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Fig. 1 Chloroplast genome of Malus sieversii
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J&E S 441 Sl 88352.25 bp, /INHLEE DL IX (Small Single
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Tab. 2 Genes with introns in the chloroplast genome of

Malus sieversii
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FEH 2 FK A SR LY

ndhA 1 1 NADH it &1 7.3

ndhB 2 1 NADH Jfid & i1 31

petB 1 1 I (73R b/ A PR 1 I
petD 1 1 YA (02 b/ A AT IF
atpF’ 1 1 ATP & il 3.

ml16 1 1 FAZHE A I 2 1o
ml2 2 1 PN AN RS AT
rps12 2 2 IR I S5 1) B 1 I
ps16 1 1 JINEEAB AR S5 1% 2 1 5
rpoC1 1 1 RNA A il A0 F
1rnA-UGC 2 1 $EIE RNA

irnG-GCC 1 1 512 RNA

trnG-UCC 1 1 %35 RNA

trnK-UUU 1 1 HE3E RNA

trnl~UAA 1 1 H3Z RNA

trnT-UGU 1 1 %35 RNA

trnV-UAC 1 1 #i2 RNA

rnS-GCU 1 1 5E3E RNA

clpP 1 2 H

yef3 1 2 PRSI S AT e e AE
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Fig. 2 Distribution of major SSR loci

23 MEREEEAMEEED T

i 3 CPJSdraw FLE A3 HT T3 58 9 MW Fh iy
LSC .SSC MR X [ A B, 25 53X 9 A~ Fb
TR XK B A ST (26353~26373 bp) o WAL 3
Fi7s, 9 NHIFI Y LSC 5 TRb A3 FLAE rps 19 LG Y
BB, PR 25 FAE 4R LA . SSCIX 5 IRb I
IRa X 14301 543 SAE ndhF 5555 yef1l JE R 22 4], 1]
IRb DX A1 TRa XA 5K 19 #E 25 4351 /& 12 bp 55 1074 bp,
KR,

W 4 B, R E TS FoR FER T ), Ak bRk
R 50%~100% 1) — B o RGN IS Y
G, AT LA 0 e B S R 1) I S AR IR PR A ) S SR
HoAth TURAE P g - AR B LA A — s i Xl O
L 39 B S R A 5 S R ) X1 B 2 LAl
o, DX R BEAE R AR AR R A X, g b X AR 2 & A
25t . MEAMIR XS PRAT, XN
24 REXREHW

WS Fis , o 3 ECT 8 i oAbt
], R G848 A ER 735 1 1Y SRR3R 100%
AE R o TR AR (ML) BT A5 AU
PR . IR AT LA B s P 1 SR S )
AR R AE H R A YRR OC R a5 1A+
ZH I FRFHIT , S AEMCE SR AL A0 56 R , B A A 35
MR I, FrEmEr e 2L 16 MFEE, AT LA R 3
MEFR . HokR 1 3 /”R S Boiliia : JeJe, 7
S YNGERE XY, L HC, 8535 sl . TIK2,
UL B . CL, B R EM; 35 & o35 7k Wi ds .

This version posted 2024-12-16.


https://chinaxiv.org/abs/202412.00187V1

202412.00187v1

ChinaXiv

2114

414

Malus sieversii

160269 bp e ] —_— NG
165bp|114 bp 12bp| 2244 bp 4566 bp | 1074 bp 55
184 bp 1074 1401 bp 114 bp| 6 by
. /1511 bp 074 bp L9 bp " 12bp 4bp | 6bp
Malus domestica — — — —
[LSC//87854 bp | /[ 26352bp [SSC ' // '19181bp |[IRa /1 bp [LSC /7 1]
159739 bp P ndhF okl
—i H— —— \75 bp
165 bp 11411>SObp 12bp| 2244 bp 4566 bp | 1074 bp b 35bp
1400 bp P
7~ 1511 bp 1074bp |9 bp " 74bp 120 bpY
Malus baccata 2l
160149 bp izl ] Pl ] N
159bp| 120p 12bp| 2244 bp 4566bp | 1074 bp . 40bp
p 1401 bp
) /1511 bp P 1074bp |~ 72bp 120 bpY
Malus doumeri L Z
159654 bp e S ST NS
159 bp | 120 bp 12bp| 2238 bp 4542bp | 1074 bp 48 bp
190 bp 0bp 1401 bp 0bp
. /1511 bp 1074 bp\ " 72bp 120 bp\
Malus hupehensis 2 . : d
160065 bp == k. NG
159 bp| 120 bp 12bp| 2244 bp 4566 bp | 1074 bp 72bp
Igi‘lbl’ 1074 bp| 9 bp /71401171: 114bp| 6 bp
. P
Malus sylvestris - —
159969 bp l s =
lesbp[L1atp 12bp| 2244 bp 4566 bp | 1074 bp obp
p 1401
/1511 bp 074 bpl9 bp /'72bpbp 120 5
trnN |

Malus toringoides

160094 bp 2 -
120 bp 12bp
190 bp 1074bp |9 bp 1401 bp 0bp
. /1511 bp Py /" 72bp 120 bpY

Malus halliana ’ — 219 |

160089 bp fzsi2 ] T e e N;e

159 bp| 120 bp 12bp| 2244 bp 4566 bp | 1074 bp 72bp
. Kllgfl"l‘ 1074 bp|9 bp 7‘;%;"? 116 bp| 4 bp
Malus yunnanensis
160067 bp

12bp| 2244 bp 4566 bp| 1074 bp

163 bp| 116 bp

K13 SRR 9 FiAE Y SR A E R 4L 5 A

Fig. 3 Boundary analysis of chloroplast genomes of nine Malus species
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Fig. 4 A comparison of the chloroplast genome sequences of plants in the genus Malus
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Fig. 5 Lineage divergence time of Malus sieversii estimated based on chloroplast genome sequences using BEAST software
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Characteristics and evolutionary history of the chloroplast

genome in Malus sieversii
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(1. State Key Laboratory of Desert and Oasis Ecology, Key Laboratory of Ecological Safety and Sustainable
Development in Arid Lands, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumqi
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Abstract: Malus sieversii, a state-protected species and the progenitor of cultivated apples, is an important germ-
plasm resource within the genus Malus. In this study, we aimed to compare the structural characteristics of chloro-
plast genomes across various populations of M. sieversii, clarify the lineage divergence pattern, and trace the evo-
lutionary history of this species. We used the Illumina NovaSeq platform to conduct whole-genome sequencing of
individuals from 16 different populations, with one sample representing each population. After conducting quality
control on the sequencing data, we conducted genome assembly and functional annotation. Subsequently, we con-
ducted a comprehensive structural analysis and lineage differentiation studies on the assembled genomes. The
chloroplast genome length in M. sieversii ranged from 160195 to 160279 base pairs (bp), exhibiting a typical tet-
rad structure. In total, 131 genes were identified within the chloroplast genome, along with 48-58 long repeats
and 93-101 simple sequence repeats. Notably, variations in the IR region between M. sieversii and other species
in the genus were minimal, predominantly occurring in noncoding regions. Phylogenetic analysis revealed that M.
sieversii clusters into three distinct lineages: lineage I, primarily occupying the eastern part of the distribution
range, and lineages Il and III, predominantly found in the west. The divergence time between lineages I and II
was approximately 1.74 million years ago (Ma), while the divergence between lineages I, II, and III was around
2.28 Ma. These findings indicate that the lineage divergences of M. sieversii were significantly influenced by cli-
mate changes during the Quaternary period. Compared to internationally distributed populations, M. sieversii in
China shows relatively low genetic diversity. Therefore, tailored conservation strategies should be implemented
for M. sieversii across different regions, with particular emphasis on protecting genetically diverse populations in
the Tacheng area.

Keywords: Malus sieversii; chloroplast genome; phylogeny; divergence time; conservation genetics
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