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Abstract: Objective To analysis the characteristics of chloroplast genome sequences and the phylogenetic relationships of
Broussonetia Broussonetia kazinoki and Broussonetia kaempferi, utilizing samples from five distinct provenances of each species.
Methods High-throughput genome resequencing was conducted on individuals of B. kazinoki and B. kaempferi from five each
different provenances using BGISEQ-500 sequencing platform. The chloroplast genomes were assembled and annotated, followed
by comparative genomic analysis, codon usage preference analysis, and phylogenetic analysis using bioinformatics tools such as
GetOrganelle, Geneious Prime, CpGAVAS2, MISA, REPuter, IRscope, DnaSP, CodonW, and IQ-tree. Results The complete
chloroplast genomes of each five individuals from B. kazinoki and B. kaempferi exhibited the typical quadripartite circular structure,
with total lengths of 160 799—160 877 bp for B. kazinoki and 160 414—160 622 bp for B. kaempferi. A total of 135 genes were
annotated for both species, including 87 protein-coding genes, 37 tRNA genes, eight rRNA genes, and three pseudogenes. The boundary
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genes of 10 chloroplast genome sequences were relatively conserved, with no distinct expansion or contraction detected. In B. kazinoki,
a total of 98—101 SSRs and 42—48 long sequence repeats were identified, while B. kaempferi showed 108—115 SSRs and 43—54
long sequence repeats. The highest levels of sequence variation were observed in the psbC (8 bp) + psbC_trnS-UGA sequence, as well
as in the atpF, ndhF, and ndhl genes for B. kazinoki . In contrast, B. kaempferi exhibited variation in the ccsA4 (35 bp) + ccsA_ndhD
sequence, as well as in the rps16, psbl, and petG genes. Additionally, 30 high-frequency codons were shared between the chloroplast
genomes of both species, and seven identical optimal codons were identified. Phylogenetic analysis indicated that B. kazinoki was more
closely related to B. kaempferi than to B. papyrifera. Furthermore, intraspecific relationships within B. kazinoki and B. kaempferi were
found to correlate with geographical origin. Conclusion The chloroplast genome structure, gene number, and codon usage preference
of B. kazinoki and B. kaempferi were highly conserved; however, there were substantial variations in repeated sequences and intergenic
regions. The phylogenetic tree constructed using chloroplast genome database indicated that the genetic relationships within these two
species correlated with the geographical locations of the samples.
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Table 2 Basics characteristics of chloroplast genomes of B. kazinoki and B. kaempferi
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Table 3 Annotate genetic information in chloroplast genomes of B. kazinoki and B. kaempferi
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Fig.2 Genomic boundary analysis of chloroplast genomes of B. kazinoki and B. kaempferi
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Fig. 4 Comparative analysis of chloroplast genomes of B. kazinoki and B. kaempferi
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Fig. 6 ENC-plot analysis and PR2-plot analysis of chloroplast genome codons for B. kazinoki and B. kaempferi
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Fig.7 Analysis of chloroplast genome codons of B. kazinoki and B. kaempferi
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Table 4 Codon analysis of chloroplast genomes for B. kazinoki and B. kaempferi
Yt WY EJERR  RSCU  #iE RSCURFRIE i RSCUfKRIE = ARSCU
/KA Leu UUG 121 2297 1.53 525 1.03 30 0.50
Ser UCA 124 1638 1.32 420 1.20 30 0.12
Pro CCu 159 1734 1.42 280 0.89 20 0.53
Ter UAA 1.70 147 2.00 10 1.00 5 1.00
Asn AAU 156 4208 1.52 900 1.18 50 0.34
Asp GAU 1.59 3449 1.62 835 1.11 25 0.51
Arg CGU 135 1390 0.74 155 0.46 15 0.28
JEEH Leu UUG 121 2291 1.52 520 0.88 25 0.64
Ser UCA 126 1659 1.30 410 1.20 30 0.10
Pro CCU 1.60 1739 1.44 285 0.89 20 0.55
Ter UAA 1.67 145 2.00 10 1.00 5 1.00
Asn AAU 1.55 4205 1.52 895 1.18 50 0.34
Asp GAU 159 3442 1.63 840 1.11 25 0.52
Arg CGU 138 1431 0.76 160 0.63 20 0.13
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Fig. 8 Phylogenetic tree based on complete chloroplast genome
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