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The Genetic Diversity and Population Structure Analysis of Cultivated
Species Malus prunifolia (Willd. ) Borkh. of Malus Mill.
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( Research Institute of Pomology, Chinese Academy of Agricultural Sciences/Key Laboratory of Biology and Genetic Improvement of
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Abstract: Genetic diversity and population structure analysis was carried out on the newly collected
cultivated species Malus prunifolia ( Willd. ) Borkh. using the fluorescent labelled SSR molecular markers.
This work attempted to identify the genetic diversity and population structure, thus providing guidance for
future germplasm collection and preservation as well as selecting the parental lines in rootstock breeding.The
genetic diversity index, the Neighbour-Joining evolutionary tree and the population structure were analyzed
by using GenAlEx 6.501, POPULATION 1.2 and STRUCTURE 2.3.4, respectively. Three-hundred and ninety
polymorphic alleles were detected by 19 SSR primers, with an average allele number of 20.526 and an average
effective allele number of 9.399.The average values of heterozygosity and expected heterozygosity were 0.706
and 0.868, respectively.The Shannon diversity index of Malus prunifolia ( Willd. ) Borkh. was 2.446, higher
than that of other Malus Mill. species.By cluster analysis using the Nei genetic distance ( 0.9167 ), the accessions
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were assigned to three groups.A close genetic diversity among three groups was observed, and the groups divided

by genetic diversity and the geographical collecting sites were weakly associated.By analyzing the population

structure, these accessions were divided into two groups.However, the Q value of 150 accessions were higher

than 0.6, suggesting a relatively single blood relationship.
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Table 1 155 accessions of Malus prunifolia ( Willd. ) Borkh.
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No. Name Origin No. Name Origin No. Name Origin

1 FEPHT PEBIEAAHL (|11 SSEWER 2 S PRI |21 VEIEHE 2 5 P S
2 B NG5 PEBRITOEE |12 ZHEWEE3 S PEICTENE |22 AP T 25 PR TER
3 PRI 5 PERIEILOYE |13 BRI 1S R T AR T 23 RIER T35 LR TER
4 [EEPNISE PEBRRIIOEE (|14 SSEWEE 1S PEIDTEE |24 FHEEEER  PEmLR R
5 Hrites PEBIBILHBR (|15 RERIEAE2 5 LT AR T 25 CE=0E S HET LT &
6 PO 5 HPEEARAF |16 ARFERCT 1S FpIECRTES |26 EERESE 1S R E LR
7 TN HEE AR N |17 VPR S PP e |27 HHMER 3 S HhER L &
8 ANV 20 S PEE AR F |18 TR 1S PPEEIE S (28 SRR 1S R R
9 i 6 3 EEMRA TN |19 TR LS PEEEE TR (29 R 45 R R T
10 SR EEMRA TN |20 TR 2 S PPEREEE TS |30 SRR 2 S R EEE R T
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No. Name Origin No. Name Origin No. Name Origin
31 HREE2Y rhE AL B 73 ik 22 % e i 115 A4 e i
32 FRIEHES S FREVIE R R |74 %235 X 116 A5 e
33 PR3 S PR R ]]75 W15 % Wi 117 W2 Clen
34 ERNA PR R (|76 k245 % Wi 118 5345 Clen
35 mEhmiER 2SS hENHEERE (|77 BER1Y % Wi 119 L1175 e
36 FRESE2S ol 78 K2 % Wi 120 B4 Clen
37 TR e PREASEETIRE (|79 % 18 =5 % Wi 121 WSE Clen
38 PR A3 P PR A 80 BL25 % Wi 122 105 e o
39 T B 21 5 FPELLPE ST ]|81 R3S % i 123 125 e
40 Vi A PEILPEFEE |(82 K45 % Wi 124 13 5 e
41 WHIEE 25 FPELLPEIOIEE  [(83 L6 % Wi 125 Hns e
42 IR PPELLPEIL I |84 L1 % Wi 126 B2 e
43 VR G2 PELER S B |[85 B8 % W 127 7135 e
4 KZilHE25 PELPER S H (86 iL9% R i 128 10 = G
45 WA MELWLPERET |87 KW 15 e 129 115 e
46 PR LT rhE L P R L 88 AW 2 5 G 130 K125 G
47 R FE R R (89 KW 35 2 131 135 e
48 5K R I FEH R |90 w95 % W 132 535 e 7
49 A1 FIERT PETORRILE (|91 7510 5 i 133 iH 45 G
50 Bkt RS ET |[92 Bl ariER 1 B X M 134 155 e
51 RSN o | B P 93 DiLLrIHE 2 5 X 135 K6 W i
52 Go[E HEAR(E PEBSEGT |94 BILLE 3 S % W 136 BRT1E %
53 VARCIRE PEDERAA (|95 WL AR 45 % 137 KR8 %
54 AL rp AL 96 1 % W 138 L NCES %
55 HEmHE1S % i 97 8% X 139 145 e i
56 KR1% e 98 ko= % W 140 155 Clet
57 (K] e 99 105 2 i 141 R RIEGH 15 e
58 [ e 100 1 2 i 142 BRI 2 5 e
59 t 4 % 101 35 2 143 EK RS 3 5 e
60 6 e 102 k45 2 144 EIR RIS 4 5 e Wi
61 8 % 103 s % Wi 145 W6 e
62  HEIH2S % 104 6= % 146 W L o
63 K25 g 105 7% % i 147 w8 e o
64 () % i 106 %195 2 i 148 KW 45 e
65 ts % i 107 20 5 2 i 149 KW 55 e
66 7 Giesdin 108 Al e 150 KW 6 5 e
67 t9 % i 109 215 2 Wi 151 KW 75 e
68 K15 2 110 145 R i 152 145 G
69 25 e 111 7155 e 153 155 G
70 TR 105 e 112 5165 G 154 16 5 e
71 RIS e 113 A2 % W 155 175 Gt
72 RS Giegh 114 A3 % W
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1.2 DNA #2EUK SSR #3H

K HI1% [ QIAGEN f) DNeasy Plant Mini Kit £/
IR R 2 i i ZE R 4 DNA. M\ Hokanson
4131 jebhard %5 %’ Yamamoto %5'* ' Fl Guilford
a8 S A 31 R gk B 8 W R B B AR

+R2 193%F SSR S| R KM

Table 2 19 pairs of SSR primers and optimal PCR conditions

100~300 bp Z [H] ) SSR 5|4 19 X}, 5| ¥ 44 PR 5
FFF UL 2, Hod, NH009 b, NHO15 a 1 NZ28
f4SSR “NAL SSR 514, SSR I IM 51N 5" Vit A
6 FAM™ Z¢)6ARiC SSR 1E [ 51 4 b T A KR
Sl E .

E{t7PA ER3IFS (5" 3") RS (3 5" ) SEACRIE (C)
Primer name Forward primer sequence Reverse primer sequence Annealing temperature
GD 12 TTGAGGTGTTTCTCCCATTGGA CTAACGAAGCCGCCATTTCTTT 58
GD 15 CGAAAGTGAGCAACGAACTCC ACTCCATCATCGGGTGGTG 59
GD 96 CGGCGGAAAGCAATCACCT GCCAGCCCTCTATGGTTCCAGA 51
GD 100 ACAGCAAGGTGTTGGGTAAGAAGGT TGCGGACAAAGGAAAAAAAAAAGTG 60
GD 142 GGCACCCAAGCCCCTAA GGAACCTACGACAGCAAAGTTACA 56
GD 162 GAGGCAAGTGACAAAGAAAGATG AAAATGTAACAACCCGTCCAAGTG 58
CHO1 ho1 GAAAGACTTGCAGTGGGAGC GGAGTGGGTTTGAGAAGGTT 56
CHO1 f02 ACCACATTAGAGCAGTTGAGG CTGGTTTGTTTTCCTCCAGC 58
CHO02 d08 TCCAAAATGGCGTACCTCTC GCAGACACTCACTCACTATCTCTC 55
CHO1 d08 CTCCGCCGCTATAACACTTC TACTCTGGAGGGTATGTCAAAG 60
CHO1 f07 a CCCTACACAGTTTCTCAACCC CGTTTTTGGAGCGTAGGAAC 58
COLa AGGAGAAAGGCGTTTACCTG GACTCATTCTTCGTCGTCACTG 59
CHO5 03 CGAATATTTTCACTCTGACTGGG CAAGTTGTTGTACTGCTCCGAC 60
CHO02 d12 AACCAGATTTGCTTGCCATC GCTGGTGGTAAACGTGGTG 60
CHO02 b10 CAAGGAAATCATCAAAGATTCAAG CAAGTGGCTTCGGATAGTTG 56
CHO1 d09 GCCATCTGAACAGAATGTGC CCCTTCATTCACATTTCCAG 56
NHO009 b CCGAGCACTACCATTGA CGTCTGTTTACCGCTTCT 58
NHO15 a TTGTGCCCTTTTTCCTACC CTTTGATGTTACCCCTTGCTG 59
NZ28 f4 TGCCTCCCTTATATAGCTAC TGAGGACGGTGAGATTTG 57

PCR A Z 218 Cao % {907 ¥, ¥ 3 7 W) 14
alifb ik 25 IR 17575 . PCR RS AE Bio-
Rad PTC-200 [ #t47., PCR ¥4 Jf 2 i 4l fk )5 1)
SSR 7 GHRC =W AE 3 [ ABI 3730 FL R I
HEA 9 AN, e S AR s
1.3 HEFITS5HF

F| Fi GeneMapper3.0 #¢ 4 XF ABI3730 U 4E
Bl EAT A BT, BRATAS [ BE 5 78 A5~ SSR iz 4 Y
P14 R B R, RV o8 . R st A% Rs 43 A
B GenAlEx 6.501" %) 185 4 265 1 45 o7 35 PR %
(Na ). SSR 3 i B A 250 55 o PR KR ( Ne ) WL %6 2%
AP (Ho ) WA & (He ) [H @ 1850 (F) KX 7
KRR E (1) (L Z R bR, LT Nei
15 #6535 D, ) B POPULATION 1.2 4% i #4

155 4y ¥ K} (1) Neighbour-Joining (NJ ) #t, 3f:
16 28 25 & % 1} iTOL (interactive tree of life ) 12 22
4. {#i F§ STRUCTURE 2.3.4 #E47 U 37 B 20
ST ATRER A9 35t A% 25 44 1 ff o e A n BF IR T 4. 1
St & & K=1~8, & % Burn-in J& 4 & 100000,
MCMC ) 5 & K Eh 100000 ¥, % TR A AR 7Y
TRITAH O 45 {37 66 PR AR %, X6 AS [R) A KO(ELE A7 10 Ik
BRIBAT,REHIEE R 7 B85 R S 43,
| f£ 3| “STRUCTURE HARVESTER” ¥ 3} (http: //
taylor0.biology.ucla.edu/struct_harvest/ ), ifl i AK
i 52 e AE KM, # AT CLUMPP 1.1.2 4% {4
b B 10 YR A ST 3B AT A B 43 e &R AL AR S Al
DISTRUCT 1.1 8% 1 55 25 S it 47 BB 4k
i o
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2.1 SSR ¥ MM S

A 19X B A B & 2 25 #: #9 SSR 51 ¥ Xt
155 03 Wk 71 8 19 3 K 2 DNA #4753, St 4
390 A MESEN L (Na ), 23851 % 3
K 9(GD15 )~ 33 (CHO1 d08 ), “F- 2118 7 20.526
(£ 3)o BRFESPERAMLE A 2 A AH A (B )

&3 [ SSR i mpYiE R S HIEFHE

o ANTE] (R ) A SR . A R SE L (Ne )
g 2.475(NZ28 4)~13.558 (GD96 ), F ¥ (i Ky
9.399, WL 2% (Ho ) 4 0.465~0.890, *F- 24
4 0.706, WIERZLATE (He ) 4 0.596~0.926, FH4{E
4 0.868, FAZHMEFEEL(1) J 1.221~2.925, F
YIER 2.446, T EFEE(F) RATE GDI15 Hihy
TUE, FARB N A, DA N S A AT

Berb.

Table 3 The characteristics of genetic diversity of different SSR loci

B AV AENEL ARG A MR AL MBI WA e I#i] 5 4L
Locus Na Ne 1 Ho He F
GDI2 22 7.710 2.405 0.632 0.870 0.274
GDI5 9 2.588 1.221 0.645 0.614 -0.051
GDY6 25 13.558 2.830 0.871 0.926 0.060
GD100 18 10.092 2.519 0.594 0.901 0.341
GD142 22 11.274 2.627 0.826 0.911 0.094
GD162 22 9.994 2.583 0.652 0.900 0.276
CHO1 ho1 20 9.328 2.529 0.465 0.893 0.480
CHO1 f02 18 11317 2.584 0.774 0.912 0.151
CHO2 do8 18 8.846 2.438 0.781 0.887 0.120
CHO1 do8 33 11.373 2.925 0.723 0.912 0.208
CHOI1 f07 a 21 10.050 2.613 0.890 0.900 0.011
COLa 19 9.524 2.503 0.742 0.895 0.171
CHO5 €03 23 10.144 2.592 0.568 0.901 0.370
CHO02 d12 22 12.688 2.760 0.813 0.921 0.118
CHO02 b10 22 8.647 2.510 0.626 0.884 0.292
CHO1 d09 24 9.796 2.619 0.755 0.898 0.159
NH009 b 22 12.813 2.715 0.839 0.922 0.090
NHO15 a 19 6.357 2.093 0.671 0.843 0.204
NZ28 4 11 2.475 1.416 0.555 0.596 0.069
FHIE Mean 20.526 9.399 2.446 0.706 0.868 0.181

Na: Number of different alleles, Ne: Number of effective alleles, /: Shannon diversity index, Ho: Observed heterozygosity, He: Expected

heterozygosity, F: Fixation index, the same as below

22 4 NMWCFEEREE SN

P KRR B IRAS 0 s B DX R 53K
4ASBER, 43 o E AR AR P E AR AR R AR h
I PUACRHARFUR S IRt R WA 2814
A7 PR RS B BRI A AP FR RS
B, AN 16.737.8.469 F12.314( £ 4 ) ; 2HRRE
BB G B T 0.5, E PU AL REA A Wl 28 2
G REN 0.770; 5 Bk n BB 22 5 B i
7 0.852; WHEB A G B SR A5 H /NI
U AL R, 22 (B R R e A [ 1R

A BERS g IE AR, e v B P G AR b d
/NFg0.046 A0 LE T HABRHA I AT Z
23 4 NMRFEENEEESSSEES L

HHA R EA 5 B Nei 3844 15 25 Fs L 01k &
(RS, &M RHAN B2 5. FTUE
R AR A v [ P AR A R s A B e K
9 0.561, 1 E PYILHEA SR WA ] (s A B
Z 9 0.536, 11 1 E AR LA S5 0 D TR AR ] ) st A%
PR BT I/ 0201, 4 /SRR [R5 % 201k R ALK
0.016~0.043 , (I TTHHA S Hh A LR R 135t 4% 401k
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Table 4 The genetic diversity among the four geographical groups of Malus prunifolia ( Willd. ) Borkh.
LS REACS — NN N N N .
. o ZAMEENENE AREEIERE HREAMIRE WERAE BEAAE BEREE
Population of Malus prunifolia
Na Ne I Ho He F
( Willd. ) Borkh.
ARG 10.579 7.077 2.089 0.723 0.843 0.137
Population of Northeast China
o E AR 14.053 7.502 2215 0.727 0.840 0.130
Population of North China
P E PR 7.947 6.098 1.885 0.770 0.816 0.046
Population of Northwest China
T dN 16.737 8.469 2314 0.693 0.852 0.183

Population of Russia

RS ATMTFREEMBEEESMEESURY
Table5 The genetic distance and genetic differentiation coefficient among the four groups of Malus prunifolia( Willd. ) Borkh.

L GR I P E AR LR LR ESEEERIAE AT SRR REEEN W A
Populations of Population of Population of Population of Population of Russian
Malus prunifolia ( Willd. ) Borkh. Northeast China North China Northwest China

P ARG 0.000 0.028 0.033 0.024
SRIESEEERI RSN 0.364 0.000 0.043 0.016

ERIES TRl 0.398 0.561 0.000 0.041

W2 Wi 0.310 0.201 0.536 0.000

XL I E AR E] Nei 35t (BT, % fZk L7 IR IR B1580 0% S (L R B (Fse )

The data below the diagonal is Nei genetic distance and above the diagonal is Fist

FEEAR N 0.016, 1My E PACHEAA S b AU RE A
] FR s A% A 2R 8= A 0,043, BRI fL 15
FEAETFREAR R, BB (L ot b . R TR A
5o 2R R T s A% M 8 s A 40Pk R BB K
FHE T EAICRE AR 0, E PEALRRA S o E 4L
FEURIA) A HE B AL /L R B R T H 5 h
ZRACTEAR R, i rp R AR LR AR S [ DY U R AR TR] 7Y
AL B R AL Ak R BN KT S 2 SR k]
(o 53 I 22 A7I g S A TR R AR ] g 2 % I8 25 s A%
G345 M B B A G, v AR LA S A 3 AN
(AR IE] (R AL B RS 73T 5 M LR 28 50 A G
24 ETF Nei BEEBNREES T

BT T A AR BRI SSR B Y Nei 15t £ 1
BT NI RIS, fE LIRS 0.9167 &b, 155 44
BT ARG 3 A2 (I 1), 3 A 28HE (R (it (4 1R
BHGIT , A DAL A4 L X A SRR AR ]
A 58 R F AR R 43 A A L 28R iR
TS W 30 1 LA b [ At st Xl Ib 4 19
70y AUPEE VRIS AR 1 AR ST
A5 AR W 34 45 LU E AL L X T A 1Y 11
P ANLPEZ 2 Oy Rt rp B AR b Hb DX 35 MRAs 1 3 15
LT 1 MRL 8BNS AL ZRE MR E , L IX

A8 Oy A i 52 2% A B 5 1 i 38 A P 4R
JeH XA 3 ALV 5 4y o E AR L X R
VLA 5y A 2 iy ML 748 4 DL b E Y
JCHEIX AR, Sk B ARE W AT A b DX A
BHE 3 AR oA (AAEZERE T AT rhAR XS
Fe e vh, Hp 2R b DX A R A e 2 T AT
P DA AR R A R RE T
2.5 BHEEfEEHST

KT SSR 3 ThRicEdExT 155 Itk Fh R Tk
RESF 53T, BB S HTREIAE K O 1~8, EE 5 10 1R,
R 15 21 1 25 5 (& 2A), B & K E A9 34 i, LaP
(D) —H L7, TH R A 5. KL, iR 4 Evanno
SEDU T AR R E K (H, 24 K=2 i}, AK
B RAE (B 2B ), 155 (A RHEA 2 AT RERYIE A
SRR, [l X AR AN]SR AR A (]
(& 3) 5 155 R BRIk 2 ANZHEE AN ] R U5 Ml 1) 4
BHERER P E A (I 4). J58E T A5 45 bt
BEZERE TS 110 3Rk, A4 3 DIl A 41 )
TP ) e R ES TR [ o D O s e e R B e o
BhR Z, th E AL RIS ks ko e 2 AR
JbHb X JE =k A AT RS2 B i 22 50k R
PR AH AR
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LnP (D)

B =% ENortheast China
. P HiRussia

B #E4%dENorth China

[ ] % E7ENorthwest China

TERR Y SR AN 53Ty 3 NS R0 SRR | W5 SO T S RS (503 SO 2R T
Three groups were divided at black branch, the first part with orange branches is group [ , the second part with blue
branches is group II , the third part with purple and green branches is group Ill
1 ET Nei BfEEEEA NJ REE
Fig.1 The Neighbor-Joining cluster based on Nei of SSR data

A B
~13400 } 4 $ 3000
-13600 + + 250l
~13800 s00l
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. 2150}
~14200 - 100
~14400 |
50t
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14800 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1 2 3 4 5 6 71 8 2 3 4 5 6 7
K{H K value K{H K value

B2 K{ESLnP(D) AKEZHEEE
Fig. 2 Line chart of K with LnP( D )and AK
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DB: fE 7Rt ; HB: tE4AEAL; XB: fPE P ; RU: H2 7
DB: Northeast China, HB: North China, XB: Northwest China, RU: Russia
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Fig.3 Analysis on genetic structure
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106(4) 113(4) 116(4) 151(4) 90(4) 124(4) 115(4) 46(2) 95(4) 79(4) 132(4) 149(4) 754) 85(4) 89(4)

473) 5(1)  18(2) 57(4) 62(3) 104(4) 1(1)
483) 1384) 13(1) 12(1) 40() 50(3) 36(2) 8(1)

452) 6(1)  81(4)  110(4)
65(4) 162 78(4) 824) 1114

101(4) 125(4) 71(4) 153(4) 83(4) 148(4) 32(2) 128(4) 20(2) 86(4) 129(4) 37(2)
108(4) 192) 133(4)

17(2) 29(2) 74(4) 70(4) 130(4) 143(4) 141(4) 95(4) 131(4) 142(4) 145(4) 24(2) 68(4) 35(2) 10(1) 22(2) 23(2) 30(2) 69(4)
28(2) 150(4) 155(4) 139(4) 88(4) 93(4) 93(4) 72(4) 118(4) 42(4) 103(4) 146(4) 147(4) 134(4) 140(4) 15(1) 26(2) 117(4) 33(2)

144(4) 432) 44(2)
120(4) 53(3)

BEARAR bt 5 B IR RS (12 TPEIARAL; 2. PSR 3. tPEIVGAL; 4. BB 7). GhAetnl Q fE;
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Fig. 4 Results of the model based clustering ( K=2 ) of 155 germplasm of Malus prunifolia ( Willd. ) Borkh.
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