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Chloroplast genomic characterization and phylogenetic
analysis of Pellionia scabra

YAN Li, YANG Xuelian*, WU Yongfei, WANG Xia, HU Xiaojing

Department of Horticulture, College of Agriculture, Guizhou University, Guiyang 550025, Guizhou, China

Abstract: Pellionia scabra belongs to the genus Pellionia in the family of Urticaceae, and is a
high-quality wild vegetables with high nutritional value. In this study, high-throughput
techniques were used to sequence, assemble and annotate the chloroplast genome. We also
analyzed its structure, and construct the phylogenetic trees from the P. scabra to further study
the chloroplast genome characteristics. The results showed that the chloroplast genome size was
153 220 bp, and the GC content was 36.4%, which belonged to the typical tetrad structure in P.
scabra. The chloroplast genome encodes 130 genes, including 85 protein-coding genes, 37
tRNA genes, and 8 rRNA genes in P. scabra. Among them, 15 genes contained 1 intron, 2 genes
contained 2 introns, and rps/2 had trans-splicing, respectively. In P. scabra, chloroplast
genomes could be divided into four categories, including 43 photosynthesis, 64 self-replication,
other 7 coding proteins, and 4 unknown functions. A total of 51 073 codons were detected in the
chloroplast genome, among which the codon encoding leucine (Leu) accounted for the largest
proportion, and the codon preferred to use A and U bases. There were 72 simple sequence
repeats (SSRs) in the chloroplast genome of P. scabra, containing 58 single nucleotides, 12
dinucleotides, 1 trinucleotide, and 1 tetranucleotide. The ycf1 gene expansion was present at the
IRb/SSC boundary. The phylogenetic trees showed that P. scabra (OL800583) was most closely
related to Elatostema stewardii (MZ292972), Elatostema dissectum (MK227819) and
Elatostema laevissimum var. laevissimum (MN189961). Taken together, our results provide
worthwhile information for understanding the identification, genetic evolution, and genomics
research of P. scabra species.

Keywords: Pellionia scabra; chloroplast genome; simple sequence repeat; codon preference;
boundary analysis of IR region; phylogeny
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Figure 1 Map of the chloroplast genome of Pellionia scabra. The species name and length are depicted in

the center of the plot; The GC content and AT content of the genome are plotted on dark and light gray in the
inner circle, respectively; Genes with different functions are coded in different colors.
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z1 EFEMZREEERRIRES
Table 1

Gene annotation of the chloroplast genome of Pellionia scabra

Gene category Gene group

Gene name

Genes for photosynthesis I Photosystem I

Photosystem 11

Cytochrome b/f complex
ATP synthase
NADH dehydrogenase

Self replication Ribosomal RNAs

Ribosomal proteins (SSU)

Ribosomal proteins (LSU)

RNA polymerase
Transfer RNAs

Other genes Other genes

Proteins of unknown function Conserved open reading frame

psaA, psaB, psaC, psal, psal

psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psb],
psbK, psbL, psbM, psbN, psbT, psbZ
petA, petB, petD, petG, petL, petN

atpA, atpB, atpE, atpF*, atpH, atpl

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

rrn4.5], rrnSl, rrn16], rrn23!

rps2, rps3, rps4, ipsT, rps8, rps1l, rps12¥, rps14, rps15,
rpsl6, rpsl8, rps19

rpl2*, rpll4, rpl16, rpl20, rpl22, rpl23, rpl32, rpli33,
rpl36

rpoA, rpoB, rpoC1*, rpoC2

tRNA-Lys*, tRNA-GIn, tRNA-Ser, tRNA-Gly*,
tRNA-Arg, tRNA-Cys, tRNA-Asp, tRNA-Tyr, tRNA-Glu,
tRNA-Thr, tRNA-Ser, tRNA-Gly, tRNA-Met, tRNA-Ser,
tRNA-Thr, tRNA-Leu, tRNA-Phe, tRNA-Val, tRNA-Met,
tRNA-Trp, tRNA-Pro, tRNA-Ile, tRNA-Leu*,
tRNA-Val*, tRNA-His, tRNA-Ile*!, tRNA-Ala*',
tRNA-Arg', tRNA-Asn', tRNA-Leu, tRNA-Asn,
tRNA-Arg, tRNA-Ala, tRNA-Ile, tRNA-His

accD, ccsA, cemA, clpP**, matK, rbcL, infA

vefl', yef2, yef3**, yef4

*: Genes containing one intron; **: Genes containing two introns; #: Trans-spliced genes; ': Genes in IR region with two

copies present.

x2 BERFEHRAEHEESFIISSRIER
Table 2 The number of SSRs identified in the
chloroplast genome of Pellionia scabra

Repeat unit Type Number Total (%)
1 A 21 80.56
C 2
T 35
2 AT 7 16.67
TA 4
TC 1
AAT 1 1.39
4 TTTA 1 1.39

2.5 BREMREERERFHAUK SN
S (R BE R 2 B RS0, XA W) K ik
BESE BA E 2T o AT A A WA IERE,
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BT HREL 28 YR e AR A R F
BRI, 28 PP RRRHEY RAE 1 A5 b, Ut
BT R Z 0] 56 R KL . & IR 4 (Pellionia
scabra OL800583) 5 J/i 111 B & & (Elatostema
stewardii MZ292972) . #LFCHEEE R (Elatostema
dissectum MK227819), Y4 (Elatostema
laevissimum var. laevissimum MN189961)% #I| —
Y b, AR 100, ¥ E IR % (Pellionia
scabra OL800583) 5 i 111 # B %L (Elatostema
stewardii MZ292972) . #FCHEBE L (Elatostema
dissectum MK227819), Y46 (Elatostema
laevissimum var. laevissimum MN189961)§§%3‘§
RiIL(K 3).
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*3 EREMZREEFAR[ERLEANER T REFHER

Table 3  Statistics of amino acid and relative codon bias in Pellionia scabra chloroplast genome

Amino acid Codon Number RSCU Ratio (%) | Amino acid Codon Number RSCU Ratio (%)
Phe Uuu 2 401 1.26 7.49 Ser ucu 1135 1.47 6.61
uucC 1425 0.74 ucCcC 840 1.09

Leu UUA 1220 1.42 10.11 UCA 855 1.11
uuG 1 056 1.23 UCG 546 0.71
CuUu 1083 1.26 Pro CCU 607 1.10 4.34
CuC 595 0.69 CcCC 585 1.06
CUA 771 0.90 CCA 665 1.20
CUG 440 0.51 CCG 360 0.65

Ile AUU 1781 1.23 8.50 Thr ACU 670 1.20 4.38
AUC 1004 0.69 ACC 567 1.01
AUA 1558 1.08 ACA 640 1.14

Met AUG 852 1.00 1.67 ACG 360 0.64

Val GUU 737 1.28 4.51 Ala GCU 437 1.21 2.83
GUC 434 0.75 GCC 348 0.96
GUA 737 1.28 GCA 412 1.14
GUG 394 0.68 GCG 250 0.69

Tyr UAU 1552 1.38 4.41 Cys UGU 678 1.19 2.24
UAC 698 0.62 UGC 466 0.81

TER UAA 1278 1.27 4.07 TER UGA 936 0.93 1.83
UAG 801 0.80 Trp UGG 672 1.00 1.32

His CAU 916 1.39 2.57 Arg CGU 355 0.69 291
CAC 399 0.61 CGC 243 0.47

Gln CAA 1036 1.41 2.88 CGA 520 1.00
CAG 436 0.59 CGG 370 0.71

Asn AAU 1 826 1.40 5.12 Ser AGU 728 0.94 2.46
AAC 788 0.60 AGC 528 0.68

Lys AAA 2165 1.37 6.18 Arg AGA 1022 1.97 3.17
AAG 990 0.63 AGG 598 1.15

Asp GAU 944 1.43 2.59 Gly GGU 526 1.00 4.13
GAC 377 0.57 GGC 358 0.68

Glu GAA 1298 1.38 3.68 GGA 724 1.37
GAG 581 0.62 GGG 499 0.95

3 b %, DRI 38 3 % P 9 S5 A LR . RRAE S AR S

GERT, AT LAMR G R PRl R G R AR

WS IRVE YDA E A iids, 2 MY SR IER A F I K EN F(1.20x10°-
H5THYRAER. EAREMAEYER, WH  1.80x10°) bp, ZILILHEECH 100-130 427, 2%
ST SEAE AL 4] B FHIY TR DNA — 2 KB EEFRIR DNA 4> T-458, i 4 35044 %,
B Zfl . VHEa R RS I EA I f15 LSC. SSC Al 2 AN IR, b 2 4~ IR X541
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Inverted repeats

JLB JSB
156 bp|123 bp
]
Cecropia puc.fr):.vma;h_va $4927bp [ IRb E/ 3 LT R
153 905 bp
T045bp! 1639 bp ' 7206 bp] b4 bp
167 bp 52 bp 94bpl2 141 bp 3958 bp 989 b

Elatostema laevissinum

150 244 bp

83968 bp IRb

197 bp|82 bp 502 bp 3979 bp) 1 079 bp
[ —] ; i+

Elatostema dissectum

150 302 bp 83098 bp IR AT R
169 bp 110 bp 94 bp|2 162 bp i 3 847bpy 1079 bp i 3bP
Elatostema stewardii I——m - - =
83791bp IRE /3 24681bp | - 17110bp| L /e
g iy / W / : //ﬂ

4363 bp| 1 148 bp
i

167 bp/ 112 bp 94 bp!2 165 bp
- &F—i

Pellionia scabra
153 220 bp

1238 bp| 9 bp

B2 FHRHSHEYHNHREFRERARQDEEFIIRERMS AN EE R SRS 4R [ 25
M X I8 % FE PRI 2, JLB (IRb/LSC). JSB (IRb/SSC). JSA (SSC/IRa)HI JLA (IRa/LSC)Z/nE:H 4 b4
AN I B8 T A XI5, 2 ) 4 328 495 o7

Figure 2 Junction sites of the inverted repeats of chloroplast genomes from five Urticaceae plants.
Different colors indicate different structural regions and genes types of chloroplast genomes; JLB (IRb/LSC),
JSB (IRb/SSC), JSA (SSC/IRa) and JLA (IRa/LSC) denote the junction sites between each corresponding two
regions on the genome.

Pellionia scabra OL800583
100r— Elatostema stewardii MZ292972
0 — FElatostema dissectum MK227819
Elatostema laevissimum var. laevissimum MN189961
Procris crenata NC 056276
Pilea cadierei NC 054343
100~ Pilea plataniflora NC 056134
Pilea peperomioides NC 054339
100— Pilea cavaleriei NC 057226
Pilea peploides NC 056133
Pilea mollis NC 054341
Pilea pumila NC 054345
1007 Urtica angustifolia MZ145046
IOOH Urtica fissa MZ313540
Urtica lobatifolia MW246155

100

100 Poikilospermum lanceolatum NC 056983
L— Cecropia pachystachya MF953831
P Droguetia iners MN189960
100f—— Oreocnide frutescens MN189965
1

0 - Rousselia humilis MN 189969
Hemistylus odontophylla MN189963
Pouzolzia sanguinea var, elegans MN189968
Pipturus arborescens MIN189967
100, Boehnieria nivea NC 056894
00! Boehmeria tomentosa MN189945

100l Pebregeasia elliptica MZ326656

100l Debregeasia saeneb MN189957

Debregeasia longifolia MN189949

Citrus aurantiifolia KI865401 0.01 —

3 EREM 28 MIMTEBEMREEREFIINARG LB XRAREMRK  EPREMURELRE,
SCEBTECT 1000 UK A JRAE SRR (%), S AR A0 RIS H

Figure 3 Cladogram illustrating the phylogenetic relationships of Pellionia scabra and 28 species based on
complete chloroplast genome sequences. The scale represents the evolutionary distance, the 1 000 bootstrap
value (%) was shown above the branch, and the position of Pellionia scabra is in bold.
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M, Dy r AR B8, AR5 Y AR 2R gtk
LR 4 KB S 153 220 bp, K2R S ECH 1301,
e LR DU Ay PR 5, AT UL &R R AR g A L
LA R /N R 254 5 b 3 Bl 7 A 0 0T 9 445 SR 3
AHARF , U0 £ IR e i A L TR 4 A Ry 1 E
PRSP HERE R o & R 25 1 e AR L TR 21 ) g 7
B 118 AN E 20 HE G 1ER (43 4.
B & (64 1), HA % E [ (7 AR
HITHEE(4 AS) 4 KIEEF, X5 KW E
Rl o — 5 .

PR Ot G PR T A — AR b S BRI T
Z YR R IR R A 2, IR R IR ) filg A
St R R R A — 2P, AR I R
SRR JE AL 51073 A3 Rg 1, Horp
it 2 2 R (Lew) O 25 A5 T i F e K, %0 1M
A AR U BRRBR L, s R S E Y
YA AR G I S A B DR B )l g A
o XATRERE T RASH AR EFFIEZ N E
S8, B EPITEAB RS IR S H AR
X A AV S, A e R R i
— BT

] BH A PP 41 (SSR)ZHEAFENZHH 1-6 bp
MRS T A, 2 s 55 FUA% A ) e IR 4 1) %2
YRRy, TEAY IR | BRI G 28
Mgt AL Mo vp oA EEAE P, ARk
BH R 2 S R A R G T 3] 58 A BT
B2, 12 DRZTFER . 1 DS =AFER A 1 AN DU
172 SSRs. o, XIUZITMR SSRs MY H KL Hot
PLAT/TA/TC A3, X 5 ARIE B HAth g+
YA R0 SSRs 4144 i — 21,
ME TSR T I S A 35 DR 41 (7% 5 5 7 42 e 47 =
H %4 poly A Fll poly T#JH, A& Cu G H
B 42 PO SR R SE N A G TR X sk A 75k S5l
4, S AR R A — BB P ARAFAE B,
SRR Z B Rl SR AR L R 247 F IRb/SSC i
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REHXMW yefl Ml ndhF X 2 DK, B HA
ANFEFRERY R S 4E SR ; IR S AR
2T AW ISR IARSEN LA IRb/SSC 3 FTCHEN
HE, SR%E. BRTAN . LR
IRb/IRa DX A 5 R4 A 5K i B4 . U6 =R
FH##) LSC/IRb ., IRb/SSC., SSC/IRa Fl IRa/LSC
AR 20 AR A T2 R 52 1 AT K S W4 2 A AL
05 AT

I 2 A PR 24 REAT RCHEA T AL ) b 8 7
ARG KRG R RN, JUHAE Y a) B A 5
AR P RIOR P, AR5 S F S (R SE R 417 41
P | X AT I SN I SRR 28 AN
KA, BTS2 — D RRE
BE; =R (Pellionia scabra OL800583)5 )/ 111
MBS ¥ (Elatostema stewardii MZ292972) . #%4G
A ¥ (Elatostema dissectum MK227819), Yt
MR L (Elatostema laevissimum var. laevissimum
MN18996 ))& TUh ki, AARITHELZ KR,
It H BB HR 100%, X K LUG & 75 478 5 RRRH
RGN EHEG R RWNE . B Z AR P
FER AL A BE T SR i 7 BRI , iz
U8 Mtk — AR R AROKY 13845 22 5 4 B i
HEHLS LA

4 Hik

A B 5 30 g v I 1 0 R ) o
W 2 (A DR 2 A T2 B FIE RS, R R AR {A
FEPR2H 42 KR 153 220 bp (85 A& A i 3L A
37 4~ tRNA LA 8 4~ rRNA SE[H), J& F Al
I o3 A g R s g R ZH RN 506G 1E
e HE DG SFe BPEAT G 5 3 72 4> SSR fiisd, LIHRL
BFE(80.56%) B N L, (WA A Al U PIfl
AL s R AR SR R RE R 4 ) IRb/SSC 3 A7
T yefl FERP KM ;s & IR 4 (Pellionia scabra
OL800583) 5 J5 Ll B B8 (Elatostema stewardii
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MZ292972) . #ELACHEMS B (Elatostema dissectum
MK227819). JEMPEBA B (Elatostema laevissimum
var. laevissimum MN189961)3E % 5 R it ., %
WESE R FRRRH A2 T-FRic T & . Al S E |
YRR R L AR R38R 22 R b
g 1 o R SR BE PSR
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