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Abstract: To elucidate the chloroplast genome characteristics and phylogenetic relationships
within the genus Actinidia, nine species distributed in Guizhou Province, including 4. polygama,
A. coriacea, and A. callosa var. Henryi, were selected in this study. Based on next-generation
sequencing data, we performed chloroplast genome assembly, annotation, and comparative
genomic analysis to systematically investigate their genomic features and phylogenetic positions.
The results were as follows: (1) The chloroplast genomes of all nine Actinidia species were

double-stranded circular molecules with a typical quadripartite structure. Their full lengths ranged
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from 155 660 to 156 770 bp, and the overall GC content varied from 37.21 % to 37.33 %,
indicating high similarity in genome size. (2) A total of 130 genes were annotated in most species,
including 83 protein-coding genes, 39 tRNA genes, and 8 rRNA genes. However, only 129 genes
were annotated in A. fulvicoma and A.fornmatii. (3) Codon usage bias was similar among species,
with a preference for A/U at the third codon position. A total of 491 simple sequence repeat (SSR)
loci were identified, encompassing six repeat types ranging from mono- to hexanucleotides. (4)
Comparative genomic analysis revealed that sequence variation was higher in the large
single-copy (LSC) and small single-copy (SSC) regions than in the inverted repeat (IR) regions,
and that non-coding regions exhibited more pronounced variation than coding regions. Nine
divergent gene fragments were identified, including intergenic spacers such as rpsi6-trnQ-UUG,
ndhC-trnV-UAC, and the rbcL-accD region, as well as coding sequences. (5) Phylogenetic
analysis resolved the nine species into four clades: A. polygama was phylogenetically distant from
the others; A. chinensis and A. chinensis var. deliciosa clustered together; 4. callosa var. henryi, A.
coriacea, A. fornmatii, and A. fulvicoma formed a distinct clade; and A. latifolia showed the
closest relationship with 4. eriantha. This study provides important chloroplast genomic evidence
for the identification and conservation of Actinidia germplasm resources in Guizhou Province and
contributes essential data for taxonomic and evolutionary studies of the genus, thereby laying a
theoretical foundation for molecular identification and phylogenetic research on Actinidia species.
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I BRI AR AU FEE R A, B ZHTHEY RS K EERE. WM EE
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&, TRk AR SR A B SRS T — RANEE . B RigdkiE 74 (Yao et al,
2015). th#! (Kimetal., 2018). KM (Qietal., 2021). FM (Yang et al., 2021). Ef£ (Yao
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XoF B ] i DX B AR A ik B U ) P A R DR AL A FEATI A N B, ik = onf 22 MY AR BRI R G


https://chinaxiv.org/abs/202605.00207V1

FEB S AL A, HBRR B IR P AT SR (1 7 St K I A 4 R SCEE, 2013),
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Table 1 Sampling information of Actinidia plants

i
Number

[LES
Species

KR

Sampling location

R
Altitude (m)

AcD2318

AcD2344

AcD2349

AcD2429

AcD2341

AcD2342

AcD2426

AcD2433

AcD2363

AcD2404

AcD2420

EMIRERE A. chinensis var. deliciosa

EMIRERE A. chinensis var. deliciosa

FRAERIIEME A. chinensis

FRAESRIERE A. chinensis

HEHBRERE A rubricaulis var. coriacea

HREERR A polygama

RAERERE A. callosa var. henryi

M FRERE A, fortunatii

BB A, fulvicoma

BN A. fulvicoma

BN A. fulvicoma

StATE B AKAE
Jiuchang Subdistrict, Xiuwen
County, Guiyang City

S T R LB 2
Huanglian Township, Tongzi
County, Zunyi City

B IR P N B B
Zhaoxing Town, Liping County,
Qiandongnan Miao and Dong
Autonomous Prefecture

2 2R P PN AR By M
Guzhou Town, Rongjiang County,
Qiandongnan Miao and Dong
Autonomous Prefecture

TR ST 2% H B A B
Kuankuo Town, Suiyang County,
Zunyi City
ST IE 2 B AR

Fuyan Town, Zheng'an County,
Zunyi City
BN 5t B m 5
Yunwu Town, Guiding County,
Qiannan Buyi and Miao
Autonomous Prefecture

ESF NN i = B B VG
Pingqiu Town, Jinping County,
Qiandongnan Miao and Dong
Autonomous Prefecture
BN 5t B m 5
Yunwu Town, Guiding County,
Qiannan Buyi and Miao
Autonomous Prefecture

2R MHAER ST T YD E R AT

Shabaopu Subdistrict, Duyun City,

Qiannan Buyi and Miao
Autonomous Prefecture
PO 7 e LA SR
Jiarong Town, Libo County,
Qiannan Buyi and Miao
Autonomous Prefecture

1233

1 644

573

640

1393

1468

1195

786

1195

1069

811
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AcD2435

AcD2415

AcD2422

AcD2434

AcD2373

AcD2403

AcD2424

AcD2430

AcD2432

AcD2436

AcD2437

BRI A, fulvicoma

W BREBE 4. latifolia

FEH-FRERE A. latifolia

MBS A. latifolia

BALIERE A. eriantha

BN A. eriantha

BACIERE A. eriantha

BALIERE A. eriantha

BN A. eriantha

BACIERE A. eriantha

BALIERE A. eriantha

AT A 1 R R
Xindian Town, Yuping Dong
Autonomous County, Tongren City
B M TIH2 2

Guilan Township, Duyun City,
Qiannan Buyi and Miao
Autonomous Prefecture

R P 5 U LA SR

Jiarong Town, Libo County,
Qiannan Buyi and Miao
Autonomous Prefecture

SONE B KEIMEREER S
Yandong Township, Jinping County,
Qiandongnan Miao and Dong
Autonomous Prefecture

SN E B AR M =R PLZE B
Wazhai Town, Sansui County,
Qiandongnan Miao and Dong
Autonomous Prefecture

S A By RN ST T A R IE
Shabaopu Subdistrict, Duyun City,
Qiannan Buyi and Miao
Autonomous Prefecture

BT PN K B I B

Gangdu Town, Huishui County,
Qiannan Buyi and Miao
Autonomous Prefecture

B IR M L B AT IR 4
Wangdong Town, Congjiang
County, Qiandongnan Miao and
Dong Autonomous Prefecture

B AR M A R B = VAR
Sanjiang Town, Jinping County,
Qiandongnan Miao and Dong
Autonomous Prefecture

25 7R 1 N R L R
Gaoniang Town, Tianzhu County,
Qiandongnan Miao and Dong
Autonomous Prefecture

AT B A 1 R BB
Xindian Town, Yuping Dong
Autonomous County, Tongren City

620

856

900

719

784

1069

1095

813

515

431

633

1.2 ZFE 4 DNA =BG/

KHMRCTABYE (BREMEE, 2004) SEBURRGEM M 423 ZHDNA . K H lluminaty
W AR I FE SO, SCE RS A4 5 ) F Tllumina &5 38 B0 5 F & 347 SOR B . ) F

Fastp B0} SR 4a 00 e B 3847 B 4 8

1.3 5 H MR

$h/H B

IRATF 151

BRI EE (Lietal, 2009).

FIH GetOrganelle A HEAT HHERAASERIZHW P 4% . Db 4R Bk (NC_026690.1) (1)

SRR T BIE NS, @it CPStools TH X FrfG MR 47 IE (Huang et al., 2024),
K HI CPGAVAS2 T F M &¢ & 2 A 41 .
(https://irscope.shinyapps.io/Chloroplot/) £l OF Az Bk J& 1 A it & 4 ik [R ZH ) B IR

1.4 FEREFFHI5HT

il A1 A2 2k 40 i 4% 3 D 4l 2 B BRI

FIHMISATELE KM (https://webblast.ipk-gatersleben.de/misa/) i I 2 A4 B K 41 14T SSR
R, WEPAERE /SR E RN R ESHEEH 810, 5. 4. 3. 3. 3, PSSR

Z [E]FIFE ES =100 bp.
1.5 BRS TR i

PR AR IE R ZH w7 51 (CDS), EBREEFH. /NT-300 bpHi /75 A1 JEATGHE
LA 7 BEAT 00 TR AT 0 AT, B AR 5025 CDSF 33T J5 40 M. 3% Codon WA
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7 Ak, AEH H E X PythonlIAS THEAH R [R] SCE S 18 FH &2 (relative synonymous codon
usage, RSCU).
1.6 M-SR HE R 4 L B4

i FH7E 28 M ¥k IRscope  Chttps://irscope.shinyapps.io/irapp/) 22 fill OFh R Mk ik J& AE 470 2 4k
FEPRIZH H KL% DL (Targe single copy, LSC) [X. /NEFE DL (small single copy, SSC) X Fll
A #EE (inverted repeat, IR) XX Ikil Ft 47 % 7 73 (Amiryousefi et al., 2018).
JEfEHmVISTARE [ (https:/genome.lbl.gov/vista/index.shtml) 51X 64 F [ Inh S AR 5 (R 2H 5
HHAERRBENE (GenBankID: NC_026690.1) (1) S AR F DK 2H 7 51 i3E 4T LL b (Frazer et al., 2004)
FIMAFFTV7 X £ fA 5L R 21 17 1 #E 4T L xS, IFF) FiDnaSP - (version6.12.03) #EATH3) &
I ATRINAZ R 2 A1
1.7 RGKE

MNCBI L # S 4RI f 4 (NC_026690.1)3EHR(NC_026691.1) ZHH(OM949903.1)
B (NC 031186.1). HTAL (OM949886.1) 2k (OM949932.1). [ (OM949887.1)
MELE (OM949893.1) HpMEtk, DAL AN EHEL T LMD (Clematovlethra acandens subsp.
hemsleyi, KX345299.1) WIM-ZRAAZERIH 51 5B E Y CGE22 A ME RS
K AW . FIMAFFT (https://mafft.cbrc.jp/alignment/server/) #£47 % & ¥4I tL# (Oliveira et al.,
2022), f#H1Qtree2 M, # FI7ELE T.HATOL (https://itol.embl.de) FERGK B .

2 AR50
2.1 MHERIAE FE R L5 SHF1E

AL AL Bk, EM, AL SR, KM RSB RRG Ak S A I DR 2 K R A
T 155660~ 156 770 bp 2 [i], HAEHFEF AR, HELN. SREFHY 2 IR 5
RIIREEH, H— KRB X BRI EE XS —A/NRPE DX R, HA R 5 )
N 88 737 ~ 88 149 bp. 23 870 ~23 325 bp A120 331 ~20577bp (F 1), iX 9 FlBMEAk M43
PRFERIH ISR GC S84 37.21 % ~ 37.33 %, Hh . AL 53 B GC & &EMx B s
LSC [X GC &N 35.45 % ~ 35.56 %, IR [X }y 43.05 % ~ 43.43 %, SSC [X N 31.09 % ~ 31.19 %

(K 2. BAKITF, XL ] S A DR 20 K B 22 S /DN, S R AEO AR T

FEERLE R (R 2) R, B, P Bk, B, 5AL R BRI pkAE
B 130 ANER, HA B A FRmiSIER 83 /. tRNA FE[X 39 4~ rRNA A 8 4>, 1M#EE
R BRI R R 2 rps 19 FERTHAIE R E] 129 ANFEH . £ IR X, ndhB- rpsl2- rps7~ yefl5-
yef2 % 5 AN EE gL IEE, 8 AN (RNA KDL& 4 A~ (RNA JEFBHIL 1 IRESE . th4h,
atpF ndhA~ ndhB % 15 NEREEH 1 DMNET T, rpsi2. yof3 Fl yefl WHEH 2 M H
T
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L R .
Actinidiu callosa var. Ienryi
155 660 bp

B b - - 1R

L
Actinidia fulvicoma . . = Actinidia er
, B
1

SRR
Actinidia fornmatii
155

1
i

i Pine
W A % Photosystem | W RERE RS F LA I RubisCO larg subunit B EEEARNA Ribosomal RNA
| A RS Photosystem 11 B RNAR M RNA polymerase B clpP malK, inf4
B AR b/t 541 Cytochrome b/f complex 8 2 B3R E /NI Small subunit of ribosomal protein B EUER ! Hypothetical reading frame
@ ATP &AL ATP Synthesis B ERED R Large subunit of ribosomal protein B TLfb Other
a

NADH/FZ# NADH dehydrogenase B IZRNA Transfer RNA

B AN R R IR R I D RE 2 2K o FRAMEDIVE I B 07 A e i, 34 A BE RIS IR 107 10 B 5. A BBITR K
O DIRAR I 2R AR R AL GC & & A

Different colors indicate functional categories of genes. Genes outside the circle are transcribed counterclockwise,
while those inside are transcribed clockwise. The dark gray inner ring shows the GC content of the chloroplast
genome.

B 19 FBRIBb R A A B SR B R A R i

Fig. 1 Chloroplast genome maps of nine plants of Actinidia
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R2 9 PBRIBRBER H kA R AR 2 AT

Table 2 Characteristics analysis of the chloroplast genomes from nine species of Actinidia

sk B Rk SRRk AR B AR HEIHBRA SRR BEBRRAE  REMERERE BRI

Index A. polygama A. chinensis var. A. chinensis A. callosa var.  A. rubricaulis var.  A. fortunatii ~ A. fulvicoma  A. latifolia A. eriantha
deliciosa henryi coriacea
K4
%,ﬂj{d\ 156 576 156 048 156 077 155 660 156 339 155 648 155742 156 672 156 770
Genome size (bp)
REPE X ACSE
44 14 174 4 1 4 4 2
Length of LSC (bp) 88 447 88 149 8817 88433 88 737 88316 88435 88 546 88 628
X e
R BRI XK 23 870 23542 23784 23 325 23 542 23 431 23421 23 794 23 803
Length of IRs (bp)
NP DT IX A JEE
2 2 1 2 2 20 51 20 4 20 4 2 2
Samll of SSC (bp) 0389 033 0335 0577 0518 0470 0465 0538 0536
B GC &
24 22 22 32 24 . .32 21 21
Total GC content (%) 37 37 37 373 37 37.33 373 37 37
REFENKX GC FH
Sl A A .52 4 . . 4 4
GC content of LSC(%) 355 35.46 35.46 35.5 35.47 35.56 35.55 35.45 35.45
RIAELX GC FH
43. 43. 43. 43.4 43.2 43. 43. 43.11 43.12
GC content of IRS(%) 3.05 3.09 3.08 3.43 3.25 3.36 3.36 3 3
NEPETIX GC it
1.1 1.14 1.1 1.1 1.14 1.1 1.1 1. 1.
GC content of SSC(%) 31.17 3 31.15 31.17 3 31.17 31.17 31.09 31.09
S R B
R 130 130 130 130 130 129 129 130 130
Total number of genes
i L R R
Number of protein coding 83 83 83 83 83 82 82 83 83
genes
tRNAs &
Number of fRNAs 39 39 39 39 39 39 39 39 39
iRNAs 518 8 8 8 8 8 8 8 8 8

Number of rRNAs
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R3O PBRIRMR H i PR 4 A BRI R R

Table 3 Chloroplast genome gene types of nine species of Actinidia

EASE S EARES SRR
Gene category Gene group Gene name
ATP & Jili§ ATP synthase atpA, atpB, atpE, atpF*, atpH, atpl
Y& R4 1 Photosystem 11 psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM, psbN, psbT, psbZ, ycf3™
NADH /it & i NADH dehydrogenase ndhA*, ndhB™*¥, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK
e EER AMfute R b/if BEW

Photosynthesis genes

Cytochrome b/f complex
ARG 1 Photosystem 11
TR A B A Bl K L
RubisCO large subunit

petA, petB* petD*, petG, petL, petN
psaA, psaB, psaC, psal, psaJ
rbeL

H A i) A

Self replication genes

rRNA %[ rRNA genes
tRNA ZE[H tRNA genes

AL = PN2

Large subunit of ribosomal protein
MR B /NI 5

Small subunit of ribosomal protein
RNA 451 RNA polymerase

rrnl 68U, rrn23S0D, rrn4.550, rrn5St

trnK-UUU*, trnQ-UUG , trnS-GCU , trnG-UCC* , trnR-UCU , trnC-GCA , trnD-GUC , trnY-GUA ,
trnE-UUC, trnT-GGU, trnS-UGA, trnG-GCC, trnfM-CAU, trufM-CAU, trnS-GGA, trnT-UGU, trnL-UAA*,
trnF-GAA, trnV-UAC* trnM-CAU, trnW-CCA, trnP-UGG, trnH-GUG?, trnl-CAU?, trnL-CAA®?,
trnV-GACY?, trnl-GAU*D, rnA-UGC*CD, trnR-ACG?, truN-GUU 9, trnL-UAG

rplld, rpll 6%, rpl2%*, rpl20, rpl22, rpi23, rpl32, rpl33, rpl36

rps127°CD, ypsid, rpsl5, rps16%, rpsl8, rps19AcD2433,Ac D 2S) pned ins3, rpsd, rps 702, rps8
rpoA, rpoB, rpoC1* rpoC2

LB A FRILME I

Acetyl-CoA carboxylase subunit aceD
C A 1 3% £ KA e
C-type cytochrom synthesis gene

HAh o

SUALIED] L E1 B

Other genes . cemA
Envelop membrane protein
BRI T i
Translational initiation factor
AR R Maturase gene matK
ARENThRERER PRAF T T8 Be BEAE

Unknown function genes

Conserved open reading frames

yef1**, ycf1502, yef20D, yefd

T SRR HIDAE T YRR EA 2ANE T CFRRAT IRs KIKIELRR; [ DYz B h A

Note: * indicates one intron; ** indicates two intron; (x2) indicates duplicated genes located in the IRs region; [ ] indicates that the gene is absent in some species.
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2.2 MR E E R ZE FIRITF IS

9 Ak B A 1) SRR S R L5 61 NS T (R IEFRFERAN), gwtid 20 Ff
AR (B 2). Hrf, FEKR (Lew K%M FHEH% (CUA. CUC. CUG. CUU, UUA.
UUG, 36 F), MHEMER (Met) 5EZEK (Trp) HXKRL 1 NEILT. B Met (AUG)
A Trp (UGG) b, HARZILFR B ST 3R I tH — & A AW LF o 7E 29 /NFEXT [A] SC# 5
FAERERT 1 ESsEm 4, 1 ALLG/IC 45 R . BAR L, ANEBREBE R ) %65
FAE i — 2, SRR T UL A/U 4R IS .

> 0
o c % o O
PN >
s 7 = FWRIRIERR Actinidia chinensis var. deliciosa
OO OO o MR IERE Actinidia rubricaulis var. coriacea
g, ¢ B ABNER Actinidia polygama
¢ ¢ TLAEPRIERR Actinidia eriantha
/e T SRR Actinidia callosa var. henryi
OC'OO H ’W’o‘ﬁ'{]ﬁ?{%ﬂk Act{n{di.a c_hinensi.s'
G SRk Actinidia fornmatii
i W Fal BRI Actinidia latifolia _2
G E-BIIERE Actnidia fulvicoma
Qﬂ
_1
)
CGC
ACG
Cuc
AGC
OCUG
e
G,
0. C
Lo
G, @
OO G
'Zy (@
C o
O 7,
=
> C Q % % o
o o
o oo

RN RSCUHBUR, HORRTE, 403K R RSCU ER -
Blue indicates lower RSCU values, white indicates medium values, and red indicates higher RSCU value.
B2 9 MBIk R EYIIEE B O A% E R BT oA A E
Fig. 2 Heatmap plot of codon distribution of all shared protein-coding genes in the chloroplast
genomes of nine Actinidia species
23 HBREEFS (SSR) o1f
X9 A Ak e AR F) M S Ik PRI 21 v S ”F%ﬁ 491 A SSR AL ki, HZEE T EE AT

TPNBRZHIR (3154, 15 64.15%) “HHIR (431, 8.76%) = HIK (381, 7.74%).
VURZH R (66 1, 13.44%). FZHE (2714, 5. 50%) MR (24, 0.41%). Hrf,
BREREREZIS RS, ROV ERES (K 3: A). &M SSR &7l
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BB 53 A TRAERRERL 54 AL EURBIERK ST S SEAEREAL 54 AN AR B
S1UASS SEBBIERE 50 A~ ZAMBREERE 57 N R EBREERE 59 AN FIBAEBR L 62 1. FEAE
TF] K SSR KA, A/T MEERZ (301 1), AT/AT(43 ) AAT/ATT(35 1) AAAG/CTTT

(30 1) F1 AAAT/ATTT (27 4Y) HIEEAE 20 ML, ARBEE T, FR Rk
JEFEA SR SSR EA BRI A/T BlEE il 4 o B4k, AN [E 4R o AE CE R 1) SSR 284,
W AGG/CCT A H LT th A RN L R BR Rk T, AAG/CTTAYAZEZE T BAEBRERk T, AATT/AATT
B AR R, T AATAT/ATATT WA B0 46 R ERE R (B 3: B,

A 0.41% (2)
5.50% (27) N

13.44% (66)
BH Total 491

7.74% (38) » H%AF R Mononucleotide

8.76% (43) MR Dinucleotide

\ AR Triucleotide
VYR FFIR Teraucleotide
TiAATR Pentaucleotide

7SR Hexanucleotide

300
o MBIk Actinidia chinensis var. deliciosa
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Fig. 3 Analysis of SSRs in the chloroplast genomes of nine Actinidia species
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The same background color indicates monophyletic groups of the same species, while different branch colors are
used to distinguish major lineages.
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Fig. 7 Construction of phylogenetic tree of 22 Actinidia species based on chloroplast genome
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660 ~ 156 770 bp, oAkt PRI ZH (K 2 R AP 5=, A B FE R e H 3 257 e m) 8 X (IR
ISk AR P DI IX K FE AR S . SRR )RR X & B 5 7 91 4 14 55 (R R 52 1) (Zheng et all.,
2017; Turudi¢ etal., 2023). MAh, FERIFER ., Bk R 25 A2 AL s Yt mT S SRR R 40 I 2%
498 (Turudi€ et al., 2023). W, XY FPEIE R A S FEEHSIINT & GC & &5
iR A, 5ERER T (Yaoetal, 2015). 1%L (Kimetal., 2018), &
(Qiu et al., 2024). [@M (Yang etal., 2021) FIELLER (Tang et al., 2019) HAHML, K
B T Bk i S A i IR A A R (R R AR IR S . ARHE TR, O Rk 35 A A 3]
clpP BER o clpP JE R (PR I AE TRk g o ml B e — ANk S, S Bk JE 2 AN Rl )
FL A LA R tHAE S 73X — # (Liu et al., 2025) . i35 K hid 2 (A BE/K RT3, Lok 4
M2 TR OB B R A, X—I R FEY SRR FEAT I, vl he 53R
HIE A E 7 EHEA k. ML, infAd FERFEARW FURTA YA R4 08 8, {H Lin 55 (2025)
PRI 1% 3 PRI 2 2 A DR Rk RO TRk v R AR Rk o IX R JR AR e 1 ) B R R R I R
2 A T DRI 2H PR A AR 52 AR ST, AN A SC R TR I AN RN B 77 o Rk I A [F) 4
Vi) PR 2 045 FH () A e 1 s FE — 8, i) TR DL A/U S5 R I3RS 1, X — @A 7E HoAth
Wi AP R IR A (Zhou et al., 2022),

W EF P (SSR) TEMERARIERIA 72 040, RIHAE DNA il 5 K A i s
BeT AR SR 2 A, BRI H AR RS BEREHE R 7 1 27 T 45 1d. (Jansen et al.,
2011; Yangetal,, 2012; Lietal., 2020). fEARBFFW XTI, SRS RE 7 Bl ke
MIF] 54 F1 51 A SSR 7 i1, WA ML TR BN LR 6 PP G288, Mgk, A,
BE KM BRI R BRIk R B A 2 54, 51, 504 57, 59 AT 62 4~ SSR, {Hix1k
VIR R RIS IRE R KA, 4 KL 5 SSR & & A/T lidE, 525kl FAEYM Sk 5
[RIZH 7 BL PolyA/T SN B Z A UAHTF (Nie et al., 2012), & & AT (37N DNA EHl#5h
Peft 745 R LAl (Wolfson et al., 1991), HAEMSRARIERH 1)) 2 AE(E, nlRedkzk B H R
N AR R SF PS5 AE (Brazda et al., 2018). B4k, #B%> SSR ALK B by 7
PEo #illn, AGG/CCT AXAFAE T H A MERBREM T, AAG/ICTT N BB A,
AATT/AATT {H BT 5 A3k, 110 AATAT/ATATT TS 500 A T 26 R bk, IX Sl 52
SSR 7 SN o] T S 0 s e bk g 2 F 0 FAm it R it 1V AE (1 7 Bk A

TR SR AR L DR 287 0 o 9 5 AR X T oA R s e BRI A B AR 5 . (Lietal., 2018),
B EHAB RS K B hrd. UAET R Z R matK . psbC-trnS rbcL F trnL-trnF %557 v
BRI B RS K B X %R (Chatetal, 2004), 3&T mVISTA X5t/ 9 FhpiEsk
JE A 50 HE I SR AR L PR A 0 UL M s AR SRR H 9 AN RARFE R |y B CGrps 16-trnQ-UUG
ndhC-trnV-UAC. rbcL-accD. rpsi2-psbB. trnl-CAU-ycf2 . trnN-GUU-ndhF . rps7-trnV-GAC.
yefl--trnN-GUU F trnH-Gug-psbA), ', rpsl6-trnQ-UUG 1 ndhC-trnV-UAC X8I HT
AR R G R W5 SRIN A (Tang etal., 2019). 4N, ARBFFRINKIL yefl. yef2 A
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aceD BRAFAEREFFHAER, 5 Lin% (2025) MRIE—5. BHFRZEMESIE—5F
B, #r X BEEEN P, nHERNRGRECINE . MHEARIERAN IR X8
WA PRST 5 FA SIS A B 5K ] 5 EI0AT I ik [R5 DR A BB R (R B CRH R S5, 2024) 6
KT, 9 MR M) IR XK FEAHLT, F B IR/LSC 5 IR/SSC i1 FH1EJ& N W] Ry
Rap. ERERMNZE, . HAL B8, B FISEMRBREN N yorl R g X #4587
FEfH 2 IRa X, IR W T KA GE . SEMR AR Z FitEY) (Lu etal., 2017; Wang et
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J& R G R B TCIPRIC TR o ARRAN TS T RIBREA, IUEIX L8 XIRED M55 R4t
R B R SRR B A E .

TR Rk Je8 L A7 DR 3 A AE o 8] 5 5 BRI, Ho o RAR RIATHIG B KPR (Yao et
al., 2015) . AW 5 & FEF] FH -2 A AR Bk IR N I RGER B R &R, 45 R BoR 9 AR
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SCREULHETIRN R A3 () S8tk o Horr, B BRI Ak 5 At P B A BE B e, rh A SRR AR
BRI —3, BAL M SRR BRI AL R B — A0 3, TR S AR 2
MHEFIERSRG R R, X5 ARNRIEREA—I (Liuetal., 2025; Heetal, 2025), [FIRfH
HHEFZ A5 FHrid (Chatet al., 2004; Lietal., 2009; Tangetal., 2019) RN ARG K E X
REA . sTAWFFREH, BBk 40k DNA 328 2 KRB, 29 5 Fh ) S5H0 kN
AAZ M) 75%(Li et al., 2013), XN R 4K B H@ M 7 F 5 115 S 47 5 (Cipriani et al., 1995).
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2013), FRAEN: FEMH BRI RAE AR A S T BIERGRkRIE, SBUSE K 1Al
B SR AR R A, MAZ RN OREE T3 2 0 RHIE . X — A 17 e 2R iR TR Bk R4 2
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