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scriptome sequences of Polygonatum kingianum and their application in a-
nalysis of Polygonatum germplasm resources

QIAN Li-hua', YAN Jian-li', WU Xiao-jiang, RUAN Song-lin', YIN Shu-ya', CUI Hai-rui’

(1. Hangzhou Academy of Agricultural Sciences, Hangzhou 310024, China; 2.Institute of Nuclear-Agricultural Sciences, Zhejiang University, Hangzhou
310058, China)

Abstract: In this study, simple sequence repeat (SSR) markers were developed based on transcriptome sequence data of
Polygonatum kingianum and were utilized in germplasm resource analysis of Polygonatum. Forty-five pairs of SSR primers were
designed and synthetized, then 20 of them were selected by PCR amplification verification test to analyse 75 Polygonatum re-

sources. The results showed that, a total of 60 238 SSR loci including dinucleotide to hexanucleotide repeats were detected from

46 416 Unigenes in P. kingianum transcriptome, with an

o7 B #:2022-10-27 occurring frequency of 22.78% and an average distribution
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BIFEE 418, (E-mail) hreui@ zju.edu.cn SSR primers, 34 of them showed amplification ability, which

distance of 7. 07 kb. Dinucleotide repeat and trinucleotide re-
peat were the dominant types, with frequencies of 50.06%

and 34.89% of all SSRs, respectively. Among 45 pairs of



BRI AN BT ISR SR AP S Y SSR BRICH A M CAE BORS 8 B UE 4347 v i 0 1121

accounted for 75.56%. A total of 153 bands were amplified by the selected 20 pairs of primers, with a polymorphism rate of

98.69%. Each pair of primer could amplify 4. 00~14. 00 bands, with an average of 7. 65 bands. The polymorphic information con-

tent varied from 0. 626 to 0. 973 for different SSR markers, with an average value of 0. 870. Number of allele genes and genetic

similarity coefficients of 75 materials were 7. 00—52. 00 and 0.531-0. 941 respectively, and the average values were respectively

24.65 and 0. 689, which displayed rich genetic diversity. A dendrogram constructed based on SSR markers showed that, the test

materials could be classified into four cluster groups with the genetic similarity coefficient of 0. 666, which presented a good re-

flection of affiliation in taxonomy of tested Polygonatum materials. In addition, five P. cyrtonema materials showed specific pres-

ent or absent SSR bands, which could be used as important molecular basis for identification of different materials. The SSR

markers developed in this study were highly polymorphic and could be used to effectively reveal the genetic diversity of the Polyg-

onatum germplasm resources. The markers are of great significance for enriching molecular marker types, constructing genetic

linkage map, promoting the evaluation and breeding application of germplasm resources, and carrying out assisted selection of

specific traits in Polygonatum.
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P RN R S AR AR B A SSR BR
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Table 1 Information of 75 accessions of Polygonatum germplasms resources

%5 Yy R -5 SRAEHL EIEH
1 ZAL TG H-QDN-1 SN A LB R AT ) L
2 ZAL TG H-QDN-2 BN A LB AL b Hp A Fh
3 ALK H-QDN-3 TN A LB AR Hp A B
4 AL H-QDN-4 SN A LB R AU R A 1
5 ZACHOR H-QDN-5-2 B A LB RN Wy A=A
6 HokG H-QDN-6 BN KAE B g PR IEAT 1
7 kG H-QDN-7 BN RKAE BRI\ A 5 1
8 ZACHR H-QDN-12 S G E TR £ 3% A Hf A=A
9 ZALTNRG H-QDN-13 SN B A S SR 2 i
10 ZALTOR H-QDN-14 BN A8 G B A R AR A Bp L i
11 ZALTORS H-QDN-15 SN G BB R AT S A 7 A i
12 AR H-QDN-16 SN SR B AR A AT A= Ao
13 AL H-QDN-17 Bt S BB Wy A=A
14 EZiA H-QDN-18 FENE BT LR 2 IR L
15 EZixiv H-QDN-19 SN BT A SR Hp A Fh
16 EZix i H-QDN-20 SN BV LA XU S R R U A
17 ZACHEH H-QDN-21 TN BE BAY, 2 R Bp 2 i
18 UK H-QDN-22 SMNAILEE R S T B L
19 Evi H-QDN-23 FMA LR E R S 2 B F A= o
20 Evi H-QDN-24 FMAILEE R S 2 B F A=
21 v H-QDN-25 SRR B\ FF U FE A HF A=A
22 A H-QDN-26 SMNA R BT £ A5 Hp A Fh
23 ZACE R H-QDN-28 FMNA T B S AT Wy A=A
24 ZACHOR H-QDN-29 FMAEIT B S A Wy A=A
25 ZACHOR H-QDN-30 FMA T BT S 35 A Wy A=A
26 ZALTNG H-QDN-31 BN T B TR LA s 2 i
27 ZALTNG H-QDN-32 PG NI BT S Akt L i
28 Z ALK H-QDN-33 FeMNAE LB & 7 LA A=
29 ALK H-QDN-34 BN A T BV LR R R Tp L i
30 ZALHEH H-QDN-35 TN MIT B & e by A= e
31 AL H-QDN-36 TN MV BV L I A= e
32 ZACHH H-QDN-38-2 TN FHIE R R 1
33 Z AN H-QDN-39-2 SN FHIE R B B R 2
34 EZiA N H-QDN-40-2 TN FHIE B4 B B R B
35 EZiA X H-QDN-41-2 TN FHE B AT R B
36 ZALTNG H-QDN-43 SN = EIRE £ YUK IR X 2 i
37 ZACHR H-QDN-44 FNE SRR E 2 B4 IR Hf A=A
38 ZACHR H-QDN-45 SN A i BB RBTBRR ¥ A= Fh
39 ZACHR H-QDN-46 Bt A8 BT LA RV S R A Hf A=A
40 ZACHR H-QDN-47 PG T BT 2 935 2
41 AR H-QDN-48 Bt ST B A AR TR A= b
2 AR H-QDN-49 Bt S B LA AT Wy A=A
43 ZALTNG H-QDN-50 BN T L B E VAR A PR i
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%3 1 Continued 1

G Yyl Mok SRAE M RSt
44 ZALH H-HZ-1 WRVLAS BT 11 74 1L FRAR 2 el Tp 2L Fif
45 ZALTORS H-HZ-2 AR =g Wl TP /N | BF L i
46 AR H-HZ-3 WA UM T 78 L AR AR Bl A= A
47 ZALEN H-HZ-4 WA UM T 78 1L R el By A
48 ALK H-HZ-5 WOTLAR UM T 78 L R AR el B i
49 AL TG H-HZ-6 WOLLAR B T 78 L TR X L
50 EZiN i H-CA-1 WHLAR e BB R M Hp A=
51 ZACEH H-CA-3 WAL LG KN N T AR EFp
52 ZACHEH H-CA-4 WA EZE LD S Bp 2 i
53 ZACHR H-CA-4-2 AR RE N S VA F A= Fh
54 EZiq v H-CA-4-3 WA EZE R AN S F A= o
55 ZAL TG H-CA-6 WITLA V2 B I R L & ] 2 L
56 ZAL TG H-CA-7 WITLA V2 B I R L & A A 2L
57 ZALEN H-JD-1 WL A A0 T A T 22 R AR N TARGF
58 ZALTEHG H-FY-1 WA B T A IX N TR
59 ZALTENG H-FY-2 WL AR UM T & PR X7 N T ARG
60 ZALTENG H-LA-2 WL A A0 T 1 222 X R 3 L
61 IS RS H-JS-1 VLA VL LT 48 Bl B AR A T 28 ) iR
62 HORY H-QDN-5 TN A LB B IR A=
63 iy H-QDN-8 FENAE KA B AR S A P A
64 iyt H-QDN-9 SN RAE Bt = H R A A=
65 HokG H-QDN-10 TN A KA BT A RS A BF L
66 NG H-QDN-37 SN LB} B S H ekt HpA: B
67 kG H-QDN-38 SN FHIE B2 R Hp A B
68 E¥i H-QDN-39 TN FHIE R BB R Hf A=
69 WK H-QDN-40 SN FHE B IRAR I B A 1 i
70 WK H-QDN-41 TN FHE B AR L) R g
71 U H-LA-1 HTTAE WU T 1 2 DX I 4 P A B
72 KA HOH H-CA-2 WA 2 B AU AR 5K F R ¥ A= Fh
73 KATH G H-JD-2 WL A A0 T A T 22 SR AR N T
74 ISy H-JD-3 LA A T e F T R TR AR AL I By AR
75 KAEHE NG H-LA-3 WA A0 T 1 22 X U4 P A

1.3 F3I%kIES SSR 1

IS [ [ A AR A R PG (NCBI) R
( https://www. ncbi. nlm. nih. gov/bioproject/
474626) T #% H ¥ K5 ( Polygonatum kingianum )
2 B S 2B I e )i A M PE 4 B Unigene 751
$203 7725, B K B2 426 MbY, I Ss-
RIT B4 X 33X 6 )5 81 4% 4% 1 IR . =% 1 R, U
B IR =N A IR 705 AT 6 .5 IR .4
KB EER #E AT SSR A #k, X A # B9 SRR AH K
FREIT ST AT

1.4 SSR 5|#i%it5 PCR

A SSR AH AR BRI a5 R, 5% EE
FEouny B0 R R R, BE B 4> SSR
PRIMER 3 ( http://frodo. wi. mit. edu/) it 5 #), 5
Yy AN R AE D BRA BR A F A

S FE S B LA AR 10 DAEAS 4 DNA
SR A VE B, IF X5 Wy A7 AN [RGB
(50~62 °C) i) PCR 13X, SSR-PCR 1A &4
7.5 pl BY2xTag Master Mix (J6 50 H BRI A
PR FE] ™) . 1.0 ul DNA it (29 50 ng) . b F i
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1145 0.5 wl(ZWSE 0.4 pwmol/L) F15.5 wl (I
gk, PCR JEFF 45494 C HiASE 5 min; 35 ME
W BRMEER 94 CARME 45 o, 1 HIREIR k 45 5,72
°CHEMH 45 5372 CAFEM 10 min, ¥ 75 155 MK B IR
SyHEt PCR 4714 Bir R FH AR KRLE Ry 58 C,

TRA BN | W) SR T 1.5% 114 Bet i b o5 e
HLUK (AGE ) # A TCH™ 34 74 . B0RS B8 U5 43 H7 B
K FH 10% 28 P s Tk g 368 Jg P Dk Ao U 4™ 38 7 4y, A A
O 1 pl,PAi110~120 V fHEHIKZ 2.5 h, R Yk
I 1485 Ok S IR A
1.5 JEEHHNFEITSHN

XF Ty B R UK B T A R e S (A
ICPE 1, JCIEfE 0) ,AE R AR EAEAE R . AR 4 Botstein
EPURR T TR 2B B SR (PIC H) ., R
FH NTSYS-pe 2.10 Z 53 5cH , FIH SIMQUAL
FPH A BORE AR st (AR B2 45, FHAE AT
AR (UPGMA ) AT R R

2 ER 5550

2.1 EERBERA SSR BN SRR IFE

XEL # K5 203 772 4% Unigene J¥ 51 38 2% J5 & M
46 4165575 & SSR (imi (#2) . HH136 003545751
HA 14> SSR 7, HAh10 4135550 & 2 A L |
) SSR i s, A AFF T & SSR A =ik 9 1
£2 SEBBEERI(SSR) MAMREIHNTH

Table 2 Number distribution of sequences with different simple se-

quence repeat (SSR) loci

SSR A HL (1) JPHVEL(5%)
36 003
7 966
1791
450
145
33
18
9
1

O 0 N N R W =

TEHLEORG MK BE 2 426 Mb 1955 St 4 8 51 vt
K 1160 2384~ SSR i 5 (K 3) , 32 7. 07 kb
F| 1A SSR,JFHN KA MR (5 SSR TS ¥
I EBZ ) A 22.78% , H AR (SSR B S P

S REZ E) S 29.56%

R3 HEBHRAERESRFT(SSR) LB S5iE
Table 3 Types and frequency of simple sequence repeat ( SSR) in

Polygonatum kingianum transcriptome

Hom HH BRI SRR

Hitb (%) HIUEE (%)
TR 30 153 50.06 14.80
=R 21 015 34.89 10.31
Uz AR 4111 6.82 2.02
FALH R 1750 2.90 0.86
AR 3209 5.33 1.57
it 60 238 100.00 29.56

FERIH Y SSR A KA TR IR BN
FRE R A B, (HA R 2 R (K 3), Hb =
BAT IR A = AT IR 52 5 32 A, B BUAAR 43 5)
H 14.80%F1 10. 31% , 43 5 i &5 SSR 1Y 50. 06% Fil
34.89% ; VU TY IR /N A% 1T TR 2 Fat i /0, Bt
BRI BN 2.02% 0. 86% F 1. 57%, 43 ) 5 SSR
SR 6. 82% 2. 90% 1 5. 33%

THE ek P 90 & A 1Y SSR T M kA
262 Al £ HICEE R EUH4~52 K, FooHiK R K
ol (£ 4), RENIRHRREANKIFR SSR &4
BRBAR (AL TR A £ | b FEE T R
() 94. 7% ; It 5 4% 2 S 1) — B FR A =T R
SILTORIZIN D A H R HTT R 5. 3%,

F4 HEBRZATHLESRFT(SSR) WETHESEERY

Table 4 Motif type and repeat times of simple sequence repeat

(SSR) in Polygonatum kingianum transcriptome

S T EE 7 S
TR 4 6~52 18.29
=HHR 10 5~44 17.57
PURZ AR 28 4~12 17.33
HAZH IR 55 4~8 21.23
AR 165 4~13 26.09
it 262

FEZRATIRE 5L oo, IR A o i KUK
J& AG AT AC F11 CG,AG Fl AT T8 K BKZ /04
FE6~12,11 AC A1 CG MILI6~9 IRER N F(FES5),
=R REL T, IR Z R 4 Tk R
J2 AGG AAG AAT Fll ACG, /5 =% SSR 14 e 17]



BRI AN BT ISR SR AP S Y SSR BRICH A M CAE BORS 8 B UE 4347 v i 0 1125

WHE 13. 0% L) I, HoAth 6 FhIE o0 H BLA ARG,
KRR SSR WY L 4. 7% ~ 8. 1%, T =A% 1T

TR B A KT LIS ~8 IRE &+, B 2 IREUIE 9 IR
KU B HE 529 3.2%,

R5 HERBERAFP - RERE-RERERESF(SSR)NETS RS H

Table 5 Motifs and number distribution of dinucleotide and trinucleotide simple sequence repeat ( SSR) in Polygonatum kingianum transcrip-

tome
ANIF) SSR E A kK K H
FIT

5 6 7 8 9 10 11 12 13 14 15 =16
AG/CT / 6111 4339 2 869 2 015 1399 1217 905 246 359 278 1 884
AT/AT / 1 597 889 658 495 292 328 318 78 128 102 628
AC/GT / 1 100 621 406 230 171 80 87 27 21 31 151
CG/CG / 47 13 21 11 0 0 1 0 0 0 0
AGG/CCT 2 145 918 444 292 42 35 18 2 7 2 0 1
AAG/CTT 2 143 929 375 194 21 23 16 13 17 6 5 5
ACG/CGT 1631 648 286 227 23 28 3 6 2 4 1 1
AAT/ATT 1452 698 342 194 25 48 39 27 8 18 19 11
CCG/CGG 1 054 447 131 64 2 1 0 1 0 0 0 0
AGC/GCT 836 275 118 59 10 5 1 0 2 0 0 0
ATC/GAT 763 218 175 99 9 7 7 7 1 3 4 2
AAC/GTT 663 221 191 61 2 18 0 0 0 1 0 0
ACT/AGT 656 153 41 89 2 6 0 4 13 1 1 14
ACC/GGT 544 290 175 98 20 17 10 2 7 0 2 18
Bt 11 887 13 652 8 140 5331 2907 2 050 1719 1373 408 543 443 2715

2.2 SSR B|¥f%

%

HRYEECERG i SR 51 SSRAHE 25 R, 1503 T
BT 45 X519 (3 6) AT IRERS EE PCR M1t
28R & PR, 11 % 514 ( PkSSR3 . PkSSR12, PkSSR15
PkSSR16, PkSSR17. PkSSR19. PkSSR20. PkSSR34.

*6 FATPCREIEMNEREESFII(SSR)SY

Table 6 Simple sequence repeat ( SSR) primers for PCR validation

PkSSR38 PkSSR42 . PkSSR45) Jo ™ 14 7 4y, Higy 34 %}
SIIEY B, v 5 12 b 75. 56% , Horp 31 %)
Sl YT W RN AR, D4 3 XS
(PkSSR1 PkSSR13 . PkSSR27) F 47 54 77 ) K /R T 7
B &1 1 2555 1 451

S5 SSR T S IHFEF(5'—3") RI51HF5(5'—3") TR/ (bp)
PkSSR1 AG CGTGTGTGTGTTCGTGTGTG AGAGTCAGGATCTCTCTCTGTGA 140
PkSSR2 AG GCGCTGATGATTTCGCCATT CGACACCCCGCTCTCTCTA 82
PkSSR3 AG TGAGTCAATGTATGTCCACATGC ACAAATCCCTAAATCCCCACACT 149
PkSSR4 AG ACCACAAAAAAGATCGCCGC GACCGCAGCGACTAGACTG 120
PkSSR5 AG ACAGGAGTTAGGGAGGTCAAAG TCTTCCCTCCATTTTCCTCACTT 199
PkSSR6 AG TGTACACGTTCTCCTCGCG TCCTCCTCTCGATCTCTTCTCTC 100
PkSSR7 AG CAACAACAGCAAAAGCTAGGGT CATCGTCGGTCTCCTCGTAAA 150
PkSSR8 cT GCACAACACATGCTCCTCTTC AGCTCCTCTGCCTCTCCAT 141
PkSSR9 CT TGGTGGCAAATTCCAAAGCTC GCATTGTCGGCATTTGGATGA 200
PkSSR10 CT TGGCTGTGGCTTCTCAAGTT TTGTTGTAAGGTGAGAGGGACC 149
PkSSR11 cT AGCCAACTGACAGGACAACA CTTGCTGAGCTCTAGGGGAG 159
PkSSR12 AT ACCACCGGATCCTTCAAAAAAC TCTGAATCAGCATAATGGCGATG 200
PkSSR13 AT CAAGAAACACTCACTCACTCACC TGCGAGCCATAGCAAATAGGA 197
PkSSR14 AT GTTCTCAAGTCCGCTCCCAA AGCTGGAGTTTCAATGGGAAAGA 149
PkSSR15 AT GGCAGCCCAGTTAACCAAAAG GGGAGGGGTCATGAAGAAACA 124
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%3 6 Continued 6

519 %5 SSR 7t Em5IHIFSI(5'—3") B 51 sl (5'—3") UK/ (bp)
PkSSR16 GT TGCTCGCAGGACCAAAAGAT CGGTATCTCCTGCATGGCAA 166
PkSSR17 AAT CGAGCATCAACAGACGCAAG CCAAGGTTGATGATGACGGGA 136
PkSSR18 TGC GCTGTTGCTGTGGTTGCATA GTTACAGCAGCAGCAACAGC 98
PkSSR19 AGG CGGACGCTACATTGGGATGA ACTCAAGATCCAACTCCCTTCC 89
PkSSR20 TGC CACAGACGCATTCCAGAACG ACTTCTCCGTCTATGAACCGG 96
PkSSR21 AGG GGAGTCGTCGAAGTTGTGGT CCCTGCCATCTCACCAACAT 99
PkSSR22 AGG ACACTGCAACCATGATGAACAGA ACCTCGTTTGGTTGGTTGCA 98
PkSSR23 CGT TGCTCATGAGGGGGAAAAGC GAGGTTGAGAAAATTGCAGCCA 173
PkSSR24 CTT ATTCGAGAGTCGGAATCGGG TCCGGCTCATTATTGGCTGA 117
PkSSR25 CTT CGTCAGGGTCGACTTCGTAC CGTGGTCGGAAATGCTAATGC 95
PkSSR26 CTT CGGACGATAGCGGTGAAGAT GCGTTTGTTGTTTCCTCCCA 143
PkSSR27 CCT GGCCGAGGAACCATTGGAA CTTCCTCCTCCTCCTGCTCT 100
PkSSR28 AAAT AGGACTAGTGGGACTGCACT TCCTTTTCTTGTATCCGACCACT 114
PkSSR29 ATTT TCCCAGTTGATACCATTCTTCCA TGATTGATGGCTACGGCTGT 119
PkSSR30 AAAT GCGAGAGAGTTTGGCTAGCA ATCGTCCTTGTTGCCACCTT 144
PkSSR31 CT CGTCCATCTCCGACGTACAC AGCAGCAGCAACCAGAAGAA 165
PkSSR32 ATTTT CGCGCGTGTCCATTGTTTTA CGGCTCCTGTAAACGTGTGTA 150
PkSSR33 GT TGTGGGTAAGTGAGTGGTGG GTGTCCAACACGACAACTTTGA 148
PkSSR34 AT ACACAAAACCCCCAATATGCAA GCAAATTGTTCCTGCGCTGT 148
PkSSR35 GT GAACTTTAAGAACTGAGCAGCGA ACGTTTGCTCTTCAAGGCATAAG 158
PkSSR36 AGG GGAGAGATTAGCGGGTGCAG ACCAAAATACCTCCACTGGATCC 148
PkSSR37 AT CCCTTTTTGCTCGCATGCTT AGCAGTTTAGGTACTGACAGTCA 145
PkSSR38 AG GCAACTCACTGGCGAACATC CACAAGACCCGTCTAGTGGT 148
PkSSR39 AAGTT GATGGCGCCCAAAATCGAAG AGCTTGGGTCTCATGTCGTATC 149
PkSSR40 AG AGAGAGGGAGGGATGGAGAC AGGAAGGGGGAAAAGAGAGAGA 141
PkSSR41 AG ACGGACGATCGATGCGTTC GTGGAGACCTGTGCTACTTCT 149
PkSSR42 ACGTT CCGCAACCATCATCTTCTTCAG CTGTAAGCCACTGGGGACG 149
PkSSR43 AGT AAATTGTTCGGCAGGCCAG GGGATAGGATCTCCGAAAGTCAT 149
PkSSR44 AAAAT ACATGAGTGCTCCCCCAATT AGTGCACCCTCACAGACAAT 158
PkSSR45 AAAT ACAGTCATACGGGCACTTCA CCTGGCATCTGAACCTGCAA 158

8 9 10 11 M

400 bp
500 bp
400 bp

300 bp
200 bp

1~11:514) PkSSR1~PkSSR11 A4 387247 ; M. DNA 43 Fhra&d.,
B1 #HHOBERESFT(SSR)SIMIEIRNEE 58 C T &~

MBS PR R Ik B R

Fig.1 Agarose gel electrophoresis result of PCR products from

some simple sequence repeat (SSR) primer pairs at an-

nealing temperature of 58 °C

2.3 SSRE|¥IMIEEME

e H P 4TS MY 20 X SSR F14) (£ 7) XF
75 SR RLETT A AT, 20 X E LY 153
AR, 2T 151 4, 28 % K 98.69% , A
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Table 7 Amplification and polymorphism of 20 primer pairs

FiE BRSO

L E LY St (%) S pic

PkSSR4 9 100.00 24 0.726
PkSSR5 4 100.00 7 0.626
PkSSR6 5 100.00 10 0.792
PkSSR7 4 100.00 13 0.865
PkSSR8 8 100.00 32 0.937
PkSSR10 8 100.00 21 0.900
PkSSR11 8 100.00 43 0.968
PkSSR18 10 100.00 52 0.973
PkSSR23 9 100.00 40 0.966
PkSSR24 6 100.00 17 0.864
PkSSR28 6 100.00 25 0.934
PkSSR30 8 87.50 26 0.919
PkSSR31 10 100.00 18 0.838
PkSSR33 7 100.00 16 0.722
PkSSR35 9 100.00 25 0.896
PkSSR36 14 92.86 30 0.905
PkSSR37 8 100.00 29 0.927
PkSSR39 8 100.00 34 0.947
PkSSR41 7 100.00 19 0.861
PkSSR43 5 100.00 12 0.831
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Table 8 Specific simple sequence repeat bands showed in some Po-

lygonatum materials
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Fig.2 Dendrogram constructed for 75 Polygonatum germplasm resources based on unweighted pair-group method with arithmetic means
(UPGMA)
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