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B E: FIH 4 W44k DNA 519093 49 k7 [Malus prunifolia (Willd.) Borkh.]F it R 1) 4
NHSRAK DNA FE K [8] X rnH-psbA trnS-trnG spacer + intron. trnT-5'trnL F1 5'trnL-trnF J7%1, 3T+ 4 4>
4R DNA B DRA] X 7 A0AR 5, ABE SR IEAL 10 £ B VPR A T st A% 2 RE K. S5 SRR 4 A ibag
& DNA ZEHE X FH S0P Pk, X REIEZG0 R BN 3790 bp, HH 173 M2 EMAL RN
A, HPAE 2 MR- L 20 MELEEAAF 151 MENERA S 75 49 T Fs
trnH-psbA~ trnS-trnG spacer + intron. trnT-5'trnL Fl 5'trnL-trnF XIREIAE 07 5 B0E 5 508 26 4~ 25
AL 120 ANF1 2 A4S, BERIECE SN 9 AN TAS 8 M3 A, BIEZ G RN GEA DNA F BRI A5 R
14 4o HEHERRZREVEA AR ZREE i v I X838l trnH-psbA (Hy = 0.775, P;= 0.02143), &{KKIHN
5'trnL-trnF (Hy= 0.481, P;=0.00072). 49 i #kTFliT 4 M4k DNA K& I )5 L 2 FErEEos

(Hy=0.854, P;=0.00949). Tajima’s D 46, 4 M4k DNA KIKTE P> 0.10 /KF E¥ARZE, MT
) 4 AN 24K DNA XIS/ESEA s o M A Y o W AL AR 57 2 BEAFAE TR N, A RE BRI
TR, ZHEJEREREAA B, SRR R AT A,
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Abstract: Four intergenic region, trnH-psbA, trnS-trnG spacer + intron, #rnT-5'trnL and 5'trnL-trnF
of 49 accessions of newly collected germplasms of Malus prunifolia (Willd.) Borkh. were amplified by
four primers. Based on genetic variation of 4 chloroplast intergenic regions, the genetic diversity of Malus

prunifolia among different populations were explored from the perspective of maternal inheritance. The
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results showed that the length of four intergenic regions of chloroplast DNA was 3 790 bp after
sequencing, splicing, alignment and merging, and 173 variable sites were detected including 2 singleton
variable sites, 20 parsimony informative sites and 151 insertion/deletion gaps. Among the 49 accessions of
Malus prunifolia, the number of variable sites of region trnH-psbA, trnS-trnG spacer + intron, trnT-5'trnL
and 5'trnL-trnF were 26, 25, 120 and 2. The number of haplotypes for four regions being were 9, 7, 8 and
3. After four regions being merged the haplotypes of chloroplast DNA fragments were 14. The region with
the highest nucleotide and haplotype diversity was frnH-psbA (Hy= 0.775, P;= 0.02143), and the
nucleotide andhaplotype diversity of 5'trnL-trnF was the lowest (Hy=0.481, P;=0.00072) . The cpDNA
diversity of Malus prumifolia with four chloroplast DNA regionsmerged was high (Hy= 0.854, P;=
0.00949) . Tajima’s test showed all Tajima’s D values were not significant at P > 0.10, which indicated that
variation of those chloroplast regions followed neutral theory of molecular evolution. The genetic variation
of Malus prumifolia mainly existed within populations. Gene exchange among different populations is
frequent, and genetic differentiation among most of populations is less, which has little relationship with
geographical distance.

Keywords: Malus prunifolia; chloroplast DNA; haplotype; genetic diversity

W [Malus prunifolia (Willd.) Borkh.]J&#7%Fl (Rosaceae) FRJE (ATHER, 1979), s&Z=ff
YR ) S R RIS 2 —, AT, AEDAREE A AR LE SRR D SRR A, HE TRk
Pedkds (FEAK, 2001; HKEE, 2005). M AAEZLRYIM, & HEMAR T MR MBI E
Uit AR ARMOM EORES, A B R SEn] (e 0N T . B BB 70 £ 28 TR AR AL
SRS VRN AP SR R 2 40 5 0 T (BRI, 2005 EA, 20115 ENi4 5, 2011; B,
2013; ZIH, 2014; =ML 5%, 2016; Tanetal, 2017; Z=¥g#E %%, 2018; Huangetal., 2018),
HIAE Z FEE PP AR SSR brid i AT FURIE GRil 55, 2019b). M2 f BE 7840 Tk
TI5T U 1) 18 A 22 AR AT BRI 2 6 A8 40 TR R R AT

TERZEME T HEY) PR R B AL I SRS R 2 v BEAR ST, ARgmid X E s BE P (il ker 45,
2015), ARG X r ) 25 DR B] X BAG 3= 5 B AL AR St s ISR AR S R SR 5 A R AE M SR AR R LT B 42
THERBEMEN — SRR T IR 28N (SNP); PR thrt A 5L R T B 45 F T ML 2 FE ekl (2%
8 &, 2003), fEMEVINRGE KB BAMERRSE GRENEMZEE, 201D, EHNIM2ER
F 1 ~2 /24K DNA (Chloroplast DNA, ¢pDNA) [X 35T fe S 5L & R85 it Fi R0 B A2 30 R - 2%
& DNA 28 JFI2E 258 R[5 HIi 70 (Savolainen et al., 1995; Robinson et al., 2001; Coat et al., 2006;
Nikiforova et al., 2013). T %4% (2012) FIFHM-GARFER marK S5 AR ITS A4 A 700
BHESTSMIIRE KRR KuhdE (2014) R AR R X 7T 1 B s By 3 R 5 b [ 3R
RAKE: HEEH (2018) WHAZXBHNE FFHEE, WESERRE 23 M 27 M EHN R4
REW, AL 75 BAL 23 A RICERSE (2014) FIRIESS (2018) #3453 H 1 gk iAkdt
matK FHAEH TRIERMAN P REKE oiigin. 20 (2012) FIH anL-ormF 75
2T I XSE R B ) RGAE — B BRI RIS R, (H TR AU L 2 a6 75 5t
TRRAKE KRR, MHREIEEAH T REKE IV O L KRR 2 AN JE R S BR8] X 1) 2 & A7
MG B (Baraket etal., 2009; Potter etal., 2009; Ghadaetal., 2010), &g fd AR
BN I R[] XA DA 2 B A B 2 A% 7 5 1) SRR ot 5 U )8 A% 29 BT 23K
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AT LR v R 7 A A BT BRI SR R, RIUAT 4 %2Rk DNA 519 ik
(K] 49 Gk 5T GRS 2K DNA f) 4 DEERIAIX T80, 73BT 4 SH-24K DNA 8] [X Fr 91 (38 4% 22
5t EHTIK T AREALE xR DNA ZCT ERIEE SRR, SRS ENIZAIRSRG R R, DDA
2 FEVE DRI AR RO P SR AR

L bR

1.1 &

BEIRT 49 MR, MPAS ~ MP49 SR [ B 5 AP I 2 F 08 FEH LA ] (AR A EI8), H
RIIK B E R FTEL SER M G780 . Sl i o B oh il g, R MBI ER
RUYS T T AR O b7 R BLA IR 27D 5, 2 BIANBNB G E B R . T 2017 4£%F
ZE R AR T T P BRSO, SRR TR G A s 2018 ARETEAOLESIE 2R YR T SRR
RIS ZE SRR 4 SRR DNA BB E X 438, FRIENT A w2l )y . 49 ik (& 1D kB
FoAE (HIBX), WIHE3 . L7 40 Bt 1. B s 6. Hilt 4 4 1k 6 . 3
620 . W 1. FARS .

®1 AR TFMRBIRERA R DNA 2ERS%H
Table 1 Germplasm resources of Malus prunifolia and their cpDNA haplotype distribution

e REPRARRD Ko % Tl 44 B FAETY
Origin Code of population Number No. Accession name Haplotype
Er ] MPXJ 3 MP1 BrPELLE % Xinjiang Honghaitang H_14
Xinjiang MP2 FiF5E Shihaitang H 13
MP3 fRALHES: Yili Haitang H 12
Ly MPLN 4 MP4 =IEE/INEVE KRR Sandaogou Xiaodaogou Dahaitang H 7
Liaoning MP5 ZIEVE/N LGSR Sandaogou Xiaowugou Haitang H2
MP6 RETEIE S 1# Xiongyue Haitang 1 H3
MP7 =JEH )\ FKfFH Sandaogou Bajia Haitang H 2
%74 Shaanxi ~ MPSXX 1 MP8 & “FHkT Fuping Qiuzi H 11
HORIT MPHLJ 5 MP9 HPHT#E% Mudanjiang Haitang H 1
Heilongjiang MP10 /NG5 Yichun Xiaoguohaitang H_1
MP11 RFER RS Yichun Daguohaitang H 7
MP12 % K#kT Nancha Dagiuzi H 7
MP13 H#5¢ Rixin Haitang H_1
Hir MPGS 4 MP14 WSRAMT Jiuquan Qiuzi HS
Gansu MP15 ik RVAMT Zhanglianggou Qiuzi H 2
MP16 XK EEMT Shijiamo Qiuzi H_10
MP17 KIS 1 5 Zhangye Haitang 1 H 10
iy MPSX 6 MP18 {35 Baode Haitang H2
Shanxi MP19 ] BHAT KR5S Xiangyangcun Dahong Haitang HS
MP20 FRE i Pingyaogucheng Haitang H9
MP21 % 2 Haitang 2 H2
MP22 T Qiuzi H 2
MP23 K2 75 % Wuxiang Zifangmiao Huanghaitang H2
Ak MPHB 20 MP24 T HC-6  Qiuzi HC-6 H 8
Hebei MP25 % HL-16 Haitang HL-16 H2
MP26 #%: HK-10 Haitang HK-10 H3
MP27 #§%: HF-16 Haitang HF-16 H 7
MP28 % HF-18 Haitang HF-18 H_6
MP29 #%: HK-9 Haitang HK-9 H3
MP30 T HC-1 Qiuzi HC-1 H2
MP31 HEIE A Baiyangdian Zipingguo H 2

MP32 #HE/ME RS 1 5 Qingxian Xiaopangucun Haitang 1 H 2
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K R W BT MESK A

Origin . Number No. Accession name Haplotype

population
MP33 T E/NE RS 1 %5 Boyexian Xiaoyingcun Haitang 1 HS
MP34 AINBEE M TS 145 Xiaopangucun Huanghaitang 1 H 3
MP35 SRS R ALIESE 1 5 Pingquanhao Dahebeihaitang 1 H 4
MP36 PRG54 5 Ping Quan Haitang 4 H 4
MP37 “FIRUEH: 2 %5 Ping Quan Haitang 2 H 4
MP38 /N A5 2 5 Xiaopangucun Haitang 2 H 2
MP39 PR E Y% 3 5 Pingquan Gaochuanggou Haitang 3 H 4
MP40 SEIR KL S 3 45 Pingquan Dahebei Haitang 3 H 4
MP41 V4 A% Gaochuanggou Baihaitang H2
MP42 VAR 2 5 Gaochuanggou Haitang 2 H 4
MP43 JEEALIE Sk 2 # EMEE 2 5 H_3
Tangxian Beidiantouxiang Fengzhuangcun Haitang 2

SEn MPNMG 1 MP44 TR Ningcheng Haitang H2

Inner Mongolia

R MPJL 5 MP45 PUREHES: Sileng Haitang H 3

Jilin MP46 NEHESE Liumi Haitang H 2
MP47 FNFUHER Liuleng Haitang H 3
MP48 JmifisE Bianhaitang H2
MP49 KRS Ziguo Haitang H 1

1.2 DNA {Z2ElK PCR k&

K HI1EE QIAGEN [ DNeasy Plant Mini Kit $& BUHHRM R ZRMIH £ K20 DNA. 433 H 1%
(Y B TR BB 2 EEL KR8 3 6 6 BE A I FER BE AT 4E B2, ARl ADNA (40 ng - pL™) KR BURE A
L DNA [ I #E 5] 40 ng - uL™' F§F PCR.

1.3 PCR ¥ 3500

M Shaw %5 (2005) #iE i £k4K DNA 21 H ik B 4 AN FEHIE] X rnH-psb A trnS-trnG spacer +
intron. trnT-5'trnL A 5'trnL-trnF XN 4 XHEH 5140 (% 2), H_E#EAE T (Sangon) AR A 7 A .
50 uL (¥ PCR JRBifk &R : DNA IR 2 uL, 1IEFARFAG4 (10 pmol - L) % 2.5 uL, dNTP (2.5
mmol - L) (TaKaRa, Japan) 5 pL, 10x Buffer 5 uL, Tug DNA &8 (5 umol - uL™) (TaKaRa,
Japan) 0.6 uL, ddH,O 32.4 uL. 8 Volk %5 (2015) #RIE MM ELE, X 4 ANH2EK DNA A 8]
X PCR ¥ M 25 PFBEATARAL (3R 3D, 49 ffhfit 4 D44k DNA JE 1A X f PCR P4 2% 3
UG AE BB S FEL VIR, S5 T 47 48 ) ) A5 3 B — 2% R i BRI A w) [R5 0 A m) (B 00 ]
AT, WFACHZE E ABI 3730 DNA Sequencer. M S ERENIF 24K DNA JE [ 8] X 473
PHEATIE . RETIRE, WU5E 2 0K, 34 49 GrRPRHI 4 ANHSkAR DNA HEH 8 [X [ 52 4 7751

£2 WF 4 MNHERE DNA EEEIX K 4 RS DNA SIIFFIERER

Table 2 Basic information of four cpDNA intergenic regions and four pairs of cpDNA primers in this study

I B R/
5 cpDNA [A]X EFFH) (539 RIFH) (5 -39 bp
Code  cpDNA intergenic region Forward sequence Reverse sequence Amplified
fragment length
CP20  trnH-psbA CGCGCATGGTGGATTCACAATCC GTTATGCATGAACGTAATGCTC ~400
CP21  trnS-trnG spacer + intron AGATAGGGATTCGAACCCTCGGT  GTAGCGGGAATCGAACCCGCATC ~1500
CP22  ynT-5'trnL CATTACAAATGCGATGCTCT TCTACCGATTTCGCCATATC ~1200

CP23  5'trnL-trnF ATTTGAACTGGTGACACGAG CGAAATCGGTAGACGCTACG ~ 1000
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%3 BT 4 MRS DNA EEEIRE PCR 3 #& 4
Table 3 Amplified reaction of four cpDNA intergenic regions of Malus prunifolia

¥ Cycle

M5 THIXIER oAz Pk - TR R 5 SE A
3 . A Bk HEA TEFRUEL o .
Code  Region Pre-denaturation . . . Final extension
Denaturation Annealing Extension Number of cycles
CP20  #rnH-psbA 80 C 5 min 94 C 30s 56 C 30s 72 'C 1 min 35 72 °C 10 min
CP21  trnS-trnG 80 C 5 min 96 C 10s 50 C 5s 60 ‘C 4 min 30 60 ‘C 10 min
spacer + intron
CP22  ynT-5'trnL 96 ‘C 5 min 96 ‘C 1 min 57 °C 2min 72 C 25min 34 72 °C 10 min
CP23  S'trnL-trnF 80 C 5 min 96 C 10s 50 C 5s 60 ‘C 4 min 30 60 ‘C 10 min

14 HEFITS S

Xof RN Sk PR ) XA e e iy 3R A R PP A3k AT N RS, JF43 Hl MEGA 7.0 (Kumar et al., 2016)
AT P HHE . P AL DL R 4 AN SRR DNA L8] [X B trnH-psbA~ trnS-trnG spacer +
intron. #rnT-5'trnl. M1 5'trnL-trnF {1535 FrAPHERRS. HOXHF SR 479 FASTA Al MEGA 1%
Ko FIERMFFPTAS [F) JE A 10) 3 T8t 4% FE B9 1) Neighbour-Joining 24t & B, FHXI0m#FAHE .

K A X B & I 2 5 10 BURA7JS 81 H DnaSP ver5.10.01 (Librado & Rozas, 2009) #%
PRSP ST SRR DNA 8L Z RS 8, BFE: BRAS (V). B—RABALE (S). HY)
FREMEAL S (PO HRZ M (PO, PR ERZES (O, BAEE (. BERZFEME (H.
RG22 (M) PSR 2R Z (Sy) M Tajima’s D {H (Tajima’s D); tH&E R AH
JEREEEAL A RE, BFE: FEE (N~ BHAREDE 23 (Fo . R ZER M RE (G FkxH
Rt 2350 (N, VRN FR AN A JE BB (25 R 2. Tajima’s D /2 RT I 5 2844 DNA X302 7
TG PP E AR (Y B S

4 N ZRAK DNA IXIE I 7 BRI T P 5 i) S A 5 R B s B OR A7 04 Nexus ST, 7370l 5K F
484 2% (Median-Joining network, M) HiEFH K #%) (Maximum Parsimony calculation, MP)
BT EAR AL, 1B H NetWork verd.6.1.2 #JZEH-S44K DNA F£5 R A0 H2 0 45 R BRI

2 RS0

2.1 #FHERA DNA BB

FIFH 4 w238 5100t 49 4 v TR e S5 5L R 3 Mok 1) 4 >4 DNA J8] B 1] X 3E 47
Y44, trnH-psbA. trnS-trnG spacer + intron. trnT-5'trnL F1 5'trnL-trnF 1E 49 43 WkFFEA 1) 514K
PEVE 55 h 261 ~278. 1367 ~ 1383 1064 ~ 1093 A1 937 ~ 965 bp. K% X4 HES 5, ik
FEK 4> 508 285, 13830 1 157 A1 965 bp (£ 4). KE RN 1157 bp MIAESIG X trnT-5"trnL [¥]
BHREZ SRS, A 1 ANELAME BT, 1 AR, 108 NMEN/BVRALE; KRN
285 bp MIAEGRIG X trnH-psbA F 2 ANMELIE BAL, 24 MEN/ERRAL ST K 1383 bp IS
X trnS-trnG spacer + intron 8 1 NH— AR £, 5 ANFELE BAL, 19 MEN/ERAL A 5'rnL-trmF
ZAMERAL, A 2 ANMELE BN . 4 AN SRR BeE I G, PTG 3 676 ~ 3 693
bp, XALHEFIE K N 3 790 bp, A ZEMEALS 173 4, HpBR—RARM & 2 4, BLE R
L 20 A4S, FEAN/BRRAL R 151 S (R 4).

49 R R B R IE AT 4 SR IRIRE [ X LG A AL 173 A, trnH-psbA
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trnS-trnG spacer + intron #rnT-5"trnL 1 5'trnL-trnF X3 HIAR A7 1550 308 26 A~ 25 A~ 120 ASF1 2
A AL R RV I EE R AE ornT-5'ornl X3 E, BB M T cpDNA FEHF TR Z &
PR I X 38, X3 rnH-psbA B HTR ZHEME (P B, N 0.0214; X3 S'trnL-trnF [F-FIE
MR (k) K, N 25.95238; XIk 5'ornL-ornF WIRZHRZFEME (P FIPHRERER (O ¥
NN (4.

trnH-psbA trnS-trnG spacer + intron trnT-5'trnL. 1 5'trnL-trnF X R () 735108 9 AN,
7 8 NI 3 AN, LA rnH-psbA XSRS (RERRD ZREME (H) &S, N 0.775; 5'trnL-trnF B
A (R 2R (H fIK, N 0.481. S'trnL-trnF HIFRERIZREMETT 2 (1) MRS RL 2 R
PRAEZ (Sy) ¥INEE, 4308 0.00517 F10.072; #rnS-trnG spacer + intron X35 845 2 FEME 5 %
AbRHEZE S B AK, 7371179 0.00205 F1 0.045 (£ 5).

ARG I G SRR B, A A 14 4, SRR AR K 1. MERE
FEYE (PO PR ERZER (o BAAER GERED 28 (H) BERZEETZE (V). BfEH
ZREMERRIEZE (S0 214 0.00949. 39.10884. 0.854. 0.00125. 0.035 (£ 4, F 5.

F4 WTF 49 BHEL 4 4 cpDNA KEHESEES

Table 4 The polymorphic information of four cpDNA regions of 49 accessions of Malus prunifolia

[ERERS YA

TEIE IR 2 5

K&/ R R MA NGRS IR 2 A

cpDNA 'Ziﬁ bp Variable Singleton variable 'Pars1m01'1y . Insertion/deletion Nucleotide Average ?umber
cpDNA region Length  site (V) site (S.) informative site gaps (I,) diversity (P)) of nucleotide

s y (Py) s ! difference (k)
trnH-psbA 285 26 0 2 24 0.02143 7.35204
trnS-trnG 1383 25 1 5 19 0.00349 5.09184
spacer + intron
trnT-5"trnL 1157 120 1 11 108 0.01943 25.95238
S'trnL-trnF 965 2 0 2 0 0.00072 0.712590
A9t 3790 173 2 20 151 0.00949 39.10884
Combined

FS5 WT 49 IFIEH 4 1 cpDNA KIBMBERI TR
Table 5 The diversity of haplotypes in four cpDNA regions of 49 accessions of Malus prunifolia

cpDNA X35 L KRRtk AR GEBD %ﬁéﬁ ‘ ﬁ%ﬂ%ﬁéﬁﬁi i{%ﬂ%ﬁé‘fﬁﬁﬁi

cpDNA region Number of Haplotype (gene) diversity Variance of haplotype Standard deviation of
haplotypes (h) (Hy) diversity (V;) haplotype diversity (Sy)

trnH-psbA 9 0.775 0.00233 0.048

trnS-trnG 7 0.761 0.00205 0.045

spacer + intron

trnT-5'trnL 8 0.625 0.00510 0.071

S'trnL-trnF 3 0.481 0.00517 0.072

oI 14 0.854 0.00125 0.035

Combined

Xt 4 ANXIRHEAT Tajima’s D 156, Xk rnH-psbA 1 5'trnL-trnF ] Tajima’s D {E NIEAE, X1
trnS-trnG spacer + intron I trnT-5'trnL [N AE, X3 trnS-trnG spacer + intron FIE &, S'trnL-trnF
I 4 XK DAEAE P> 0.10 K AR . 5IF/E KA BL Tajima’s D {54 0.02876, ££ P>
0.10 KV EERARE (K 6). 4 MXIEMEH G BSsE g b b B8
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£ 6 WF 49 L 4 4 cpDNA XiFH Tajima’s D MIGLER

Table 6 Results of Tajima's D test in four cpDNA regions of 49 accessions of Malus prunifolia

cpDNA Tajima’s D 1M Significance
trnH-psbA 0.85881 P>0.10
trnS-trnG spacer + intron -0.30129 P>0.10
trnT-5"trnL -0.12786 P>0.10
5'trnL-trnF 1.05536 P>0.10
£ 9t Combined 0.02876 P>0.10

22 WFHEERSE

49 UK FHR IR 9 ASRIEE 8 9 ANERE (GR 1), W BEURIA) B SE DR AL Ak . BEAA
] 3 ANEAE ML REL (Fyg=0.03752, Np=6.41; Gy=0.09707, Nyp=2.33; Ny=0.03729, N,=6.45)
BIATE, 3 AL R BRI SR 9 A4 8] B8 A5 28 553 N 3.752%. 9.707%1 3.729%, #f
PR N B AEAE 0 51N 96.248% . 90.293%F11 96.271%, BEABALAS 57 - BAFLE T HEAK A o

BHTReri. WSS RAEIS RA 1Ak, B LRSS R 7 AN BT E S P R AR R 1 40
R GR 7). AL PRk BRI AL 404 REURAK, N - 0.1508, T 7 FIBT SRk FoEfk . 2
AR Ty G 2 N Ui =23y I | i o o Ly AV G 1 NN T T A = 7 I | 7 G £ NN
TAL G0 35 PRk B AR B 8 4% 20 A R N B, R RUET SEAR T AR B s A RO s, N
0.2709. MkFAFIFEARMEEAL SR, FEFRAZRME, 53R EA TR,

£7 BT 7 ORRSESFEEBRESURY (FO

Table 7 The genetic differentiation coefficient (Fy) among the seven groups of Malus prunifolia from seven sources

BEfK Population MPXJ MPLN MPHL]J MPGS MPSX MPHB
MPLN -0.1239

MPHL]J - 0.0843 - 0.1337

MPGS 0.2709 0.0125 0.1877

MPSX 0.1349 - 0.0854 0.0878 - 0.1508

MPHB 0.1383 -0.1258 0.0801 0.0422 -0.0127

MPJL 0.2096 - 0.1327 0.1283 0.0726 0.0259 - 0.0363

23 WMFEEERREXR

THEL 9 ANk BHAA RN g% BE RS, ] Neighbour-Joining 1AM R . ARAERAELR, 94
P REARTT A2 o 4 S0 CIB 1D, SRR T 9BV (i va AR, SR T D N 520 A H R REAA

MPSX
I MPSXX
MPHB
I | MPNM
L MPGS
m [ MPHLJ
‘ MPXJ
v MPIL
MPLN
0.00020

1 BREEREEBRSE 9 MRFEFEETRMEES BN NI &
Fig. 1 Consensus Neighbor-Joining tree of nine populations of Malus prunifolia grouped by original provinces

based on the genetic distance
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BN B VLR SBREAR, KRBV NS AL TR . BRISTEIN LRV RUEr sl A4, Hok 3
AN KT 5 M B BE B A S
2.4 WFHEZAE DNA BERPFNAMEXR

PR AL (MDD BRI E, FFRRKFEAEE (MP) RIUb MY THEE ISR, M
R IEM T 1 4 AR DNA XS A ISR BOCHE (B 200 B BRI A S A 55 433
H M mv e MEEFERT (Tarso) N mv2. mv4d. mv5. mv6, ZHALITIE R, (H2FE ARy
NER B AT . mv2 FTAEF AL mvl, mv4 fTAERMER H 14, mvS fTARAR H S fdia-4r
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Fig.2 Haplotype joining networks of four chloroplast DNA regions combined of Malus prunifolia
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