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Abstract: This study used fluorescent SSR molecular marker to analyze the genetic diversity and
genetic structure of 17 populations of Malus baccata and Malus prunifolia from nine provinces. The
results showed that 416 polymorphic alleles were amplified by 19 SSR primers, the percentage of
polymorphic bands was 100%. The genetic diversity of overall 17 populations was high (N.=9.284, H.=
0.862, I=2.432), while at population level the genetic diversity of Malus prunifolia (H, = 0.870, I=
2.412, N. = 9.019)was higher than that of Malus baccata(H. = 0.848, I=2.350, N, = 8.652). The analysis

of molecular variance (AMOVA) revealed the genetic differentiation mainly w1th1n populations (95%) .
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The genetic differentiation coefficient (Fy) among populations was 0.278, and gene flow (Np,) was 5.031.
These results indicated that Malus baccata and Malus prunifolia were all hybrid groups by outcrossing,
and there might have been genetic communication among groups at some time in the past, but at the same
time they had resisted genetic differentiation among groups due to gene drift. Neighbour-Joining clustering
and Structure grouping were used to classify populations, and the genetic distance between every two
populations and group affiliation were not completely related to geographical location.
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Wiz bz — (G 5, 2005), My EEREEESEEMIS AR EERE, ESET
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W3F (Malus baccata) FMkT (Malus prunifolia) ))& F} (Rosaceae) ERJE (Malus).
WP R R i) BRBONEFEERE Rt 55, 2017), TEMNEE B ASF R dk
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iz ERE, 2007, £FZ% 25, 2008; ¥4 2%, 2015; Dadwal et al., 2018; Kumar et al., 2018),
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Table 1 The information of Malus baccata and Malus prunifolia from nine provinces

W37 Malus baccata Wk Malus prunifolia

KIS RIEH FHEAAD 5 i FPHEARRS s T

Origin code Origin Population Accession No. of Population Accession No. of
code code accessions code code accessions

1 i Xinjiang — — 0 XJQ 286 ~ 288 3

2 Hif Gansu GSS 1~4 4 GSQ 235~238 4

3 B&PE Shaanxi SXXS 234 1 SXXQ 285 1

4 117 Shanxi SXS 219 ~233 15 SXQ 276 ~ 284 9

5 W5 Inner Mongolia ~ NMGS 175 ~218 44 NMGQ 275 1

6 4t Hebei HBS 5~62 58 HBQ 239 ~259 21

7 JL 7 Liaoning LNS 174 1 LNQ 270 ~ 274

8 FHk Jilin JLS 155 ~173 19 JLQ 265~ 269 5

9 HIEIT. Heilongjiang HLJS 63 ~ 154 92 HLJQ 260 ~ 264 5

JS3 Total 234 54

1.2 DNA {ZEUA PCR K&

K H1E[E QIAGEN [f] DNeasy Plant Mini Kit $HUHHAR B K 4 DNA. M Hokanson %5
(1998). Liebhard 2% (2002). Yamamoto £& (2002) F1 Guilford £& (1997) {3 1541 ik By 1
P B BEAE 100 ~ 300 bp, ZeA0 Il B & FE 2 A MERT 19 X SSR 914 (£2). Hrh, NH009b.
NHO15a 1 NZ28f4 %L SSR 5145, 4% 16 X NER SSR 514, SSR I [ 5| ¥H1 5544 6FAM™
FHEFRIC SSR IE A 51 W A T4 e

&2 SSRIMERMILEH

Table 2 SSR primers and optimum conditions in this study

5144 7k ERSIFS (5-3") REGIMFS (5-30 B/ 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
CHO1h01 GAAAGACTTGCAGTGGGAGC GGAGTGGGTTTGAGAAGGTT 56
CHO01{02 ACCACATTAGAGCAGTTGAGG CTGGTTTGTTTTCCTCCAGC 58
CHO02d08 TCCAAAATGGCGTACCTCTC GCAGACACTCACTCACTATCTCTC 55
CHO01d08 CTCCGCCGCTATAACACTTC TACTCTGGAGGGTATGTCAAAG 60
CHO1f07a CCCTACACAGTTTCTCAACCC CGTTTTTGGAGCGTAGGAAC 58
COLa AGGAGAAAGGCGTTTACCTG GACTCATTCTTCGTCGTCACTG 59
CHO05¢03 CGAATATTTTCACTCTGACTGGG CAAGTTGTTGTACTGCTCCGAC 60
CHO02d12 AACCAGATTTGCTTGCCATC GCTGGTGGTAAACGTGGTG 60
CHO02b10 CAAGGAAATCATCAAAGATTCAAG CAAGTGGCTTCGGATAGTTG 56
CHO01d09 GCCATCTGAACAGAATGTGC CCCTTCATTCACATTTCCAG 56
NHO009b CCGAGCACTACCATTGA CGTCTGTTTACCGCTTCT 58
NHO15a TTGTGCCCTTTTTCCTACC CTTTGATGTTACCCCTTGCTG 59
NZ28f4 TGCCTCCCTTATATAGCTAC TGAGGACGGTGAGATTTG 57
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PCR K RS Cao 25 (2011) M7k, ¥ HEF=Maitiik RS RETESE (20100 5%, PCR
S N.7E Bio-Rad PTC-200 FiE4T. PCR ¥ #4320 4lifk 5 i) SSR P yehric = u7E £ E ABI 3730 %t
S S 0V i ey ot 0 P - Y R R A 8

1.3 BG5S

FIH GeneMapper3.0 B4 ABI3730 W ARt HEAT 70 b, FRAG AN [FIBE i FE B> SSR A A5 (11971
B o I 8L B0 0 BT 01 GenAlEx 6.501 (Peakall & Smouse, 2006, 2012) -5 Z &M%
REFEEL (N SSR AL AT A RS EE RS (N WERATE (H) MIEREE (H). [EEds
(P RERZHMEREE (D 8 ZREMERR, AR K2 7257 (AMOVA). #/H
GenepopV4 (Rousset et al., 2008) Fl Fstat293 (Goudet et al., 1995) THH R E] (¥ E4E 3 b R AL Fy
FIFERI Nomo FIH] POPULATION 1.2 #%8 288 3 Ll 5 AUk 7~ 17 DRI HEHE T Nei's 1804% BE 2§ DA(Nei
et al., 1983) [ Neighbour-Joining (NJ) @A, FH7ELL: B4+ iTOL (Letunic et al., 2016)
221 o

I AR RE IR A% 454 A H] STRUCTURE 2.3.4 #£47 DM 582K (Falush et al., 2003) J£fi & A fE
MIZREE 20 . WO SO AR R R IR GRALHFA%D K =1~ 15, Burn-in JA#]74 100 000, MCMC
(I HE E CECN 100 000 7k, SR VR S BRUARE SC SR Ar Bk PRI, 0 AN A K ELEEAT 10 IR R IEAT,
SRIGH G 25N £ 4s SO R4, A% 3]“ STRUCTURE HARVESTER "3k Chttp: //taylor0.biology.
ucla.edu/ struct_harvest/), H2#f& Evanno %5 (2005) 17557543 2IAK FIALSRAE F0T £ B8 24 Inp (DD,
Gy Ve EE D PR (KO B8, e St K fH. A CLUMPP 1.1.2 ¥ (Jakobsson & Rosenberg,
2007) AbFE 10 RMSLIZ TR AT AR Q B (RIEE 1| NEBENMMMAZ I R %D, A5
ffF] DISTRUCT 1.1 #f4 (Rosenberg et al., 2004) H¥iF&H 25 Lit4T BT H -

2 RS0

2.1 SSR 5|¥¥ LM

FIIH 19 X} SSR 51 4%f 288 73 111 3# 7 AMk T A4k 2L K 20 DNA L4734 416 N Z & MEEAL R F
(N, BAMLAEAN 13 (GD15) ~ 34 (CHO01d08), “FHyZEr KA 21.895 (& 3); ZEMALA
H5rE (PPB) 7 100%, FRARFESAERANL S 242 2 ANMIE BRI BOR R OB 507 JE A
B REEAIERNE (N S~ 2.556 (NZ28f4) ~16.806 (CHO1d08), “T-HI{ti N 9.284. WEIEE (H,)
N 0.476 ~ 0.851, “FHMEN 0.635. WIEEEE (H) N 0.609 ~ 0.940, “FHMEN 0.862. FRLZFE
PEFEEL (D N 1.429 ~3.084, “FIME N 2.432. TH[EEFEE (F) ¥ 0.008 ~0.459, “FII{EN 0.260,
A9 IEAE, BB L IR AR AR N e A TR

2.2 AEILGHFRMFHEREE SRS

Ge RN 5T 1A AR A7 BRI % (N.) Shannon’s 6% (1) FIRISEAEGE (H.), 234 1L+
AN 8.652. 2.350 Fil 0.848, 54 kT4 51N 9.019. 2.412 F1 0.870 (3R 4). $zERIEHAFT)E
Pk BT AR 17 ANFEE (R 1), BRI 7RIS RS 2 0 15.684; b7 ia
R IE B i 2 N 8.218, FRIGH A AN 2.278; LTI T WEEMT Beib 1 fpk o
Wk B R R B A RO I R ORI B R FG BN, 1% 4 ADNFEERI R ECE N 1 0 BREGHK
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FHIMEL AR (0.842) e, HRMT (0.763) Wz Wbl FHIE AR (0.852) B
P FEER e Fe 25 (F) IARBYERA - 1.000 ~ 0.289, H i #k¥-
HCE . BRI BRVEA T BrEEMk B e fe g (P SN fE, AH BT I FE RO IEE T

MltERETRSZ.

BT LTI A%

& 3 288 BLUFITFHMTFE 19 1 SSR L RHI B
Table 3 The genetic diversity of 288 accessions of Malus baccata and Malus prunifolia at 19 SSR loci

L S PR 2 R IR DR AL MG RAE WRERESE FAARE IFi 52 i %
Locus N, N, H, H. I F
GD12 24 7.840 0.552 0.872 2.451 0.367
GD15 13 3.533 0.517 0.717 1.614 0.278
GD96 26 12.933 0.698 0.923 2.776 0.244
GD100 20 12.812 0.646 0.922 2.675 0.299
GD142 24 9.081 0.514 0.890 2.545 0.423
GD162 24 11.726 0.740 0.915 2.711 0.191
CHO1hO01 21 11.053 0.590 0.910 2.633 0.351
CHO1102 21 9.397 0.569 0.894 2.538 0.363
CH02d08 20 6.248 0.771 0.840 2.229 0.082
CHO01d08 34 16.806 0.688 0.940 3.084 0.269
CHO01f07a 21 15.085 0.851 0.934 2.860 0.089
COLa 21 11.801 0.722 0.915 2.675 0.211
CHO05¢03 24 8.322 0.476 0.880 2.440 0.459
CHO02d12 23 10.426 0.688 0.904 2.617 0.240
CHO02b10 21 3.942 0.545 0.746 1.877 0.270
CHO01d09 22 5.192 0.517 0.807 2.236 0.359
NHO009b 23 11.400 0.642 0.912 2.650 0.296
NHO015a 19 6.237 0.726 0.840 2.160 0.136
NZ28f4 15 2.556 0.604 0.609 1.429 0.008
“F5{H Mean 21.895 9.284 0.635 0.862 2.432 0.260
R4 LNTFRRFREEMESFIMIRESHMY
Table 4 The genetic diversity among different populations of Malus baccata and Malus prunifolia
i TS SAEEY AREMERS BRI WHEREE WERAE BEEHEHR
Species Population code N, N, 1 H, H, F
L3+ Malus baccata 19.947 8.652 2.350 0.612 0.848 0.275
GSS 4.684 4.054 1.406 0.513 0.714 0.289
HBS 15.474 8.218 2.278 0.601 0.852 0.286
HLJS 15.684 7.198 2.153 0.624 0.823 0.241
JLS 9.579 5.985 1.869 0.626 0.779 0.174
LNS 1.632 1.632 0.438 0.632 0.316 - 1.000
NMGS 11.737 6.495 1.918 0.602 0.760 0.187
SXS 10.053 6.877 2.007 0.625 0.820 0.230
SXXS 1.579 1.579 0.401 0.579 0.289 - 1.000
WF Malus prunifolia 17.421 9.019 2412 0.732 0.870 0.153
GSQ 4.842 4.080 1.424 0.763 0.714 -0.065
HBQ 11.053 6.308 2.002 0.722 0.806 0.090
HLJQ 4.632 3.662 1.356 0.747 0.695 -0.065
JLQ 5.842 4.649 1.574 0.705 0.743 0.057
LNQ 5.684 4.362 1.561 0.716 0.748 0.044
NMGQ 1.737 1.737 0.511 0.737 0.368 - 1.000
SXQ 9.158 6.845 2.029 0.737 0.843 0.128
SXXQ 1.842 1.842 0.584 0.842 0.421 -1.000
XJQ 4211 3.765 1.333 0.754 0.702 -0.097

i MRS 1.

Note: The population code is the same as table 1.



Gao Yuan, Wang Kun, Wang Dajiang, Liu Lijun, LiLianwen, Piao Jicheng.
Genetic diversity and genetic structure of Malus baccata and Malus prunifolia from China as revealed by fluorescent SSR markers.
1230 Acta Horticulturae Sinica, 2019, 46 (7): 1225 - 1237.

2.3 MEHEESE

FEFZ BRI AT T J Al 73 1) 17 AR, BROCE 1R 7 10907 A SEE T Bk
P L3 AR AT DAAR, HAx 13 AR K A6 R BT BIME Fo 09 0.278, JERAL N 4 5,031
AMOVA 7345 R (R 5) R, RS L 22 00 B A2 RN 5%, FHEEA 95%, o AiEA A
PRTE] 57 22%, AR AL 7 73% o 13 ANPIEE RRIRE T8) S Pl P9 AT AR A B0 A7 A B 35 R 18 A% A8 53 (P < 0.001),
LA AR 5 F2 BT ATAE RN A A Y

£S5 HEUHTFHRT 13 MBNSTERSESR (AMOVA)
Table 5 Analysis of molecular variance (AMOVA) among 13 populations of Malus baccata and Malus prunifolia in China

B S B SFI7 A ¥75 % ViEin o i ZG R EH 3%
Source of variance df SS MSE Variance component Total variance
FhiElE] Among populations 12 297.919 24.827 0.392 5

FIEEN (MDD 271 2639.105 9.738 1.860 22

Among individuals

AMAN Within individuals 284 1709.500 6.019 6.019 73

JS 4k Total 567 4 646.525 8.270 100

2.4 FEHRMELSH

17 ANFEER) Nei’s BALEEE AT 0.179
(HBS 1 HBQ) #2.218 (NMGQ F1 SXXQ) SXXOQ
Z i), Nei’s BfE—FENT 0.109 (NMGQ
SXXQ) #0.836 (HBS 1 HBQ) 2 i, LNS
WL MR B A R R (B 1D, 1]
¥ 17 DN ERFIREEE T Nei's BAEFE BT NI
R, RN 3K HPHIBHT (GSQ).
BEVEMF (SXXQ). L7l (LNS). il
T (LNQ). B+ (XJIQ) JHA—K,
HR T (GSS). BEVTHF (HLIQ). W
ST (NMGQ). BRI L3R T (SXXS) 14 o1
RN, WEH LT (NMGS). il
T (HLGS). &AW LS. Wb+

XJQ

GSS

HLIQ
NMGQ

SXXS

SXS
SXQ

B 1 ET Neis IBfEEE 17 MR TR FHEH

(HBS). AL (HBQ). #HMT (JLQD. N BXE
Ll_l @ IJ_I ﬁu% (SXS). IJ_I @ﬁk% ( SXQ ) UEI 79# Fig.1 The Neighbor-Joining Cluster of 17 populations of Malus
3’5 baccata and Malus prunifolia based on Nei’s of SSR data

H Structure @EAT PR AL 45 K49 AH O 53
Mr, WESTMEHK N1 ~ 15, EE 10 K. #HE Evanno & (2005) 17775, HEAKLSAMEAK
Kt KAH. AH Y K =30, AK WS HENME, #EWRE 9 &h 17 MR A58 3
AN (E2), 5 NI REEERMOL B HoRs A B3R i
FF AT AR LR IR BRI A o LR R A RS (D NE
R AR A EEE AR LR R ML IR R B VT LR R A R 2R (L) E
TAGLIR T AEE MR R TR B R — 2R G,
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XIGSSXX SX NMG HB LN IL HLJ

2 FELHTFRRFRET 9 & 17 M HEBIEEERSTE (K=3)

Fig.2 Analysis on genetic structure of 17 populations of Malus baccata and Malus prunifolia from 9 provinces (K=3)
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Fig.3 Analysis on genetic structure of 288 Malus baccata and Malus prunifolia (K= 6)
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1A N 52 L3R AUORHR 7 BT C LR 7 H 9 — 2K (208 BRI IA 7~ WSS IRl &5
PG RE L LR BT 7. Z2EEE R —38 (G FsEmr. HRmT.
BRPGAK T a3k LR T s MRk I8 — 28 CBE G HR Rl BLA B o s i
AN BT LR 5~ VA9 — 28 G s R L3R5 AU T D BOE AR 3R ARk 3o — 2R CF
2Lt LOnbpastks 1 A ST 2 0 S AR BB AL LR AR A OR —3 GREE ).

3 iR

3.1 PEFERELHFOIMFEESEYE

SEIEREA LN (N, + P15 Shannon’s 841 (1D . PR LEE (H) ik
ZREMEREEIRR . RIS O L P 8L 2 TR B E BR AR, ASHE T A 3R AR A s A
ZREMER S (H,=0.862, 1=2.432, N.=9.284) , HHMTIEELZFME (H,=0.870, 1=2.412,
N.=9.019) & T 1L Fefk 2 RerE (H,=0.848, 1=2.350, N.=8.652), [FI T LMERFHI=
M5 (Malus sieboldii, H,=0.699, I=1.458, N.=3.954; Liuetal., 2012). 137 (Malus baccata,
H.=0.3386, 1=0.4961, N.=1.6021; PrEE %5, 2008). WidLiF5 (Malus hupehensis, H.=0.2628,
1=0.4015, N.=1.4375; PR %5, 2009). ZM#G5E (Malus toringoides, H,=0.4389, I=0.6282,
Ne=1.81; filEA, 2005) FUFsEE 3R (Malus sieversii, H,=0.2619, I=0.4082, N.=1.4252;
Zhang etal., 2007). iP5 A0 Fl2 kg VMg AL Z R EE R R, 1 MR 5 AT G R,
HL I A Z PRI /KTy (Karron, 1987). Wil ¥ 2SR EHEYI b oA d ), 28575 A 2 FEM 2R Cbt
Mg A, 20170 B TR R BEY R, CIRDEE AR, (2 N THEEX SN (%
BA, 20010 A Ll FORK - oT 95 U Sk e R m B ARG PRI 9 B X, SRIEVE
BB, BERER, IX 0] RESR A T Ll R AR B 2 AR R IR R 2 — o BRI, 3 A
LR AR e B SR AR B A 28, [ S SRR M B M IR A | 3 SR [ v S SR A A A o B U ) o
fEZ RN AR .

I B BEWL DB RN 2% 5 P2 S BE A8 A AT 2 P8t v DA B M R 8t A% 2 R 1, (R, FhEfeif%
ZREERE GafEH 25, 201D, WG SR G L ZE R T, BRI
T s Z RS T IR o B AR — P IR P s BRI B R RIS, E— P+
W0 BT SR B4 22 R o IRORVE A AR (3K Ll R ROk Xl 43 17 SR, B2 A 1
A3 51 P9 SR R T R B AR R AL, DT AT HORR T SRRV B R T
LA LU PG AR )38 % 22 FE VKT 3 T R A WOER (9 LRI (8 A% 2R MK B s ml
F AR EL R, DU AR AL 2 FEI K Dy dosr, LGNS L I PRI SR e VA . R E
(P3E A% 2 FEVE L o] LhTa S0 S R A A P ot B2 R WSO o 4 HEAHIE 0 Hh 5 1 IXC 1L 3R] ROk ol ¢
IR ZFEME KR SR, #E I T B AR HON AR R k- AR e S B X 38, i pk. N EEl
Ll PG A VT D L 3R 1 B AR X I

3.2 W TR T AR AR R

P ORI AR R 0 R, BROCE 1 RDRHE 4 ANFREESR, 13 AR 8 1% 0 R AN
0.278, W& T X7 AL 704 BB 918 0.273 (BT R, 20060, 70 T BALAE R R U,
L FRIF FAAR 5 R A A% A S R EAAAE T RREN (95%) FIAMATE] (22%) MIAME (73%). 4%
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IR ML S I B e b (BRI %5, 2013; mRM 2, 20160, MR (Ny) &R0
e EZERE, —BRIAA N, = 1, B F R BE 0 Ny < 1, R E R A R
>, B EAR AL AL R R (Wright, 1931)0 AW 78 A7 A0 1L 385 N 4 5.031, Fhie
AR AR 1 95%, R BT ANL IR T30 e A8 IR AS SRAE, &P AR I 25 (1 AN )R] A B
HTTRE R AR I B R AR AL, AEL IR Ba SCHE ] T E T A R AR 1 B AR (] 5 A 41k

HORYT AR PSR T 9B 2R U R AR R, R 2 SRR TR L NSRS Bl
M e /N BT AR VR o TGP AR T SRR LR R Y, MBS . I NJ SRISAN Structure 734 Kl
Oy RBE, FhEEIEEAL R B AR R S AL B A E A, SR ERBE. XEEAW
FHHMRE: —J7T, YRS 252380 7 30 (Silva et al., 2003), 305 FIRkF350
SR, WM T N, FrER, Bk, AR TEELRERFRORT. kTR
TN KA, AR N T BOd R ik g kA B N Fla BR85S, SEPRIMER EZ. H—T
T, ASHE T RPN — SO R AR S5 M v B — e s, B0 E BE I KN R H A U
FERRRME, S 2misd BB AL S I (Estoup & Anges, 1998). [KIt, BEZEE R EHEY MR
PHIR I 5 SR TAR RS TR, ASFHOER R T AN [RIF B A 0T % 05 50 10 488 iy A of L a4 5 44y
P — DA A

I T LA ) B A S B SR I, LRI N E R B R ARSI ) R, TE SR X
WA R (CERIL 5, 2017), MidkFFRg FVERS A RIAR SR AL, BEBZICEE 1) 11 0% 5 K Bk Sk bk
o IBHE ZRE XA RN A AR AR R FR AR SR E BT LAUSCEE ARG A B 12 DA R H A
KA EIE R PE A HAR (Zhou etal., 2010). ASHF 7T HH [ L) ARk Tl 5 98 905 (R0 30 A% 22 PR 42
s PREETRIEAE A /N TR o DRI AE 3 5 L 3007 AR 7 ) DR A S b, AR X 3 o 2% U5
BUEZ RN, HE e A E B R X, AT R X P USSR A S R AF . FEARTR T, Mk
IR B EAGR LA EE R 14, RIS 2 S T IR, RSO 52 0 B
IR E R B D B PO AR T IS 8 s AN BT, T AR, A2 R L 7 L 3R] AR B SR s 22
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