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Relationship between chloroplast genome structure and phylogeny of Ziziphus
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Abstract: Objective The study aims to investigate the chloroplast genome characteristics, structural variations, phylogeny, sequence
polymorphism, and selective pressures of 16 species within the genus Ziziphus, providing a theoretical basis for research on the phylogeny,
molecular identification, and conservation of medicinal plant resources within the genus. Methods This study analyzed the chloroplast
genomes of species within the genus Ziziphus using bioinformatics methods, based on the published chloroplast genome sequences of
these species. Results The chloroplast genomes ranged in size from 160 920 to 162 162 bp, with a total of 122 to 133 annotated genes,
including 78 to 85 protein-coding genes, 8 rRNA genes, and 36 to 43 tRNA genes. Quadripartite analysis revealed significant differences
at the inverted repeat b (IRb)/ small single copy (SSC) boundaries. Tandem and single nucleotide repeats were the most abundant.
Collinearity analysis did not detect any gene rearrangements, indicating that the chloroplast genomes are highly conserved. Phylogenetic
analysis based on chloroplast genomes showed that Ziziphus plants are divided into six major clades. Nucleotide polymorphism analysis
of the chloroplast genomes of Ziziphus plants revealed that highly variable regions are mainly distributed in the large single copy (LSC)
and SSC regions. Selection pressure analysis found that among the common protein-coding genes (CDS) of the 16 Ziziphus species, only
the ccsA and ndhA genes were under positive selection, while the remaining amino acid sequences were highly conserved. Conclusion

This study elucidates the structure and characteristics of chloroplast genomes in the genus Ziziphus and explores the interspecific
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relationships among Ziziphus plants, providing a theoretical basis for species identification, resource conservation, exploitation, and

phylogenetic evolution.

Key words: Ziziphus; chloroplast; gene; phylogeny; evolve

RJE Ziziphus Mill.s2 R ZF} (Rhamnaceae) 58
J& R A G E ) 1 AN, fEIRE AT 12 7,
3 ARFHRL, AR Ziziphus jujuba Mill. & FRE « T 5 ”
Z—, THAWEE. AR, SRS BRTERK
RIRSENRRA, HRH . MhiE, BAbh i<,
FRML 2R Z DR, (R PEEERAE) h A S “Th
RNy "R TR IR AN BB BRE Ziziphus
Jjujuba Mill. var. spinosa (Bunge) Hu ex H. F. Chow.
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CRAREEDNAHRHIE . R S KT, 450 R .
HEFH], REEH. RAKE. FHZ2EHERE
B JHAT 0, NEREMNRARE 7 T%
JE PRI AR o
1 #8

7E Genbank #(# % (https://www.ncbi.nlm.nih.
gov/genome/organelle/) FE T KEM 16 MZAFFR}
HIEHED SRR HFIE S, R4
PR\ GenBank &x 5% (K1) .

R1 16 MEREYHFREERAIRER

Table 1 Annotated information on chloroplast genomes of 16 Ziziphus plants

Uik W T4 HEPE R LSC/hp SSC/bp IR/bp tRNA rRNA EEMIVER EIHERH %
1 ERE Z. attopensis NC 057063.1 161342 89035 19421 26443 37 8 84 129
2 TRARE 7. hajarensis MZ475300.1 162162 89567 19597 26499 36 8 81 125
3 IR Z. incurva NC 050251.1 160920 88778 19188 26477 37 8 84 129
4 & Z. jujuba NC 030299.1 161466 89120 19348 26499 36 8 85 133
5 WK FBokjo  Z jujuba cultivar Bokjo MT919946.1 161 714 89323 19361 26515 37 8 83 129
6 A% 7. jujuba cultivar Dongzao MF781071.1 161493 89179 19356 26479 37 8 85 132
7 EHER Z. jujuba cultivar honey jar OP537226.1 161818 89427 19361 26515 36 8 78 122
8 AUREFILBON  Z jujuba cultivar ILBON MW381781.1 161373 89059 19362 26479 37 8 84 129
9 HEHIEMSANIO  Z jujuba cultivar SANJO MW381776.1 161 664 89308 19362 26497 37 8 84 129
10 1PE5E Z. jujuba cultivar Shanxi i OP537227.1 161717 89326 19361 26515 43 8 81 132
11 BE Z. jujuba var. spinosa MW160433.1 161606 89292 19356 26479 37 8 85 130
12 B (B Z. jujuba var. spinosa voucher Suanzao KX266830.1 161211 88897 19356 26479 37 8 85 130
13 R&E Z. jujuba voucher Junzao KX266829.1 161215 88974 19369 26436 37 8 85 130
14 KRE 7. mairei NC 069299 161546 89252 19374 26460 37 8 83 128
15 A Z mauritiana NC 037151.1 161543 89081 19346 26558 37 8 84 130
16 X Z. spina-christi NC 037152.1 161615 89161 19338 26558 37 8 84 130
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Fig.1 Comparison of LSC, SSC, and IR border regions among 16 Ziziphus plants chloroplast genomes

A B

2009 170 163 170 182176 ooy 161 171 174183 173 178 181 165

10 1112 13 14 15 16

eSS
) — T = EE R HEERFIEE
WAEEE Ciha:¢-1 -HRIXES .
c D 1.62%- [027%
120 96 97 o 85%

100 97 93 98 % 92 g ?igo 93 92 99 89 90

1 2 3 4 56 7 8

9 10 11 12 13 14 1516

B 5
CEEHR CRER SRR
e AL TFIR —— o IR DU R WgHm - hntm S RER
= fGHER ==SEEHR ===SSR B

El2 16 EREIMEGERANESFIIHNN

Fig. 2 Analysis of repeat sequences in 16 Ziziphus species chloroplast genomes
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Fig.3 Comparison of chloroplast genomes of 16 Ziziphus species chloroplast genomes
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Fig. 4 Covariance analysis of chloroplast genomes of 16 Ziziphus species
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Fig. 5 Phylogenetic relationships of 16 Ziziphus species inferred from maximum likelihood
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Fig. 6 Sliding window analysis of chloroplast genome of 16 Ziziphus species

3.8 EEFEENSH 4 g

FERTEIERE R T it T Lodid i o g 16 MR SRR IS RIZH K/ 2 T8,
B (o=KJKo #HAT5Hr. BHEINN, 4 o=1H, AT 160 920~162 162 bp, FEFEEELE 122~133
BRAZ QRERE, BRIV M o>18, A SRR R A B R s A B PE K 2 0k
BRI 2 A ARERE A, B IR Y o<1 BT, TR SE R H TG U0, X R R R T
BE[R 2 B 47 1% 8 K4 S AR BRI A B o, - S Ik R 2L J2 T B A e PR R sy 121200, SR, =
KRPIX 16 MERBHEVNAERF IR (B RHERZER, Fl2E R misEEE A (RNA Ji
7 o ERBEEYT K/Ks KT 1 R R cesd- REEMZES, NERBHEY L 2 PR T 3
ndhA; b cesd FERNAE KRR KT 15 ndhd Fe b, SXRhIE BRI 22 5 0T A5 W0 10 38 7 4 Ak
PRI 7E AR AR o K I IR IR AN . X MEBE R kP s kR, U4 KA S i iR, IRb/SSC 14
EHAGS R P2 BRI EESE, TR R FAEERRNZES, FelRAE yofl M1 ndhF LR
(RIEA A A AR BB R O3 b XA ZE SR SR T A R R A SRR SR DR 4H



- 6738 ¢ PER 2025498 B56% B 188  Chinese Traditional and Herbal Drugs 2025 September Vol. 56 No. 18

1.4
1.2
1.0
0.8
0.6
0.4
0.2

7 16 MEREYIREERFEEAHE CDSH o E
Fig. 7 The o value of shared CDS in chloroplast genome of 16 Ziziphus species
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