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Abstract ; To elucidate the chloroplast genomic characteristics and phylogenetic relationships within the genus Actinidia ,
nine species distributed in Guizhou Province, including A. polygama, A. rubricaulis var. 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 characteristics and
phylogenetic relationships. 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 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 TRNA
genes, except that 129 genes were annotated in A. fulvicoma and A. fortunatii. (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 mononucleotide to hexanucleotide. (4) Comparative genomic
analysis revealed that sequence variation was higher in the large single copy (L.SC) and small single copy (SSC) regions
than in the inverted repeat (IR) region, and that non-coding regions exhibited more pronounced variation than coding
regions. Nine divergent gene fragments were identified, including intergenic spacers such as rps16—trnQ-UUG, ndhC-
irnV-UAC, and the rbcL—accD region. (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; A. callosa
var. henryt, A. rubricaulis var. coriacea, A. fortunatii, and A. fulvicoma formed a distinct clade; and A. latifolia showed
the closest relationship with A. eriantha. This study provides an important basis at the chloroplast genome level for the
identification and conservation of kiwifruit germplasm resources in Guizhou Province, and also accumulates key data and
a theoretical basis for the taxonomy, phylogeny and molecular identification of this genus.

Key words: Actinidia, chloroplast genome, simple sequence repeats, sequence alignment, phylogeny
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Table 1

BEMREENERRERFR

Sampling information of Actinidia species

ErRes
No.

S

Species

SRAF: Hb

Sampling location

Altitude (m)

AcD2318

AcD2344

AcD2349

AcD2429

AcD2341

AcD2342

AcD2426

AcD2433

AcD2363

AcD2404

AcD2420

AcD2435

AcD2415

AcD2422

AcD2434

AcD2373

AcD2403

AcD2424

AcD2430

AcD2432

AcD2436

AcD2437

LERBIBERE A. chinensis var. deliciosa
EWRBFEBE A. chinensis var. deliciosa

FRAEBRIERE A. chinensis

FRAEBRIERE A. chinensis

HBRAEBE A, rubricaulis var. coriacea
BB A, polygama

FEVBRMERE A. callosa var. henryi

S BRI A. fortunatii

HEBHRGERE A. fulvicoma

HERBEDE A, fulvicoma

HBIERE A, fulvicoma

BRI A, fulvicoma

B A, latifolia

BN A, latifolia

FEMBRERE A. latifolia

BAEFRMERE A, eriantha

BAEFRERE A. eriantha

BAETERE A. eriantha

BAETERE A, eriantha

BACTERE A. eriantha

BACTERE A, eriantha

BACTERE A. eriantha

BT B SCR ARG E
Jiuchang Subdistrict, Xiuwen County, Guiyang City
T L S
Huanglian Township, Tongzi County, Zunyi City
IR AT G M BT B A
Zhaoxing Town, Liping County, Qiandongnan Miao and Dong
Autonomous Prefecture
IR AT F G MR TR
Guzhou Town, Rongjiang County, Qiandongnan Miao and Dong
Autonomous Prefecture
38 SCTH 2 BH EL 5 ] B
Kuankuo Town, Suiyang County, Zunyi City
TS I LR
Fuyan Town, Zheng’an County, Zunyi City
W MAER R VAN St E B 54
Yunwu Town, Guiding County, Qiannan Buyi and Miao
Autonomous Prefecture
TR P T A I 1IN 5 LRk
ngqlu Town, Jinping County, Qiandongnan Miao and Dong
Autonomous Prefecture
W AMAE R E AR M e B R
Yunwu Town, Guiding County, Qiannan Buyi and Miao
Autonomous Prefecture

B4 B AT A TR RN R T A R i

Shabaopu Subdistrict, Duyun City, Qiannan Buyi and Miao
Autonomous Prefecture

B B A A TR 1 RN 7 e B SR

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

HATT R BRI H A B

Xindian Town, Yuping Dong Autonomous County, Tongren City

WA AN RN IR A2 &

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

5 R A A TR 1 RN 7 e B SR

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

AR AR B IR N R EL R &
dedong Township, Jinping County, Qiandongnan Miao and Dong

Autonomous Prefecture

AR BRI IA F A M =R PUEE
Wthdl Town, Sansui County, Qiandongnan Miao and Dong
Autonomous Prefecture
B R AT A TR B VRN AR T R A
Shabaopu Subdistrict, Duyun City, Qiannan Buyi and Miao
Autonomous Prefecture
SR A1 AR PR LT K L e A

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

A P e A L DA EL A T
degdong Town, Congjiang County, Qiandongnan Miao and Dong
Autonomous Prefecture

TSR A B VA B L =Y

Sanjiang Town, Jinping County, Qiandongnan Miao and Dong
Autonomous Prefecture

B AR 1 AN RO B

Gaoniang Town, Tianzhu County, Qiandongnan Miao and Dong
Autonomous Prefecture

A B B EGEOBE B
Xindian Town, Yuping Dong Autonomous County, Tongren City

1233

1 644

573

640

1393

1 468

1195

786

1195

1 069

811

620

856

900

719

784

1 069

1095

813

515

431

633
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IF 1 7 R ok I 2 R B TR 4H K R 155 660 ~
156 770 bp, i BAE LRl fe K, AL B/, &5 3E
PR 2 45 52 LAY (g DO A AR EROIR 25 40, B 1 AN K B8 D

35450 Bk
Actinidia polygama
156 576 bp
ARk
Actinidia chinensis
156 077 b

SSC: 20 389

Bt Bk
Actinidia fulvicoma
155 742 bp
BBk
Actinidia fortunatii
8 bp

SSC: 20 465

YA RS0 1 Photosystem 1
JA RS Photosystem 1T

ATP &)l i ATP synthetase
NADH/Ii4(fff NADH dehydrogenase
FZHEARNA Ribosomal RNA

clpP, matK, infA

EE0ODODENm

AL 3 b/f A4 Cytochrome b/f complex

(LSCYX 2 MR mMEKE (IR) K5 1 A~/Np$E Il
(SSC) X 21 ., HA& BE i [ 43 1) ok 88 737 ~ 88 149
bp .23 870~23 325 bp F120 331~20 577 bp(& 1),

o MERERE
Actinidia rubricaulis var. coriaced
156 339 bp

SRR

$SC: 20518

AETRI: Bk
Actinidia eriantha
156 770 bp

R
Actinidia latifolia
156 672 bp

SSC: 20 536

W BRI AR I 2L RubisCO larg subunit

B RNAR AR RNA polymerase

O AR F/NERE Small subunit of ribosomal protein
B AR E KA Large subunit of ribosomal protein
B JZRNA Transfer RNA

O BEFIEHE (yef) Hypothetical reading frame ( ycf)
@ HAth Others

PR F BRI P DI RE 028, PRANEE PR I D7 13 4% 53¢, B0 PN 66 DRV ST D7 1o 2 53 o WA LT €8 DX 33 s I R 4

R4 GC &1,

Different colors indicate functional categories of genes. Genes outside the circle are transcribed counterclockwise, and those inside are

transcribed clockwise. The dark gray inner ring shows the GC content of the chloroplast genome.

B 19 FERARE AR W B0 I 4R B [ 4H

Fig. 1

Chloroplast genome maps of nine Actinidia species
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X9 PR A Bk A R S B AL BR GC R
37.219% ~37.33% , Horp 450t i B4 5 8 B RRERE 1Y
GC S MM E R, LSC X GC & & 4 35.45% ~
35.56%, IR X N 43.05% ~ 43.43%, SSC X K
31.09% ~31.17% ( F& 2) . AR, X e Fh ]
S R PR A G JBE 25 S B/ DN B R AR G DR ST

FEHERG R (F2) BoR, BR P Lk
O A R R A R A B 28 v R 130 A4S 3
IR, iR B 0 2 % 3 T 83 4 tRNA FE A 39 4,
rRNA FE[H 8 A~ 17 5 B A5 A ik DR 2 rps19
SR A B E 129 AN, FE IR X, ndhB |
rps12 rpsT \yef15 \yef2 5 1 H i 4 i 2L A, 8 A~
tRNA LR 2L K 4 4~ rRNA JER P H B 1 IRE R
Jﬂﬁﬁl\,ath\ndhA\nth FZI5NMEFESSEHE LN
T, mps12 yef3 Floyefl M &4 2 NN & F
(%£3),
2.2 HEGERAZFBTRTFED T

9 FiBRAA S8 AR 1) - S A 5 PR 4] A 61
N (L AL T BRAN ), it 20 Fl & 3 R
(F2), H &R (Lew) MFEWL TR ERE
(CUA .CUC .CUG .CUU ,UUA .UUG, 3L 6 F) , i
B AR (Met) 5 2R (Trp) IAUXS L 1 4> %5
To BR Met(AUG) 1 Trp(UGG) LAAN , Ho A S JL TR
05 1 2 2 B — E RO P 4. 7E 29 AR
XoF [i) SR 0 FH B R 118 e A 2 A L A 1
AL G/C 45, BRI S R Bk Bk 4 Fol 1] 11 2%
T~ A e v B2 — B8, Y9 W @AW 1) T DL A/U &5
RS T,
2.3 BHEEEFTI(SSR) 4T

X9 PRI A A ) - S (AR R PR A
FEH 491 4~ SSR A5, % T E BT K B ] 4k
MR (315 4, i 64.15%) . B AF R (43 14,
i 8.76% ) (=R IR (38 4, 15 7.74%) WU
M2 (66 1, 5 13.44%) , L& H R (27 4>, &
5.50%) MIAZHBR (2 4,15 0.41%) , H g
% R 1 5 P o L ) e, HERCH IO R B
(I 3.A) . YRR SSR Bt 43 71 A 55 Ak
Bk 53 4~ PR BRAEBE 54 4 ERBREAL 51 4
B AR BE 54 A R AR R 51 A BB R
Bk 50 4~ SRR BE 57 A R RR AR 59 A4S
BN 62 4>, fERMF] ) SSR 2RI A/T
B £ (301 ) , AT/AT (43 1) (AAT/ATT
(35 1) . AAAG/CTTT (30 ) F1 AAAT/ATTT

(27 ) B TE 20 AL B R B T,
[Fi] FsF 25 W 0 40 1k Jes A 4 - 2k A& SSRBL A B B 1Y
A/T B G PE . Ah AR Y R b AR TE AR A
(9 SSR 251 U AGG/CCT X H 3T v A 1 26 g
TR RE o, AAG/CTT AN A7 76 T B AL B ok o
AATT/AATT R 5 2 B5 M Bk 4% 4, 1 AATAT/
ATATT WA BT 2 Bk v (181 3:B)
2.4 HEFEERALLRS

PLE 3B 19 4B BR A Bk ( GenBank 1D NC _
026690.1) FERIFIIE NS H P4, i lHfEL T H
mVISTA 734745 2] 9 FhBx e Ak Ja A7 4 i) i 2 1 35
PRI LRSS R (K 4) , 25 R BoR AT IR X,9
PR Bk R A P 1E 1LSC X FN SSC X R B H v 1)
JP o 25 Sk AR g A DX 1) 25 5 0 o A X R 3
rps16—trnQ-UUG . ndhC —trnV-UAC | rbcL. — accD | rps12 -
psbB .rpsT—irnV-GAC Iﬁjﬁrj‘,?’j—:ﬁﬁiﬁjﬁﬂg [Ziﬂjzlj\],
AR EA R FRHE . SRS, 58 RARIEAE |
BRI, B ALTRAE A | b AR R A Bk R I g
Bk B 7 5] [ e o

X9 F kA Mk AR 4 it S A L R A T AT
(1) Eb 35 4 B 8¢ B, JHL 300 A DX 388 19 2k R 4 i T %o
SFOHIER S R BE R A MR E S (K S) .
Hor TRa/LSC i1 5 & M AR SF, BT A ) Fh A9 psbA
SN TS0 AW EES 2 bp,
mpl23 FE K A7 F LSC X N, 5 & LSC/IRb i1 %
99 ~ 111 bp; ndhF 3 H i F SSC X N, H &
IRb/SSCil1 # 21 ~ 137 bp, yefl % [H 1E SSC/IRa
NGB oy AR EAE A R) 22 5 AR R AR AL B
A3 R R A T yef1 G AT IX B BRI
B, H 6 632~6 753 bp fii T SSC X, 73 A 291 ~
407 bp $Eff % IRa X ; MAEH B @M A& fE
IR, yefl FER 5820 F SSC XN, 53l
FLAHE 368 ~611 bp,
2.5 HEGERAFIINZERSH G

5 DnaSP T2 HT 9 FhERAGE Ak JE AR 4 - 2
IRIBI R TR Z AR (P,) , 5 Y 4 A5 IX B Y P,
EIEHE R 0~0.051 1(&6) , A8 A7 o5 £ B4R
FRAE LSC X, HLKE SSC X, TEiiS X N, psbB FE
B R 22 SRR Bl = (P, =0.051 1), Hik
JZ psbE-psbF-psbL , 3X P A~ X 3 (1) 4% 1 R 2 FF 1 {E
BEETHAXE, WA, 8FH 6 MEFFRZFE
PR (P,;>0.013 9) (5L K X 38, trnl-UAA | trnV-
UAC trnR-UCU trnF-GAA F1 psbM i T4t X rps16—
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Table 2 Characteristics analysis of the chloroplast genomes from nine Actinidia species

- AL q N -
b wr g e SR R HE it ik
§ BRIERE A, chinensis  BRHEDE U7 TR T TR T
Index .. . . A. callosa A. rubricaulis . .. - PN .
A. polygama var. deliciosa A. chinensis . . A. fortunatii A. fulvicoma A. latifolia  A. eriantha
var. henryi var. coriacea
e DA 156 576 156 048 156 077 155 660 156 339 155 648 155 742 156 672 156 770
Genome size (bp)
KBS DL XK 88 447 88 149 88 174 88 433 88 737 88 316 88 435 88 546 88 628
Length of LSC region (bp)
S ) L XA EE 23 870 23 542 23 784 23 325 23 542 23 431 23 421 23 794 23 803
Length of IRs region (bp)
ANFLPE DL X KR 20 389 20 331 20 335 20 577 20 518 20 470 20 465 20 538 20 536
Length of SSC region (bp)
BGC Fa 37.24 37.22 37.22 37.32 37.24 37.33 37.32 37.21 37.21
Total GC content ( % )
KEFEIX GC i 35.51 35.46 35.46 35.52 35.47 35.56 35.55 35.45 35.45
GC content of LSC region (%)
RIMEE X GC & 43.05 43.09 43.08 43.43 43.25 43.36 43.36 43.11 43.12
GC content of TRs region (%)
NBETLIX GC 5 31.17 31.14 31.15 31.17 31.14 31.17 31.17 31.09 31.09
GC content of SSC region (%)
o PR B i 130 130 130 130 130 129 129 130 130
Total number of genes
B 1 i 5 R R 83 83 83 83 82 82 83 83
Number of protein coding genes
tRNA % 39 39 39 39 39 39 39 39
Number of tRNAs
rRNA %t 8 8 8 8 8 8 8 8

Number of rRNAs

1rnQ-UUG 3L T 5 [H] 1] Ji X, 3 88 A% 2 g 78
S DXL AR Sy Bk Atk Jes A ) Ok 8 DNA 5,
B 18T R 8 W) R E R AR S AR T
PRic .
2.6 HREERBRGELF M

S WA S MR B R AR ) R 2R G R R
WHFEEE T S R e FE L 5 91, 455 B4Rk By
SRS S | BV S 1 P A e S e S R R D
BRI SRR X 9 R R Bk A (et
2R AT T RE LT T, SR (K T) B
N BRIMRRERISN 22 A HRIRBEREAS AT 50 4 4~ &
B3 IRl — Wi AN ) A A 8% 3R O B R B, O HL
OB A SRR N R —kE, o, B
BRAGERk 5 Aty o gt A% B 8 200 | B WU ST 53 32 5
AR SEIR AR IR O — A SR AL i &
I R8I () A B — >0 3 R 5 B AE
BRBERE R OC R IR, RN — 32,

3 W54 #

AT XF BN A 9 FhOBR A Bk A 4 - o Ak Sk
P2 AT 1 00 0 4 e B L X oA, 558 i dE
Fewk N AL R AN R R R R Bk
F4) I 2 AR 35 R 20 K/ LA 155 660 ~ 156 770 bp,
2 A R 2 ) B TR o S, A AR 5 IR S
HETZ IR KM k04 s DL IX K Y AR
S R H) B XK E A A R B AR R R
(Zheng et al., 2017 ; Turudié et al., 2023) ., It4b,
S ER AEE R R KAy A A i R ] S S0
20 5 45 9 ( Turudic et al., 2023) ., RE M, X
S fE 5L AL R SRR HESIY B2 GC & 55 7
179 B0 M = B A R, S5 I ) P AR ((Yao et
al., 2015b) (ILZL(Kim et al., 2018) JiH( Qiu et
al., 2021) WM ( Yang et al., 2021) F1E LML



4 1 KRS SN LR R MG 8 AL I S (AR D] AR A R L0 H 593

R3 IHBREREHREERAERELE

Table 3 Gene types in the chloroplast genome of nine Actinidia species

FEP 25 e S i LR 2K
Gene category Gene group Gene name
Jea eI

ARG TR <
Photosynthesis genes ATP 2B ATP synthetase

B RS Photosystem 11

NADH B & i NADH dehydrogenase

At b/t LAY
Cytochrome b/f complex

HAEFSG | Photosystem 11

TR R R A R B
RubisCO large subunit

F T 52 i N

Self replication genes

A RNA Ribosomal RNA

3% RNA FE[H Transfer RNA

Y L AS PN

Large subunit of ribosomal protein

R 11 /NI 2

Small subunit of ribosomal protein
RNA R4 RNA polymerase

AN A YR AL B

Acetyl-CoA carboxylase subunit

(O E ) IR e

C-type cytochrome synthesis

L HEH

Envelop membrane protein

R N T

Translational initiation factor
J% i Maturase

1 5E B BEHE (yef)
Hypothetical reading frame ( ycf)

et
Other genes

ARAIIREHE N

Unknown function genes

alpA, atpB, atpE, atpF* | apH, atpl

psbA | psbB, psbC, psbD, psbE, psbF, psbH, psbl, psb],
psbK, psbL, psbM, psbN, psbT, psbZ, ycf3 ™ *

ndhA* | ndhB*"* | ndhC, ndhD, ndhE, ndhF,
ndhG, ndhH, ndhl, ndhJ, ndhK

petA, petB* | petD ™ | petG, petL, petN

psaA, psaB, psaC, psal, psa]

rbel

rrn16SY? | rn238Y?) | rnd. 58 | rrn5SUY

trnK-UUU ™, trnQ-UUG , trnS-GCU , trnG-UCC * , trnR-
UCU , trnC-GCA , trnD-GUC , irnY-GUA , imE-UUC,
trnT-GGU, trnS-UGA, trnG-GCC, trnfM-CAU, trnfM-
CAU, trnS-GGA, trnT-UGU, trnL-UAA™ | trnF-GAA,
trnV-UAC* , trnM-CAU, tmW-CCA, tmP-UGG, trnH-
GUGY™™ | trnl-CAUY™ , trnL-CAAY® | tmV-GACY?
trnl-GAU * *? | 1mA-UGC* ¥ | tmR-ACG™ ,  tmN-
GUU™ | unL-UAG

s

plld, mpll6™* | 2%, pl20, 22, 23, pl32,
pl33, mpl36

* % (x2)

rps12 rpsl4, psl5, msle ™, psl8,

rpslgnu,nmm. Ac_D_2435] L mps2, ps3, s, rps7(xz) L ms8
rpoA, mpoB, rpoCl * | rpoC2

accD
ccsA
cemA

infA
matK

yof L™, yef15°% | yef2°% | yefd

W = XA TAH T DNG T o R TAH 2NN E T 5 (X2) XML T IRs KINEE RN [ ] WiZEEHNERLEY M P R TE

Note: * indicates one introns; #*%* indicates two introns; ( X2) indicates duplicated genes located in the IRs region; [ ] indicates that

the gene is absent in some species.

(Tang et al., 2019a) HAR{LL, J B T AR AEHE & 2%
A D] 20 7 F Ak ) 2 0 B IR LR ST M AR AR
o, 9 FEREBE I ARG B clpP FEH , clpP BEHY
Bf 2R AR A Wk I v ] BB — A ke g T X
BrAE Ak s 22> F Y AR A IR S8 1 X —
M (Wang et al., 2016) . %3 K 4 65 85 H B 7K fig

W3 LB HEM R th T RE T e B B R N A
X— AW T AP 2R AR FE AL R IR AR FE UL, W]
RES B N I 20 E L HEA O, MIEEZ T, infA
HWNAEAB T A YA PR, H Lin 5
(2025 ) I3 12 FE PN A 2 S5 B A Bk R T VA Ak B
AR, XS R AR N R R R R
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OO OO e BIFRIERR A. rubricaulis var. coriacea
@&, ¢ B ABERk A. polygama
¢, < BALBER 4. eriantha
o T HAYER A callosa var. henryi
C, 4 BB A. chinensis
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Blue indicates lower RSCU value, white indicates medium RSCU value, and red indicates higher RSCU value.
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Fig. 2 Heatmap plot of codon distribution of all shared protein-coding

genes in the chloroplast genomes of nine Actinidia species

W, it S R 5 PR A %) 3k O IR 58 PR SF, N R 52 &
A REZE DI AR B 88 F 7 o A pk & A [ 4 e ]
1) %8 R~ {3 FH A9 O 4 2 v B — B, B4 1) T
PhA/U Z5 RS F ik — i 578 HAb g+ A 9
AR B i ( Zhou et al., 2022)

A B H & )7 41 (SSR) FE M S AR SL R 4 rp )iz
g3 Ai, BIHAE DNA &3l v By e A= i 2 4 I T AR 3R
2N IR R B AR & Ge kb 5 B AR 5t 1% i oY
Y 2 F 4500 (Jansen et al., 2011; Yang et
al., 2012;Li et al., 2020) . 7EARBFZE B K 099 Fp
rh, eR AR RN S R B A Bk 43 A T B 54 AN A 5T A4S
SSR o7 &, ¥4 & N EAZ IR B S A% R 1Y 6 A
3P T N R O i S 3 | N vl o S R S 2
Ak Hh B o ARSI E 54 4 51 4~ .50 4~ .57 4~ .59
AN 62 A~ SSR, {H 33 26 1 il 35 5K k& WL 7S 4% 1T 1R

HRM, AR LR SSR & & A/T i3, 5 250w
FHEYI SRR FE 4L R L PolyA/T by = il 71 42 458
K AFF (Nie et al., 2012) , 5 & AT BYFEJF > DNA
S sh B T 254 LRl ( Wolfson et al., 1991)
HAEM AR LR T iy )iz A4 4E, AT Redk 7k [
DA% N AR #H 5 1 R ST P 91 R AE ( Brazda et al.,
2018) , LAk, 4> SSR 28 A R B #y Fh s S
BN, AGG/CCT {LAF7E T A8 1 28 R AR ik
AAG/CTTH BACTRERRRE AT, AATT/AATT {3 3
T EARRERE , T AATAT/ATATT NRR 55345 T 4%
WA RE , X B85 57 SSR A w5 8 JF & 1] H T 4 i
S ) ) A Bk s & FH 4y A SR AR VR AE Y A
R,

L - 25 AR 35 R 2 7 371 vl 7 s A XTI Sy g
YE SR B FEAr 1AL 15 B (Li et al., 2018) , /2T
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A 0.41% (2)
5.50% (27)

13.44% (66)
S Total 491

» %17 R Mononucleotide

» " F 1M Dinucleotide
ZH# AR Trinucleotide
VU1 Tetranucleotide

» HA% 1R Pentanucleotide

» NHH R Hexanucleotide

7.74% (38)

300

LWRBRIERR Actinidia chinensis var. deliciosa
FEMBRERE A, rubricaulis var. coriacea
O FARERE 4. polygama
o BAERERE A eriantha
o RAYEERE A. callosa var. henryi
u HUERRERE A chinensis
u kM REERE A. fortunatii
= FEBRERE A latifolia
RS A. fulvicoma

200

EN -2 IE S

Frequency of repeated sequence

100
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0 s ] B el o 1 B )
& & A & & o
G & & < ¢ L& S8
0\0 \Cz \YS’ ™ Yy&’ YX‘S Gé ¥ ,{6
v g «0 A F

s SIS
HEFFZER Type of repeated sequence

A, BRI IR SRR DUAX TR R | A% W RIS T 1R 217 37 B i AT o5 L] B SSR BAILAM 284K,

A. Number and proportion of mononucleotide, dinucleotide, trinucleotide, tetranucleotide, pentanucleotide and hexanucleotide SSRs; B.
Number of classified SSR units.
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Fig. 3 Analysis of SSRs in the chloroplast genomes of nine Actinidia species
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Grey arrows indicate gene orientation; vertical axis indicates percentage of similarity (50% — 100% ).
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Fig. 4 Comparative analysis of the chloroplast genomes of nine Actinidia species

TEMIB ARG KB, DAL 2R maK
psbC—trnS rbel, R trnl—trnF %557 Fr BCER U B0
BB R 4 &K B L & (Chat et al., 2004), T
mVISTA X 5t M 9 Flvlk A bk Ja A 49 56 e i S A
FERIZH 1 Lo B, A F 90 SR 9 > g8 AR
AR B (rps16 —trnQ-UUG , ndhC - trnV-UAC | rbel, -
aceD (rps12=psbB | trnl-CAU —y¢f2 | irnN-GUU —ndhF |
rpsT — trnV-GAC | ycfl — traN-GUU F1 trnH-GUG -
psbA) , Hod rps16—1trnQ-UUG Nl ndhC—trnV-UAC X,
S | WA o 1 R S o = e T R RS DA
(Tang et al., 2019b) . M AN, AR 5T I8 K& B, yef2
Hl aceD FERAEAE 27548 5, 5 Lin 55 (2025)
4 E — 3, ﬁﬁ@ﬁgﬁﬁﬁ*ﬁﬂ‘*%ﬁ%%,%ﬁ

S EA R E R PAE, SR HAE I R G L F iR
ORI T, MR AR R ZH /Y IR IXGH 8 B o0 IR ST
Hoih B R sk n] S 2208 3 Ak R H DA Ak
ol (B L R B (BB 55,2024 ) , ARBFFEH, 9 NER
Wepk ) Al iy IR XA AR L, £ W] IR/LSC 5 IR/
SSC L FAE I/ W AT REBCH IRAY . (EfF B R 2,
A8 AL B RS R BRI AR Y vl KR R G
i DX 5k il AL AE A 22 TRa X, iZ LB IR LT RE &
J& A MR S A Z B A Y (Lu et al., 2017;
Wang et al., 2022), % I+, Zl-‘ﬁﬁfﬁf\éﬁﬁli”‘fi
1$%éﬂqﬂ7iﬁﬁtﬂ£/l\ﬁ§ﬁu,m,‘ — 4P 5n
TZRAG KB MR NARICH I, K RDTFELSS
BORMUBREA, 56 11E 31X ﬁbl:ﬁf%ﬁ%%ﬂ'ﬁ%%
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Fig. 5 Comparison of the borders of IR/SC in the chloroplast genomes of nine Actinidia species

KB BB FHANE,

kA bk s A 40 R < 3k A A ol ) 2 22 5 5E TR v
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2015a) , AHFGY B 1A FH 2 i 35 DR A 8 5T At
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W5 T L4 FFric (Chat et al., 2004; Li et
al., 2009;Tang et al., 2019b) MHB RFE LK F X
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Fig. 6 Sliding window analysis of nucleotide variability among the chloroplast genomes of Actinidia species
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Fig. 7 Phylogenetic tree of 22 Actinidia species based on chloroplast genomes
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