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SSR marker analysis and digital fingerprint construction of germplasm resources of Carya
illinoinensis ~ ZHAO Juan''"", ZHU Kaikai'"", BAO Jiashu'"", XU Huiqgiang®, LI Xinzhi’*, HUANG
Jinyong® , TAN Pengpeng'*", PENG Fangren' ™" (1. Nanjing Forestry University: a. Co-Innovation
Center for Sustainable Forestry in Southern China, b. College of Forestry, Nanjing 210037, China;
2. Jiangsu Forest Tree Seedling Management Station, Nanjing 210036, China), J. Plant Resour. &
Environ. , 2023, 32(2) . 10-17

Abstract; To establish a molecular identification system for germplasm resources of Carya illinoinensis
(Wangenh.) K. Koch, 10 pairs of primers with clear target bands and stable detection results were
screened out from the SSR primer library of C. illinoinensis in this study. Chromosomal localization
analysis was performed for SSR markers, and the genetic diversity of each SSR marker and UPGMA
cluster result of test samples were analyzed based on the amplication result of total DNA in leaves of 66 C.
illinoinensis samples. On the basis, the core markers were screened, and the digital fingerprints of test
samples were constructed by using germplasm information code and fingerprint code. The results show that
the 10 test SSR markers are located on 8 chromosomes of C. illinoinensis, in which, the markers on
chromosome Chr05 are the most, which are Ciz023, Ciz064, and PM-CIN4, while there is only one
marker on the other chromosomes each. The numbers of observed alleles of test SSR markers are 3—9, the
numbers of effective alleles are 2.0—6.2, the Shannon’s information indexes are 0.923 -2.009, the
observed heterozygosities are 0.000—0.701, the expected heterozygosities are 0.492-0.839, and the
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polymorphism information contents are 0.482-0.821. The cluster result shows that 66 test samples can be
divided into 2 groups at the genetic similarity coefficient of 0.262, and can be further divided into 6
subgroups at the genetic similarity coefficient of 0.438. Four core markers namely PM-CIN4, Ciz25,
Ciz033, and Ciz023 are screened out according to the polymorphism information contents of 10 SSR
markers, which can identify 62 samples. The digital fingerprint of 62 test samples is successfully
constructed by using germplasm information code and fingerprint code. Overall, the genetic similarities

among test samples of C. illinoinensis are relatively great, and the constructed digital fingerprints can

identify most test samples rapidly and efficiently.

Key words: Carya illinoinensis ( Wangenh.) K. Koch; SSR marker; genetic diversity; cluster analysis;

digital fingerprint

52 1L Bk [ Carya illinoinensis ( Wangenh.) K.
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FH I FHRICBAR Y RIAE D) it Fh AT A Z 45 <
e Be AR A KR T AR B A5 A 52 ), I B BE 8 PR
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Pilg. )"* #k (Juglans regia Linn.) "8 ZEHRA A Fb 5
GRURARE , A 1 AR YL (K13

UTAESR A [ AN 5E E LT SSR AR icHeR
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Table 1 Primer information for SSR marker analysis of Carya illinoinensis ( Wangenh.) K. Koch samples

219 e BIYF5(5'—3")  Primer sequence (5'—3") EJ(‘EE‘/OC Jr BUK S /bp
Primer Motif - X - - Annealing Fragment
IE8 5% Forward primer JZ 1515 |#) Reverse primer temperature length
Ciz023 (ATA), TCTGTAGTGGATGCTAAATGCAA GCATTGGCATTGGTTTCTCT 59 164
Ciz074 (AT), AAGGCATATAACACGATCCCA CAAGCAACTTTCTCGAGGATATG 59 274
Ciz064 (TA) AACGTCGAGCGTTAAAGTGC TACGACAGGCCCATCTTCTC 59 175
Ciz025 (TC), CCGGACGTTGTGTAATGAGA TCGTGGAAAGAGAGGGATTG 59 228
Ciz033 (AT)q TGAACAAAGCGGATGAGAGA ATGCAGCTGGAAATTGACCT 59 259
Ciz026 (GA) 4 TGGTTTGAAGGCATTGTGAA TCATGTCTCTTGCTGTCGGT 59 229
Ciz021 (TC) s GAGCGTCGTCTCATTTCTCC CAGACAGTGAAACCCTGCAA 59 196
Ciz003 (TTA) TGCCGTCATAGGAAGAAAGG AAAGCCATTTGGCACGTTAG 59 178
PM-CIN4 (CTT),,(CTT);,  GGCATCAGAGAAGGCTCCT CTCACCCGTCTCTAGGGCTA 57 112
PM-CIN22  (CTT) ,(TTA),  TTACTTTTGGATTATTTGTATCATATCTTCT CCAACAAGGGAAGCCAACTT 54 103

i F Phytozome 7E 2& W 3ifi ( hitps: // phytozome —
next.jgi.doe. gov/blast—search ) ¥ 10 4~ SSR #5ic ¥ %)
FEREFE LLAZ AR IE I AL rp X, AT EAT SSR Aic
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66 (i 5E IIAZMEREAS Y It 7 5 DNA #E4T 4738 B
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Fig. 1 Localization of test SSR markers on chromosomes of Carya
illinoinensis ( Wangenh.) K. Koch

Table 2 Genetic diversity analysis of SSR markers based on amplification results of Carya illinoinensis ( Wangenh.) K. Koch samples

. WM SEOFEIEL AREENEEEEL Shannon’s {5 LR AL WL A A B WA R ZHFEEAE

Fric ; N .
Number of Number of Shannon’s Observed Expected Polymorphism
Marker . . Lo . . . .
observed alleles effective alleles information index heterozygosity heterozygosity information content

Ciz023 7 4.1 1.566 0.582 0.756 0.709
Ciz074 4 3.1 1.258 0.075 0.676 0.633
Ciz064 6 3.1 1.313 0.030 0.675 0.615
Ciz025 8 4.1 1.746 0.015 0.791 0.758
Ciz033 8 4.0 1.601 0.194 0.750 0.730
Ciz026 3 2.0 0.923 0.000 0.569 0.482
Ciz021 6 3.1 1.282 0.015 0.673 0.598
Ciz003 5 3.2 1.272 0.149 0.686 0.674
PM-CIN4 9 6.2 2.009 0.701 0.839 0.821
PM-CIN22 6 2.0 1.049 0.373 0.492 0.543
BIfH Average 6.2 3.5 1.402 0.213 0.691 0.656
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Il Waco
’ BMK 1 5 NJFU No. 1
FaMK 2 5 NJFU No. 2
FAMREARE 3 %5 NJFU individual No. 3

_|:T'¥WF$1‘* 7 & NJFU individual No. 7
FIAREARE 9 5 NJFU individual No. 9

Elliott
Surprize
Mandan
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VAR 46 5 Yalin No. 46

W%k 1 5 Ganxuan No. 1
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4:1E Jinhua
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. Nacono
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n U Ak 10 5 Yalin No. 10
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Ak 23 5 Yalin No. 23

FAREARE 4 5 NJFU individual No. 4
41-19-20

Ak 20 5 Yalin No. 20

Ak 42 5 Yalin No. 42

i 2L Shaoxing

| # 1 5 NJFU individual No. 1
: FIMRERE 2 5 NJFU individual No. 2

—
s

FabkEkk 8 5 NJFU individual No. 8
[ S—

I Baker

1| ' Stuart
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Schley

WAk 25 5 Yalin No. 25
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WAk 21 5 Yalin No. 21

! 148
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Ak 35 5 Yalin No. 35
Il
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LY El Mart
! FIM k6T NIFU individual No. 6
Wi#%Hk Carya cathayensis
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Genetic similarity coefficient
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Fig. 2 UPGMA cluster results of Carya illinoinensis ( Wangenh.) K.
Koch samples

2.4 fbHRE TR

R 10 4> SSR Arid i 2815 B &, i E %0
PRICEL PM-CIN4 Sy, (i ] bs ic l 46 50
12 3HEAS 345 ¢ Cape Fear’ | ¢ Cheyenne’ | ¢ Mahan’ |
‘Sioux’ | “Surprize’ | ‘ Tejas’ |  Summer’ | * Mandan’ |
‘Nacono’ . ‘ Baker’ |, ‘41-19-20" . FeMRPL#k, PM -
CIN4 5 Ciz025 bricdl &b a5 i 26 (3FEA 4G
“Caddo >, ¢ Choctaw ’ . ° Elliott ° |  Mohawk |
¢ Wichita ’ |
‘Podsednik * ., ¢ Success’ . ‘ Oconee’ | ‘ Kiowa’ | ‘ &
P60 AR 105 AR 13 5 AR 20 5O
23557 AR 42 5 EARELR 1S R ARILRE 2
5O 3 5 FARERR 4 5 RAKERER S S R
PRHELAR 6 5 R MRERRR 7 5 R AR AR 8 5, PM -
CIN4 Ciz025 il Ciz033 bRicZH & i vl %50t 12 3k
AR, ALFE ¢ Chickasaw’ | ¢ Kanza’ | ¢ Forkert’ . Barton’ .
‘El Mart’ ‘148’ _‘Desirable’ . ‘ZF1l1 1 5  “#Eik 1
5L Rk 2 S EEAREER 9 5, PM-
CIN4 Ciz025 ,Ciz033 Fl Ciz023 47 ic 41438 7] 4 5]
12 3 FEAS, A5 © Moneymaker” | ¢ Creek” | ¢ Odom’ |
‘Jackson’ | “ Gra Cross’ | ‘ Graf’ . “Seven’ | ‘ Oconce’ .
CMEAR 21 57 AR 25 50 AR 355 AR 46
50 LA kE, B PM - CIN4, Ciz025., Ciz033 A1
Ciz023 HRiC4i & T %0 i 62 17 LA BEAEAS | ik
X 4 DR ICHE DRI
2.5 BERLZEMRFERERLFEINE

FIFFP A B dn s FidE SO IR T 62 33
FEINFEA B AR 80, A5 R WK 3,

FE A5 i i B B BCF TR 80 13 AL B R, H
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Table 3 Digital fingerprint of 62 Carya illinoinensis ( Wangenh.) K.

Koch samples

HAR Borra

¢ Pawnee ’ | ¢ Stuart . ¢ Waco .

Sample Digital fingerprint
Caddo 6840424777757
Cape Fear 6840427776757
Cheyenne 6840479776625
Choctaw 6840424337757
Elliott 6840449236615
Mahan 6840417771725
Mohawk 6840426223325
Pawnee 6840426333325
Sioux 6840478337725
Surprize 6840447227715
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520
%R 3 Table 3 ( Continued)

(RN EXI0
Sample Digital fingerprint
Wichita 6840426776625
Tejas 6840428666725
Stuart 6840477776656
Chickasaw 6840466772725
Kanza 6840466776611
Summer 6840413886614
Desirable 6840468666624
Mandan 6840439114414
Waco 6840416773322
Moneymaker 6840438666611
Creek 6840468775522
Forkert 6840488665522
Odom 6840416556666
Barton 6840436446646
Jackson 6840466666646
Podsednik 6840415772515
Gra Cross 6840468775525
El Mart 6840466667714
Success 6840418776625
Oconee 6840468443715
Nacono 6840458773315
Graf 6840416447715
Seven 6840466666615
Kiowa 6840415667725
Oconce 6840468775545
Baker 6840469777722
41-19-20 6840435662511
148 6840468665511
28 2% Shaoxing 63306536667711
2111 1 5 Maoshan No. 1 63201588668822
TEAk 10 %5 Yalin No. 10 63301516661311
T4k 13 %5 Yalin No. 13 63301566442525
WAk 20 5 Yalin No. 20 63301518447711
Ak 21 5 Yalin No. 21 63301568666611
Ak 23 5 Yalin No. 23 63301566337711
TEHk 25 5 Yalin No. 25 63301568666655
A Hk 35 5 Yalin No. 35 63301538666644
Ak 42 5 Yalin No. 42 63301518556611
TEAHK 46 5 Yalin No. 46 63301516556615
#3515 Ganxuan No. 1 63301516446615
Rtk 15 NJFU No. 1 63301555557722
Rtk 2 5 NJFU No. 2 63301555556622
BMAEHR NJFU excellent individual 63301333447715
FMREAR 15 NJFU individual No. 63301377667712
FMRELRE 2 45 NJFU individual No. 63301377447712

RAML 3 5 NJFU individual No.
FIMR LR 4 5 NJFU individual No.
FIMREARR 5 5 NJFU individual No.
IR 6 5 NJFU individual No.
RAMLE 7 5 NJFU individual No.
FIMELRR 8 5 NJFU individual No.
FIMREER 9 5 NJFU individual No.

63301355661412
63301399663312
63301399773766
63301377884766
63301336333322
63301349445711
63301336443322

5, FEE B gin R s 1 A BCERRYRME B e
IR A B E R, IR <67 3 55 2 2250 4 N EFEh
JE HiAE 2, A [ A0 5 | 3 5 b 48 DA S5 [ 5 R, BRI i
YR 26 R AR A “ 8407 s 55 5 A Hi 5 o il 5T 9% U 26
S, B3R RO <4 F8SUBAR IR N K% O FRid PM -
CIN4 . Ciz025 . Ciz033 Fll Ciz023 WJ¥ B S i B, LA
‘ Pawnee’ N i, HLEU 745 B0k 6840426333325, R
ZFEAS Ry 9% B 5| 32F 19 5T 1 A Bk S B0 Al
PM-CIN4  Ciz025 . Ciz033 il Ciz023 [3" 1 45 1 &
WY H 26 .33 33 Fl 25,

E NREAS BB F 8 80 14 82, Hed i
6 NLECF RS Bt 5 8 AT MR8, Fh
FifE BB ry s 1 A RoRYFE S, 5 ES
HEEFRARTE] o <67 55 2 B 5 LA R R
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