 (TC)9 ATTCCCTTCTTCTCTGCCTCTC CGTGCTCAAAGTAGCAGAATCA 3 0.86 0.91 0.90
HM 37 (AGA)S CCATAAATACATCACCTCGATCC CCAGCAGAGTTCAACTTGTTCTT 5 0.78 0.80 0.77
HM 38 (GA)7 ATCTTATCCACAACAAGAAGCCA AAGCTCATGAACATGACACACAG 3 091 0.90 0.89
HM 39 (TC)6 CTCAGGAAAAGTAACACTGGCAT GAGACTTGTCTCCTGCATCAACT 7 1.00 0.85 0.80
HM 40 (GA)9 AGCCTTCAGGATTACTTCTCCAC AAGATGTCTTCAATCTTCACCCA 5 0.80 0.69 0.65
HM 41 (ACC)6 GCATTTTGTTTGGATTGACAAAG TGGAGTGCTTTTTAGCAAATTGT 6 1.00 0.79 0.75
HM 42 (TAT)S GAAGAAGATGATGCTGATGGTTC ATTCTGTGCAGCTAGTTACCACC 9 0.90 0.89 0.83
HM 43 (CAC)7 CTGTTGAGGCTGAGGATATTGAG AAACGCGTCAAAGAAGAACATC 8 1.00 0.86 0.81
YE 5.74 0.83 0.78 0.72
BRI X HB AT AL 2 FEE 5 R 40 R TR IE . N
SHAH g TR AR 25 Rt R 4
Wi B, SE BT R LR R 2 hRd, T
i FLIEA MR WL R P T SSR BRI .
:rmnam AR SR 3R Y 4 800 4™ SSRs, T
— " AL 1/9.04 Kb, FUELABYIRHAILL, 15T SSRs
i PR 5 T/INA2 (1/15.6 kb L LRI 7 (1/13.83kb)-
e
i Fhi 1111 kb). HEAE (1/20.0kb) M. 47
4| Eﬁﬂl (1/14.0kb) UVkyy, Fwlta R ardt kgl SSR
4‘[“(3‘ % N2 P - h—
— L B . WA S SSR TR IETAMT, 4
Ui 5 H SSR 5 HABAE AR LEAFAEARALLE A 22 S 1 o FEAH
e —

0.05

&2 fiEEH UPGMA BEE
Fig. 2 UPGMA dendrogram for H. cordata
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T IX BRI (4 3G - R A E AR R RN,
T e AT (R 85 A e A7 Rt N T 18R 5 A
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BUPE SR IAE I SSR SR A B S TR R E %,
BRAIR. R SRR RS, X
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TERAZATIG . AR =R ES . LT
FREZILTCLL AG/CT I E G5 B2 86.70%), 1X
AT et AT AU SSR
JPH) IR R ST AR L. R R = R
MREHE L GAA/CTT EE AT (5 16.85%), X5
PRI TF AR A0 O VAR T ) AR 5
XA e X L A T B O AR 1 G i ) 2 B
AR e R P, it SSR EE ALY
HAn M S SR AR A8 (22 e, fajlE s SSR
A= RER I LER N, SR M
el B 72 52

£ IR G S 2 SSR ANMEH B w5y, iy HL R
F5 ; I unigenes J7HITF KAL) SSR i gk
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(IR &5 2R 22 2R DL i B A B ) P AR 2 4
it R MR ICAERE N AL DNA A7 B2
Frsei, REARURMILZSTE, ISR
FEH I8, R B IXLE SSR B R A B T I
A Ay f R SE R 4] DNA gt fe 2 B R Ay 1A
A RPN TR ARG 5
RARH R RE D ERE IR SSR BRIC B T AR, X
b A RS ST i e ) e PR R U T
R B AL BV S SR 8 YRR ARl Bh I BEbR
TC T ORI Jr £ A (1 bR DR A 22 98 R AT B
B N AR .
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