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Site information analysis and molecular marker based development of SSR in
Coptis chinensis transcriptome
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Abstract: Objective To explore the simple sequence repeat (SSR) site information in the transcriptome of Coptis chinensis and develop
the SSR molecular markers which can be used for the genetic diversity evaluation of C. chinensis resource. Methods MISA software
was used to mine the SSR site data of 93 629 Unigenes obtained from the transcriptome of C. chinensis leaves. SSR primers were designed
through Primer 3.0 software. A total of 64 samples of C. chinensis with different morphological features were used to select the polymorphic
primers through polyacrylamide gel electrophoresis (PAGE). Results A total of 12 848 SSR loci in the transcriptome of C. chinensis
were distributed in 10 016 Unigenes, with a SSR loci frequency of 13.72%. Mono-nucleotide and tri-nucleotide repeats were the main
repeat types in SSR sequences, accounting for 53.81% and 25.01% of the total SSRs, respectively. The SSR sequence contained 115 repeat
motifs, with dominant motifs being A/T, AG/CT, and AAG/CTT. Among the 180 pairs of primers randomly selected, 94 pairs could be
used to amplify expected bands and seven pairs exhibited significant polymorphism. A total of 64 samples of C. chinensis could be divided
into four groups, and their biological characteristics were basically consistent with the clustering results of genetic diversity. Conclusion
The SSR loci in the transcriptome of C. chinensis are high in frequency, rich in repetition type, high in polymorphism, which can provide
candidate molecular markers for the research on C. chinensis resources. The seven SSR molecular markers screened in this study can be
used for genetic diversity evaluation, variety identification, molecular assisted breeding of C. chinensis.
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IR AR E R EHN M e —, BAHERE
W KRR, IR ETA 2 000 241
fER 5. CREZG Y 2020 FRRISCER H 245 3%k
BT EBERHEYI#IE Coptis chinensis Franch.. —ff
MH#53% C. deltoidea C. Y. Cheng et Hsiao 5z i #5 i
C. teeta Wall. () THARZE, 205 SIFRON “wiRigE” “
B Mo e E B RN oy
WRIZER], BI#EI%E C. chinensis Franch. [f) TR 2L, 2
AN B RN 90% 8 AP BOE RS T E
PRy A DU, BRPESERL, A AL )
FERERE ™ X o BT AR N TRER ki
PR A E R 60% /4, @ISR A AR T
RIL, AR - S AR S ERA
R, R EEW A RN R, B
PR ERE A, AR AT RRAE R, A
JPUNN 5 PR B IR AR, G E S L R
EAFR . BRI T HERNM R, EEEPEER
gy~ ENEYE. AT, AE¥HEHIOERA
[F R AR SR 208 RIEAT T EURBE ST, T B
N 3 BB Z AR OB B Z 57, i 75 7
DN AR R AL R T

S F AR ARNE AR R Y E L 22 1
W THRZ—, 72N T 25 R YR 5 55 5 5 1
PEVEOY . SEZROC R TE LA it Bl 6 g S5 4081,
R B E T4 (simple sequence repeat, SSR)
Fric K B CE 2 41 2 M AR 3 A8 514,
R =YK EZ B, SSR Frid B4 A
iz SLEHBE, FEEEFEE. ROKENE
R G TARIMAES SRR, O T
iR A E, PR BRI SR Bk
ZREE DT TRl G B E PR ST A -1, AR
W9 R Mumina Sl &0 7 EORIRAG T M
MR, BT S R Z I 5% SSR A A7
SR, AT HAR. SAMERHE, T RE 72
AT SSR G101, e EERN T VAN B B 8
& ZZAENE DL R St Fide & SR AT 7T 2k Al
1 MRENEE

PORBSRAE B R AR XK H R B HKE
ZRGE G TR DT BT YR ), LI HE R B EAE AR 64
By (5 1~64), LPURG RS 2525k E R 2%
B NEREPMEYEIE C. chinensis Franch. . U %))
g v B KRS BT, TREUE S 580 Cild
IR UK FERAE o

2 ik
2.1 FASFIEREN

X 64 B IEREAR AR R TR SRR EAT W
22, MEACFAEARR I /N RIS i
R AR i EAEBEE L 16 S B SR AL
22 HEFABURFRIR

T REE [ B R R P BN LRSS 2 Bk, H4m
VEREFHMFREAR, B EEEEWEAGREH
R 22 7R A Illumina NovaSeq6000 il 5>~ & 4T %%
SR T . PR L.
2.3 SSR i = FiE

KH MISA (http://pgre.ipk-gatersleben.de/ misa/
misa.html) X EXF Unigene 347 SSR £l . SSR iz
RIPIEEPRE N — B AR BRI EZ KR DN
10, 6. 5. 5. 5f15 K. 4iit SSR HBHR . A5
W BEERMEER.
2.4 SSR 5|¥mgit

FR4E SSR A7 A3 751, H Primer 3.0 B4
5%, BA SSR ALl it 3 X514, 51k
BZHON: 5IWKIE 18~27bp, F=¥ K/ 100~280
bp, BKIREE 57~63 ‘C. BENLIFILL 180 XF5147,
A TAY TR (R B A RAF AR
25 ZEMSIMIRTFESHIE

HEFE K4 DNA ] TIANGEN %% 40
DNA 2GR 7 & (DP305) HEATHEEL, 1%35 fghi kit
JB LUK RTRZ IR o8 B 3 AR ) DNA ) S8 38 S ik
FE, =20 CIREE.

ZEMESIRIIRE N 2 5. 1, ATk 1B
T ) DNA 1E AR, LL 1.5% 155 e B vt i FE vk
HEAT 1A I IR . IR RUWTR . Premix Taq
(TaKaRa) 10 uL, DNA 54k 40ng, 1E. KA514)
0.4 uL (20 pmol/L), ddH,O #h & 20 uL. R FEF
N 94 CTIAEME S min; 94 CAEME 30 s, 55 CiB
K 30s, 72 CHE{H 30s, 32 MEH; 72 CHEMH S
min. § AT BN A A FRLUK, IR
HIE T H 2 B 5T 2 S M. K,
BEMLIEEE 12 MRECZE ) DNA TE RN, L 8%IEAS
P 5 TR A T e J PR AT 91 ) 2 S 1 i . PCR
SNARPIR] b, SONAK F B DNA B4RCH 20 ng 41,
HARR F.

HIGRARMEA 2S5 T 64 HRIEE
FEARBIEAE ZFEVE AT, DAISIE 2 38151 v]
PE. PCR JR MR R KA 75 8 i PR R R — 3K
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26 HEFITSOH

14 DNA Marker F15 1945 57 B br i BER/DN,
N T 64 47 B IEREAR R S TR TR Bt HL Dk 285 5«
ANFIFEAL D], 2 Bt R/ MR AL B
C. D %. *RH POPGENE 32 # x4 47 il 4738
2RS0T KA PowerMarker V3.25 Fiftit
HZ1E 82 (polymorphism information content,
PIC), HHEMBA P57 (UPGMA) H#EHET Nei's
PRSI RS G, X 64 M BOEREARRHT R

3 GHR5HH
31 EIEMSHHE

IR BEARE AR P SHRHE, Wt R A
Ky HEEFEN 3 AREL, Mgt ot B s
AT 2 2 B oy 2 NP R E . F
SR FERP B 3 AN K i BARBE 1 T
S NAARTERITCACHE 2 25 MG AEE B 7 A
TR LIRNESE 3 28, B AR 1) SR T S R AE L
K 1.

a~c- P AABORM s AR T BUNH T d~ R BT

FTPSEERE . PR g - RS AT 1 -2

JURAERE . TEREREAT s k~m- R AR . SREAE . IRELA A .

a, b, c-large leaves, medium leaves, small leaves; d, e, f-broad lobes, medium lobes, narrow lobes; g, h-lustrous leaf, unlustrous leaf; i, j-mottle leaf, mottle-

free leaf; k, 1, m-purplish red calyx, yellowish green calyx, dark purplish red calyx.

B 1 EEMFEERSEHE

Fig. 1 Morphological characteristics of leaves and flowers from C. chinensis

3.2 EEFEFLAD SSR LS5 RAFIE

JE1d Ilumina NovaSeq6000 ~F- & 1247 i@ =M
B, SERCEEIEM ST, 3E3RA8 93 629
Unigene 751, MARTIIZIR] 12 848 /> SSR {7 577
i ¥ 10 016 257 FH, SSR A s H I A% Ny
13.72%, "534 5.34kb HEL 1 4~ SSR 745 (& 1),
MEERE S PRI R 6 M H IR E R, H
HI IR E SN RS, 69144, [fikl SSR
AL R 1) 53.81%; HUURE =R IR B 2 7 5 A i
FRESEFH, 2955 SSR 17 A H 25.01% A1
19.32%; PURHIR. IR AN HREZ R,
TR SSR AL AT E 2% (R 2).
33 BEEEFRLE SSR S EE T AR

X} B S 2 SSR AV A AN [F) B B R ot

FT1 HEHFEDSSRAUSER

Table 1 SSR site information in transcriptome of C.

Chinensis
i H il
Unigene J731%H 93 629
K0 7 371 48 KN bp 68 633 683
KU E ¥ SSR #H 12 848
% SSR 7 £ ] Unigene /7411 %% H 10016
24 SSR LA Unigene 7515 H 1 457

HHE AR SSR [¥) Unigene F4 % H 895

1708, A 115 FE R I e, o IR
EEHICEA 2 B, HHE KA (AT, 26,
) SSR A7 sidtit 6 716 4>, Hi SSR A7 A
52.27%, ¥ TFEZ SSR AL 97.14%. LT
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x2 HEHFEATSSREERE., HERSH
Table 2 Repeat types, number and distribution of SSR in

transcriptome of C. Chinensis

*3 WEHFREPAERE SSR MES XK
Table 3 Repetition count of SSR with different type in

transcriptome of C. Chinensis

BEERA SSR B H/MA HH/% WiZ/% 41 FE B /Kb

PEFR 6914 53.81 7.38 9.93
THER 2482 1932 2.65 27.65
=BE® 3213 2501 3.43 21.36
Pz R 122 095 0.13 562.57
TAZHR 31 024 0.03 2213.99
INZH R 86 0.67  0.09 798.07

% 4 FhEE S H 0, (AG/CT), FesA 53,
FIERL 1 366 4~ SSR fi7 g (10.63%, 55.04%). —
MAHTRESR 10 Fh2oi 8 d, (AAG/CTT), 2ol
P, K 967 4~ SSR £ 45 (7.53%, 30.10%);
HRN(ATT/ATT),, FTEEL 526 4~ SSR £ £5(4.09%,
16.37%). VUEIR . T H R SEHIRER T
KA, Sy HIAF 20, 21, 58 Fi, A EREE IR
R A& Yk N (AAAT/ATTT), « (AAAAC/GTTTT), -
(AACAGC/CTGTTG),, H B & H: e 8= 7E & SSR {7
AR, 50 SSR EHT 0.23%. 0.03%-
0.04%.
3.4 H|ELFESSR EENBMEFKE

O AT SSR HEIRE A T 5~58 K,
5~15 REEK SSR &5 EH 90.87%. 10 IREE
%, A 32281, HH25.12% (£ 3). BEHR
BEREEDT 10~11 &K, “EHEREZRELL
6~8 WNE, “HHMRERTRBEZN 5~6 K, &
REGRM (UEEHREAETR) HLL S RES
. SSR KSR £ 75 P Ik ) EE R 2R 02,
AHFFEH SSR KJEVERITE 10~20 bp ] SSR A 9 539
A, SSR OB 80.94%, H:KN 21~30 bp )
SSR, L1t 1249 4, /5 SSR &% 10.60%, 31bp
S UL B SSR T i LU/, A2 10% (B 2D,
35 ZZSM SSR 3|¥IRYIFIE

MR e S L A, BEMLIEE 180 X AR E S
B 51 Wy, 0 I AR RE R FUK WP T Ik
94 3% 5 Wy AT 44 H B SIS BT B 5. DL 12
PR R DNA B, X 94 X542k 4T — ik
ik, R 21 XEAEZEEMLIY. DL 64 13
HEFEA ) DNA AR, &kt F e, £
AT ATHER AL 7 X5, 2 AR
514 P4-11 I 25 W 3, 7 XF 281519
fFREILE 4.

ERXH

" %0
A BEHR CHER —BER UBAR AEER SEER AN

5 0 0 1695 85 0 69 1456
6 0 9% M 28 7 3 1408
7 0 B0 3 5 0 5731
8 0 3% 18l 2 I 6 427
9 0w W 0 0 223
0 3056 109 6 0 0 0 2512
11 1232 7 7 1 0 0 1022
) 624 ) 9 0 0 156
13 361 23 4 0 1 0 30
14 283 36 5 1 0 0 253
15 " 2% 2 0 0 0 210
16 197 2 1 0 0 0 156
17 128 7 7 0 0 0 Ll
18 110 5 3 0 0 0 0%
19 % 4 2 0 0 0 08
2 69 6 0 0 0 0 038
) 513 19 0 0 0 0 414

20 80.94
- 60
@: 40
K

20 10.6

ol s g

10~20 21~30 31~40 41~50 >50
K /bp

2 HEEFFRIAD SSR KEHISHIZE
Fig. 2 Frequency of SSR with different length in

transcriptome of C. Chinensis

3.6 SSRARIEHIZSMEST

7 RZAVERIE 64 NEEREA I 15 2] 29
MNEBMERB RS, P51 52 4 4~ 1R
5 Nei’s FIEIRB HIHE I A B (H) N 0334 1~
0.7749, “FIME AN 0.561 1, MIMIEFE (HD N
0.3492~0.7619, “F¥HE N 0.567 1. PIC M 0.3008 %I
0.726 1, “F-¥i{t N 0.493 8. 5|4 P6-5. P3-25 Al P4-
11 NEELZEMALE (PIC>0.5), H4 4 MY
FEZ AR S (0.25<PIC<<0.5). Shannon {515
(D JEEN 0.681 5~1.525 6, “F15 1.006 6. LA
T RRPARE TSR FATTRN 7 X519, Bf
WE 2, o HTEIEM PSS 2 AT .
37 EEERMEZHMST

HRHE 64 AN SR A AR Neis L FE S,
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M-Marker; 1~ 64-fA il i BEERE A
M-Marker; 1—64-samples of C. chinensis.

E 3 5|9 P4~11 RAGELIZ R B ISR
Fig.3 Polyacrylamide gel electrophoresis (PAGE) result of primer P4—11

T4 TIEEMSSREMER

Table 4 Information of seven pairs of polymorphic SSR primers

EIL/E RS 514 (5°-3) HE BT BRI C PR bp
P6-3 F: CAAAGAAGAGGAAGATGCGG (CAACAG)s 53.5 221

R: ATCTTTTGCCTGCTGCTGTT
P6-5 F: AACTTCTCCGCGTCAACATC (ACTATT), 55.4 231

R: GAAAGTGCCGCAGATTAGGA
P5-10 F: AGGAGGAAAGCCACTCACAG (GAGAG)s 57.2 238

R: AGCAAATCCACAGTCAACCC
P4-11 F: AGTTCAGCACCATCCTCGTT (TTCT)14 56.4 274

R: CGTCCCTCATGCTCATGTAA
P4-12 F: TCCTCATCCTGATCCCTTTG (TTTA)s 53.8 176

R: CCTGCCGTCCTATTATCCAA
P3-25 F: AACCGGACAACCCTCCTATC (CCA)s 56.7 254

R: ACCGTAGCCCTCATAACACG
P2-9 F: TACCAACTTATCCGCCTCCA (AG)s 55.5 216

R: TGTCTGTTGCAGTCTCGTCC

#F5 SSR3|¥IMNEEMESHR
Table 5 Polymorphism analysis of SSR primers

fir s A EL (N2 AR EEE (N Ho He PIC I
P6-3 4.000 0 1.495 8 0.349 2 0.334 1 03008  0.6870
P6-5 5.000 0 2.9455 0.873 0 0.665 8 0.5190 1.226 0
P5-10 4.000 0 2.062 4 0.460 3 0.5192 0.4211 0.8352
P4-12 4.000 0 1.692 9 0.390 6 04125 03511  0.6815
P4-11 5.000 0 43235 0.7619 0.7749 0.726 1 1.525 6
P3-25 4.000 0 33367 0.634 9 0.7059 0.642 8 1.286 6
P2-9 3.000 0 2.045 4 0.500 0 0.5151 0.4240  0.804 1
FHME 4.1429 2.5574 0.567 1 0.561 1 0.493 8 1.006 6

1t PowerMarker V3.25 3 ff L 34T UPGMA 2R (K
4), SR EIR 64 DNEIEFEARE N 4 AR, H i

LRI, b ANEM BRI 5, R
EPETIA, HEZ R, FUEEZ NPEERKR

IR (s e B AT, BCR A TERE; 5
ICREAEIFEA SRR Z, B4 2 /K, a /KL
KA, MR ZtsemBeRt, HorREEONR
2%, WEZRRAG, DHARGAEIRARN

MR, B 2R, 2 RRAG; 5
IVIASE ¢ 1d 2 IK, c NP/ HE NHhaE
FRE, EM RS, AR, EE
EZ VRN K N D ol s L DA 2
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Fig.4 UPGMA cluster based on genetic diversity of C. chinensis

HFEMITACHE, EENRABHREA M, RRGER
RWIEBEZHENEE, BERRBULMEIETE
T AL €5 TR B H B — BURRFAE
4 g

AT TN IE S A3 5] 93 629 2% Unigene,
JERTIUE] 12 848 /> SSR s, i T 10 016 %%
Unigene /741, HIINEN 13.72%, V4 5.34
kb 5 HBL 14> SSR i s . SFRIBHEYM L, H
H AR T KRR TE (2.13%) U3, AR T4
(37.69%) U4, 5 HAMZG FHAEYIALL, AT &
FHEKRE (7.27%) US| IR (8.49%) 161, ik
TBIA (18.51%) 552 (28.85%) U7, .0 &
(32.36%) U81, X HEFE (34.99%) [191%%, SSR fif
METHIBRRR T 5SYFAS AR, &5
PRE R Bk Unigene K& . SSR ik bnife
Eh K. BUELER—4Fhd, SSR A7 i H BUAZ
AIREA 225, HCInERER T, xlid S04
TEISESH R SSR A p H AT 35t H A T A
SERVIHRIE o [RIREA 70 B 3 s 2 SSR A A3
(1) R I8 v 1 MERAROIE P B 0 e SR LI .
I RE HEEE S P SSR A7 5 B R s, 1 B
PO S SSR A i EFE, vAJEHA SSR 4
YIFE R I BT 10 A Z R o A L BE R

WOER SR SSR TR FEE, UE T —2

AEHRER, —Z-HRES S SSR LM
98.14%, MM HIREE M - HREENE,
390 d5 53.81%F1 25.01%. 1% 45 5 4 i H FilPISSR
FEITRM -, M5 EAREN I JLE, 28
CENS], GEUOSE DL AL RN — A% oy R B
HEITCH T2 Fi 1Y) SSR R KM DL~
R =R EE N T, A¥E NN E IR TR R
TE U B I B (1) B e s N, P A P2 B I
JAE O AR 512324 LA TR B ] R AR B RO
LT g, XAl B HREREHEAZN
JRPRRS), TR 3 f58 SSR I TefEAG X &7 4 F%
P AR, X PP RS R J BRI T A 3 £5 %1% SSR %It
(1) H AT 200, AT A6 15 — A% P R L R AE R A 5L TR
HAPHREM R, HERSH  r 3 E T
JE N A/T. AG/CT. AAG/CTT, H5HAAKRFEN,
NS, B FEFR, HSPIR A EF R —
Ho BB -ZERESHHMRAI TS M
RURIE I TEE. =iE 8. A/T. AG/CT. AT/AT.
AAT/ATT. AAG/CTT =ZHE4) SSR HAl g% i) 2H
7 3 T SSR Y H B e RN A A AN [FI )
PP RO B R 2 5, X TR TR E 1L
AR ZBAFEREER D), R S )
R F 02, ZHAEYH) SSR HAFE(E AT
#4, GCHILRD, BERERARSN, GC & EL



FEH 2024107 $55% B 198  Chinese Traditional and Herbal Drugs 2024 October Vol. 55 No. 19

* 6719«

TR EE M E R, Al aea iRty
T PR GRS 410 () AR AL T SR A SR ek e TR . & R
B R A B B SSR HonH, C/G.
CCG/CGG rMHA RS I, 1| WBE) =% H R
HEH, CCG/CGG W 54X Lile, ZXtE GC
SENESRITREAT 2 MG R & R
Bio AWFFMEERE S P RIE GC EE HIC,
f45 198 4 C/G BE, 11 4 CG/CG EE M 79 4
CCG/CGG H& . #iEZ 734 T34k 1200~1800 m
i, SRECNFER . X GC BEE HILE B
PRI B AR B AR TR SR IR TR A RHRA
W5

SSR K &I SSR £ &M E E s, K
J=20bp 1 SSR HARm M Zatt:, KEAMT 12~
19 bp () SSR &ML, KE<<12 bp ) SSR 24
PRI, B SSR EEFAIKE N 13~
19bp [ 5547 %, HEEN) 47.06%, KFE=20bp
f) SSR H 2465 %, HEEK 2091%, XL M
FE M SSR [FFI Ry Ji5 B B e it B 2 4 3k Bt
T AW FCREHLIT LB THD 180 X514, 4 94 X
SRy HIEMW AT, H R 7 XEITE 64
TOEMEAR R RIFMZ&ME. 22T UPGMA 1)
BUEZFEE TR 64 M BEMEARR N 4 K26, 13
18R R IREARTE T A8 B0 07 TR I BN —
FUIRFE , SR11 8570 S 2 [AAFAE B FEIE A ZE LS
WA B B T SRR A TR T o S0 ol P AN [R) 28 284 1)
%15y, Bl 2 HEm 2z o3, g i =425,
R FPIIRIR R, MR ARG, D
FFPPIR R, MIEER, HAoREEER N,
EAGEA . FEE A NIRRT 4k, F7
AP ZERRE, FFEASEN. TEARHER
Gt RRAFE R ZE . TEAFHEM BT LEZ
SSR Z &SI AF A BT 58 s A th 4 37 B
LSRS5BS B2 M ER .
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m, EERUER, NPimER I MEAEREZ
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