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Abstract: We studied the genetic diversity and established the DNA molecular identify for
Prunus mume with both ornamental and edible values, aiming to collect, identify, evaluate, and
breed new varities of this plant and promote the upgrading of the P. mume industry chain in
northern China. We employed 13 pairs of primers with good polymorphism, clear bands, and
good repeatability to analyze the genetic diversity and establish the molecular identify of 68
germplasm accessions of P. mume with both ornamental and edible values from Xingtai, Hebei
Province. We then employed the unweighted pair-group method with arithmetic means
(UPGMA) to perform the cluster analysis based on genetic distance. After that, we analyzed the
genetic structure of the 68 germplasm accessions based on a Bayesian model. The 13 pairs of
SSR primers amplified a total of 124 alleles from 68 P. mume germplasm accessions, with the
mean number of alleles (Na) of 9.538 5, the minor allele frequency (MAF) of 0.369 3, the mean
number of effective alleles (Ne) of 4.483 5, and the mean Shannon genetic diversity index (I) of
1.712 4. The mean Nei’s gene diversity index (H) of 0.763 7, the mean observed heterozygosity
(Ho) of 0.719 5, the mean expected heterozygosity (He) of 0.769 3, the mean polymorphism
information content (PIC) of 0.733 6, and the mean genetic similarity (GS) of 0.772 9 suggested
that there were significant genetic differences and rich genetic diversity among the studied
P. mume germplasm accessions. The cluster analysis revealed that the 68 accessions were
classified into three groups, with the mean genetic distance of 0.622 6. The population structure
analysis classified the germplasm accessions into two populations. According to the PIC of
primers, we selected primers for combination and constructed the combination with the fewest
primers required for germplasm differentiation of P. mume with both ornamental and edible
values. This study provides a theoretical basis for the innovation and industrial upgrading of
P. mume with both ornamental and edible values in gardening and the improvement of breeding
efficiency.

Keywords: Prunus mume; with both ornamental and edible values; genetic diversity;
fluorescence-labeled simple sequence repeat (SSR) molecular marker; molecular identity
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PP S0 E ARG RE DR 4 () LR B, 13 X5 47 51 AL
%1,
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218 Nawaz P00k, K554 PCR 14

#1 SSREYEEE

77 FH B A R KA TR
1.4 BEESHHh

FIH GeneMarker V2.2.0 SEHL 68 £ )
FERI RV, RAS 68 AL A M I Excel i
MU B3R PDF &K, 4 Excel X RAEHTT
1%, FIH DataFormater #/FHARAIH AR 2L
FIH PowerMarker v3.25 #{-F1 PopGene 32 {4
P00 25457 36 [H £ (number of alleles, Na).,
R H [ E (number of effective alleles,
Ne). Shannon {5 B F5%((Shannon genetic
diversity index, 1), Nei’s %& K ZFE 8 5 (Nei’s
gene diversity index, H), HAEE 744 ¥ (expected
heterozygosity, He). Wl 444 & (observed
heterozygosity, Ho) . 51V & [F i % (major allele
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Table 1 SSR primers used in this study
Primer name  Forward primer (5'—3’) Reverse primer (5'—3") Product size  Localization of
(bp) chromosomes

PaCITA19 GACAAATACAATCAAGAAGT  GAACAGCTAGCCCCTTTGTCAT 124-148 NC 024130.1
GTCGC AC

Pchgms1-2 GGGTAAATATGCCCATTGTGC GGATCATTGAACTACGTCAAT 185—-195 NC_024130.1
AATC CCTC

Pchgms3 ACGGTATGTCCGTACACTCTC CAACCTGTGATTGCTCCTATTA 196-218 NC_024127.1
CATG AAC

MAO17a AAGGCATATAGCGCAGGT ATCTGAGGCCTTCAACACTT 143—-161 NC_034016.1

BPPCT004 CTGAGTGATCCATTTGCAGG AGGGCATCTAGACCTCATTGTT 187-205 NC_024130.1

BPPCTO028 TCAAGTTAGCTGAGGATCGC GAGCTTGCCTATGAGAAGACC  176—194 NC_024127.1

Mé6a AGAAGGGCAAGCCCAAGTGC TGCAAAGCCAGAGCCCACAA 211-235 NC_024131.1

AG20 ACTTGCGTCACTGATGCCA TCAGCAGCCAAATGCCTAA 179-201 NC_024132.1

PMSSR0643  GGAAACAGAGGAGGCAATA CCAATTCCCCACAGGAATGT 253-267 NC_024127.1

AM?288205 AGGAACTTTGGCCATATGAAT GTTTGTTGCAATAGTCCCATCA  166—220 NC_024127.1
GAT CTGC

aprigms24 ATCTGCTCTTTCCCTCACCT GATTATCCCTCAACCCATCC 338-364 NC_024127.1

Pchgmsl-1 GGGTAAATATGCCCATTGTGC GGATCATTGAACTACGTC 183-193 NC_024130.1
AATC

CPSCT26 TCTCACACGCTTTCGTCAAC AAAAAGCCAAAAGGGGTTGT 196-216 NC_024133.1
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Amplification of samples ‘DB5-324" ‘YD-2’ and ‘LEGZ-1’ using primer PaCITA19.
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x2 SSRIURZEMERR
Table 2 Polymorphism information of SSR loci

Primer name Na Ne MAF | H Ho He PIC
PaCITA19 13 6.312 6 0.2500 2.061 6 0.841 6 0.794 1 0.847 8 0.8229
Pchgms1-2 5 4.1212 0.294 1 1.465 2 0.757 4 0.7353 0.763 0 0.714 6
Pchgms3 11 5.0953 0.345 6 1.898 2 0.803 7 0.705 9 0.809 7 0.7813
MAO17a 11 4.619 4 0.382 4 1.8455 0.783 5 0.794 1 0.789 3 0.759 8
BPPCT004 10 2.788 9 0.529 4 1.3377 0.641 4 0.647 1 0.646 2 0.5950
BPPCTO028 9 2.970 8 0.529 4 1.440 0 0.663 4 0.7059 0.668 3 0.630 1
Mé6a 8 3.723 0 0.4118 1.538 4 0.731 4 0.750 0 0.736 8 0.692 9
AG20 11 52131 0.3015 1.856 5 0.808 2 0.779 4 0.8142 0.782 9
PMSSR0643 9 3.767 0 0.4559 1.666 3 0.734 5 0.632 4 0.740 0 0.708 3
AM288205 13 6.274 1 0.294 1 2.097 6 0.840 6 0.720 6 0.846 8 0.824 0
aprigms24 10 5.0925 0.360 3 1.9170 0.803 6 0.7353 0.809 6 0.783 3
Pchgms1-1 5 4.1212 0.294 1 1.465 2 0.757 4 0.7353 0.763 0 0.714 6
CPSCT26 9 4.186 5 0.3529 1.671 4 0.761 1 0.617 6 0.766 8 0.726 8
Mean+SD 9.538 5+ 4.483 5+ 0.369 3+ 1.712 4+ 0.763 7+ 0.719 5+ 0.769 3+ 0.733 6+
2.503 8 1.097 4 0.086 6 0.251 0 0.060 9 0.057 7 0.061 4 0.066 2
KEFLULI, RN HIEBAGIER 2 S

JEAR A& Fe B« Z oo ik ik, RE4E —
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Table 4 The change of primer combination and distinguished accessions

Primer combination Germplasms can be distinguished

Subtotal Total

PaCITA19

‘HGJYM12> ‘HGIJYMI13® ‘HGJYM14> ‘WSDG6’ ‘DBS5-309° ‘DB19-6> 28 28

‘WSDG1’ ‘DBS5-324° ‘DB-2’ ‘DB-5-1° ‘DB-1’ ‘DB1-258° ‘DB-9-2° ‘TZ-3’
‘GF-16" ‘GZ-1" ‘LEGZ-1° ‘YD-2’ ‘ZS-2’*GF-4’ ‘GF-29’ ‘GF-5" ‘XM-18’
‘XM-10’ ‘XM-5" ‘XM-11" ‘XM-DFH’ ‘Meiren’

PaCITA19+Pchgmsl-2

‘DB-5-2° ‘DB-9° ‘DB-4’ ‘DBS5-5°

‘DB5-1° ‘HGJYM10’ ‘DB-6’ ‘DB4-415" ‘GF-1’ ‘GF-2° ‘HGIJYM3’ ‘YD-1" 30 58
‘HGIYMS® ‘GF-13° ‘GF-6° ‘LV-4°

‘GF-24> °‘GF-7 ‘DB-9-1" ‘HGJYM6’ °‘GB10-3° °‘GF-3° ‘XM-6FH’

‘HGIYM24> ‘HGIYM28® ‘GF2-2°

‘HGIYM11”
PaCITA19+Pchgmsl-2+ ‘DB4-245" ‘GF-25° ‘DB-14’ ‘GF-21°
Pchgms3 ‘HGIYM26°
PaCITA19+Pchgmsl-2+
Pchgms3+MAO17a
PaCITA19+Pchgmsl-2+ ‘GF-22’
Pchgms3+MAO17a+BP
PCT004

‘HGJYMT7” ‘HGJYMS® ‘HGJYMY’

‘LE1-215" ‘DB4-4° ‘HGJYM22> 8 66
0 66
1 67
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Figure 2 Heat map of genetic similarity coefficient of 68 tested materials.
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Figure 5 K value curve.
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Figure 6 Population genetic structure of 68 tested materials based on SSR markers (K=2). Red: Subgroup 1;
Green: Subgroup 2. The height of the colors indicates the proportion of each individual belonging to the

respective group.
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Table 5 Molecular identity code of 68 accessions

Germplasm name Molecular ID Germplasm name Molecular ID
‘HGIYMI12’ MAEG16AH2S3A5 ‘GF-4 E76E4439AJ47F
‘HGIYM13’ LAGG1EAFDMDAS ‘GF-6’ 030I111422F936
‘HGIYM14’ 5CFI1BAC4FBC6 ‘GF-29° S10K11D22FD16
‘WSDG6’ K7EM1CD22M37A ‘Lv-4 93LKFGF366831
‘DB5-1° L8GG1CD938D85 ‘GF-24° E9OM46A22FD9B
‘HGIYM10’ L3GG4ED2EFD35 ‘GF-7° 873LE6DMHPI75
‘DB5-309° TASE16AG45QAA ‘GF-25° 93674174AJ23B
‘DB19-6’ F6AJ35912E065 ‘DB-9-2° 9A1G4129BQIA3
‘WSDGI’ Q4EH19A7JED45 ‘DB-14° 9ALI6567668A7
‘DB5-324° 175E15A628Q7B ‘HGIYM6’ L6EE16A53B365
‘DB-6’ L9GG16AF3MD95 ‘GF10-3’ E2DJ41FA2B52B
‘DB-2’ J75E26DG48F7B ‘GF-21" 64K7E559FD944
‘DB-5° 67EH36A525P76 ‘GF-22’ 64K74551FD94F
‘DB-1’° CAFM35A0GRLAS ‘GF-3° E67K31A4ANE6C
‘DB1-258’ 86EF3DC525K6B ‘GF-5° Al4845H15A31B
‘DB-9-1’ N5IC12AM35156 ‘XM-18’ P3M2C2GJ14R38
‘DB4-415 72D715C7CC32C ‘XM-10° IINSATIN2GRIK
‘DB4-245° 86HE3DA12CK6B ‘XM-6FH’ M3FBD1479213H
‘TZ-3’ D62MB6D71ID6G ‘XM-5’ 26F451EHIT169
‘GF-1° 6AGJ46312KFAA ‘XM-11° R3J5C11J14138
‘GF-2’ 64F7415K4K84C ‘LVI-215° 64M8B46F6FC24A
‘HGJYM3’ QY9EJ14D570N96 ‘XM-DFH’ 41N381BH23I1L
‘YD-1° SCFM33D64FBCA ‘Meiren’ H6B17882KLM63
‘DB-5’ 7B5G11D628GB7 ‘HGIYM24’ B1G8BIFCFHIIC
‘GF-16’ B3FIB34L4KC3)J ‘HGIYM28’ G1INI41424FDID
‘DB-9’ C2C746CA68G22 ‘GF2-2’ E3H846C986A3C
‘DB-4’ 568G1GAG3C366 ‘DB4-4° E61M41ABBQ9Y6B
‘DBS5-5° DDIG36972SHDS5 ‘HGIYM22’ B3GKB1ACFHD3J
‘CZ-1° 316697E521M18 ‘HGIYM26’ B309E6C24HD3E
‘LVCZ-1 G76146443R976 ‘LV-1 64MB46F6FC24A
‘YD-2° 9C67165EAJSCA ‘HGIYMT7’ C7EA3DAD3H675
AN OING11224F915 ‘HGIYMS’ MI9EE3FAC25396
‘HGIYMS’ LC9E16A8376C5 ‘HGIYM9’ G6EI31DI70765
‘GF-13’ B8F7EFC24K98I ‘HGIYM11® NI9ED4AA279Q95

3.3 RLSIYINIERERES 75 F S0 IEdwiG
BT 55| Y% e 2 R IR B, A
WF5E AT AT — X B — 5 | ) 4 TevE X 3 68 A AE 2R
eI, AKYE PICIE N S BMRAOITUY , —Xf 5]
Yt B IEI, HBEARX ST 68 4>
PERFRAMEFP BT A IE . AWFSEEH PaCITAL9
Pchgmsl-2, Pchgms3, MAO17a #1 BPPCT004

&: 010-64807509

e 5 X5 M T 68 A48 R MR T Y
Bk is s g, AR00IRE TR
FE IR FNHERA B, Ao A R M AE 7+ &
EA RS . BEPLHE2H T SSR #Rid
FeARXE 23 X519 I ml i o UK 3 17 4 B
R, 10 X5 PRy 145 R Ak e X 53
148 I HEAEFI T IR . X MR 3 13 45

X: cjb@im.ac.cn



652

ISSN 1000-3061 CN 11-1998/Q =4 T #2*44 Chin J Biotech

1 2 3 4
AR 1A R 1 R

EI EIEI:EEI E:E ESE
""ﬁﬁ

Y \IIIIIIIIIHIIII |||Hl|||iIIIIIHIIHI\IIIIIIII LI Il IIIHI\IIIII\I (i IIIIIHIIIII\II\IIII

= IEI E = ==
EI EI
Mg \IIIIII I NHIW\IIIIIIIH]IMI\ i IIHIIHI[I\I llII W HIEIIIHI[I L]

S 5 B8 o

ImnmmﬂmmwlHWMWMMHWHMMMMNWWHHHWWWWHMWH
":'E| % (=] 5 =] IE El
% Ebﬁ
”mwmmm|mmmmmmmwmmmmmmmmmm

BgE ELE EpE EE
[=].7=3 E [=]* [=]*

36 37 38 39
RN AN COENARN ORI O OATAT AR RO RO

OpH0 IEIH;._EI EIﬁ'EI [=]
e IEI' [al: *H

I\MIIIIIHIIIIIII\HIHIII |||\|||||m|n|m|||| mnnuumnnn||1|||||| IIIIIIIlIIﬂI]IIIIIMIIII
.[=] [=]:31[=] E!:;!EI
EI
50

O a0 l\IIHIIII!I!HIllIH'\I IIIIIJ'\IHIIIIII]I I ||I|II\IIIIII[II]ilIﬂHIIII

5k o9 "%%@%E

111 \II\IIIIIIIII!IIHIII IIIIIIII'IHIHII [ ‘lll]HllIIlIﬂIIIIIIIIIIIﬂ \lllllll\ﬂ\l\lllll] i

EIEEI EI% IEIEIIE
EI

67

AR U AR OO0 OO0

EIS:EIEI"“EIE_IEIEIEI
e i B E

5
(A0 TR IHIIIIIIII [T IIIIII T

EI 5 EAE EFE
@Fﬁ‘%

IIIII\III\IHIHIII\IIIIIII IIIIIIIH\IIHIII[IIII\I]\IHH I IHIIIHIIH]IIII[I\III

“%ﬁ”ﬁfoﬁ

[ |ﬂl|ﬂ L |l||||[i\|l||]||]|\\Hl\l]l ||ﬂl|ﬂﬂ|ﬂ[t|\|||||||
8 6 %

E E E E @rE

33 34 35
{00 R O At

a%?%mf@

I[III\IIIIIIIII\WWII\IIFI ]III\HHIII\[IIIIIHII\ \llllfll\llHIlIIlI|||||||||l|

im EHE E

I I[IIIIIIIIIIIII {11 IIIIUII!III III'UJ (1] \llllﬂlll! (N

mEm EpE Eam
m%ﬂsi (s El

54 55
ARVITRTTRNRRELMTORN AR AR A 0 lIIIIIIIIHIII\ (I

s o G

i IIIIIHIHII (LR AT H HIIIIIiIllII\I \llll[lllli\lﬂllll\lll I

IEI#EIE%EE%

T

7 68 3HEHIFRAD S ZYERD M

Figure 7 Barcode and two-dimensional code ID cards of 68 accessions.
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