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U%R; A 3T AMETLAI, 3ISABELELRFF), L FPEUHFREL SRS, B 72.70%; DEH N R HHFR
SHRRH, ROTLENHEFTRSHERIK; RAXFTOMERET: o5 baE LR EFEXARE, [ &
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purpuraria, X & 3 B. rapa subsp. pekinensis ¥ E %k 2%, B S5 &3 A 39
KRR Row; cPRARARA; B ALl
FESES: S634 XRKFRERD: A NERE: 2095-0756(2025)00-0001-11

Characteristics of the chloroplast genome and phylogenetic analysis of
flowering Chinese cabbage

LIU Tingting'?, XU Li’ai®, HU Ziwei?, XIONG Xingpeng®, AN Xia', CAO Jiashu’

(1. Zhejiang Institute of Landscape Plants and Flowers, Zhejiang Academy of Agricultural Sciences, Hangzhou 311251,
Zhejiang, China; 2. Laboratory of Cell & Molecular Biology, Institute of Vegetable Science, Zhejiang University,
Hangzhou 310058, Zhejiang, China; 3. College of Horticulture Science, Zhejiang A&F University, Hangzhou 311300,
Zhejiang, China)
Abstract: [Objective] This study aims to assemble, annotate, and analyze the chloroplast genome of flowering
Chinese cabbage (Brassica campestris var. parachinensis), and to elucidate its phylogenetic relationships with
other Brassicaceae crops. [Method] The complete chloroplast genome of flowering Chinese cabbage was
sequenced using the Illumina NovaSeq 6000 platform. Bioinformatics approaches were employed to analyze its
genome structure, repetitive sequences, nucleotide diversity, codon usage bias, and phylogenetic relationships
by constructing phylogenetic trees with chloroplast genome sequences of other 25 Brassicaceae species.
[Result] The chloroplast genome of flowering Chinese cabbage is 153 482 bp in length with a GC content of
36.36%, exhibiting a typical quadripartite structure. In total, 132 functional genes had been identified and
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annotated, comprising 86 protein-coding genes, 37 tRNA genes, 8 rRNA genes, and 1 pseudogene. Codon usage
bias analysis revealed that leucine (Leu) is the most frequently used amino acid, with 31 codons showing a
relative synonymous codon usage (RSCU) value greater than 1, predominantly ending with A or U. Repetitive
sequence analysis detected 37 dispersed repeats and 315 simple sequence repeats (SSRs), with mononucleotide
repeats predominating (72.70% of total SSRs). The nucleotide diversity of small single copy region (SSC) is the
highest, while that of inverted repeat region (IR) is the lowest. Phylogenetic analysis revealed that flowering
Chinese cabbage exhibits the closest genetic relationship with leafy Chinese cabbage varieties. [Conclusion]
The chloroplast genome of flowering Chinese cabbage exhibits a conserved quadripartite structure and
demonstrates close phylogenetic relationships with B. rapa var. chinensis, B. rapa var. purpuraria, and B. rapa
subsp. pekinensis. [Ch, 5 fig. 3 tab. 39 ref.]

Key words: flowering Chinese cabbage; chloroplast genome; sequence feature; systematic evolution
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Figure 1 Map of B. campestris var. parachinensis chloroplast genome
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Table 1 Chloroplast genome characteristics of B. campestris var. parachinensis

X A% CoH/% Gtt/% T /% GCE /% AL B /bp
LSC 32.05 17.54 16.58 33.83 34.12 83281
SsC 35.49 15.16 14.04 3531 29.2 17775
IRa 28.91 22.03 20.31 28.76 4234 26213
IRb 28.76 20.31 22.03 28.91 4234 26213

JNis 31.35 18.51 17.85 32.29 36.36 153 482
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Table 2 Gene annotation of the chloroplast genome of B. campestris var. parachinensis
FEM 2k FEN o4 e IS
KRG T W psad. psaB. psaC. psal. psaJ
Je 2% 1 AL psbA. psbB. psbC. psbD. psbE. psbF. psbH. psbl. psbJ. psbK. psbL. psbM. psbN.
psbT., psbZ
A VER] NADH it & B 7. 5 ndhA* . ndhB*(2). ndhC. ndhD. ndhE. ndhF. ndhG. ndhH. ndhl. ndhJ. ndhK
CRAMI/AE SN E  petd . petB*. petD*. petG. petl. petN
ATPA I atpA. atpB. atpE. atpF*. atpH. atpl
Rubisco ¥ & rbeL
2 AN R NS rpll4 ., rpl16* . rpl2*(2). rpl20. rpl22. 1pi23(2). rpi32. rpl33. rpl36
MR EE 1 /NI B rpsll. rps12**%(2). rpsl4. rpsl1S. rps16*. rpsl8. rps19. rps2. rps3. rps4. rps7(2). rps8
RNAR AT F rpod. 1poB. rpoC1* . rpoC2
T HHARNAS rrnl16(2). rrn23(2). rrn4.5(2). rrn5(2)
SN trnA-UGC*(2), trnC-GCA. trnD-GUC. trnE-UUC. trnF-GAA. trnG-GCC. trnG-UCC*
trnH-GUG ., trnl-CAU(2). trnl-GAU*(2). trnK-UUU* . trnL-CAA(2). trnL-UAA* ., trnL-
HiZRNAs UAG. trnM-CAU, trnN-GUU(2)., trnP-UGG. trnQ-UUG. trnR-ACG(2). trnR-UCU. trnS-
GCU, trnS-GGA. trnS-UGA. trnT-GGU. trnT-UGU. trnV-GAC(2). trnV-UAC*. trnW-
CCA. trnY-GUA. trnfM-CAU
ST matK
I clpP**
HAb LA R cemA
LA AR AL B accD
BEMICE B cesA

RADIBERER RSy BT AR

#Hcfl. yefl. yef15(2). yef2(2). yef3**. ycfd

Yl @QREZHIIEN; R I NG TRER; S FORH2NNE TRER ; #30RRIER o

=3

KO REER AR X ZBFERE (RSCU) 77

Table 3 Relative synonymous codon usage (RSCU) analysis of B. campestris var. parachinensis

AHMR FhgT e RSCU FHEIR FhgT ey RSCU IR T i RSCU
Ter UAA 48 1.82 Ile AUC 350 0.53 Arg AGG 126 0.57
Ter UAG 19 0.72 Tle AUU 1005 1.52 Arg CGA 296 135
Ter UGA 12 0.46 Lys AAA 997 1.57 Arg CcGC 96 0.44
Ala GCA 348 1.12 Lys AAG 276 0.43 Arg CGG 102 0.47
Ala GCC 177 0.57 Leu CUA 323 0.80 Arg CGU 311 1.42
Ala GCG 131 0.42 Leu cuc 149 0.37 Ser AGC 100 0.35
Ala GCU 586 1.89 Leu CUG 139 0.34 Ser AGU 358 1.26
Cys UGC 62 0.46 Leu CcUU 498 1.23 Ser UCA 340 1.20
Cys UGU 207 1.54 Leu UUA 872 2.16 Ser ucc 235 0.83
Asp GAC 170 0.39 Leu UUG 440 1.09 Ser UCG 156 0.55
Asp GAU 698 1.61 Met AUG 512 6.97 Ser UCuU 510 1.80
Glu GAA 928 1.55 Met GUG 1 0.01 Thr ACA 367 1.23
Glu GAG 270 0.45 Met UUG 1 0.01 Thr ACC 212 0.71
Phe uucC 401 0.59 Asn AAC 244 0.44 Thr ACG 123 0.41
Phe 161618 967 1.41 Asn AAU 855 1.56 Thr ACU 490 1.64
Gly GGA 624 1.61 Pro CCA 266 1.16 Val GUA 455 1.45
Gly GGC 153 0.39 Pro cce 161 0.70 Val GUC 153 0.49
Gly GGG 254 0.66 Pro CCG 124 0.54 Val GUG 169 0.54
Gly GGU 519 1.34 Pro CCU 366 1.60 Val GUU 475 1.52
His CAC 125 0.49 Gln CAA 642 1.57 Trp UGG 396 1.00
His CAU 383 1.51 Gln CAG 175 0.43 Tyr UAC 155 0.37
Tle AUA 625 0.95 Arg AGA 384 1.75 Tyr UAU 687 1.63
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Figure 2 Analysis of scattered sequence repeats (A) and simple sequence repeats (B) in the chloroplast genome of B. campestris var. parachinensis
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Figure 3 Line chart of gene nucleotide diversity (Pi) value
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