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Abstract: This study aims to explore the genetic diversity of Malus at the level of chloroplast gene and the
phylogenetic relationship of haplotypes of different species in different regions, so as to provide a basis for its origin
and evolution process, protection and utilization. Based on chloroplast intergenic regions trnH-psbA , irnS-trnG spac-
er + intron, trnT-5'trnl. and 5'trnL-trnkF , the sequences of 722 accessions of Malus from twelve provinces were ana-
lyzed. After four regions merged, the length of four merge regions of chloroplast DNA was 4 120 bp, and the haplo-
types of chloroplast DNA fragments were 100, the nucleotide diversity and haplotype diversity of the merged regions
were 0.009 52 and 0. 879 respectively. The region with highest nucleotide diversity and haplotype diversity was
trnH-psbA(Hd =0. 808 ,Pi =0.034 09). Tajima's test showed that the value of four regions merged was —1.503 16,
and it was not significant at the P >0. 10 level and followed the neutral theory of molecular evolution. AMOVA
showed that genetic variation mainly existed among populations and within intraspecific populations. The results of
haplotype distribution and network analysis showed that the missing haplotypes in the center of adjacent networks
are closed into a ring, and different species of Malus have different evolutionary routes. There were complex rela-

tionships among species and germplasms of same species in the process of origin and evolution in different regions.
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Relatively old haplotypes H_6 and H_15 experienced population expansion, and there were many derived bran-

ches. The genetic diversity of Malus at chloroplast gene level was high, and the genetic variation mainly occurs a-

mong populations and within intraspecific populations. The genetic evolution of chloroplast genes was dominated by

mutation or random drift within populations. The main factors of genetic variation of Malus were intraspecific differ-

ences and intrapopulation differences caused by geographical isolation.
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Tab.1 722 germplasm resources of Malus Mill.
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Tab.2 Basic information of the four cpDNA intergenic regions and four pairs of cpDNA primers in this study

sy cPDNA Ta]iX FIE1(5" =37 R FFI(5 -3") DRI b
Code cpDNA 1I.1tergemc Forward sequence(5' —3") Reverse sequence(5' —3") Amplified fragment
region length
CP20 trnH-psbA CGCGCATGGTGGATTCACAATCC GTTATGCATGAACGTAATGCTC 200 ~400
CP21 trnS-trnG spacer + intron  AGATAGGGATTCGAACCCTCGGT GTAGCGGGAATCGAACCCGCATC 1 300 ~1 500
CpP22 trnT-5"trnL CATTACAAATGCGATGCTCT TCTACCGATTTCGCCATATC 1 000 ~1 200
CP23 S"trnL-trnF ATTTGAACTGGTGACACGAG CGAAATCGGTAGACGCTACG 800 ~ 1 000
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0.034 09) 1 5" trnL-trnF ( Pi =0. 000 78) , 722 43¢
RIEALYI R 4 4 cpDNA XIS A )5 0 A B, 3
A 100 ISR TR ZHEME (PL) PRI IR 2
S(K) RS AR ZREPE (HA) | PR A Z AR PE O 22
(Vh) FiFR#E2E (Sh) 43 5128 0. 009 52,39. 021 33,
0. 879,0. 000 06,0. 008 (% 3) .
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Tab.3 The polymorphism of four cpDNA intergenic regions of 722 accessions of Malus Mill.

cpDNA X35 BAHREAEE PRI IRER  PEMSHE PRS2 RIS R R 2
cpDNA regions Pi K Hd Vh Sh
trnH-psbA 0.034 09 11.693 39 0.808 0.000 10 0.010
trnS-trnG spacer + intron 0.003 37 4.832 00 0.768 0.000 09 0.009
irnT-5"trnl 0.016 26 21.726 73 0.708 0.000 12 0.011
S'trnL-trnF 0.000 78 0.769 20 0.577 0.000 07 0.009
49 Combined 0.009 52 39.021 33 0.879 0.000 06 0.008

TE: Pl R LA K. IR IR 22 54 Hd. BT R AEYE ; Vh. B

TAZREVETr 22 ;Sh. GBI REVERRHE2E

Note ; Pi. Nucleotide diversity; K. Average number of nucleotide difference; Hd. Haplotype diversity; Vh. Variance of haplotype diversity; Sh. Standard

deviation of haplotype diversity.
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Tab.4 Molecular variance analysis for 15 species and groups of species divided by origions of Malus Mill.

AR SRR I S5 A Aoy BRAS/ %  BERE
Source of variation df Sum of square Variance components Percentage of variation p
FPEEIR] Among groups 14 5 784.038 9.462 85 41.93 <0.001
P JERER] Among populations within groups 29 920. 464 1.378 28 6.11 <0.001
JEFEP Within populations 676 7 926.371 11.725 40 51.96
A Total 719 14 630. 874 12. 183 60 100. 00 <0.001
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Tab.5 The Tajima’s test in four cpDNA intergenic

regions of 722 accessions of Malus Mill.

cpDNA X1 Tajima’s D {H 2
c¢pDNA regions Tajima’s D Significance
trnH-psbA -0.226 34 P>0.10
trnS-trnG spacer + intron -1.937 09 P<0.05
irnT-5"trnl -1.52737 0.10>P>0.05
S"trnl-trnF -2.334 90 P<0.01
£ Combined -1.503 16 P>0.10
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Fig.1 Haplotype networks for cpDNA haplotypes of 15 species of Malus Mill. based
on four combined chloroplast DNA fragments
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