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Chloroplast genome characterization and phylogeny of Vicia villosa
Liu Hong, Wei Tao,Yang Tiange
(College of Life Sciences, South-Central Minzu University, Wuhan 430074, Hubei China)

Abstract Vicia villosa belongs to the Vicia genus of the Fabaceae family and is an annual herb that prefers to grow in
moist and organic-rich habitats. Although the chloroplast genome study of Fabaceae has gradually progressed in recent
years, the chloroplast genome of Vicia villosa, a member of the IRLC (inverted repeat lacking clade) taxon, has not yet
been assembled. This study is based on NCBI V. villosa whole genome resequencing data and assembled and analyzed its
chloroplast genome. These results showed that the full length of the V. willosa chloroplast genome is 124228 bp, with
34.63% GC content, and it lacks the inverted repeat IR region, does not have the typical tetrad structure, and belongs to
the species lacking in inverted repeat sequence. This chloroplast genome has 110 genes, including 76 CDS, 4 rRNA genes
and 30 tRNA genes. Codon analysis showed a preference for A/T bases for its chloroplast genome codons. Repeat sequence
analyses detected 65 SSRs, and these loci were mostly in the form of mononucleotide repeats, and in the case of long
repeat sequences mainly forward repeats were dominant. In addition, the overall variation among their chloroplast genomes
was small compared to their close relatives, but significant differences existed in the yc¢f4, rpsil, rpoA, trnL-UAG~trnF-
GAA, irnl-CAU, trnL-CAA, trnH-GUG~irnN-GUU, and ndhB regions. Phylogenetic analyses showed that Vicia villosa
and Vicia cracca are relatively close to each other, indicating that they may share a common ancestor during the
evolutionary process. This study provides some basic data support for the genetic diversity analysis of Vicia and the
development and utilization of wild resources.
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K ZEBH U Y (Vica villosa) 3§ J& T 5 B}
(Fabaceae ) W i & (Vicia ) , 25040 T E R
Al EIL VU RS DL AR VLR A Y S s A
Yy #0585 g 5, AR R AT R L P A R AR
FE T FRE 75 s HAMURE BA [ EAE T L I+
Brp i E AR - R R K FEAR
U, R S (0 338 R I B i T KR K
ERAREAS SR & o oy i T (A 117 SR 05 '
SR A A D SR D A S AR, AN A RE A )
AR BB AL L AN TE A5 R, s SR b A A
2% HAD 75 SHEBE MR (lectin) , TE 2% IR
Az P2 A5 U A 5 RN SC B T R )z

TERE )AL g e b, it A PR 4H 22 52 R 2R
BRI, BA M RS H2E B R 5 RE .
o A PR 2 G o e PRI K5 i RHE S U AR AR L AR
A B2 AR S G, ol Tk SR S A TS
TS R G R B SRR YA I 45 OC B Sl )
Y T H . R, i SR 1 S A R
ZH 1R DX (large single copy, LSC) .1 1~%8
PAFE I1 X (small single copy, SSC) PA S 2 4™ Jz [n] #42
X (inverted repeats, IRs) ¥4 B¥, , J2& L 75 %) BROHR X5

DNA £5# , HiR/N—J7E 120~180 kb 3 Fil 9.

H AT, K 52 7 B 90 17110 I S R 5k PR A 1 R e
e R BIG 3E AT 2 2 K R B Y SRR SE R 4
4 THTF JR 5 DR 20 7 g S 2 AR R U AT L LA S
Pl DAl A5 Z2 300 2 A, T Ae i R g b AR, R4
S G JE M 1 B T8 (Lathyrus) 2 YR R 5
KB RFR AXMETE kWA B 00 S N ] 1) 5% 2%
KF, PRI B0 S R I R 2 4 Al X
N 5 B 0 T Ak B A i st A% B R 2L A
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1.1 MEREERERIRE

K ZEB Wi (Vicia villosa ) WS40 7 B8 U5
T NCBIEUHE 5, A5 B AR A5 B 2 B R T 1 ) v o
I S DR AR AR 5 R 2 R S T B
. 5 WU B T /RS b & NCBI Jf B & 5t 5
(PV200215). 4 F& T LR B ds i A7 f 2 o3, Lk
SRR T S AR D 2 VR T NCBUERE 4, TR L3 1.

R1OFEMEL

Tab. 1 Information of plant samples

P T 4 LY/L A GenBank %585 BREAK E/bp T 4 LT GenBank #3585 BREAK E/bp
Vicia ramuliflora b |53 MN_758738 124682 Vicia bungei KACEFHiTL MT_362055 130796
Lathyrus ochroleucus 4TI T NC_027077 123911 Vicia faba £35) MT_120813 123805
Vicia tibetica VU T i 5 NC_083921 134974 Vicia sepium TP B N NC_039595 124095
Vicia kulingana A BT 5 PQ_576733 125696 Vicia cracca IR NC_056383 126272
Vicia costata BT ET i v NC_057995 134184 Vicia sativa P B NC_027155 122467
Lathyrus littoralis W E NC_027076 123734 Vicia villosa — KZZETTHIT PV_200215 124228

12 MEGEERANARSER

H GetOrganelle v.1.7.5 A4 %} e 5 WEA T PR 22,
SR E N -R 15 -t 20 -k 21, 45, 85, 105 -F
embplant_pt”. Bandage v.0.8.1"7 5 {4F ¥ Ak 2H 2% F [A
Y e . SR AR PR 4 T B CPGAVAS2 3
AN , 53 I HE3E GB2sequin A B TERELE R, F
SR A AN R R AE IR, L BRAS IR A FME O R Y
FEN PRI I AW TE RS R R T IR R L 1
Organellar Genome DRAW (OGDRAW ) "% il IH- & {4
DR 2 I3 g g A R TR 20 A T R R R A &
GenBank , I U5 5% 5 (PV200215).
1.3 FBFRFES

CodonW v.1.4.4"" 737 SR AR FE DR 41 % 055~ , 4R
BAH BT (effective number of codon, NC) .GC &

i AH X A %S i FH {E (relative synonymous
codon usage, RSCU) #1455 3 fii | 1Y GC Bl & % &
(GC3s).
14 BEEFIEE

fifi FH MISA v. 2.1 8 45 5 fA] 22 5 &2 )7 )
(SSR). TEHR VI AL PR T A FRAE IS, B 6 FRAZ IR L —
BAT IR AT IR DUAZ AT R  FOA T TR PSR 1 1R
XA [A] A P 40 S, HE B A SR/ MR B SR
Sl B (R QN SN R/ AN R/ AN R/ SN R/ G )
REPuter S0 [0 3C 5 77 51 F1 AN &2 )75 L IF
Iia) 55 52 ) 51 F1 1) 27 1)
1.5 TREHELSH

PEFE T 10 TG E YRR 2 1L E G R )
FRE 2R R IE R A, UK Z BB G NS5 @it
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1.6 H&MEDH

4 B i 2 Jm 10 A4 A ik SRR S R A 5 A
Mauve v.20250226"' 1 | S50 £ “-5077 , AT - 43
N2 IERZ R s e T
1.7 REERESH

PERRETHE GBI 10 FD, LLILEE G Y 2 4>
PR R SR ERE e R e R LR B (ML) Sl
FHMAFFT v.7.456" A X EATTHEAT LU X, 8K J5 4
1Q-TREE v.2.1.2"" B4 48 s KNSR, S
S “-m MFP -b 1000 -nt 30”1 FH FigTree v.1.4.3 A

chloroplast genome

b 58 A AT AT RAL,
2 HERE59H

2.1 MEREEREMNEN

K BB i SR PR 2H 42 K 124228 bp,
GC 5 1 34.63% , M LR AR IR TE (6] 8 B 4 — i S
FRPU AR ZE R U8 IRLC BEAR (& 1) i B i e ps
TERAE 1101, Horh CDS A 764>, A 44 piAk
RNA FE[H, 32 RNA FL[H 304~ . 7 30 I~ tRNA H 7%
H1ANETIA 64 (rnA-UGC . trnl-GAU trnK-
UUU .trnV=-UAC .trnG-UCC .trnL-UAA ) (& 2).

Vicia villosa

124228 bp

m photosystem [
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m cytochrome b/f complex H
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| ribosomal Igroteins (LSU)
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m ribosomal RNAs

| clpP, matK
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Fig. 1~ Chloroplast genome circle map of Vicia villosa
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P76 CDS AR %, T 41409435451, PR AL 35 5 (1)
fRT A , Hor Tep A1 Met £ %R 1 455 B 1, 1
REFERIIVCHC 2 48 2B - E X S i -
o RSCUE M 1 B 150 B4 304, s
Fi5 - BB 66.88%. [5: AGA B[R] SCR A5 T4 R (B8

122 Hh AR I 1~2 2 ], 3k — & I
FEMHERARSE P I AR IR AT 53 R 3 S - (3 2).
Wt RSCU 1M 5 , Leu Y i FH A0 3 47 J& 1 467, = 1K
10.34% , HUE: Mle , fff FIMEH 9.26% , i il FHAT % 5
IR 2 Trp, AU K 0.96%. % T Trp A Met Z 81, K24k
GHLTR TG N R TR S B — 2 B PR (1 3).
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Fig. 2 Classification of genes in the chloroplast genome of Vicia villosa
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Tab.2 Codon information statistics of the chloroplast

P Lo ESOER) o 6 S
A wT B i RAER HiT B e
Phe UUU 1978 126 Tyr  UAU 1301 141

uuc 1169 0.74 UAC 547 059
Lew UUA 947 133 Ter  UAA 1061 124
UUG 935 1.31 UAG 649  0.76
CUU 820 115 UGA 852 1.00
cuc 515 072 Gln  CAA 869 143
CUA 682  0.96 CAG 348  0.57
CUG 383  0.54 Asn  AAU 1598 142
lle AUU 1672 131 AAC 656 0.58
AUC 796  0.62 Lys  AAA 2066 145
AUA 1366  1.07 AAG 791 055
Met  AUG 622  1.00 Asp  GAU 727 137
Val  GUU 614 138 GAC 338  0.63
GUC 319 072 Glu  GAA 1046 143
GUA 549 124 GAG 422 057
GUG 293 0.66 Cys UGU 581 129
Ser  UCU 886 145 UGG 319 0.71
ucc 651 1.07 His CAU 724 146
UCA 854  1.40 CAC 265  0.54
UCG 404  0.66 Trp UGG 398  1.00
AGU 532 0.87 Arg  CGU 260  0.66
AGC 340 0.6 CGC 192 048
Pro  CCU 520 1.16 CGA 394 099
CCC 440 098 CGG 219 0.5
CCA 566  1.26 AGA 925 233
CCG 272 0.6l AGG 389 0.98
Thr  ACU 585 131 Gly GGU 376  1.02
ACC 417 0.93 GGC 227 061
ACA 505  1.13 GGA 534 144
ACG 284  0.63 GGG 344  0.93
Ala  GCU 321 1.19 Ala  GCA 349 130
GCC 259 096 GCG 146 0.54

SARVEAT LB BT, & 0 NCAE AL F 53.28 & 54.46
Z 18], 3 18 BH L A5 (i P 4 55 . TR, GC3s B i
1£0.325 3] 0.344 Z [ii],, GC & SR MK T 50% , X 5543
Ul B SRR W 0 % ) TR AT B
F(FK3).
23 EELHETE

LRGN 2% Fh SSR AV 45 65 4, AL 35 g 3 7
6L, WA E A 44, LI A/T R o &,
W) B 6 ) A B 3 5 (Vicia cracca) K AE B Bi &
(Vicia bungei) RO BF i 5. (Vicia sativa ) | P9 5K BT 5
2. (Vicia tibetica) #4743 Hr , K i 21 457 55 53 51 79
AST6 514 844 R LB A/T B4 2
3545 A F B SR DNA &5 B A/T B & 4
T 7 e B ARG, B D AR T R S T
Sk W 5 R M ) A SR A A S IR R T I AE N T Ak
PRt S AR EREFYIh , KEEHH L F
1] 501 s RO P B G« 1 17 404, S 1] 24, [ S0
51| 8 A~ 5 U ek P 93 2 1 ] 26 4, | SCF 1 24 45 K
ACHFHE 2 TE 10 294>, MISCRR 81 21 4> 5 ) A BF i 2
IE ] 484>, M SCF 41 24~ (1K1 4).
24 TRBGSH

DU 2 BB i G SRR SE AL R S 2% P 4]
XF 11 Fp SRR W R T 2R AR S R A e g, 45 SR
71N, 3K 12 Ff R 40 i R DX sl A4 235 4 v B A AL, DA
it DRI R G 5 X1 4 B 04T 5 5%, R IR A5 X 1
25 SRR W T RS X SR, FE yef4 orps 1 rpoA
JE DR 2 1 DX BT R X BE R B B A L B AT
trnl—UAG~trnF-GAA . trn/I-CAU . trnL.—-CAA . trnH-
GUG~trnN-GUU , ndhB &5 X 35, , [ B A7 76 55 0 BH
1) 22 SRR (] 5).
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Fig. 3 RSCU statistics of the chloroplast genome of Vicia villosa
#3122 TRUH Y SRR K A 1 R AR
Tab.3  Codon characterization of the chloroplast genomes of 12 Fabaceae species
Yy T3s C3s A3s G3s Ne GC3s GC
Vicia cracca 0.4277 0.2201 0.4214 0.2291 53.60 0.331 0.357
Lathyrus littoralis 0.4156 0.2142 0.4400 0.2262 53.75 0.325 0.358
Lathyrus ochroleucus 0.4114 0.2350 0.4252 0.2322 54.46 0.344 0.359
Vicia bunget 0.4260 0.2368 0.4131 0.2209 54.30 0.339 0.357
Vicia costata 0.4184 0.2163 0.4379 0.2255 53.39 0.326 0.357
Vicia faba 0.4308 0.2247 0.4213 0.2172 53.94 0.328 0.355
Vicia ramuliflora 0.4159 0.2394 0.4198 0.2159 54.14 0.340 0.361
Vicia sepium 0.4258 0.2209 0.4260 0.2220 54.10 0.328 0.359
Vicia kulingana 0.4291 0.2288 0.4137 0.2221 53.83 0.335 0.359
Vicia sativa 0.4157 0.2329 0.4257 0.2144 54.24 0.335 0.361
Vicia tibetica 0.4177 0.2293 0.4288 0.2156 53.70 0.332 0.359
Vicia villosa 0.418 0.2308 0.4218 0.2198 53.96 0.335 0.356

2.5 H&EMSH

B9 SR JE T IRLC M 2 R v A
B PRI 2 5 3k g5 2 — % Bz 1] B2 2 7 91 (IR) IR X i 2%
ST S A R A A STl 45 4, 7T R S Ok
HHE A AR S50 %Rk A IRLC ZEREA Y 7E
HEAG I AR AN R 4 A SR AR AR 25 R X Rl 2
St REVR T T b A A IR R RR ) AN [ S5 R
ORGP R, i AR R R A R 1Y
GRARTT % | He DR 471 el AR T i DR 2 45 g R B Sy i

% IRLC R T AR/ 9E IR IX I 5 35 S A i K]
2L IR 7 A AR BEATL S, 5 e S5k R) i HE D S
Ao pr . a6 it s 7E3X 10 Fep, il T IR 6k
e, — LA IR 4E 558 € HE B A R B, HE
S F 5 ) W] 8 R A U TR BUFE Mauve 5347
A L PR —3K.
26 RERBHM

WA GRRGEKEN, BETERTZEN
YR R) ) 55 2% SR Bk TR BE X 12 SRR 9 0t



618 g RO 4l CFL ARl 545 4

Vicia villosa - 1

SSR type
Mononucleotide
Vicia tibetica - - Dinucleotide
Trinucleotide
. Tetranucleotide
Pentanucleotide
Vicia sativa - - Hexanucleotide

Long repeat type

Forward
Vicia cracca - - Reverse
Palindromic
Complement
Vicia bungei - 1
' ! . ! . ! ' . . ! '
0 20 40 60 80 0 10 20 30 40 50
a b
a:SSRs;b: KEE TS .
4 BFgio JE YR SSRs AN B 84T E
Fig. 4 SSRs and long repeat sequence statistical map of Vicia species
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Fig. 5 Hotspot analysis of chloroplast genomic variation in 12 Fabaceae species
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Fig. 6  Collinearity analysis of chloroplast genomes of 10 Vicia species
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Lathyrus J&Y) R0 (0 2E 40 B 25 B 10 KT 3 7] & ) )
HIBEES (7).
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Fig. 7 Maximum likelihood phylogenetic tree for 12 species

constructed on the basis of 76 protein-coding genes
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PRAE VU LY 98 52 (4 1) FORAE R B 2 (14> v 3
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rbeL S5 IEPITEAR ] 73 K T R Gk B Bt
73 B0 2 A DNA ZRJE 0 TR S € o3
2, apF . matK . psbl . rbel. rpoB. rbel. trnH-
GUG~psbA 55 Ji B2 WIFFE A DNA 252 6 4 i 2 30k
F 28 mVISTA B X - (A i [ 21 F e 2 57
ME T, KB trnL-UAG~trnF-GAA | trnl-CAU ,
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4% 5. ( Cicer arietinum) BYBFFEH & L, HIR X B2 7]
Al 5 5L PR E A K TP A A F i A e,
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BE-FAHE DL IX BE PR 5k S Wi , 5 PR BE 3 W A A —
E IR,

R 3 0T 52 T B 5 L S A PRI 2L i AT, R R
HJg T U AL IRLC 2B HF  WF5E T IR DX 2 0 it ik
S [N A S50 B9 52 0 38 0 20 AT ernL-UAG~irnF-GA A
St A8 XA M AR S, D A BT 0 2 I ) b M8 S D T
BHA FTCA T K8 T1, R G RHE Y kAR 5L R 20 7E
YiRh S st bR 10 55 S bR i 3 5t AR L TR AR
i AN S RGR T W T JETE T B R
YIFE IRLCZERFH RO R |, PR G RHMEY)IZE
T SR AR BE PR 20 v A S SEBR b it T 2%

2 % X W

(1] JrEs, W, Jeteds, 55 SBob L AP 2y
(R B AR i A AT ()], v R #2240
(ASREFEND) , 2014, 33(4): 61-63.

[2] hEPERDEEYSEREZRA S PEEYE .
5 42 5 2 S0 I M ] AL ST Bl A 1998.

[3] LiD. Rapid quantitative analysis of 12 chemical constituents
in wild-simulated and cultivated Astragali Radix based on
UHPLC-MS[J]. Chinese Herbal Medicines, 2022, 14(3) :
464-469.

[4] Twyford A D, Ness R W. Strategies for complete plastid
genome sequencing [J]. Molecular Ecology Resources, 2017,
17(5): 858-868.

[5] LiX, Wang Y, Zhang L, et al. Chloroplast genome -

based phylogeny and divergence time estimation in the



55510

XL, 45 - KRB B G M S M IE NS R S REL T

621

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

genus Rosa [J]. BioMed Central Evolutionary Biology,
2020,20(1): 1-14.
JinJ, Yu W, YANG J, et al. GetOrganelle: A fast and
versatile toolkit for accurate de novo assembly of organelle
genomes| J ]. Genome Biology.2020,21:241.
Wick R. Bandage: Interactive visualization of de novo
genome assemblies [J]. Bioinformatics, 2015, 31 (20) ,
3350-3352.
Shi L C. CPGAVAS2, an integrated plastome sequence
annotator and analyzer [J]. Nucleic Acids Research,
2019,47,W65-W173.
Greiner S. OrganellarGenomeDRAW (OGDRAW ) version
1.3.1: Expanded toolkit for the graphical visualization of
organellar genomes[]].Nucleic Acids Research.2019,47,
W59-Wo4.
Sharp P M, Li W H. The codon adaptation index—A
measure of directional synonymous codon usage bias,
and its potential applications[J].Nucleic Acids Research,
1987,15,1281-1295.
Beier S, Thiel T, Munch T. MISA-web: A web server for
microsatellite prediction [J]. Bioinformatics, 2017, 33,
2583-2585.
Kurtz S, houdhuri J V, Ohlebusch E, et al. REPuter:
The manifold applications of repeat analysis on a
genomic scale [J]. Nucleic Acids Research, 2001, 29,
4633-4642.
Frazer K A. VISTA: Computational tools for comparative
genomics [J].Nucleic Acids Research, 2004, 32, W273-
W279.
Darling A, Mau B. Mauve:
conserved genomic sequence with rearrangements [J].
Genome Research,2004,14(7) : 1394-1403.
Katoh K, Standley D M. MAFFT multiple sequence

alignment

Multiple alignment of

software version 7: Improvements in
performance and usability [J]. Molecular Biology and
Evolution,2013,30,772-780.

Nguyen L T. IQ-TREE: A fast and effective stochastic
algorithm for estimating maximum-likelihood phylogenies
[J]. Molecular Biology and Evolution, 2014, 32,
268-274.

HHEE , 285, XU . B AR Rl S L R 41
SR LU R GR G R Z L] v B Ry 4, 2021,
43(10):1-8.

TEh R TIGE . P AR T A 0 I A DR 2 485 18 1 i e
P LI ] 24,2023, 54(5) :1540-1550.

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Nie X J, Deng P C, Feng K W, et al. Comparative
analysis of codon usage patterns in chloroplast genomes
of the Asteraceae family [J]. Plant Molecular Biology
Report,2014,32(4) : 828-840.

k%, S, B . AR T TR AL R R A I S SSR
SIWIT A [T ]. e B4 (A SRR , 2021,
40(3):258-263.

Kress W J, Erickson D L. A two-locus global DNA
barcode for land plants: The coding rbcL gene complements
the non-coding trnH—psbA spacer region [J]. Public
Library of Science One, 2007 ,2(6) :e508-e512.

VLI  WREL R e B 2 PR Rk R LRFAIE 5 40 7 b
TR LT BT AR 2242, 2024 ,42(x) : 1-9
TR BRI SR RS L F AN E (D] R
ZFR, 2017,

Liu J, Gao L M, Li D Z, et al. Integrating a
comprehensive DNA barcode reference library with a
global map of yews (Taxus L.) for forensic identification [ J ].
Molecular Ecology Resources,2018,18(4) :814-827.
BEOUHE, TR T, £, 55 RS AE G AR SRR A
PR IE R 2 RR A 5 R G A o BT (D], 2, 2022,
53(22):7191-7200.

RGO, B 9, A L BT RS 2 R R A
SRR AR LB e R R T A Hr )] thsi 2y,
2023,54(10):3261-3272.

JRTERE , IEh ZEVRTR, 4 AN I AR A 25 A
HRGAI LT hi2,2023,54(24) :8191-8199.
Li M. The genome of Vicia sativa ssp. amphicarpa
provides insights into the role of terpenoids in antimicrobial
resistance within subterranean fruits [J]. The Plant
Journal.2024.119(6) :2654-2671.

Shen C. Ancient large-scale gene duplications and
diversi fi cation in bryophytes illuminate the plant
terrestrialization [J]. New Phytologist, 2025, 245 (3) :
2292-2308.

Jansen R K, Wojciechowski M F, Sanniyasi E, et al.
Complete plastid genome sequence of the chickpea (Cicer
arietinum) and the phylogenetic distribution of rps12 and
clpP intron losses among legumes (Leguminosae) [J].
Molecular Phylogenetics and Evolution, 2020, 21 (1), I-
18

Jiao Y X, He X F, Song R, et al. Recent structural
variations in the Medicago chloroplast genomes and their
horizontal transfer into nuclear chromosomes|J]. Journal

of Systematics and Evolution, 2023(4): 627-642.

(Rm&RX  PEFH)



