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Analysis of chloroplast genome and its characteristics of medicinal
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Abstract: In order to explore the chloroplast genome characteristics of Sophora flavescens and the phylogenetic
relationship of the genus, this study used high-throughput sequencing technology to sequence and functionally
annotate the chloroplast genome of Sophora flavescens. The results showed that the full length 154 165 bp of
Sophora flavescens chloroplast genome showed a typical four-stage structure. The chloroplast genome contains
123 genes, including 77 protein-coding genes, 38 tRNA genes and 8 rRNA genes. Sequence analysis revealed
104 SSR loci, most of which consisted of A and T. In addition, the chloroplast genome codon preference is weak,
and the coding region is biased towards the use of A and T bases. A comparative analysis of two different regions
of Sophora flavescens chloroplast genome revealed four differential genes. Based on the maximum likelihood
method (ML) for phylogenetic analysis of Sophora flavescens and 16 other leguminous, it was found that the
relationship between Sophora flavescens and the genus Sophora alopecuroides is the closest. This study provides
an important theoretical basis for the genetic variation, breeding and phylogenetic analysis of Sophora flavescens,
and has certain reference value.
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Figure 1 Chloroplast genome map of Sophora flavescens. Genes drawn inside the circle are transcribed clockwise, genes outside are tran-
scribed counter clockwise. Genes are color coded by their function in the legend. The area in darker gray and lighter gray in the inner circle

indicates GC content and AT content, respectively

Table 1 Statistics on the chloroplast gene annotation of Sophora
flavescens

Genome feature Sophora flavescens

Size/bp 154 165
Number of gene 123
Protein-coding genes 77
tRNA genes 38
rRNA genes 8
GC content 36.5%
GC content in LSC 34.1%
GC content in SSC 30.1%
GC content in IR 42.7%
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Figure 2 SSR distribution of Sophora flavescens chloroplast

genome. A: Distribution of SSR in the coding region, intron region,
and intergenic region of the gene; B: Distribution of various types
of SSRs in LSC, SSC and IR regions
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Table 2 Functional classification of Sophora flavescens chloroplast gene. *Indicate the intron-containing genes

Function Family name

KS

Photosynthesis ~ Subunits of ATP synthase

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

Subunits of NADH dehydrogenase  ndhA*, ndhB*, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK

Subunits of cytochrome
Subunits of photosystem I
Subunits of photosystem II
Subunit of rubisco rbeL
Large subunit of ribosome

DNA dependent RNA polymerase
Small subunit of ribosome

rRNA Genes rmle6
tRNA Genes

Self-replication

petA, petB, petD, petG, petL, petN
psaA, psaB, psaC, psal, psaJ
psbA, pshB, pshbC, pshD, psbE, psbF, psbH, psbl, pshJ, psbK, psbL, psbM, psbN, psbT, psbZ

rpl2*, rpl14, rpl16, rpl20, rpl23, rpl32, rpl33, rpl36
IpoA, rpoB, rpoC1*, rpoC2
rps2, rps3, rps4, rps7, rps8, rpsll, rpsl2, rpsl4, rpsls, rpsl8, rpsl9

trnA-UGC*, trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnG-GCC, trnH-GUG,

trnl-CAU, trnl-GAU*, trnK-UUU*, trnL-CAA, trnL-UAA*, trnL-UAG, trnM-CAU,
trnN-GUU, trnP-GGG, trnP-UGG, trnQ-UUG, trnR-ACG, trnR-UCU, trnS-GCU,
trnS-GGA, trnS-UGA, trnT-CGU*, trnT-GGU, trnT-UGU, trnV-GAC, trnV-UAC*,
trnW-CCA, trnY-GUA

Other genes Acety1-CoA carboxylase accD
c-type cytochrom synthesis gene CCSA
Envelop membrane protein cemA
Protease clpP*
Maturase matK
Unknown Conserved open reading frames ycf2, ycf3*, ycfa

HRAEAT b SRR (R 3), w S M 4 iR L R 4L 1Y
Nc {8 24 55.34, 1 W 1% I 4 4 J5 R 20 1) 2 0 1 fiw & 1
B85 . SRR A1) GC3s 7 f 4 35.4%, GC %
/N T 50%, Uk B T S I S 5 R 1) R TR 1) g
FH AR T IX PR AP AL o X85 2 2 4k B R 2H ) RSCU
HEAT 04 (B 3), RSCU>L (%61 32, HH LLAT
T 5 EEA 27 4, 1 84.38%, 3 HH IX L6 %5 15 1 ff [
PLAITES R

Table 3 Overall characteristics of codon usage of Sophora flave-
scens chloroplast genome

Parameter T3s C3s A3s G3s Nc GC3s
Value 0.3989 0.2372 04108 0.2345 55.34 0.354

Arg ¥ CGG 0.68 CGU 0.63 CGC 045

Ser ) AGU 0.38 UCG 076 AGC 0.67

Leu 3 CUA 097 CUC 0.68 CUG 0.56

Pro CCG 066 - 0 - 0

Thr 103 ACG 0.67 0 0

Al 092 GCG 0.68 0 0

val G 0.73 GUG 0.71 0 0 pscu
Gly € 052 GGC 0.66 0 0 22
Te 072 - 0 0 0

TER U 0.77 0 0 0

Twr (1] 0 0 0

His 0 (] 0 0

Gin € (1] 0 0 0

Asn (1] 0 0 0 L1
Lys (1] 0 0 0

Asp 0 0 0 0

Phe 0 0 0 0

Cys 0 0 0 0

Glu 0 (] ()} 0 0

Figure 3 Relative synonymous codon usage of Sophora flave-
scens chloroplast genome. The value of the relative synonymous
codon usage (RSCU>1) is shown in underline
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Figure 4 Comparison of chloroplast genomes of Sophora flavescens in different regions. A: Sophora flavescens that have been sequenced

in this study; B: Sophora flavescens in another different region

Caragana korshinskii Kom.
Melilotus albus Medic. ex Desr,

Cajanus cajan (Linn.) Millsp.

—1 | Cyamopsis tetragonoloba (Linn.) Taub.

Cilveine soja Sieb. et Zucce,

Ammaopiptanthus nanus (M. Pop.) Cheng .
Ammaopiptanthus mongolicus (Maxim. ex Kom.) Cheng f.
Saphora alopecuroides L.

Saphora flavescens Al

_|: Robinia psendoacacia Linn,
L

upinus albus Linn,

Arachis hypogaea Linn,
Dalbergia hainanensis Merr,
Indigofera tinctoria Linn,

Vigna unguiculata (Linn.) Walp.
Pachyrhizus erosus (Linn.) Urb.

|
010

Lathyrus davidii Hance

Figure 5 The phylogenetic tree was constructed based on the chloroplast genome of 17 legumes using the maximum likelihood method
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