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E T SRAP fRiEHI AR X ERRIEER S
ETH2, REW, £ RN, HEH, RGN, BEY

(1. AR A2 B SR A B Wi &4 (0 b 25 IR AR S5 803 R B S SE8 %, WiV Bl 3113005 2. #i
YL W HGHEYIBI T T, WiiL M 3250055 3. KmE AREIHEMMRS, Wil k3% 325199)

WE: [ B8] AR AR = R XA Polygonatum spp.fi i/ S 48, AL FTRKY RSB L FTREL 2R E,
[ Fik ) RAMLFFNT 3 % 50 (SRAP) & TARBH AR, SR ALAR i, B, K&, T®H), ® (T, &
G), ek (Ad). Bd (wl. TN, Ed) F 4 AER 4T AR R S AR, [ 4R ] 388 % SRAP 5]
WATIREE, A 7 TR TREAF R AR A SRAP-PCR 47, HAF2) 159 &4 %4&W, L 5 50T 140 4. HAK
F b, ZAMILES 88.05%, AAEALLEH (V,) # 1.600 6, Nei’'s K HE %44 F54 (H) # 0.204 1, Shannon 13 & 354
() 4 03080; EAEKFLE, $AMRILER 4214%~86.16%, H A= 15 % 0.188 1~0.259 1 #= 0.238 2~0.399 4; 4 A~ E#
HRE S EH (G 4 0.194 1, £BH 80.59% 0945 X+ AABENRAT, KRR Ny H 2.0754, R BERNGE—
TR A ; NI F )k (UPGMA) B E LR T4 SAMALA 0.66 0, 47 HhHERoR 44, [, . V£
AR AR TR, SAmMAELAH 0688, NTESR2 X, BOHEBHLREA K, WZRATHREERE
F, R EEZFLEFHARREEARE SR, BARLERERTASHREE, mELTHREE S HFER
FF. (4] aHEELHBRTIRS, ERARAE—EALARIUR, TARHHBALT TERELS ., B3 K
4 %22

KEEIE: WA, MERINYIE S S5 (SRAP) T AriT; m4E S4EM; PR
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Genetic diversity of Polygonatum spp. from different production areas
based on SRAP markers

LI Yaping'?, DAI Huiming®, JIANG Wu?, CHEN Jiadong®, DUAN Xiaojing’, TAO Zhengming'?

(1. Provincial Key Laboratory of Conservation and Innovative Utilization of Traditional Chinese Medicine Resources,
College of Food and Health, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Zhejiang Institute of
Subtropical Crop, Wenzhou 325005, Zhejiang, China; 3. Natural Resources and Planning Bureau of Yongjia County,
Yongjia 325199, Zhejiang, China)
Abstract: [Objective] The objective is to study the genetic diversity of Polygonatum spp. from different
production areas and provide further theoretical support for its resource protection and variety breeding.
[Method] The genetic diversity of 47 Polygonatum spp. germplasm resources from 4 populations, including
East (Zhejiang, Fujian, Anhui, Jiangxi), Northwest (Hebei, Shaanxi), Central (Hunan), Southwest (Sichuan,
Guizhou and Yunnan) China, was analyzed using related sequence amplification polymorphism (SRAP)

molecular markers technology. [Result] A total of 88 pairs of SRAP primers were screened, and 7 pairs could
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be used for SRAP-PCR analysis of Polygonatum spp.. A total of 159 amplified bands were obtained, including
140 polymorphic bands. At the species level, the polymorphism ratio (PPB) was 88.05%, the effective allele
number (N,) was 1.600 6, the Nei’s genetic diversity (H) was 0.204 1, and Shannon’s information index (/) was
0.3080. At the population level, PPB was 42.14%—86.16%, H and I were 0.188 1-0.2591 and 0.238 2—0.399 4,
respectively. The genetic differentiation coefficient (G) of the 4 populations was 0.194 1, indicating that
80.59% of the genetic variation was carried out within the population, and the gene flow (N,,) was 2.075 4,
indicating that there was a certain gene flow between populations. According to the clustering results of the
unweighted group average method (UPGMA), when the similarity coefficient was 0.66, 47 samples were
divided into 4 groups. Class I, Il and [Vwere all Zhejiang germplasm resources in East China. When the
similarity coefficient was 0.68, Class II was divided into 2 branches. Those in Southwest and Northwest were
clustered into one class, and the clustering results of Polygonatum spp. in Qingyuan County of Zhejiang
Province were complex, indicating that there was no specific relationship between the geographical difference
and the distance of kinship. On the whole, the genetic diversity of populations in East China was rich, while
Qingyuan had the richest. [Conclusion] The level of genetic diversity is high and there is certain gene flow
between populations, which can provide reference for the breeding of new varieties. [Ch, 3 fig. 4 tab. 22 ref.]

Key words: Polygonatum spp.; SRAP molecular markers; genetic diversity; production areas

Bk Polygonatum spp. i TR ZE R H A —mrp 2§l BAGRMIIRDT . @08 . &S S0, ImIRE
HATFRESE. BRARE. BIAR ., BERHRGEUERT, AR AN : B S A2, BIKEH.
KRR FEZFEY, Hrhaoks 2 ) o B o R 2R, WIS AR, s, BRI
FLIR , RfRIE5T5F . HORE MR UG AP R 55 Z R E A B UME, IR oEia om iRs S AL T sy iy
o BORBZGYEER, ANMUEA ZMGIEN, ©f —El«MEH, 8 7R LS L2 i SF E A
o A BN AT E N SiAh, BRI A R KR AR G iy R, DT A 2R IR R A,
BORG2ANE . BORS . BORSUOR . BORSIRYSAE . Bl KAERE ™ ry & Re, BRI R E 5T K BA
[ENIVLTRZH =Vl

BN AN 2, @R AR, AU BRSO R R E AT LU R O o R
i, PEVEERE L kR, HERESEE X 2 AR BRSSP, cyrtonema A5 MUK A T B R T B4R e i2E
TTESE, RIS RIFN IR 1) 248 EAE BUAFAE 25 5, X b — 2D HORG ot Jot 5 BR 8 R 38 2 ) G &R 4
HET HIRARIE

FHOCTFHN Y14 Z 251 (SRAP) 43 FHRid B AR FEAE Wt (& AR 7 T s A 2, (07 25 R A 1L
A, g 5P, AR EY: SRAP 4R R BEE AT FH T4k K A 8 Dendrobium officinale (i
FG KA, HEAR # AR WH TR e 2. 5 Z B AR SR & 2 751 SSR £
DAL ITEN . 285 FFRid (SCoT) Jrik!™ Ffa e S [ 4 (ISSR) 73 Fhmic Jr ikt mh-ggik
FEHEA Tt SEEOR A e, SRAP 4 R i B2 R DA 3 PR A% 78 15 2 HE (open reading frames,
ORFs) M HEa XT3, HARP, af5E | L vk e R0, ABF5R H SRAP 43 B H2 R X 4g
AR VEdE. e VURS 4 D EEE 47 Oy EORSRR RO AR ZREEREITIRSY, R EORS M s E 2R S
R P e B A SR A s , DU Gr O A AT & SRS R B B U

1 M5 7%

1.1 ##
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TR, HECRES B TR B P TEROE, SULAE WA MEY BT Ik (E W09 52 5 5 248
RS . KAREKS P. filipes . ®0KG P. sibiricum . JE RS P. kingianum .

x1 EHBEMREXERER

Table 1 Collected information of Polygonatum spp.

Hrs SRAE R EEiY S SEIR JLEN)  RLE)  WH/m  JEE
ZJTS1 WA M T 2T L2 & LA P. cyrtonema 27.70°  119.79° 229 R
ZICA2~3 WA TR LR S ZALHREP. cyrtonema 29.50°  118.95° 169 7R
ZJYJ4 WA M T AR E A SR ZALENEP. cyrtonema 28.44° 120.79° 919 iy
ZJID5 WA B T gl 7 2 4 ZALHRGP. cyrtonema 29.43° 119.15° 300 XK
ZJOH6 WA IR T RV IX 5 L A 1 ZAEENEP. cyrtonema 28.00°  120.64° 10 R
ZIYQ7 WA RN T RIS L XU X ZALHREP. cyrtonema 2839°  121.06° 123 R
ZJQY8~14 WA KT T EL i g ZALFENEP. cyrtonema 27.59°  119.24° 043 MR
ZJSY15 WA B K T RABH L 240 KAEHREP. filipes 28.41°  119.25° 606  TEAE

ZJSY16~17 WA K A RH L 4
ZJLQ18~20 WA oK e SR L &
ZJIN21~22 WA KT 5T AR F IR B AR
HBBD23~24 LA PR T b EL i
FIZH25~26 H A T R ELAA IR S

ZAEENRGP. cyrtonema 28.41° 119.25° 145 157
ZAEHNEP. cyrtonema 28.30°  119.08° 671 R
ZAEHTHRGP. cyrtonema 27.89° 119.69° 1190 *EZR
FOHP. sibiricum 39.16°  11536° 103 Pt
ZAETENRGP. cyrtonema 27.16° 119.02° 519 157

FIJFZ27 A8 LA A P T S0 it Ui L X ZALHNEP. cyrtonema 26.06°  119.40° 789 R
SXLT28 9 PG A8 4 <22 T I 8 DX AR 1 B 3 ZALENEP. cyrtonema 3436°  109.19° 454 PHdL

HNAH29~32 iR 25 AT 2 AL EL LR 4
SCBZ33~34 Do B b R L R e VL
GZTR35~36 BT ENTT A VA S
YNDG37~40 BB AT RO H AR AR
AHQM41~42  HEAEBELTARTH RS
IXWY43~44 PN R RN 72857 37 RITEZ
YNPE45~47 P KRl RIENTNTHE R 2 N

ZALHERGP. cyrtonema 28.35° 111.43° 149 tarh
ZALHNEP. cyrtonema 31.25° 106.45° 441 ViR
ZAETNEP. cyrtonema 27.74° 108.49° 1394 b7
ZALHNEP. cyrtonema 27.75° 103.89° 2611 [ifEe]
ZALHRGP. cyrtonema 29.68° 117.57° 487 1
ZAEEENRGP. cyrtonema 29.19° 117.51° 183 1B
BLEGP. kingianum 24.00°  101.30° 1280 PR

(O N O R N S R = T S T S e U R N R e B =T T R

1.2 DNA #2EH

¥ 150~450 mg M5 T A TRV A, SRHBUH SR P RHE A BRZA Rl #Y plant DNAzol iX51], &
— LI DNA J7 FHAZ R 88 11 43 7 {3000 o JFG o o e B8 R o i 0 8, SRR BE 2 20 mg+ L', F 20 C A7
R,
1.3 SRAP-PCR ¥

PCR J WK 22 2 B8 SCRik [16]. BUA N . 12.5 pL 2xFiIRAY Tag i, 1.0 uL ¥ B4 10 mmol- L™ A 5]
Yy, Bl DNA 40~60 ng, #h/KZ 25.0 pLo ¥ ¥EFRTF R BUASYE 94 °C 5 min; ZEPE 94 C 30s, Bk 52
C30s, HEMF 72 °C2min, 35 MEHRELEHR, 72 C LM 7 min, 4 CIRFF. BIKFE: I 5.0
ul, JFREECH 1.2% BNIHELEER YK, SXTBE S, 150 V HIIE 40 min, 2598 )5 B RUIR R 45
gl iy pea
1.4 FIESH

i SRAP-PCR k25 445 0/1 %H R4 . i PopGene version 1.32 #E47 84404, T8 28005 H 4
K (PPB)., SENiFENEL (V). ARG FEHEL (V). Nei’s FEK ZFEMEFEEC (). Shannon’s Z &5 ME(F 545
(D). Nei’s BEFMURE (G BRESIEHR ZFEM: (H) . BRENIEFE ZREME (H) . SEE (V)
Ntsys-PC 2.1 FEATAE AL P27 (UPGMA) 501 -

2 BERESW
2.1 SRAP-PCR &R
88 X SRAP 7 |¥yH ikt 7 XF 48 57 i b L2 A5 M .10 SRAP 519, 5I¥FF LR 2. 47 (ke
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S LA I B 159 591 4k, Horb 140 W 254, PPB O 88.05%. 514 ME4/em3 ¥ 14 257 H i
%, BHEZERRM, K 6829%, Mi5I¥ ME5/em9. ME6/emd M # £ 2504 0 805 1 18 4 B —
B, ZEFKN 100.00%(3E 3, E 1),

%2 SRAP3|¥FEF %<3 SRAPS|¥IAHAEHIFIEER
Table 2 Primer sequences for SRAP Table 3 Amplification results of combinated SRAP primers
5125 MES | ¥F51(5'—3") em5 | PIIFFI(5'—3") SRR PG RATRY A% 2B AT RS PPB/% 4575 K /Mbp
ME2/em9 TGAGTCCAAACCGGAGC GACTGCGTACGAATTCGA ME2/em9 23 23 100.00 100~2 000
ME4/em3 TGAGTCCAAACCGGACC GACTGCGTACGAATTGAC ME4/em3 41 28 6829 100~2 000
ME4/eml1 TGAGTCCAAACCGGACC GACTGCGTACGAATTCCA ME4/eml1 17 16 94.12100~2 000
ME5/em9 19 19 100.00  100~2 000
MES/em9 TGAGTCCAAACCGGAAG GACTGCGTACGAATTCGA
ME6/em4 19 19 100.00  100~2 000
ME6/em4 TGAGTCCAAACCGGTAA GACTGCGTACGAATTTGA ME8/emd 17 " 8235 100-2 000
ME8/em4 TGAGTCCAAACCGGTGC GACTGCGTACGAATTTGA MES/em9 23 21 91.30 100~2 000
ME8/em9 TGAGTCCAAACCGGTGC GACTGCGTACGAATTCGA peas 159 140 88.05
ME5/em9

12 345678 9101112 1314 15161718 19 20 2122 2324 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

ME5/em4

1 23456 789101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

W Ah R T

37 38 39 40 41 42 43 44 45 46 47

B 1 314 MES/em9 #» ME6/emd4 *} 47 4y 35450 i 7R % DNA #9473 25 %
Figure I Amplification results of total DNA based on primer ME5/em9 and ME6/em4 from 47 samples of Polygonatum spp.

22 BESHEHMESH

YRtk V- 5ok PPB y 88.05% , H 4 0.259 8+0.166 9, 14 0.401 0+0.227 2 (% 4), R EK A B
(s AE ZREPERIBE AR SR . JRBEKE |, N, N 1.421 4~1.861 6, “FXI{EH N 1.600 6; N, Ky 1.276 1~
1.421 2, SEHME N 1.343 65 H N 0.188 1~0.259 1, FEH{E K 0.204 15 15 0.238 2~0.399 4, FIJ{H K
0.308 0; PPB iy 42.14%~86.16% (% 4), MEBMIARUEAEARERE . P ERE . b/l Pudu/ERe, &
W R B Z M, B RER R 4 DNEOREREZ BN H, 4 0.253 340.029 4, H, 24 0.204 1+
0.020 1, FEHMERE G o 0.194 1, HNEBEN] s 448 5 o5 JE B st AL 48 519 19.41%,  80.59% (13t {5 A%
SEAEFEREN AT 5 FREEIR] A8 AL 0k R BRI N, A 2.075 4, FWATERERIAFAE—E M FE R 8l .
23 RESW

XPRE S AR AT RIS o3 (18] 2), 47 13 BEORS o 5 9% U X382 A4 AH DL R R 0.63~0.84. MARBIRECH
0.63, WITTARNTRN TG R B 3R Sy — 2%, SRR 5 9% U555 At P0RS o W 5 %) st A R B iz . S AH A
FECH0.66, TR A2, T M. IV ZEWrHgsfs o2 IR s R3S, FERH 1080 Ml DX B0 A T 95 IR 7E
FGRR LB, WRESHIRA . MHMIRECH 0.68 B, TRAEN 2 3L, BRI LR. 1T
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Table 4 Genetic diversity of Polygonatum spp.

o N, N, H J; PPB/%

# 7K (HD) 1.861 6+0.346 4 1.421 240.325 1 0.259 1+0.167 1 0.3994+0.229 1 86.16

PL(XB) 1.421 4+£0.495 3 1.276 1£0.366 2 0.160 6+0.198 4 0.2382+0.2876 42.14

#(HZ) 1.522 0+0.500 1 1.318 2+0.363 8 0.188 1+0.197 1 0.2819+0.2850 52.20

PERI(XN) 1.597 5+£0.492 0 1.358 8+0.381 1 0.208 7+0.201 3 0.3123+0.2860 59.75

JEHEAKT 1.600 6 1.343 6 0.204 1 0.3080 60.06

YiFhKF- 1.880 5+0.325 4 1.422 6+0.325 7 0.259 8+0.166 9 0.4010+0.2272 88.05

Bl SRR IR IRE29 D PHALRP TR IRESAS s A ARSI A PR A B R 1
PSS SR L DEIG AP 6 R R U L K A K —— i
SR R — 3, 53— SO AR M DX A =
T BT B AR T R S e v A
DAL IR, VA SR AR GRS 2 5 1 i
BB Bl R U2 ) 9 3 £ B0 A A
R E IR 2 1) 3 0 R I . T 5 HORE  FlR 1 e
A7 5o DETTHA DX 2 BORE R AT 0 LA 7, PR S
BRI ARE LA 2, FLURAERORRZ . th o
B2 AT LA, OIT 7 G IR A BB 4 K e
ZJQYS$ FIZIQY13 HZISY15, ZILQ18~20 , AHQMA41~
42, JXWY43~44 LI} HNAH32 % —2%; ZJQY11 —
5 71YyQ7 B h—33; ZIQY14 5 ZICA2~3. ZJOH6 E— 2%

ZIQY 11
y

RH—3; ZIQY~10 M ZIQY 12 SR . £ o o067 0712 076 080 084
LR PR P A BT PRI — R, e 2 ALREL
PR B2 ST SRAP &4k At i %R UPGMA 447
‘ S, , RER

X‘_J‘ 4 /I\Eg? E(Jﬁ}ﬁﬁ{ﬁ]ﬂ:/ﬁ‘ gz% ’ 121"% ;FH {u % Figure 2 UPGMA dendrogram of Polygonatum spp. based on SRAP
HOK 0.90~0.97 (141 3). HIBRIR KN 0.90 I, 7T 434
22, ARARJERE. Pir RS R ERER N — 2K,
VUL R A oy — 2

HD
XN
I HZ
XB

0.90 0.92 0.93 0.95 0.97

X X B 3 AT SRAP #9545 E# UPGMA SR A B
iﬁ ’f§ % ﬁé ‘I‘i % /EE % % # ‘I‘i E/:J *Z L ’ 7% % *EF {% ?# Figure 3 UPGMA dendrogram ci Polygonatum spp. pozllation?based
P TR RE A HEA SR, WA R SRR I 1 322K on SRAP

P, ARAFFE R SRAP 43 FhricHi ANt 47 4y #okG

PSR IR AT 08T, 2R R 88.05% , KRB REZHEEE, HhERERBHE Z AT
o X R R — 2 A 2 R . — R S HICRFERAT G, TR AEAML X BORS AR TSR DL 2 40
Kih T, SR AL SR S TR, MIXF T SRAP 2r ThRic ik, fdiH] ISSR Jrik, XHREZHE
WO 5 KA R Z 8 PE L ERATIA 100%, {#iH] SCoT 70 Thricti AR, ZEBMEHERATA N 99.6%"> %, WL
BOALERE, S350 2 FbRic AL T SRAP HoR o PRl B 0 A% Z AR vEBR Sy, X BREE AR Ab 1438 1
REJIRREE . EARDI T, RARBEFRAR bt 2R, SR RS 4 A R . AT 60 17
BORG AN BT FT IR AT SSR 43 F-HRic /AT, LGS R VO X BN P B o IR st A% 2R s, 5 RO JE R TR
G R VY R R X G e AR R AT G, HEE B R AR R, ARSI EHM ARG, HE R —
o XATRER RN ERS AR 51 Fh 2 )5, TERER ML IX X BREEARAL (038 I F A8, (R8T — @ L Z4E
PR, T DAAEZR L X AR B 15t 4% Z2 FE OR3P LA KL R SR & 5 TR — s i - BROL Y, mT 5850 1 FH DA
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SOl R K

AR 3 TR I8 A SR R A Jo 1 PN I AR ] 19 20 A 0 AHIESE 47 (0 BORS BT Gy M 0.194 1, &
W] 80.59% MY 1L /AL A AR TESEREN , 19.41% s /- AUAF A6 T FafETE], e e A B s e k. X
— GRS RN X LR ZAE PR IR ST AR — 2, SRR S ER TR AL . BRI
T LRy, RUERERA — @R RN . AT P B ZE R N, o 2.075 4, RIAA R R RERIAFAE
—E RIS . BOR AT A AERR, AT B B S B AT SR AR o 0 A BT BT IR Y SR 2R M K
B AR BGOSR AL Z R, X RTRE S T I HAL L X B AP BRI O, SRR — M X T
AN TR B RE R AE U, AT B 5 1 BN i A AR

T A I B S W ol [ 0 ) 3 5 R AT o 2 P TR R B P AR B ) RS Ao o B ST AT e/ Bt
fREEES, AR R, SREOCRBOL, XU WIS R —20, AR B T DX Rh 5T 5T A R 7
—ite, WRES RSO BIEA O WL POTE RS MBS R, e i in A —, BAEANES
KA, X5 PROCHIX O AR SR AL, Bl RIS | RE R AR A 5 . W — A SRS b R 9 A 4K
NEIRWZRGRR , XN T SR AL AR . WL S R IT  Z . DA BT IR 1]
AR HEEERY, A B TR SR E
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