A8 12 AR AR XK ZZER (B AB2EMO Vol. 48 No. 12
2020 4F 12 A Journal of Northwest A&.F University(Nat. Sci. Ed.) Dec. 2020

R 28 H RRsH ] 2020-06-01 1045 DOI:;10. 13207 /j. cnki. jnwafu. 2020. 12. 006
R 28 H B Ak - http: //kns. enki. net/kems/detail/61. 1390. s. 20200529. 0830. 006. html

18 i #7 % IR R = 1T BT
K RERH #

PR A MR A 1 R2 BRaE e BRVY Bk 712100)

[ ZE] [EOY EGPF0 b5 I5 35 1% 28 Pk, o FoR o Bh 3k & R0 U A A 4R e 3 ik 4 . KO ik LUk
H B IR A TR0 18 i JC v & i g b RL R 3R D9 94 I e 5 M H Dk DA 84 X SSR 5 49y vh ) 25 i 3k Y 22 A5 Pk
BT 12 X R 12 %) SSR ZE6 51 Pt i 18 A i Jo Pk & 1 48 S 1 IF A7 38t 4% 22 FEVE 43T, () I 4K 938 32 1% AR
PIRB R E AT ELE R FZ N (45 RY Fik B 6y 12 X519 300 B 91 A2 067 5, x5 46 0 2 iy
ZAVERL Ry 4~12 AP0 7.6 A I 2 G BEF- 3428 0. 482 8, Shannon {5 B A6 HCE 24 1. 801 5, Nei’s JEH £
FEPEFR BT 10 0. 794 85305 514 PMGC-2385 Fil PMGC-2500 # £ T 18 AT 1 & 1Y 48 8C & 1%, %48 SC I 35 T 4 4
WM R X 43I, UPGMA R 4381 £ B, 18 4> Jo Mk 5 1Y 38t 1% A7 L R BUAE 0. 549 ~0. 978, - 1y 38t 15 AH L & H
0. 764, A7 IR 5 H A% IR JC P 7 18845 AR AL ZR B8 0 3 S8 0. 681~0. 978 1 0. 549 ~0. 912, 34 HLA7 ¢ 8 A 8t 1% 48 S
I8 MR T N EGE AN 2 KIEK 6 MW SEGILE G FERIEAR -, [450] 18 0 5 IR 1Y st 1%
ZREMERCN FF L SSR A FARICH AR ZE A STR 43 BUAG I H2 A 7847 1 98 U5 ) 48 5 40 2 vh BT — s I T gk

[XEiR] B RATEEITH R AG 2R 18 R 1%

[(hESES] S792.11 [XmkirER] A [xEHS] 1671-9387(2020)12-0047-08

Genetic diversity analysis of 18 poplar resources

ZHANG Haiyan, FAN Junfeng,ZHENG Tao

(College of Forestry , Northwest A&F University ,Yangling , Shaanxi 712100, China)

Abstract: [Objective] This study evaluated the diversity of poplar genetic resources to provide basis
for breeding and resource utilization of new varieties. [Method] A total of 12 pairs of SSR primers were
preliminarily screened from 84 SSR primers using polyacrylamide gel electrophoresis on 18 poplar germ-
plasm resources. A total of 12 short tandem repeat (STR) markers were used to construct clone finger-
prints and analyze genetic diversity,and the tree clustering graph were constructed to conduct genetic anal-
ysis based on genetic similarity coefficients. [Result] A total of 91 polymorphic loci were detected in 12
pairs of primers. The number of polymorphic loci detected by each pair of primers ranged from 4 to 12 with
an average of 7. 6,and the observed heterozygosity averaged 0. 482 8. The average Shannon index was
1.801 5,and the average Nei’s gene diversity index was 0. 794 8. Fingerprints of 18 clones were construc-
ted by primers PMGC-2385 and PMGC-2500,and all clones could be distinguished. UPGMA cluster analy-
sis was performed on 18 clones. The genetic similarity coefficient ranged from 0. 549 to 0. 978 with an aver-
age of 0.764. The coefficients of genetic similarity of Sect. Aigeiros Duby and Sect. Leuce Duby ranged
from 0. 681 to 0. 978 and 0. 549 to 0. 912, respectively,and both had high genetic variability. The 18 clones
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were mainly divided into 2 categories of Sect. Aigeiros Duby and Sect. Leuce Duby,and 6 subgroups,which

was basically consistent with the traditional morphology taxonomy. [Conclusion] The genetic diversity of

18 poplar resources was abundant. SSR molecular marker technology combined with STR typing detection

technology had certain reliability in the identification and classification of poplar resources.
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K 30 5,72 “CHEMR 30 5,35 RAEIF s fieJim 72 C AL fifp
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z1 ISHEMEUERRESEEETS
Table 1 18 poplar clones and their genetic background

%5 TR BLH F
Code Clone Genetic background

1 La B o R (B KH)D P.nigraX P. deltoldes (Italy)

2 Pa BR &4 otk & (B RKFD P nigra X P. deltoldes (Italy)

3 Ti WR M Tt R (GE KR P nigraX P. deltoldes (Italy)

4 Qg BRZE T R (g RFD P nigraX P. deltoldes (Ttaly)

5 ik 46 Zhonglin 46 WKW A% X 1-69 P. nigra X P. deltoides

6 1-107 Wk 4 o1 & (B K HD P. euramiercana (Italy)

7 Ta FR A% To M 2 (3 KA P. nigraX P. deltoldes (Italy)

8 ZH% 15 Qinbaiyang 1 1-101 X 84K P. alba X P. albaX P. glandulosa

9 Z % 2 5 Qinbaiyang 2 1-101 X 84K P. alba X P. alba X P. glandulosa

10 ZH# 3 5 Qinbaiyang 3 1-101 X 84K P. alba X P. alba X P. glandulosa

11 Z % 4 % Qinbaiyang 4 1-101 X 84K P. alba X P. alba X P. glandulosa

12 Z % 5 5 Qinbaiyang 5 1-101 X 84K P. alba X P. alba X P. glandulosa

13 7idb# 2 5 Xibeiyang 2 101 X B[ M P. alba X P. alba X P. tomentosa

14 A50 A KRR P. alba (Ttaly)

15 84K WA X RER EED P.albaX P. glandoulsa (Korea)

16 A39 WA EKFDP. alba (Ttaly)

17 A46 R (B RHAD P. alba (Ttaly)

18 I-101 R GEKFD P. alba (Ttaly)

®2 WHEHM 12X SSREIYFEIREBNEE
Table 2 Selected 12 pairs of SSR primer sequences and their annealing temperature
EIE KX W FEH (G —3") 1] J§ 41 (3" —5") iR kg /C
Name of primers Forward primers (5'—3") Reverse primers (3'—5") Tm

GCPM-1048 CTTCTCTTCAGCGTTCTCAT GTATGATACCCCTCTCTCCC 52.70
GCPM-1454 ATTGCGCTGGTTGTAGTTAT CATTTGAAAGAAGGGTTTTG 48. 90
ORPM-16 GCAGAAACCACTGCTAGATGC GCTTTGAGGAGGTGTGAGGA 56. 85
ORPM23 ATTCCATTTGGCAATCAAGG CCCTGAAAGTCACGTCTTCG 53.25
ORPM-206 CCGTGGCCATTGACTCTTTA GAACCCATTTGGTGCAAGAT 54. 05
PCGM2217 ATTAGCTTCTTCTAAAGCAGC TGACTGACTGTCTGTCTTCG 51.75
PMGC2385 ATTCTTCACCTGGGCAATATG CTTGGCTGTAAATGACGAGTC 52.85
PMGC2500 AATGTCGACCACTCCACGC AGAGGGTTTTCAATAACATACC 53. 80
PMGC2885 CATGATCAAATTGGATTTGAATG AAAGATGAACATGGCTAGCTC 49. 80
WPMS14 CAGCCGCAGCCACTGAGAAATC GCCTGCTGAGAAGACTGCCTTGAC 62.40
WPMSI15 CAACAAACCATCAATGAAGAAGAC AGAGGGTGTTGGGGGTGACTA 56. 20
LG1937 GTCGTTGTTAGGGTTAAACG ATATGCCACATATACGCACA 53.55

1.4 HIELEBESHH

K H DataFormater #4545 H K Ko I 25 5 5%
F“1, 075 B4, iz H POPGENES32 #4F 11 58t 0
S5 AN 5 DRI A A A A R TR L A B L) B
& .Shannon {5 B 8 #0F1 Nei’ s & [H 22 #E M 48 %
e ZRETERE AR . 7E Excel 2007 W 40T g
YT A M TR SRS A G . 8 Nt
sys 2. 1VERPEHE 1, 07 B % #8 Oh ntsys 4% 20, R H
A ) SM AL R BOR T T A 0 M R s

1EFE 1) 2 %% (genetic similarity , GS)P, 5% H 3k 4
i) clustering 2 ¥ & T UPGMA (unweighted pair
group method using arithmetic averages) J7 % 317
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2 HiRE

2.1 12X5|MER SN EERRNS TSN
R B ARG 00 28 SR e 3 H AR g BT e 47 & H AR A
Be RN A s R LI 1,
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Fig.1 Genotyping between parts of poplar clones using primer GCPM-1454
HE 1 AT LLFE . 519 GCPM-1454 X} BR 56 4% JA% 84K iG] 165 F1 174 bp W A7 g 3k 3 2¢
La () DNA 938 7= 4 b £ 00 2] Be K B2 140 1 o B I
150 bp N7 A5 9% 658 B K B Wl s ZEBR g Ti. % 18 M TC Ik 2 1Y 35t 1% 22 R Pk 2 A S 8000 %
FHA7 15 b SR 3] 1 4S9 o BE 08 6 67 85 7R 4R 3.
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Table 3 Genetic diversity analysis parameters of 18 poplar clones

214 Xﬁiﬂﬂ%{ﬁ ﬁ?ﬁ%ﬁ%lﬂﬁ WL & WA 4 Shannon {5 B8 Nei’s %Wz#ﬁ*ﬁ’ﬁl
Code BB Effective number ()bscrvcd. Expcctcd' Sh{innon’s 4Nc1"s g'cnc
Alleles of allele heterozygosity heterozygosity index diversity index

GCPM-1048 8 6.4 0.277 8 0.868 3 1.974 2 0.844 1
GCPM-1454 5 4.2 0.529 14 0.786 1 1.503 7 0.763 0
ORPM-16 6 4.8 0.888 9 0.8159 1.673 2 0.793 2
ORPM-23 12 7.1 0.555 6 0.884 1 2.258 7 0.859 6
ORPM-206 4 2.6 0.166 7 0.627 0 1.124 3 0.609 6
PCGM-2217 9 7.5 0.444 4 0.890 5 2.100 6 0.865 7
PMGC-2385 12 7.7 0.222 2 0.895 2 2.289 3 0.870 4
PMGC-2500 6 4.0 0.444 4 0.773 0 1.586 4 0.751 5
PMGC-2885 5 3.8 0.3750 0.760 1 1.457 0 0.736 3
WPMS-14 8 4.8 0.6111 0.814 3 1.8350 0.7917
WPMS-15 6 4.8 0.444 4 0.814 3 1.678 6 0.7917
LG-1937 10 7.2 0.833 3 0.885 7 2.136 4 0.861 1
BT Total 91 64.9
-4 Mean 7.6 5.4 0.482 8 0.817 9 1.8015 0.794 8

LKIGR B 12 X5 18 Mt M IT  PM-206 P 2 S A& 44, HE
PER LRI F] 91 D ZBEAL R BRI E Y JRA R R 0,627 0~0.895 2,°F ¥k 0. 817 9; WL
LRV EAE 4~12 A3 7.6 A B RS Ze A FE R 0. 166 7~0. 888 9,3 H 0. 482 8;Shan-
B R 504 4, b 514 ORPM-23 & PMGC-  non {5 B8 Nei’s £t K 2 FF 2E 45 507 Y98 55 51
2385 PG Z BN S IR Z . 12 455519 OR- 21,801 51 0. 794 8, F Wt T 1k R 1% 2+ 1
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B4 & PMGC-2385 Fl PMGC-2500, #4) g
18 A ot & 1 SSR F5 83 o4 1 25 1 0L 3%
4, AT, B PMGC-2385 1] L) X 43 ) ik 26

x4

B La.Pa.Ti.Qg.Ta. Z 1 1 5. H 1 5 5.
A50.A39 fil 84K 4t 10 T & . PMGC-2500 ] L)
KAk 46, . 1-107 . F#AM 2 5 . FAH 3 5. F 1
¥4 5 b 2 5 A46 A T-101. 58 5 2 % Rk
¥ PMGC-2385 Fl PMGC-2500 BIA[ % 18 4~ 4544 ¢
PER XA FF .
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Table 4 Fingerprint map of 18 materials of poplar clones

5149 PMGC-2385 ¥## 5[4 PMGC-2500 " 4 519 PMGC-2385 §#4 5[4 PMGC-2500 " 14
it Ttk R I 4% i K/ /bp i 4 K/ /bp ETRE TR I £ K/ /bp 1 Z715 K/ /bp
No. Clone Band size of primer Band size of No. Clone Band size of Band size of

PMGC-2385 primer PMGC-2500 primer PMGC-2385 primer PMGC-2500
) EOH 3T 4
1 La 128 163/173 10 . ; 122 123/138
Qinbaiyang 3
: =)
2 Pa 156 163 11 $H$ﬁ +5 122 123
Qinbaiyang 4
r =N
3T 122 163 g EEMS S 120/134 123/138
Qinbaiyang 5
_ - ) dtts 2 %5
4 Qg 108 157/163 13 Xibeiyang 2 122 117/119
5 Tk 46 128/156 112/163 14 A50 160 125/132
Zhonglin 46
6 1-107 128/156 163 15 84K 164 125/129
7 Ta 130 163/167 16 A39 126 112/163
f =]
g EREW1E 120 119/138 17 A46 120/122 119/123
Qinbaiyang 1
=]
9 $El&,275 122 119/138 18 I-101 120/122 123/163
Qinbaiyang 2
2.3 18N EREHRNEEHEUERRES N FENR 5 PR,
HET SSR XM HY 18 A7 1 T T 2% Y 38 A% AR
x5 ETFSSROWMH I8N HHETERNEEHEMNRY
Table 5 Genetic similarity coefficient of 18 poplar clones by SSR
TR ) ) . bk 46 3 ) ZA 15 ZAW 25
Clones La Pa Ti Qe Zhonglin 46 1107 Ta Qinbaiyang 1  Qinbaiyang 2
La 1. 000
Pa 0. 780 1. 000
Ti 0.703 0.769 1. 000
Qg 0.791 0.791 0.725 1. 000
oA 46
Zhonglin 16 0.769 0.747 0.703 0. 780 1. 000
1-107 0. 769 0. 747 0.725 0. 780 0.978 1. 000
Ta 0.769 0. 747 0. 780 0.769 0. 681 0. 681 1. 000
f =]
REB LS g 6oy 0.670 0.593 0.637 0.571 0.571 0.571 1.000
Qinbaiyang 1
=]
$EM% 2 0.582 0.670 0. 582 0.637 0.571 0.571 0.582 0. 824 1. 000
Qinbaiyang 2
=]
$EM% 3 7;, 0.593 0. 659 0.582 0.648 0. 560 0. 560 0.582 0. 857 0. 857
Qinbaiyang 3
J’_l‘
%IJ—_M% 4 0.593 0.659 0. 582 0.626 0. 560 0. 560 0. 560 0.791 0. 879
Qinbaiyang 4
58
%F{TZJ v 0.582 0. 648 0.571 0.615 0. 549 0. 549 0. 549 0. 824 0. 868
Qinbaiyang 5
=)
E'“:*ZJZ 7 0.615 0.659 0.615 0. 681 0.615 0.615 0. 604 0.813 0.791
Xibeiyang 2
A50 0.670 0.670 0.626 0.703 0.637 0.637 0.626 0.714 0.714
84K 0. 604 0. 648 0. 604 0.681 0.593 0.593 0. 604 0.670 0.670
A39 0.626 0.670 0. 626 0.703 0. 637 0.615 0.626 0.648 0.648
A46 0. 604 0.648 0. 604 0.659 0.593 0.593 0. 604 0. 824 0.758
I-101 0.648 0.692 0.648 0.725 0. 637 0.637 0.648 0.736 0.692




52 PO AL A BB K 2= 24 4R (A R B D i 48 4
*& 5(&) Continued table 5

Fobt % ZHAM3 S ZAM LS BEABS S Hdtm 2 5

S Qinbai- Qinbai- Qinbai- Xibei- A50 84K A39 A46 1-101

Clones

yang 3 yang 4 yang 5 yang 2
Z#HW 35
Qinbaiyang 3 1..000
ZHW 45
Qinbaiyang 4 0. 890 1. 000
A ]
Qinbaiyang 5 857 0. 879 1. 000
=]

FAE#2 5 g4 0.813 0.736 1..000
Xibeiyang 2
A50 0. 769 0.769 0.736 0. 791 1. 000
84K 0.703 0.703 0.670 0.736 0. 824 1. 000
A39 0.681 0.681 0.670 0.736 0.802 0.912 1. 000
A46 0.791 0.813 0.758 0. 879 0.802 0. 736 0. 736 1. 000
1-101 0.769 0.769 0.692 0.769 0.758 0. 736 0.714 0. 890 1. 000

H 2% 5 AT, 18 1A% B I 1 2R 1 3okt 4% A 8L 3R 4K
TE 0. 549~0. 978, F- Byt L AHAL R Ak 0. 764, M
FEAA TR A i ) 7 358 A% AR LR BT 0L 5 A 1R R
Sl R 4 otk R La.Pa.Ti.Qg. Ta 2 [A] i it
A RLREHN 0.703~0. 791, 5 Hbk 46 . 1-107 [a] i1
AL AL B BAE 0. 681~0. 780; bk 46 5 1-107 1
BB AL R B 0. 978, 6 B 38 3 A% 21 I
T DL B IR O FR R AN 2R A 5 3N A
HFEAM AL TR EE B IR R

M KA SR A A39 5 84K 1L HH L &
Hh 0,912, A46 5 1-101 B f4 48l 22 50 7E 0. 890,
A50 5751645 2 5 iy A AL R B 0. 791, R W]
=F4rE 84K 101, ¥k 2 5 15 L R
i,

DL 18 AN A7 B TG FR 10 35t 45 AR AL 3R B0k AR 5 L R
H UPGMA #0472 50 01 . 45 B AL T o R 1 38t
X ZEBIREE 2,

L

La

Qg

Pa
| ' #k46 Zhonglin 46

1107
Ti

Ta

% H#1% Qinbaiyang 1
Z% H#2%5 Qinbaiyang 2
[ % A#3% Qinbaiyang 3

I Z A #4%5 Qinbaiyang 4
% A #5% Qinbaiyang 5

i b #%2°5 Xibeiyang 2

4‘—{ A46
1-101
A50
_—
L A39
0.62 0.71 0.80 0.89 0.98
Bl 2 18 Mg ot R AL L R BN UPGMA 2K

Fig. 2 Clustering of 18 poplar clones by UPGMA based on genetic similarity coefficients

i1 2 np AL, 18 A B JC M R g i 2 A3
. L RNBEBIR T AL La. Qg Pa.
P46 5 1-107 . Ti Fl Ta, HA sk 46 S H1 1-107 (1)
T AL AL 2R B R /N IR — 2 Ay 5 AN RS T
Rz 5k 46 5 1-107 B3R 6 RBOL . 4 H $
MR B — 250 1 XA IRE 11 SR ot &

30 3 ANERE AR 1 AR EEREAY 15 R
2T\ FEEM IS FZAM 4 SMEAS S 55 A
PEAR L H 8 A R R EAEO. 791~0. 890, 3% 5 S Tofk
F AL R UEAR R SR O — 2558 2 L
[F101.A46 .5t 2 5 3 M RMER . HdL 2 51
A 1-101.1-101 A1 A46 25k A B RHM B8R 5



%12 1)

T A HE L 45 < 18 i A BE IR ) 38 A% 2 AR 1RO T 53

My s AL AR R ECI B R R — 25556 3 A WA
£ % A39.A50 Fil 84K 3 NItk &R, Hid 84K 935
A EHEAR, S A9 WELE LEZRIT.ZG
15 AS0 B —2K,
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BET R A R A A SRR A  I AG I
AR B8 ve IR A% G0 B8 G 1 K B AR L 5
AR R 25 5 B AR & S5 AN L AE AR 4 T
FROUR RO R B EPIET STR
Sy RURG I B2 A, B 10 X} SSR 514 % 25 W (Genus
Camellia 1.)Fp 5T 58 I 1738 4% 43 A 7 19 5 %5 5
PRI 12, 4 A Z2 38 PR A 3 B e B R UL ) Jp
A RESEE SRR 0,771 1 F1 0. 816 5,Shannon {&
EAEBOFEI 1. 978 0, 3 W 89 iy 2% 4 B I ikt 1% 4%
SRR 5 58 WU 45 A b [ BE T (Panicum mili-
aceum L)AL ZHEME A 5T T, FI A 22 X592 565
PRI 0 22 A5 P K2 O 5. 82 A BRI Z REME 4R
Ok 0. 628 4,Shannon {2 B850 8 1. 206 2,3
WL L R Ao 5 BT B ST R A GeXP
IR I E] 19 X SSR 5 ¥ Xt 24 153 4% B T
BEUR -2 Z 8 s 5. 37 A, BB ER
95. 01 %, Iy 24 {3 A% A0 0 55 D5 AL A2 T 4 SR 3
AR A 12 X SSR 51 946 £ 18 {75 47 4 JC 1k
R 2B HEOEH R 7,60, 5 4 A UL 4%
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