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Chloroplast DNA Variation and Genetic Evolution of Malus
sieversii ( Ledeb. ) M. Roem.
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Horticultural Crops Germplasm Resources Utilization, Ministry of Agriculture , Xingcheng Liaoning 125100 )

Abstract: Four non-coding region, trnH-psbA . trnS-trnG spacer+intron ., #rnT-5'trnL and 5'trnL-trnF of 242
germplasm accessions of Malus sieversii (Ledeb.) M. Roem. from 3 sources of Gongliu, Huocheng and Xinyuan
of Xinjiang Uygur Autonomous Region of China were amplified by four primers. Based on the genetic variation of
the four chloroplast intergenic regions, the genetic variation and evolution of Malus sieversii (Ledeb.) M. Roem.
populations were explored from the perspective of maternal inheritance. The results showed that the length of the
four non-coding regions of chloroplast DNA was 3812 bp after sequencing, splicing, alignment and merging,
and 171 variable sites were detected, including 6 singleton variable sites, 16 parsimony informative sites and 149
insertion-deletion gaps. Among the 242 accessions of Malus sieversii (Ledeb.) M. Roem. the number of variable
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sites of the regions trnH-psbA , truS-trnG spacer+intron, trnT-5'trnL and 5'trnL-trnF were 68,25, 77 and
1. The number of haplotypes for the four regions were 36, 6, 6 and 2, and after the four regions merged the
haplotypes of chloroplast DNA fragments were 52. The region with the highest nucleotide and haplotype diversity
was trnH-psbA ( Hd=0.773, Pi=0.01982 ) , and the nucleotide and haplotype diversity of 5'trnL-trnF was the
lowest ( Hd=0.025, Pi=0.00002 ) . The cpDNA diversity of Malus sieversii (Ledeb. ) M. Roem. with the four
chloroplast DNA regions merged was high ( Hd=0.806, Pi=0.00291 ) . Tajima'’s test showed that all the Tajima’s
D values are statistically significant at P<0.05, indicating that the overall variation of the four chloroplast
regions had not followed the neutral theory of molecular evolution, and the pressure of natural selection is
the main driving force of genetic evolution of Malus sieversii (Ledeb. ) M. Roem. The genetic variation of
Malus sieversii (Ledeb. ) M. Roem. mainly existed within populations. The distance between populations from
Gongliu and Xinyuan of Xinjiang was closer than that between populations from Huocheng and Gongliu or
from Huocheng and Xinyuan of Xinjiang. The genetic differentiation correlated with the geographical distances.
Malus sieversii (Ledeb. ) M. Roem. from the 3 sources were experiencing genetic differentiation, but also having
frequent gene exchanges among different populations, and had a tendency to evolve to Xinyuan population in
Xinjiang.
Key words: Malus sieversii (Ledeb. ) M. Roem. ; cloroplast DNA ; genetic variation; genetic evolution
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F1 RETFINHEXA 242 PEFEBHERSEHER
Table 1 Information of 242 accessions of Malus sieversii
( Ledeb. ) M. Roem. of the three source populations

AAECE ERED

ENZERS SR b
. o Number of  Code of
Codes of accessions Origin . .
accessions  population
MS1~MS64, MS125~MS138  #rim L 78 MSGL
MS65~MS124 BRI 60 MSHC
MS139~MS242 HTSRHTIR 104 MSXY

1.2 DNA iZEUK PCR ¥ 18

% F 7% [¥ QIAGEN [ DNeasy Plant Mini Kit
PRI BRI 1 3L 4 DNAL 43311 1%
F1%) B G R JSG L K R 58 A/ 43 DY Y6 B G T L e
Mg, 2K 5546 5, 2 HDNA JFIR, — 5 5
WT =20 CAURMAT, — 053 R B 2 40 ng/ul

#H.

M Shaw 4548 (14K DNA 51 Hht B
4 A~ FE A 8] X trnH-psbA | trnS-trnG spacer-+intron
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Wy (3% 2),28 M B4 T (Sangon ) A=W TRANA
BR 2N Al 4 e 50 pL f) PCR JZ N A F : DNA 54
2 pL, IE[FIR 514 (10 pmol/L ) 4 2.5 pL,d NTP
(2.5 mmol/L )5 pL, 10 x Buffer 5 puL, Tag DNA &
4 W (5 UML) 0.6 uL, ddH,0 32.4 uL. 2 M8 Volk
2 SV B RO %, 6T 4 A JEPR ] X B PCR 4
Wa AT Ak (3R 3) 242 1 Fh it 4 A2 44 ]
X PCR 7= 2% (BN BEEE A FEL UK A, X6 T
P HE T IR B B — ST DA S LR P ) i
FFMF o BEASFE S 7E BRI 2%4K DNA [H] X A4 3
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Table 2 Basic information of the four cpDNA intergenic regions and four pairs of cpDNA primers in this study

N TR BB (bp )

i cpDNA J[a][X F ¥51(5-3") R FH1(5-3") o P

. . . Amplified fragment
Code cpDNA intergenic region Forward sequence ( 5'-3") Reverse sequence ( 5'-3") lenath

eng

CP20 trnH-psbA CGCGCATGGTGGATTCACAATCC GTTATGCATGAACGTAATGCTC 200~400
CP21 trnS-trnG spacer+intron AGATAGGGATTCGAACCCTCGGT GTAGCGGGAATCGAACCCGCATC 1300~1500
CP22 trnT-5"trnLL CATTACAAATGCGATGCTCT TCTACCGATTTCGCCATATC 1000~1200
CP23 S'trnL-trnF ATTTGAACTGGTGACACGAG CGAAATCGGTAGACGCTACG 800~1000

R3 4PMMEEEREXAE PCR 18514

Table 3 PCR amplification conditions of the four cpDNA intergenic regions in this study

RIS (°C)

%' P PCR J I 1 )

K Annealing
Code Region PCR conditions

temperature

CP20 trnH-psbA 80 °C 5 min; 94 °C 30's, 56 CiEk 30's, 72 °C 1 min, 35 MEH; 72 °C 10 min 56
CP21 trnS-trnG spacer-+intron 80 °C 5 min; 96 °C 10s, 50 CiB K 5s, 60 °C 4 min, 30 MEF; 60 °C 10 min 50
CP22 trnT-5"trnL 96 °C 5 min; 96 °C 1 min, 57 CiE /K 2 min, 72 °C 2.5 min, 34 ME¥; 72 °C 10 min 57
CP23 5'trnL-trnF 80 °C. 5 min; 96 °C 10's, 50 ‘CiEk 5's, 60 °C 4 min, 30 MG ; 60 °C 10 min 50
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nucleotide difference ). H. 1% % %t H (&, Number of
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B SR 4 S XS A R 1 cpDNA R B,
A 52 A AEAL, P B R AN P TR
255 PAAGR (BEIR ) ZREME AR R O 25
s e 2% 43 51 4 0.00291 , 11.97239.,0.806 ., 0.00032
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Table 4 The polymorphism of the four cpDNA regions of 242 accessions of Malus sieversii ( Ledeb. ) M. Roem.

-2k DNA X5 KEE(bp) ABSfisl B0 FAFESAA A -BURAE BHMEZHE PR ETRES
cpDNA region Length Vs Ss Ps Is Pi k
trnH-psbA 321 68 1 5 62 0.01982 6.79733
trnS-trnG spacer-+intron 1395 25 1 5 19 0.00073 1.05785
trnT-5" trnL 1131 77 4 5 68 0.00306 4.09262

5" trnL-trnF 965 1 0 1 0 0.00002 0.02459
X35 #3FF Combined region 3812 171 6 16 149 0.00291 11.97239

Vs: Variable sites, Ss: Singleton variable sites, Ps: Parsimony informative sites, Is: Insertion-deletion gaps, Pi: Nucleotide diversity, k: Average

number of nucleotide difference, the same as below
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Table 5 The diversity of haplotypes in the four cpDNA regions of 242 accessions of Malus sieversii ( Ledeb. ) M. Roem.

cpDNA X3, HAEREH FAAER (HEIR ) AR AR T 2% BRI R bR 22
cpDNA regions h Hd Vh Sh
trnH-psbA 36 0.773 0.00032 0.018
trnS-trnG spacer-+intron 6 0.526 0.00011 0.010

trnT-5" trnL 6 0.250 0.00119 0.034

5" trnL-trnF 2 0.025 0.00019 0.014

[X 4 & J Combined region 52 0.806 0.00032 0.018

h: Number of haplotypes, Hd: Haplotype ( gene ) diversity, Vh: Variance of haplotype diversity, Sh: Standard deviation of haplotype diversity

XF 4 A4~ X 4 37 17 Tajima’s ¥ 55, Tajima’s D {H
4 H58 S i, X 8 #nT-5"0nL 1Y Tajima's D {H fic
fi% *h —2.04087, 5'trnL-traF 1 Tajima’s D {8 fix = N
—0.83512, X I rnH-psbA Fll 5'trnL-trnF | Tajima’s

Fz6 242 MEEEFERM 4 1 cpDNA XIHH) Tajima's &

WER
Table 6 Results of Tajima’s test in the four cpDNA regions

of 242 accessions of Malus sieversii( Ledeb. ) M.

D fif 7E P>0.10 /K F 1 R & 2, iiif X 3% trnS-6rnG Roem.

spacer+intron I #rnT-5'trnL 7 P<0.05 /K~F I i & cpDNA [X 1§ Tajima’s D {4 S

Q’#E E‘J}—J{E& , Tajima's D {Eﬂ‘j— 1.78819, Tf P<0.05 cpDNA region Tajima’s D value Significance

KV B (K 6), trnH-psbA ~1.17743 P>0.10

SrPE = s

22 ?Fﬁ‘glz E%:'i%ﬁ_t{m1§ﬁ1{ NN trnS-trnG spacer+intron —2.01838 P<0.05*
bR i B 9 R ke R T R U R S R

B3 ANIX, S ORI A 242 G R SRIBF SR RO o

N 3R U TR A5 REY 5 ol 083512 P20.10

A R TR, AT R 93.17% .49 49 Combined ~1.78819 P<0.05"

6.83% ML 5ok A TR EZ 0], e FUSREFT B % ket 0.05 KT F i 840

ARG AR S R A e I B 22 ( P<0.001 )(F 7 ) * Represents significant correlation at P<0.05

RT RINDKFEMISH INFETFEREFHNS TFERSN

Table 7 Molecular variance analysis of the three source populations of Malus sieversii ( Ledeb. ) M. Roem.

A SR B I35 B i BSA T (%) MK

Source of variation df Sum of square Variance components Percentage of variation P

Je AR ] 2 77.309 0.41887 6.83 <0.001

Among population

JEAEN 239 1365.364 5.71282 93.17 <0.001

Within population

A9 Total 241 1442.674 6.13169 100 <0.001

3B 9 IR R R OB IR 4r 1k R B
0.023~0.114, JFL 53 1 I s B 1] 3 4% o AL R Bk
0.023, I, B8 1R Ik S A 1] A 3t A5 oAk R ECK 0.114,
TR B U B[R] 135 A% 43 A R ECK 0.070, PN
JE TR [R]85 40 fh ZR B0 ER SN [) b X 22 ) st

B IR 5 AL o AN RS TR
23 HMEBHERBEHEMNEEXR

TFE R 5 T i BT URRT I B 1 3
S5 5 SR S A 1 35 4% BE B9 JF ] Neighbour-Joining
(0 07 kAl SRS AN, AR SRS A AR i i U
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Fig. 1 Haplotype joining networks of the four chloroplast DNA fragments
combined of Malus sieversii( Ledeb. ) M. Roem.
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