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Abstract; Camellia minima, a rare and endangered species of sect. Chrysantha, has not been previously explored in
terms of its chloroplast genome. Utilizing the Illumina HiSeq 2000 platform, the chloroplast genome sequence of C.
minima was sequenced, assembled, annotated, and analysed. The results were as follows: (1) The chloroplast genome
of C. minima was 156 961 bp in length, embodied a typical tetrad structure, and contained 136 annotated genes,
including 87 protein-coding genes, 41 tRNA genes, and 8 rRNA genes. (2) The analysis identified 66 SSR loci and 39

repetitive sequences. (3) Codons prefered to use codons ending in A/U. Comprehensive effective number of codons
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(ENC) mapping, PR2-plot, and neutral analyses suggested natural selection as a primary factor shaping codon usage

patterns. (4) Boundary analysis showed variation in the length and position of the ycf1 gene among different species of

yellow Camellia. (5) Phylogenetic analysis of the chloroplast genomes of published sect. Chrysantha species revealed

that C. minima was most closely related to C. micrantha. This study provides crucial references for exploring species

evolution and enhancing exogenous gene expression, establishing a theoretical foundation for the conservation and

utilization of species of sect. Chrysantha in the future.
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Table 1  Annotated gene information of Camellia minima chloroplast genome

it Kt FE 2 FR
Function Family name Gene name
H 3% 5 il AR (/N 3 ps2, mps3 , rps4, ps8, msll, msl4, mpsl5, mpsl6, mpsl18, mpsl9, mpsT*,

Self-replication Small subunit of ribosomal proteins ( SSU) ps12%
Z AR RNA rrn4.58*, rrn5S*, rrnl16S*, rrn23S*
Transfer RNA (rRNAs)
(3 AN E PN Y pll4, mll6, pl20, rpl22, ml32, pl33, pl36, ml2*, | pl23*

Large subunit of ribosomal proteins ( LSU)

DNA #ffitk RNA R4
DNA-dependent RNA polymerase

#%32 RNA
Transfer RNA (tRNAs)

JeaEH

Photosynthesis

ATP & 1l
ATP synthase

NADH- it %
NADH-dehydrogenase

HWEE b/ EEY
Cytochrome b/f complex
RS 1
Photosystem 1
p |
Photosystem Il
BB AR A B S
RubisCO large subunit
B 4 AR B EAE. (yef)
Hypothetical chloroplast reading frames ( ycf)
LT~ CoA-FRAL i
Acetyl-CoA-carboxylase
AR 1

Envelope protein gene

o RUZR M 0 3K G LA
Type ¢ cytochrome synthesis gene
1 1 Al
Protease gene ( clpP)

T S it

Mature enzyme gene ( matK)

e R IR T

Transcription initiation factor

HoA
Other

rpoA, rpoB, rpoCl, rpoC2

trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnfM-CAU, trnG-GCC, trnG-
UCC, irnH-GUG , irnK-UUU , trnl-UAA, irnL-UAG , tirnM-CAU, irnP-UGG ,
trnQ-UUG, trnR-UCU, trnS-GCU, trnS-GGA, trnS-UGA, trnT-GGU, trnT-
UGU, trnV-UAC, trnW-CCA, trnY-GUA, trnR-ACG *, trnL-CAA *, trnV-
GAC*, trmN-GUU*, trnl-CAU*, rnA-UGC** | trnl-GAU**

atpA, atpB, atpE, apF, apH, atpl

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

petA, petB, petD, petG, petL, petN

psaA, psaB, psaC, psal, psa]

psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psb], psbK, psbL,

psbM , psbN, psbT, psbZ
rbel

yefl, yef3, yef4, yef15%, yof2*

accD

cemA

cesA

clpP

matK

infA

SRR NE T BRI EN NS T,

Note: * indicates the presence of one intron; ** indicates the presence of two introns.

5, PR2 I A 4 A X T AR 2140 4,
Bl 4. C o, JER o LR 1 1 1) R 25 4,
HEAT ., Bk, WS HE RS, T>A,
G>C, R LRIAILH A A/T Al G/C HEST
T FH O 40 1 AS ST D8 6 v /N A 4 A6 % - 2 A

S DR A 1% 5 0 i 4 e [ s 2 38 28 78 T T R AR
VEPE S I R 150
24 IR RS

4R K K 41 78 LSC  IRb  IRa Fl SSC 2 [a] 44
4 A~ih F, B LSC/IRb i1 5 IRb/SSC i1 5t SSC/
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inima chloroplast gs?ﬂe

[ ] J %4 1 Photosystem [

[ RS Photosystem II

AU F b/ &4 Cytochrome b/f complex

ATPE U ATP synthase

NADH/ % NADH dehydrogenase

AR AL ER BRI B TE RS RubisCO large subunit
RNAZAEF RNA polymerase

iR /NP2 Small subunit of ribosomal proteins (SSU)
iR 5 K3 Large subunit of ribosomal proteins (LSU)
#IZRNA Transfer RNAs

HHARNA Ribosomal RNAs

clpP, matK

HABFER Other genes

B2 2R AR BlEHE (vef) Hypothetical chloroplast reading frames (yef)

ONEEEEOEEOOE

B 1 #EhEesFart et EaERE

Fig. 1 Physical map of chloroplast genome in Camellia minima
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SSC 5, 43 9145 39 .25 bp £ T IRb X, 78
SSC/1Ra 1 AL | yofl FEDH 58 % 30 1% 7E IRa
1 034~1 055 bp XN, 7& IRa/LSC 1 4L, iy
B YR R T rps19 $8 DL IEPH ernH B2 A
Z 18], ornH H B IRa/LSC 15 1 bp,
25 REEBENN

BT 25 Rl S BHE Y (RL 4G 24 Fh & AR A
LEL/R B W i N S R 7 DR 2 3 7N o SN S
MR G KB, LA P. penangensis 1E RAINEEE F]

MHEKRMREMERGELER, B1E 6 AT, 24
Fh G ALY F 257 2 43 3, B Clade 1 43
A Clade 114337, Clade I 4337+, #ipg /NE 4
WK (C. minima) 5/NEATESE (C. micrantha) VA
100% B SCHFAR N T — 537, SR WX WAy
R 2% K R IR

3 kb4

SHFAMD N ER R Y (HR
ML TR Ry ARk A A, 2021 ), HA B R 0
MG HME, Ho e /e LS — PR
FE R LR A 4 A 2R A, AR K T T i
LA, ELAT B0 1 38 I R T, B ok P R 1) I 4
TR AR Z B T bl 2R 02 R (R
45,2022) , BT /INAE G AR 2% I R R R 2 Sy i A
(R PR ARBUEE DO 43 IR 254 4 B2l 156 961 bp, GC &
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Fig. 2 SSR distribution of chloroplast genomes in Camellia minima
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Class bounda Medium Frequency Frequenc

Y value number q ¥

-0.05~0.05 0 9 0.17
0.05~0.15 0.1 30 0.58
0.15~0.25 0.2 10 0.19
0.25~0.35 0.3 2 0.04
0.35~0.45 0.4 1 0.02
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A TESE A SR SE A B A ) or A, 5
HiAftb o DNA XA F, SSRs 38 7 HoA = AR
AR (L et al., 2018; Zhang, 2019), HFHHEA
R AT A R AR AR I R R L e R A
ARG, AT A 5t % 2% A AR 282 SOt AR AR o
AT M 15 B (Aii et al., 1997; Gui et al,
2020) , AHFFT LR R /NE 4 AL A5 SR AR SE R 4 v
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Fig. 3 RSCU heat map of Camellia minima
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Fig. 4 Analysis of evolutionary forces of chloroplast genes in Camellia minima
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Fig. 5 Boundary analysis of IR regions of chloroplast genomes from seven yellow Camellia species
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