FEPR AL R IR 2017 ,18(2) 1233-241
Journal of Plant Genetic Resources DOI:10. 13430/j. cnki. jpgr. 2017.02. 009

7 ARGT I 1 2 AR TERIPEIR SC I 5 B

FOR A SRR, 2 —dm TR AR R RTOR, TR ISR R
(P MR B 28 BEVE W & R G DF9E I, LA 610300)

WE AR ER TR G EE SRR BRARIRE 5 FAFCH RIS, BRGST F A A28 s B 3 My 32 4
HRIE, SRS T RIHAR KRB ERL R 10 AARB MK, FF A ISSR #FLAF R 127 M BT R eG4 $ AW 3T
ISSR ARt 55 A R MR AT R BEOH, AR MREZ LR B FERTIRS 10 MEREF K, S AR, #) A ISSR 4T3k
5 ERER109 &, FHENHI 325,73 & T3 Nei’s £ B % A1 0. 2085, F 34 Shannon’s 54 0. 3378, ik 42 36 5
#0.46, ISSR & FAFIZR E AW 127 W TRRA B KL BKLE M5 A PCoA TR EMP 2T T RS A2AL
B, GLM 5 A7 L3 N5 FH R MK ABKAFIT MLM 24 R LI 5 R AR ARG AFIT,, KA E G T RIS S A RE
W EMRS TFAFLRELE RSB AL ZRK, %4 GLM 4= MLM AFEoW 2R KRB R LIS £ A LBREE

KGRI BARISSR ARIT 4 S AR M A BN AT

Genetic Diversity and Trait Association
Analysis of Pueraria lobata Resources
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Abstract: Genetic diversity and association analysis of Pueraria lobata(willd. ) Ohwi resources are very useful
to Pueraria lobata( willd. ) Ohwi molecular breeding and fingerprinting construction. In this study,we carried out the
genetic diversity and association analysis of 127 resources by using ten botanical characteristics and ISSR markers.
The phenotyping results showed that Pueraria lobata(willd. ) Ohwi had rich morphological diversity and all the ten
botanical characteristics had great variances. 109 polymorphic bands were amplified by 19 ISSR primers with an av-
erage of 5.73 loci per primer, the mean of Nei's gene diversity was 0.2085, Shannon’s information index was
0. 3378, and the most distant GD was 0. 46. The 127 resources were divided in two main groups by cluster analysis.
PCoA and STRUCTURE analysis result corresponding to the analysis by NTSYS, also divided 127 resources into two
subgroups , there were three association signals by GLM association analysis and no association signals by MLM asso-
ciation analysis. The high level of genetic diversity was found in our resources, clustering analysis showed that there
was little correlation between ISSR marker and geographical distribution, by comparing GLM and MLM association
analysis result there wasn’t found any association signals.
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Table 1 The detail information and code of 127 Pueraria lobata( willd. ) Ohwi resources

% P IR Kol KB | w5 Kol KB | w5 Kol R

Number ~ Origin Type  |[Number  Origin Type  ||Number  Origin Type  ||Number  Origin Type

Gl TLPEEEYS FIEEM {(G20 YLV BB AR [|G39 TLVIREE BB ||Go6 piveE AR
G2 TLUHEEYS  REEEM ||G21 TLVE Bge BAEEAR [|G40 i IR ||Ge7 pujiskes  BFAEA
G3 TLPEHERE B ||G22 P R HPAERAR |Gl Pl AR ||Ges MRz B
G4 VEVERE RIEER | G23 YPGB BPAEEAR | G42 P FEEAR |69 PO BB
G5 TLPHEEYS BRIEEER ||G24 LG Rge BFAEEA ||G43 INARZEL BFAEER (|G70 sz FAEER
G6 TP HIEEM ||G25 TLVH e HPA BTN ||G44 PES HIEER ||GT71 Mz EAEAR
G7 TEPEAEY AR |G26 TLPE e FPAEER | G45 s REEEAR |72 MOl B AR
G8 TLVETER:  RIEEM ||G27 TLVG BB AR ||G46 e EIEER (|73 pujisss BPAER
G9 PN REEEAR |G28 WP B |G47 PilE g IR (|74 Mz EAER
G10 VLPEHEN ARETEM {629 P HPAERAR |G48 il E BAER |66 FHRITM BPAEAR
Gl1 LV e BREEEM |[G30 VIR AR [|G49 g g ERAEEMR (677 WETM FRAEER
GI2 LR F: R ||G31 VR BAEEM {650 v E  ERAEER (|678 RN BAEER
G13 TLPEREE R | G32 PEREE  BPAEBR (G52 PG FEREAR (G679 FEHTTM B EAR
Gl4 TLVEREE: R {633 VLV WA ||GSS TLVEEM HPA SR ||G8O RN BPAEER
G15 TPREE RIS ER |[c34 PR HPAER ||GS6 TLPHEEM HPAER ||G81 HETTM B
G16 LS BREE/NH 5 | G35 WS HPAERAR |Gs8 Pl R ||G82 ERAM  HPAEER
G17 LR REE/N 5 | G36 VIR AR ||G6o MR A AR ||G83 HEOTM BRI
GI18 VG Rge BB ||G37 VIR WA ||Gol WmEH B ||Gs4 WM FRAEER
G19 LG B BFAEEA ||G38 TLPREF: B SR ||Ge3 MR A B |85 WETM BRI
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s FR IR P EH R SRR KM | wE SRR e
Number ~ Origin Type  ||[Number  Origin Type  ||[Number  Origin Type  ||Number  Origin Type
G88 PREL  BPAEAR ||G101 UGN R (G114 iz AR ||G127 TRUEW  BAER
G89 PUAER BFRAEER ||G102 TLUHEEX.  EPAEEM ||GL1S P g BREEM (G128 LREW FEER
G90 ML BPA AR (|G103 PR B ||Gl16 WLEZ  HPAEEMR (G129 Bepitame R EAR
G91 PIEE R ||Glo4 TLPEE: BRKRER (G117 BeviZerE  HPAEBR ||G130 Bevithme R EAR
692 TIPEFE R (G105 TLPHEER: R EM ||G118 el ERAEEM ||G131 BRvitge R
G93 TIEE HIEEMR ||G106 TLPGEN  BRIEEAR (G119 TREMN AR |[G132 Bepitae  BPAEEAR
G94 PUIEE BB (G107 LV AR ||G120 TREMN  FAEER ||G133 Bevithme  HPAEEAR
G95 TLPREF: BPA R ||G108 VLU REEHM ||G121 TRUE  BAEM ||G134 PRvitpe  BPA AR
G96 TLPREF: BPA R ||G109 LPEE: BRIEEMR ||G122 TREM  BAEKR ||G135 PRvibg  BPAER
G97 W HPAERR (GL10 e BAER (G123 TREW  FERHKR ||G136 POJIREE BPARER
G98 LR E: AR |Gl iR B (G124 TR HERMR (G137 PR B EAR
G99 VR BAEEMR ||Gl12 Pz g FpAEA ||G125 TREMN  BAER ||G138 maieEE EPAEER
G100 W REEER ||Gl13 e B ||G126 TRUEW  HPEER

Gl R G H L 1 5G12. 885 1 5;C13. 485 2 5, G148 4 5 56100 RIC AL
G1 :Songshiyidai, G11 : Geboshi-1,G12 ;: Hengge-1 ,G13 ; Hengge-2 , G14 ;: Gange-5 , G100 ; Songshierdai

1.2 FHik

1.2.1 REMRWEE X 127 8 RH 10
AN RBIVEAR AT R | v 2575 ] B2 A A B2
PP RR FH R F i, Al D BORE 12 | 48—
FEEBALE 8 ~ 10 49 3 A1 K BE FIAR K &
HE WG 10 Bk, BOFEE, R EE D 2
HHE MR EE HNEE R eS8 A
MHERTR R S 8 MRS — S E S 8 ~ 10 5 Y ZE AN
e SRIBUBGE I (FRAS M) 77 e TR

1.2.2 ISSR #FHric&ill “RAJK R CTAB 42
I DNA, 58503 566 B 110 e Lok B 5t 7
%50 mg/L, PCR RN AKZE N 20 wL,DNA 2 pL,
Taq FiF(5 U/pL) 0.2 pL. 514 (10 mmol/L)2 uL,
dNTP(2.5 mmol/L)2 pL,10 x Buffer (25 mmol/L)
2 wL.ddH,0 11.8 wL, PCR JZ i % 5 2% Fi] ISSR-
Touchdown''® | HK &y 94 °C 28 1 3 min; 94 °C 2 1
30 s.58 CiE k30 s.72 CHEMf 1.5 min, 10 MEI,
FHEHIE KR BEREAR 0.5 °C ;94 °C 78 30 5,56 C
Bk 30 .72 CHEAH 1.5 min,30 MEH ;72 °C HEfH
10 min, PCR 7F=#2RKH 3. 0% SR WHEE AL FLTK , FLFE
FaEAE 110 ~ 130 V Bk 1 ~2 h, R Goldview 4
o, B UG R GG IR A

1.2.3 ISSR # &4  ISSR # A Lk, [
— KM B S RAE 1, TC A IR BN 0,

1.2.4 BIEMSTERE  JHHF Popgene 1T
ﬁﬁ%g#@ﬁ*ﬁ,ﬁ%h‘l‘% Nei's 8% . Shannon’s $§
WX R R B PR NTSYS Al DPS 247 5
For M FE AR A X % (UPGMA ) #E47 R 25047,
FHIHE GS {H; R H# 4 STRUCTURE (1) Bayesian
Markov Chain Monte Carlo #7 ( MCMC ) 158 BEAA Y
1, K BUEER 1 ~20,8 Al is HEE AR G.
Evanno 517 35 E:14E AK ; PCoA 43 #1 FHIAR 14 NT-
SYS; H SPAGeDi # {4 iE47 2 2% K & kinship 7347 ;
F TASSEL""® # fth— i e PEAR Y ( GLM , general line-
ar model ) FIIVR & £ PEAR I ( MLM , mixed linear mod-
el) FEATRABYMIBRICHY IR T

2 FHRE5HMH

2.1 REMRETELER KAREET 127 HER
BRI 10 ASFAVRAR ot s MR EE
SEFFEE M AR R RN 8 A
A ROR e e e AT S L R TR
W3 AN Y 15.7% 29.1% 55.1% , W
By R o N TG4 DY, o s 49. 6% |
14.2% 16.5% .10.2% 9.4% , M H HT/ NIC Fh
M o 25 ASFER, A 55.1% 7. 1%
24.4% 4.7% 8.7% , ZFFHBI NI D TR
i RZ £ 6 AN, 1.6% 23.6% 3. 1% |
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39.2% 1. 1% 25.2% , MHEAHIC 1R A A 4 %
%% 9k 63.8% 19.7% 14.2% 2.4% ., MAREE
SR D AR o R ZE 2 6 MY, 43
7.9% 3.2% 62.2% 7.1% 8.7% 3. 1% , ZEFFF4l
A3 RN Rl R R ML S ARG, A 81 1% |
4.7% 10.2% 2.4% 1.6% , WK/ N
o e KL K5 NS i 73.2% . 3.1% |

F2 MEKEMEDTKERITANER

Table 2 Analysis results of length of stipe and internode

11.0% 2.4% 10.2% , 127 {3 EAR G PR AY 227 ] K
B AR AR e R S R R (£ 2) A
(R PERA Ak =2 TR Py P AR B AR TR B 25 A
HrP R BEASIE 4. 3 ~24. 3 em , AF R RBCH 0.3, 2%
T EEASIE 3.2 ~28.7 em, A F AR N 0.4, FH
PR 25 R IR RS ARG IR 13X 10 AR AR
AR WA EAR AR DUS M2 S %4845,

PER e RAE e/ IME &= - HE A5 5 R AL b2z
Traits Max. Min. Range Mean cv SD
41 ) (em) Stipe length 24.3 4.3 20.0 15.0 0.3 4.5
ZE (A (em) Internode length 28.7 3.2 25.5 13.8 0.4 5.4
2.2 ISSR IRIZHTMANEESHEMESH 100 Popgene BTG EASNL S BE ZAEVEFER(FK 4) ,Nei's

4 ISSR BIITE 127 {3 B AR TSR P b A T4 1 |, 05 16 51
PHTEHE I 2 ST I 19 5 (£ 3), 19 KZE
S Iy AR R 2 B 109 4%, FH A4
SIS 5. 73 45,19 45519 UBC889 4 2%l i
£ (10 4>) ,UBC820 ¥ &> (1 1) . FH

*3 ZHMHEISSRSIMFF

Table 3 Sequence of polymorphism ISSR primers
5% ARy 5 #i
Primer Sequence Note
UBC808 AGA GAG AGA GAG AGA GC

UBC816 CAC ACA CAC ACA CAC AT

UBC817 CAC ACA CAC ACA CAC AA

UBC818 CAC ACA CAC ACA CAC AG

UBC820 GTG TGT GTG TGT GTG TC

UBC826 ACA CAC ACA CAC ACA CC

UBC840  GAG AGA GAG AGA GAG AYT Y=C/T
UBC846 CAC ACA CAC ACA CAC ART R=A/G
UBC848 CAC ACA CAC ACA CAC ARG R=A/G
UBC850 GTG TGT GTG TGT GTG TYC Y=C/T
UBC851 GTG TGT GTG TGT GTG TYG Y=C/T
UBC855 ACA CAC ACA CAC ACA CYT Y=C/T
UBC856 ACA CAC ACA CAC ACA CYA Y=C/T
UBC860 TGT GTG TGT GTG TGT GRA R=A/G
UBC866 CTC CTC CTC CTC CTC CTC

UBC873 GAC AGA CAG ACA GAC A

UBC880 GGA GAG GAG AGG AGA

UBC889 DBD ACA CAC ACA CAC AC D=A/G/TB=C/G/T
UBC890 VHV GTG TGT GTG TGT GT V=A/C/GH=A/C/T

ZREVEFEERAE 0.0079 ~ 0.5 Z [A], -1 Nei's 5 %1
0. 2085 ,Shannon’s F5 4 7E 0. 0258 ~0. 6931 Z [a] , -1
Shannon's $6%X 0. 3378 , PG XU AL 1. 3206, 45 25%
W] 127 By B AR B IR A B st e 2 e

R4 27T PRBBEBESHESITER

Table 4 Genetic diversity analysis results of 127 resources

{/ON[1 /M

ZREETR S N N TIE ARz
(f745) (Bif)
Diversity index Mean SD
Max. Min.

F R AL 2 1. 0079 1.3206  0.2944
(UBC856-3) (UBCS880-5)

Nei's ZHE: 0.5 0. 0079 0.2085 0.1573

R (UBC856-3) (UBC880-1)

Shannon's 54X 0. 6931 0. 0258 0.3378  0.2118

(UBC856-3) (UBC889-3)

2.3 BESW EBHELEHDH PCoA 5717 FIH
DPS Fll NTSYS #AF i 47 A 534, i 48 UPGMA 1%
PR L o R B Bon (B 1), 127 Oy FERF
YIRAEHIL R EON 0. 81, F KA R 1 (A FXTARIAS
REIX 43 ) , it /NI R 0. 63, X B 8 die A8 A% B8
0.46,F/NYR 0, REDHIRW], YL AL R AL
4 0. 65 BPKE 127 3 AHRH 43 RIS RZE 5 T 21U
REFRIE N T 56 LA A ARy 3 o ss
TR BNRNLHSANFNIE(T-1, T2 11-1,
1-2), HEr#HE R e 61 CRE—1R) #1 G100
CRICZAR) 0l g 256 T REMPIAS T2,
G35 .G36 Hl G47 ,G48 X AT B ASREIE 141X 19 255
YIEATIX 43, BBLER B RIX 19 %) ISSR 514 AEAR
U b2 0 X o3 e Yy 123 B
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Fig.1 Dendrogram of 127 Pueraria lobata ( willd. ) Ohwi resources by ISSR marker cluster analysis
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0. 65 B, 54 PR IEHER PR, G1 (CRIC—AX) F
G100 (AR AR BB T 28, LBt IR AR u R
SN T 28, BEF XA R KR PR (1 2)
Uicsi Popgene DR E , R E AR W i 2k
FERAEM AR E M (R S) .

FIFH STRUCTURE Bayesian 5 %1 3 % 8 14 4%
¥y, 76 K =1 B 458 i/ LnP(K) = - 12190.9, 1£

K=12 45 5 f K LoP (K) = - 7635.3875, fH
G. Evanno %51 [k S Al K {H, 7F K =2 W5
F| AK AR KA 300. 2, Bifif5 AK HUE 2 #7228 /N (&
3) MR BT 4E BAE K =2 15 348 BB A S5 4 (&
4) 127 G BEIRRIN S S PSR 5 — AL A
55 M ARE B EREEEE 72 e R, RIC—AURITR
R R TARRAE, it PCoA 54T (K 5) &
PSR T —0 #1 BH 5 STRUCTURE 43 #r & 19 45 28 1
BTN MR RE BT FE A7 B AN STRUCTURE 4341 45 21
L, F RS A AT AT SR 127 03 5 U 43 R B A
B, STRUCTURE 4341 Fll PCoA 43 A4 R — stk 4
=, 5 NTSYS 434 SR, 127 Dy AR B 40
PR
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Fig.2 Dendrogram of 54 Pueraria lobata( willd. ) Ohwi resources by ISSR marker cluster analysis
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Table 5 Genetic diversity of Pueraria lobata( willd. ) Ohwi resources from Jiangxi

BERLAIR (80 Nei's $54K Shannon's 1§41 PIC {8
Source of materials Nei's genetic diversity Shannon’s information index PIC value
TLVH (54) 0.2008 0.3232 0. 2036
fE24(19) 0.1735 0.2821 0. 1769
3 (24) 0. 1988 0.3155 0.2012
Lme(1n) 0.2111 0.3187 0.2130

2.4 ISSRARIEEEMEHRBXERSHT A
TASSEL # 4%t ISSR 257t 5 it o8 2 M bk ok FH [l 19
SN IR TR A AT , Sl AR A E A T A
H 109 A ISSR 7 55 10 DFA PR E i GLM &
Bi(LL Q E N P A8 ) HEAT QK 40 A, 45 Y

—log 10(p) =3 A, 15 %] 5547 UBC889-5, UBC855-
6 . UBC817-3 5t i F B MR SCHK, 43 51 fiff g 3¢ 78
5 10.2% 8.8% 9.8% (% 6) . {Hif T MLM 5
2:(LLQ + K AE R i) AERRIC S PR ) G 43 A
i, A RS R B O (F6) .
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Fig.4 Population structure of 127 resources

B3 STRUCTURE 43#T AK {&
Fig.3 AK values of STRUCTURE analysis
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A :Circles indicate the first subgroup of STRUCTURE analysis, B Circles indicate the first subgroup of NTSYS analysis
5 PCoA TR
Fig.5 Results of PCoA analysis

*z6 ISSRIRIEEMAEEXESWTER

Table 6 Results of leaf pubescence association analysis by ISSR marker

2

PEIR Traits FRic Markers df_marker F_marker p_marker df_model df_error  marker_r
RES UBC889-5 1 14. 260 2.45E-04 1 125 0.102
Leal UB(855-6 1 12. 067 7. 06E-04 1 125 0. 088
prbeeenes UBC817-3 1 13. 620 3.33E-04 1 125 0. 098
3 i ﬁﬁfﬂlﬂiﬁé’ﬁ’é\ﬂJrJ#iz:Jx%ﬂﬁ%ﬂfHﬁ
T AEE AR ZERTALAN | BRI SE 8
3.1 REMERBEESEESIT ENHGHRGER  DRBHRTAER Bh A AR, 8 R E R,

AL ZRENE AT SCRERZ T 2F TARICHEAT A S IR R R AR R 2 A s M E TR A A

ZREVEVEANY, A SRR 12 O B R AT

B E g W, A B 505 3 A o) R ek
S. Bunmanopa %"V 4% [E 5 MR 5 % 2 REMERF 5T 5
2 00E TR 10 MY AR B MEAR . gy

SR 0.3.0. 4, APFFERBIVER K E LS
IR, AN R ok U5 5 AR BT IR A 10 4> 3% AR IR AR
SRR, ATE R B AR S AR DUS I3 Y 32 2 3 A
EFEIT
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Fig.6 Association analysis of leaf pubescence
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BAZABMER ISSR 514, 76 127 4y 5t h i 3815 2|
109 ZRIE B (1) 2 85k 45w Kl B ) 2 5 5 m, 5
HATEHABAEY) T ISSR #EF T8 M5 ZAEVERF ST 45
&P 35X 19 45 ISSR 514 REA Stk Hod 123
By IR XA JF IIEIX 19 4% ISSR 514 ] 1 R & AR ¥
TEFN RN E IR 5 1) AR REF T AL
Hi X A3, A0 T GBI X GRS | b A ] b HE
GHRANIL, 3 FhRiC B4 R R AT Y
LE1) 127 ( BAR IR R A 22 5K 1AL AR AT 1245
NG SR T3 BRI FHEEE T JEa
FIHT NTSYS #4752 51 Hr & B 127 1y B A Al
Gy R R, o R — R (G1) AR R R
(G100) HE R BIEE 1 KAWMAN WS X 5 A5
FIAEE B R IRSE R —5, BRI K= AR 53
TARMERE SRR K, X S HH SR K
RS IR IEE R —5, W RESE T AH 5 Fh ik
B, RIS R B AR AR A 5 AR R R A
S B R 0 T RE 55 B 55 AR & R R DA T
AN R bR R L A ¢, S B AR AR
B YT R g s e e85 T HH b e = 42

afi i A 5, STRUCTURE B 127 43 %8I A
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