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BWE: BT PHAM IR AR RGREEHERBRFRAFLLE, L TERRERBESLT S 5RS FAFC
(SCoT) 7 ik, KA AEmBRFHIEH &= (UPGMA) F= £ A 47 - #7 (PCoA ) 5 7 i 21 19 4 R Bl #F R 49 3% 45 Polygonatum #t
FHAT M KFFEREG 29 NG P ik 15 A SCoT 314 A T 3 A W4 DNA, ¥ 433 500 A&, FHEA
Bl E A B33 ANEN, AP S ABEF 498N, S EMILEA 99.6%, 19 Mk A MG EAiamAKER A
0.554 0~0.734 0, 2R E W : RE AR 6 FAA A B F G 94 24, SCoT 4 F 4730 7T A A o9 4 & & % 5)
REBE—FTWRE, APHEIHARBAOEFTRARTRTHEANAREF LA, B3 K3 420

KEEWR: TEHF; Fb; SCoT; AMAR; RESH; BEHESHK
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Genetic diversity of Polygonatum germplasm

LIU Yuejun'?, ZHANG Yuan', JIANG Yanfeng?, LIU Jingjing'

(1. The Nurturing Station for State Key Laboratory of Subtropical Silviculture, Zhejiang A & F University, Lin’an
311300, Zhejiang, China; 2. Lishui Institute of Forestry Sciences, Lishui 323000, Zhejiang, China)

Abstract: To explore the genetic diversity and relationship of germplasm resources of polygonati rhizoma (de-
rived from Polygonatum cyrtonema and P. sibiricum), the Start Codon Targeted (SCoT) molecular marker tech-
nique was established, and the unweighted pair-group method with arithmetic means (UPGMA) and principal
coordinates analysis (PCoA) were used to study the genetic diversity of 19 Polygonaium provenances followed
by a cluster analysis. Fifteen SCoT primers were eventually screened from 29 primers and then used to amplify
the genome DNAs. Results showed a total of 500 SCoT loci were produced with 33.3 SCoT loci per primer in-
cluding 498 polymorphic loci having a polymorphism rate of 99.6%. The genetic similarity coefficients were
between 0.554 0-0.734 0, and the cluster analysis showed that Polygonatum germplasm from different sources
had abundant genetic diversity. Thus, SCoT molecular markers could provide some basis for classification and
identification of Polygonatum with this research laying a foundation for quicker breeding of varieties and sus-
tainable use of Polygonaium resources. [Ch, 3 fig. 3 tab. 20 ref. ]

Key words: Chinese herbology; Polygonatum; ScoT; germplasm resources; cluster analysis; genetic diversity
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WAL TR B, T L2 R BRI TRAED Rk, BORIEM YL sy FLE W2 7 1H 5% 32 %
[ 2% )@ T W) R iy S, o) e 45 R T 7 80 T 42 ) 4] IXC (8] 43 F-#5 iC (inter-simple sequence repeat, ISSR) %
SE BORE 5 4 B Polygonatum cirrhifolium,  JiMESE ST A4 55 715k FHBEALY 1Y 2 51 DNA 4r F 451
(random amplified polymorphic DNA, RADP) %@ #Rs J& #8025 MY . HinRIGH S T2 50 il
(start codon targeted polymorphism, SCoT)J&— Ffi 3L F B 5| ¥4 14 52 B (438 & DNA 2» FFric, BEA 514
WAV SEERREDT . mAR L. Z2AMEE . TR ENEEER . B84 SR R AR iC S
s, ARARET ISSR Rl RAPD A SCoT 73 FARIC O & BRI M T Z AR AEY) . A7 5581 2
FEMEWFSE, Q0K AE Oryza sativa, 64 Arachis hypogaea, 1% Citrus reticulata, MR Dimocarpus longan ,
H 1 Saccharum officinarum, 4%t} Paeonia suffruticosa, 4 35 Lycoris radiate, %j 1t Chrysanthemum mori-
Solium ZE¥51 0 g JU4E, 25 MY X 2 Scrophularia ningpoensis, #k )Lt Sinopodophyllum emodi, %% % f1
fitt Dendrobium officinale 5L T J& T AHOCHIEFE O, (HFE v 24 B0ORS HE JFUR ) 1) 362 1% 22 A LA B o o 4 7
SEDT T A DWLARTE o AT A BB IR SN, S BRSO R IR I . SRR E S 2R AR 7 R
RS (GAP) AR RE SR AEWF SR, Oy BORE B U5 AY 7T 40 22 ) FH SR HE R A 1 3
1 M5 &
1.1 e w

AR B Bt o BWTIL . B BIdb . LT mE&HL (R 1), T WL EN K T R Ok
MRk 2 e A TG R B R AR 1.5 a, 2014 4F 7 JORSEIEE AR MO, F-20 CHKFIRAE . LWL MK
BT HAREE, 1~8, 10~18 S HZAETRG, 9 S ONERE, 19 5 i EH .

1 K19 ERBTHIR

Table 1  List of the 19 Polygonatum provenances

Gz ol 5% b HIEN)/(°)  &EE)/C) || RS Fift 5 b HEN)/(°)  GPE(E)/(°)
1 WLk 28.45 119.92 11 UYL K 2z %R 28.06 119.56
2 WK A BH 28.45 119.49 12 WiLas MLl 28.74 118.62
3 WRILEE K IRTT 27.62 119.07 13 #iireMREaR 29.24 121.06
4 WiV K e SR 28.08 119.15 14 WLR M SO A PR 27.87 119.84
5 WL 4 HRRE 2 f ik 28.94 120.55 15 Z#FM 30.64 117.85
6 WITLI/K % B HVEARY 28.52 119.09 16 WiiLhpH 52 29.61 119.05
7 WL K S Al 28.82 120.26 17 Wriris 2255 )| 30.47 119.69
8 WITLHI KR T At 27.80 119.72 18 WL /N K pk g 29.39 121.10
L U o | 0 R 41.62 120.98 19 ZHEvER 25.68 99.96
10 Wit oRRE 29.73 113.91

1.2 XE5KHA

WA (Eppendorf 23 w] ) 3 ¥ VR 850 ML (Hitachi 24 &) ) 5 245 W 4 2 52 i (PCR) X (Biometra 23 H] ) ;
S0 6E T (NanoDrop 1000) 5 7K - LUK (AL 5t i 78— AR ) 5 BEBEWHEBERE Uf% & 4t (BIO RAD 24
A])o Tag DNA S5 . — W IR O 5L I 480 % 1 R (ANTPs ) 55 55 [ 41 DNA $2 O 5771 1 DNA marker DL
5000 ¥y H E AP TR (KE)ABRAE, SCoT 5 ¥4 Collard A1 Mackill™ /A% (514, w15 5 4 1
T LR MR A R R
1.3 A&
1.3.1 A4 DNA a9 50 R et pd 175 e 3 = W FL R AL (cetyl triethyl ammonium bromide, CTAB)
BARBUIE M AL ZE AL DNA, BRI . B i @R oK vk s MoK 48+, 896%, 7enf —
SE 15 R M M M ok B (pvp ) B B P TR R0V2 B0 DR A A A A I, BIGE R B R B T 2.0 mL (9 B0 4
P, A 65 CHIEk Y CTAB ZZ ol 1.0 mL, #2575 % T 65 C/K% 90 min, HAMEARFEHE5) 5~6 I, B
R, 16 000 r-min™ 20> 10 min, W FIFRZE I — 2.0 mL .08, A SFRBUR S0 - 7 G
Q4D FERGE , BREENRAI2E, 10 000 r-min™ .0 10 min, NORE EERES —BO0EP, BE
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EARBER2~3 %k, HEWMBIKEABRRS, W EHERES M 1.5 mL B0, A 2/3 £k
BRI B, -20 CHCE 30 min, 12 000 r-min™ .0 10 min, 725 LW, Dl AR 508
70% B 1.0 mL VL 2 0, FiRKCT, 30 WL TE 28wl (& A% W% B2 1 RnaseA ) i fif DNA, I &
G3HCR 1.5% 19 By B B 5 J P VKRS I DNA T o, 28 58 A0 40 0 BE v H il e Wk )5, I XGE K B & 10.0
mg-L, 20 CHgfra .

1.3.2 SCoT 447  SCoT 5|#1°% i COLLARD 45" k519, 337 4, s &k e A IRA
A, VRO B B ALY 6 > DNA BLRRHE T 5| Wi e, ARE L UK S R) AP Tk ) 29 SRR 2 H Y
T X051 . 119 AL R DNA KE S AR L 519 h &0 PCR #i47 & 3%k, Skt b TIX
gy BEEMEREE 1S ZglYkait 2N T 0T BGR JOR B ISR 2, SCoT-PCR [ MifR & Sk
20 pnL, W& IxR G BEeE W (PCR)ZE M, 2.00 mmol - L™ £ &1 (Mg*), 0.15 mmol - L™ il S A% Hl
¥4 = ®§ R (ANTP) , 0.40 pmol <L 514, 10.00 ng # 47, 1x16.67 nkat TagDNA 3 4 i (1 U=16.67
nkat), P BIFLF N ALY 94 °C, 3 min; AEPE 94 C, 50s, Bk 50s, fEMT72C, 100 s, I 40
o FLER 72 °C, 5 min; f)5 4 CAAAFE. SHCPCR 34774 5 wL, i 1 pL 6 x DNA FAESZ iR 2]
JG, TERTR AN 1.5% W BENe M EE e AUk /385, S RS 1 x TAE, HE 150 V 25 IR 8 iE 15 7R 5 B
B BUIE B HTIT 29 2~3 em I IR HLTK, TESERCBUR R Ge FREE . BT IC %

x2 fHiEHE SCoT 5|4 R 5 & iR ANBE

Table 2 Sequence of reliable SCoT primers and the annealing temperature

ElRVES J¥51(5'—3") 1Bl BE/C 51914 J¥31(5'—3") B K E/C

SP3  CAACAATGGCTACCACCG 59 SP29  CCATGGCTACCACCGGCC 59
SP11  AAGCAATGGCTACCACCA 59 SP30 CCATGGCTACCACCGGCG 51
SP12 ACGACATGGCGACCAACG 59 SP31  CCATGGCTACCACCGCCT 50
SP13 ACGACATGGCGACCATCG 58 SP38  ACGACATGGCGACCACCG 58
SP14  ACGACATGGCGACCACGC 58 SP42  AACCATGGCTACCACCGT 59
SP15  ACGACATGGCGACCGCGA 58 SP45  GCAACAATGGCTACCACA 59
SP18  ACCATGGCTACCACCGCC 56 SP58  ACAATGGCTACCACCACC 59
SP23  CACCATGGCTACCACCAG 59

1.4 HEBNSZITSSH

FRAE PCR 434 7= W) Y MUK &5 5%, i M7 B 2 THHAI 0 i X B R A T8, St n —oc
B, A CRPE)IC R 1, o (B idh 0, MM L SCoT #riC ) 0, 1 —4E%0+ 4 M . FIH POP-
GENE 32 #5819 4y B0KS i 5 1) 35t 2 AR M R BOR st AZ B 25, R ] NTsys-pe 2.1 31534 20RS R 5 1)
Nei’s A AR R 8, AR IALEDE %) 38 AR - 44 3 (unweighted pair group method using arithmetic average,
UPGMA ) G 57 45 FF it [ 5 2% C R ISR o 1 NTsys-pe 2.1 FAKs 35t 14 A1 0L R B AT Deenter B4 54 46,
SROLFRAE B FVRRAE ) o, AR A bR =41, JEAT AR HT o

2 HERG M

21 EHS DNAREERSW

SR B HORE B 6 i R 25 5 00 R 1) CTAB 3R O SE R 41 DNA 2l hy, ek el EAE S . WHEN
JRAZHEAZIR (RNA) RIS 5, A R MM RO R, SO0 eoe RE A I () DNA 5 & ¥k &2 2 100.00~
900.00 mg-L™", D(260)/D(280) 1 tLAE K 1.8~2.0, £F& 5%k PCR 25K,
2.2 SCoT-PCR ¥ 8 4#f7

15 4> SCoT 51 Wy #EAT 19 A EORGFE A Y8 B L1432 500 A J8, P85 4k 33.3 400,
2N 498 4, ZARMEHEN 99.6%. a7 K/ 250~3 000 bp R4 (1),
23 REHMW

G452 NTsys-pe 2.1 AP BT R 15 K 2. FE381E RECH 0.6 197K b, R 4 40 g
PIRECT AT, Ho TR0 854 OHAMUE 6 bk, B S SRETWiT 44, HAH kI8 T i
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M 12345678910 1112131415161718 19 M

B 1 19 44t 4ed SP3 7145 SCoT-PCR 3% 45 &
Figure 1 SCoT-PCR amplification results in 19 Polygonatum samples by primer SP3

TLRR K, X B HORE R G VE G s QAL ORIE THILm /K s ok A WL IREERY 10 5 . ok A LB 15
SOk AWTLAUM Y 16 Sk BWHLEIMN G 17 SR AU, Hdh 16 517 SHIMMER R, 55
T 073, (L FHARAEE M BIETS; ok H LA 18 SR A = MR 19 5 (EER) R A@D4 ;
QU AHE 4 MBI ER, 1155 12 5 10, 1355 14 5 ke, 280t 141, RE&E
FALT 9 5 G ) ROy — 38, 5 HAR MR M R GO R i .

1 37 Y11 7K 32 4R
2 Wi VL 7K A BH
3 WYL 7K JR G
4 WL TN 7K e SR
5L 4 s 22
6 Wil TN 7K &% &
7 Wi LW K 8% =
8 WIVL TN /K 5t 7
10 3] b 75 BE

15 8+ B

16 VLT M E %
17 H VLM 22 75
18 WITLH XMW B
19 2 /i 5 5

11 Wy K = Al

® 12 Wi vT g Ml
13WHLEMRE
1l 14 37 T3 N S
9L T b
L | | I |
0.60  0.63 067 070  0.73

HHABLR %k

B2 1943t ey SCoT REH
Figure 2 UPGMA dendrogram of 19 Polygonaium germplasms based on SCoT marker

24 BEEESEERUES T

3512 P B TR B PR A A 1 R KR, BB D U T 8 A G AR R T o i e e 1] Y 35 4% A L RE A s A%
FEBS (32 3), T LAE S Ah 5 22 (B AL . DA SCoT (43 Brah Bk, 19 AN 80k R BT 1) 35t 1% A 01 1k
JL IR 0.554 0~0.734 0, & EE B FEI Y 0.309 2~0.590 6; Hrh 16 S#iiLHUMN I Z LB S 17 SHiiL
WM Z A B s R B ol , MU B s 9 S Il TR BRE 5 18 S VL2 24 1 22 46 BN 35t 1% I 15 0
i, AL A
2.5 FAHR4# (principal coordinates analysis, PCoA)

FI 19 1 BORS Tl BT 14382 4% AR BL IR 3R B AT E A bR a0 i, il 4R 18 (8 3) o o B ROR R &%
KRB, M EIERREGERALKITE, NFERREFTLDEL : 19 RF s 6 41, 5148 1
F.2%5 .35 45 55 65, RIETHILI K SHIL &L SRR, A7 F 32 A 455 A4 .
F24R TS 85, SrHlRIE T U LN KEE = AT IL I K 5t T kR BT £ 34k 105 155
16 5 17 5, 43 HRIE T#Id0 AR RE | LRGF I WiiLhiH . Wiy M e s A BT 55 4 4150 18 5
195, ZpRRIE TWTA MM A ik B SHM 115 125 135 145, Z3R0RIETHILmK .,
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®3 19MEFRMENBEEEUESEEHES

Table 3 Genetic similarity and distance of 19 Polygonatum germplasms

T
G5
1 0.720 00.648 00.690 00.634 00.666 00.600 00.636 00.594 00.562 00.610 00.604 00.584 00.614 00.608 00.652 00.630 00.632 00.638 0
2 03285 0.696 00.694 00.622 00.714 00.656 00.648 00.586 00.646 00.630 00.632 00.628 00.654 00.652 00.656 00.690 00.636 00.690 O
3 0.43390.362 4 0.670 00.634 00.658 00.664 00.652 00.590 00.646 00.614 00.612 00.584 00.626 00.596 00.628 00.650 00.612 00.630 0
0.371 10.365 30.400 5 0.700 00.700 00.638 00.650 00.584 00.640 00.628 00.610 00.618 00.620 00.646 00.650 00.660 00.650 00.664 0
0.455 70.474 80.455 70.356 7 0.688 00.626 00.670 00.592 00.596 00.600 00.590 00.594 00.644 00.606 00.602 00.640 00.622 00.636 0
0.406 50.336 90.418 60.356 70.374 0 0.670 00.698 00.600 00.624 00.632 00.662 00.614 00.664 00.638 00.658 00.672 00.642 00.628 0
0.510 80.421 60.409 50.449 40.468 40.400 5 0.716 00.610 00.662 00.638 00.620 00.628 00.610 00.640 00.624 00.638 00.620 00.622 0

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

0.452 60.433 90.427 70.430 80.400 50.359 50.334 1 0.610 00.638 00.626 00.640 00.652 00.634 00.616 00.640 00.666 00.600 00.622 0

© © N O U A

0.520 90.534 40.527 6 0.537 90.524 20.510 80.494 30.494 3 0.604 00.576 00.618 00.626 00.600 00.598 00.598 00.580 00.554 00.604 0
10 0.576 30.437 00.437 00.446 30.517 50.471 60.412 50.449 40.504 2 0.660 00.638 00.622 00.616 00.646 00.610 00.676 00.646 00.608 0
11 0.494 30.462 00.487 80.465 20.510 80.458 90.449 40.468 40.551 60.415 5 0.702 00.662 00.656 00.606 00.626 00.636 00.638 00.612 0
12 0.504 20.458 90.491 00.494 30.527 60.412 50.478 00.446 30.481 30.449 40.353 8 0.696 00.658 00.604 00.644 00.630 00.648 00.618 0
13 0.537 90.465 20.537 90.481 30.520 90.487 80.465 20.427 70.468 40.474 80.412 50.362 4 0.690 00.604 00.664 00.662 00.652 00.622 0
14 0.487 80.424 60.468 40.478 00.440 10.409 50.494 30.455 70.510 80.484 50.421 60.418 60.371 1 0.618 00.650 00.644 00.650 00.624 0
15 0.497 60.427 70.517 50.437 00.500 90.449 40.446 30.484 50.514 20.437 00.500 90.504 20.504 20.481 3 0.676 00.674 00.612 00.610 0
16 0.427 70.421 60.465 20.430 80.507 50.418 60.471 60.446 30.514 20.494 30.468 40.440 10.409 50.430 80.391 6 0.734 00.660 00.642 0
17 0.462 00.371 10.430 80.415 50.446 30.397 50.449 40.406 50.544 70.391 60.452 60.462 00.412 50.440 10.394 50.309 2 0.638 00.656 0
18 0.458 90.452 60.491 00.430 80.474 80.443 20.478 00.510 80.590 60.437 00.449 40.433 90.427 70.430 80.491 00.415 50.449 4 0.650 0
19 0.449 40.371 10.462 00.409 50.452 60.465 20.474 80.474 80.504 20.497 60.491 00.481 30.474 80.471 60.494 30.443 20.421 60.430 8

Ui XA DL E s A AR LRE , X R LT D i A R

WL . WL E M WL 28 6 4108 9 %%, SRIRTIL T RYSORE A, HrPs 6 U555 1 41, 25 S
BF R AR X R, 55 S AR R BRI . OB R AR AR AT 45 R 5 R GE R AT 45 R v DU 2 FhOr ik
S e H AR5 AL OQ AR A— B, (H T ARAR T R LA [R) T 1) A ) 2 v 58 T 00 e 7 % o J ) 119 56 3%
3t

PO Z R Y, T AR MR, M XA, SRR A9 0 K — EARTE L,
Pl 73 S A W B o BAKER AR 5 77 K5 BORS 8 20 o B AR 2K (Alternifolia) , 48 42 26 (Verticillata ) FIX

12
o
14
0221 A g |u o 3 0.26
13
P 18 6 a 124
L 007 F 37 [ 4 0.181
e 7 § 2 c 13
) ° g
£-0.08 | 0 5
e & —0.04
§ (g}
—0.23 + 16 ®
'T7T —0.19
038 e ~0.26
—033 g Tg—— oo
—0.18 —0.04 .. —0.34
5,00 o2 019 e —0.33 —0.18 —0.03 0.12 027
51 He i 027 —0.34 3 : : : : :

% 1 4Edim1
A =4 BAFWE .

B3 19 A AP R 69 SCoT 4798 £ & A7 541 B
Figure 3 PCoA of 19 Polygonatum germplasms based on SCoT marker
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4z 12 (Oppositifolia) , {H M E F K EE R A, M7 AN MR A T B, 78 [ — A Bl ot A A2
fbo FFFRESRFW: 9 Sk AL TR i, M B4, WA NS AP A 81X
B, B Ry, 5 Al 25 T EORS B AHAUME SR 0.6 X n] g 5 B IE B AT A —E MK R, 19
Sk A S EREER AN, RFERRSEAMN T ZAREE LN E 25, REMIERST 185
K HWITLR %M Z BRI R R, B —28, X EDUE T 52 22 S8 PO\ Ry v T A7) Ab 7 Lb B BR 11
SO R, T LA Y vk 2 S o 7E 5 T KOE R RS T R I AH G5 AR 2>, {UF ISSR,
RAPD, RFLP 4 FHric 5 #0122 G000 B AN S8 78 AR GE 2, 3538 @57 SCoT 4y FAric ik It i F
HORG 0815 ZREVERIF ST, N RS A Fh U S 5 S0 — i (O B 2 AR 3 .

X2 A AT . 15 4> SCoT BIY kAT 19 AN HORAE &P 38 B AL 45 2] 500 24017, F¥EA
Gl 333 A &al, HpZBMAN 498 4, ZEMEEN 99.6%, MNHATLIE 1. B R 105 %
ZREVEER . KRR UPGMA 52047 19 AR 0L 2 5400 Bk 0.600 0~0.730 0, 11 L5 H 04 F i A7 70 44
FEMmE 2R, BELREGE, KAWIIREER 105 | K ALEETHN 155 5HThMm 16 5 |
WL 0 17 5, 30 80 SR B A e 1) O SR O — 28, RWIEE T SCoT Aric i BOKE SR 28 70 W I A b B AH
et HF N T AR S O BE B IX ], AR KA KR

FEAT T AR ORISR0 00 28 B A SR, TR B — R AR, S N RN A AR iC B
PO EOREBL ZREME AR RN L IS o A AR AL 24 SE Al BT R RN, A RE B IE AR R IZ B
WL Z RN, A B TSR 9k A R OF s L Bl R OSR MS SR HE IS SCRE, O HORE 25 M I R fh Ak B B it
PEUE, PRSI AT R5 2 1 P2 R AR 3
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