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Abstract: In order to clarify the chloroplast genome structure and codon usage bias of Crataegus, this study used the
next-generation sequencing to sequence, assemble and annotate the chloroplast genome of Crataegus scabrifolia (Franch.) Re-
hd., and analyzed the chloroplast genome structure, genetic diversity and codon preference of 11 species of Crataegus. The re-
sults showed that the length of chloroplast genome was between 159 607 bp and 159 875 bp, the G+C content and structural

variation were conservative, the G+C content was between

7S B 5 :2022-10-17 36.6% and 36.7%, the boundary expansion and
BEEWE. 2185 — kB 5 E SR 5 4 kW % I8 24 5 3 contraction were stable, no inversion and rearrangement of
(09930-216304) ;2021 4F i 2 5 44 o2 A A 5 Al 5% the genome were found, and there were differences in the
235 H (202110677046) type and number of simple sequence repeats and inter-
TEER AN RIRT (2003-) , B INAR T LN, AR, FENFHY £ spersed repeated sequences. Based on the results of neutral-
Yifs 82258, (E-mail) 22n1529370396@ 163.com ity plot analysis, ENC-plot, PR2-plot and correspondence

BIMEE Ax 3, (E-mail) yuxiao19920215@ 163.com analysis, it was found that the chloroplast genome codon us-
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age in Crataegus was not only affected by base mutation, but also by selective pressure. The optimal codons of the chloroplast

genome were screened, and the optimal number of codons was between 17 and 20. C. kansuensis, C. oresbia, and C. pinnatifi-

da had the largest number of optimal codons, and C. marshallii had the least number of optimal codons. The analysis of their

optimal codon data revealed that the optimal codons of Crataegus mostly used A or U as the third base. The phylogenetic rela-

tionships constructed based on protein coding sequence and complete chloroplast genome had certain similarities and differ-

ences. The results of this study can provide a reference for the phylogenetic research and molecular marker development of

Crataegus.
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Table 1 Complete chloroplast genome sample information of Cra-

taegus

G W B K (bp)
1 Crataegus maximowiczii NC_065485 159 875
2 Crataegus kansuensis NC_039374 159 865
3 Crataegus oresbia NC_065671 159 851
4 Crataegus chungtienensis NC_065670 159 847
5 Crataegus rhipidophylla NC_062345 159 786
6 Crataegus hupehensis NC_054155 159 766
7 Crataegus cuneata NC_058896 159 730
8 Crataegus marshallii MK920293 159 660
9 Crataegus pinnatifida NC_065486 159 656

10 Crataegus scabrifolia 0P021659 159 637

11 Crataegus bretschneideri MW963339 159 607
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Table 2 Chloroplast genome structure information of Crataegus species
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FUR ) 8 X b, i 4 3L R 21 42 K R 159 607 ~
159 875 bp (Kl 1), LSC K & °487 601 ~87 874 bp,
SSC K JE 19 139~ 19 312 bp, B4 ) & & X K
&M 26 347~ 26 385 bp, & NG+ C &N
36.6% ~36. 7% , 5K B 127 ~ 132 />, Horft rRNA
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(%) SR B (A) (™) (bp) (bp) (bp)

C. maximowiczii 36.6 37 85 132 87 874 19 233 26 384
C. kansuensis 36.6 37 85 132 87 815 19 282 26 384
C. oresbia 36.6 37 84 132 87 819 19 264 26 384
C. chungtienensis 36.6 37 84 132 87 815 19 264 26 384
C. rhipidophylla 36.7 37 83 128 87 777 19 241 26 384
C. hupehensis 36.6 37 85 132 87 852 19 144 26 385
C. cuneata 36.6 37 84 129 87 778 19 184 26 384
C. marshallii 36.6 37 85 132 87 698 19 232 26 365
C. pinnatifida 36.7 37 85 132 87 749 19 139 26 384
C. scabrifolia 36.7 36 83 127 87 730 19 139 26 384
C. bretschneideri 36.6 37 85 131 87 601 19 312 26 347

LSC: KHEAFE DX ;SSC . /NAFE DL X IR A A X,
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Fig.1 Chloroplast genome map of Crataegus
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Fig.2 Repeated sequence of Crataegus species chloroplast genome
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Fig.3 The chloroplast genome boundary analysis of Crataegus species
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Table 3 Condon features of chloroplast genomes of Crataegus species

YFh GC\(%) GCy (%) GC3(%) GCy (%) ENC(%) GC3, (%)
C. maximowiczii 45.82 37.69 29.11 37.55 46.61 29.22
C. kansuensis 45.84 37.73 29.13 37.64 47.32 29.21
C. oresbia 45.86 37.76 29.12 37.56 47.55 29.23
C. chungtienensis 45.88 37.79 29.15 37.58 47.30 29.22
C. rhipidophylla 45.85 37.78 29.16 37.55 46.95 29.25
C. hupehensis 45.88 37.76 29.19 37.65 47.37 29.30
C. cuneata 45.84 37.75 29.18 37.66 47.12 29.33
C. marshallii 45.81 37.74 29.17 37.64 47.28 29.25
C. pinnatifida 45.83 37.75 29.15 37.62 47.43 29.26
C. scabrifolia 45.86 37.86 29.16 37.61 46.75 29.24
C. bretschneideri 45.87 37.77 29.12 37.59 47.32 29.28

GC, \GC, \GCy I BRI T o — B SR =R G+C & GO, RN TR G+C & ENC FoRA U T4 6O, 3R IR U
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Fig.5 Neutrality plot analysis of chloroplast genomes from Crataegus species
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Table 4 The optimal codons of chloroplast genomes of Crataegus

Yy R T
C. maximowiczii GCA \GCU ,AGA ,CGA .GAC ,UGU ,CAA ,GAA (GGA (AUA [CUU ,UUA (AAA [UUU ,AGU ,UCU ACA \UAU ,GUU
C. kansuensis GCA \GCU ,AGA ,CGA [GAC ,UGU ,CAA ,GAA ,GGA (AUA ,CUU ,UUA (AAA [UUU AGU ,UCU ACA (ACC ,UAU,GUU
C. oresbia GCA ,GCU ,AGA ,CGA ,GAC ,UGU ,CAA ,GAA ,GGA (AUA ,CUU ,UUA ,AAA [UUU ,AGU ,UCU ,ACA ,ACC ,UAU ,GUU
C. chungtienensis GCA \GCU ,AGA ,CGA ,GAC ,UGU ,CAA ,GAA .GGA (AUA ,CUU ,UUA \UUU ,AGU ,UCU ,ACA ACC,UAU ,GUU
C. rhipidophylla GCA ,GCU ,AGA ,CGA ,GAC ,UGU ,CAA ,GAA ,GGA (AUA ,CUU ,UUA ,UUU ,AGU ,UCU ,ACA ACC UAU,GUU
C. hupehensis GCA ,GCU ,AGA ,CGA ,GAC ,UGU ,CAA ,GAA ,GGA ,CUU ,UUA ,AAA \UUU ,AGU ,UCU ,ACA ACC UAU,GUU
C. cuneata GCA ,GCU ,AGA ,CGA .GAC ,UGU ,CAA ,GAA ,GGA (AUA \UUA AAA UUU ,AGU ,UCU,ACA ACC UAU.GUU
C. marshallii GCA ,GCU ,AGA ,CGA ,GAC ,UGU ,CAA ,CUU ,UUA AAA UUU ,AGU ,UCU,ACA ACC UAU,GUU
C. pinnatifida GCA ,GCU ,AGA ,CGA ,GAC ,UGU ,CAA ,GAA ,GGA (AUA ,CUU ,UUA ,AAA \UUU ,AGU ,UCU ,ACA ,ACC UAU ,GUU
C. scabrifolia GCA ,GCU ,AGA ,CGA \UGU ,CAA ,GAA AUA ,CUU ,UUA (AAA UUU ,AGU ,UCU ,ACA ,ACC UAU,GUU
C. bretschneideri GCA ,GCU ,AGA ,CGA .UGU ,CAA (GAA GGA AUA [CUU ,UUA AAA UUU ,AGU ,UCU,ACA ACC UAU.GUU
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Fig.8 Phylogenetic tree of Crataegus constructed based on CDS and complete chloroplast genome
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