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Analysis of the chloroplast genome characteristics of Rhus
chinensis by de novo sequencing
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Abstract: Rhus chinensis is an important economic species, which could provide raw materials for pharmaceutical and
industrial dyes. Rhus chinensis is famous for its resistance to drought, cold, and salt. It grows in temperate, warm temperate,
and subtropical regions. We report here Rhus chinensis chloroplast genomes by de novo sequencing. The results show that the
length of Rhus chinensis was 159 082 bp, exhibiting a typical four-part structure with two single-copy regions (long single
copy [LSC] and short single copy [SSC] sections) separated by a pair of inverted repeats (IRs). The length of LSC and SSC
was 85 394 bp and 18 663 bp, respectively. The genomes contained 126 genes, including 88 protein encoding genes, 8 rRNA
and 30 tRNA genes. In the chloroplast genome, 61.97% of the sequence were gene coding region. In the sequence of gene
encoding region, the vast majority of sequences were protein encoding region, accounting for 86.65%, followed by rRNA
(10 620 bp, 10.77%) and tRNA (2 540 bp, 2.58%). In Rhus chinensis chloroplast genome, only 8 genes contain introns, all
containing 1 intron except ycf3 gene (2 introns). The Rhus chinensis chloroplast genome contains 755 SSR locies. SSR mainly
consists of dinucleotide and mononucleotide, accounting for 60% (453) and 28.74% (217) respectively. The clustering results
show that Anacardiaceae were closest to Rhus chinensis, followed by Aceraceae and Sapindaceae. This study provides a
molecular basis for the classification of Rhus chinensis.

Keywords: Rhus chinensis, chloroplast, genetic evolution
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Fig. 1 Gene map of the Rhus chinensis chloroplast genome. Genes drawn inside the circle are transcribed clockwise,
and those outside are counterclockwise. Genes belonging to different functional groups are color-coded.
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Table 1 Basic characteristics of Rhus chinensis
chloroplasts
Chloroplasts feature

Numerical value

Length (bp) 158 809
GC content (%) 37.86
AT content (%) 62.14
LSC length (bp) 85 394
SSC length (bp) 18 663
IR length (bp) 27 376
Gene number 126
Gene number in IR regions 35
Protein-coding gene number 88
Protein-coding gene (%) 69.84
rRNA gene number 8
rRNA (%) 6.35
tRNA gene number 30
tRNA (%) 23.81
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(Genes for photosynthesis) #1 F & & #l  (Self
replication) DJREA 5. JEAAERIAEICHISEN 2R 4R
1E ATP & TfRFAE (Subunits of ATP synthase) . NADH-
Jiit UL (Subunits of NADH-dehydrogenase) . 4 Jifd
& bif Z4YIHE (Subunits of cytochrome b/f
complex), J6&%: | WP (Subunits of photosystem
[). & % 13 (Subunits of photosystem I1') 7l

R R R T OB ARG /R AL T 2L (Subunit of
rubisco) XL, Hid g 15 MEFREELR
g WA, HAHCER M ER R Z . SRR
U YINE RSNV PN SER S SN 3 NN
A7 % (Large subunit of ribosome) . DNA i1 RNA
R4E T (DNA dependent RNA polymerase) . #Z Bl A
/NIEHE (Small subunit of ribosome) ., rRNA 3[4
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Table 2 Genes in Rhus chinensis chloroplast genome

(rRNA genes) F1tRNA JE[F (tRNA genes) H1,
i tRNA KK (tRNA genes) A& RN R 22,
A 30 M
22 BBFEAMHFEAERRNESFHH
XoF 3 R A IS K 114) 28 1 4 5 56 DXL 2R A 7 0 B T

A, ER R SRR 1 At I IR 4 K 2 B IR R
THNGT, X5HMEYARL . A L&
I 8 MR E AN T, BR T yef3 B
H2PMNET, HA4e 73 (rpoCl.psaA. rpl2,
ndhA. rpl2. rpsl2+. rpsl2-) ¥&H 1L ANE T

AFEZER NG R EZERER, HKETE 539-
2 815 bp yEFINAEfL, rpoCl NN F ik,
RPS12 BN & Fics (K 2).

Functions Family name Code List of genes
Genes for Subunits of ATP synthase atp atpA, atpH, atpl, atpE, atpB
photosynthesis  Subunits of ndh  ndhJ, ndhK (pseudogene), ndhK, ndhC, ndhB (pseudogene),

NADH-dehydrogenase

Subunits of cytochrome b/f complex pet

Subunits of photosystem | psa
Subunits of photosystem |1 psb
Subunit of rubisco rbc
Self replication ~ Small subunit of ribosome rps
rRNA genes ren
Large subunit of ribosome rpl
DNA dependent RNA polymerase  rpo
tRNA genes trn

Other genes Subunit of acetyl-CoA-carboxylase  acc
Envelop membrane protein cem
c-type cytochrom synthesis gene ccs
Protease clp
Translational initiation factor inf
Maturase mat

Genes of Conserved open reading ycf

unkown function frames

ndhF, ndhD,
(pseudogene)
petN, petA, petL, petG, petD

psaB, psaA, psaA, psal, psaJ, psaC

psbK, psbl, pshD, pshC, psbZ, pshJ, psbL, psbF, psbE, psbB,
psbT, psbN, psbH, psbA, psbA

rbcL

rps2, rpsl4, rps4, rpsl8, rpsll, rps8, rps3, rps7, rpsls, rps7,
rpsl2, rpsi2
rrnl6S, rrn23S,
rrnl6S

rpl33, rpl20, rpl36, rpll4, rpll6, rpl2, rpl23, rpl32, rpl23, rpl2
rpoC2, rpoC1, rpoB, rpoA
trnQ-TTG, trnS-GCT, trnR-TCT,
trnY-GTA, tmE-TTC, trnT-GGT,
trnM-CAT, trnS-GGA, trnT-TGT,
trnW-CCA, trnP-TGG, trnH-GTG, trnl-CAT, trnL-CAA,
trnV-GAC, trnR-ACG, trnN-GTT, trnL-TAG, trnN-GTT,
trnR-ACG, trnV-GAC, trnL-CAA, trnl-CAT, trnH-GTG

accD

cemA

ccsA

clpP (pseudogene)

infA

matK

ycf3, ycfd, ycf2, ycfl5, ycfls, ycf2

ndhE, ndhG, ndhl, ndhA, ndhH, ndhB

rrn4.5S, rrn5S, rrn5S, rrn4.5S, rrn23S,

trnC-GCA,
trnS-TGA,
trnF-GAA,

trnD-GTC,
trnG-GCC,
trnM-CAT,
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Fig. 2 Intron length in the chloroplast genomes of Rhus

chinensis. Yt A0 A I S R , Xl RS R R . %

®3 BRAMZFEERZBEFRITE

Table 3 Codon usage in the Rhus chinensis chloroplast genome

Amino acid Codon Number Percent (%) Amino acid Codon Number Percent (%)
Ala (A) GCA 345 1.58 Leu (L) CTC 165 0.75
Ala (A) GCC 208 0.95 Leu (L) TTA 726 3.32
Ala (A) GCG 156 0.71 Leu (L) TTG 484 2.21
Ala (A) GCT 596 2.73 Lys (K) AAG 257 1.18
Arg (R) AGG 124 0.57 Lys (K) AAA 765 3.50
Arg (R) AGA 383 1.75 Met (M) ATG 493 2.25
Arg (R) CGA 292 1.34 Phe (F) TTT 784 3.59
Arg (R) CGC 101 0.46 Phe (F) TTC 423 1.93
Arg (R) CGG 114 0.52 Pro (P) CCT 337 1.54
Arg (R) CGT 292 1.34 Pro (P) CCG 135 0.62
Asn (N) AAC 220 1.01 Pro (P) CCA 266 1.22
Asn (N) AAT 756 3.46 Pro (P) CcCC 193 0.88
Asp (D) GAT 692 3.16 Ser (S) AGC 97 0.44
Asp (D) GAC 187 0.86 Ser (S) AGT 356 1.63
Cys (C) TGT 186 0.85 Ser (S) TCG 148 0.68
Cys (C) TGC 67 0.31 Ser (S) TCA 321 1.47
GIn (Q) CAA 570 2.61 Ser (S) TCC 290 1.33
GIn (Q) CAG 196 0.90 Ser (S) TCT 448 2.05
Glu (E) GAG 267 1.22 Thr (T) ACT 435 1.99
Glu (E) GAA 780 3.57 Thr (T) ACA 342 1.56
Gly (G) GGT 555 2.54 Thr (T) ACG 125 0.57
Gly (G) GGG 303 1.39 Thr (T) ACC 215 0.98
Gly (G) GGA 613 2.80 Trp (W) TGG 393 1.80
Gly (G) GGC 161 0.74 Tyr (Y) TAT 642 2.94
His (H) CAT 448 2.05 Tyr (Y) TAC 146 0.67
His (H) CAC 149 0.68 Val (V) GTA 468 2.14
lle (1) ATC 368 1.68 Val (V) GTC 156 0.71
e (1) ATA 550 2.52 Val (V) GTG 162 0.74
Ile (1) ATT 916 4.19 Val (V) GTT 451 2.06
Leu (L) CTT 476 2.18 End TAG 17 0.08
Leu (L) CTG 158 0.72 End TGA 20 0.09
Leu (L) CTA 336 1.54 End TAA 43 0.20
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HITHH AR . SSR v F 2 AT IR I
A RA R, 75k SER) 60% (453) Fi1 28.74%
(217). SSR /¥ HIAYKE % 6 bp 1 8 bp Ay
FEANLH L, & 64.50% (487) (K 4).

XA SSR i s ot R, A[FIZEALE
SSR EH HycH ) SSREX FILH HA B E 1R
(£ 4. PETREL PO FLEH AT AN, &

x4 HBKAMHFEEELS SSR IS
Table 4 List of identified simple sequence repeats of
the Rhus chinensis chloroplast genome

Number of repeats
SSR repeats Total

3 4567 8 9 10 >10

AT - - - - - 53 43 36 23 155
CIG - - --- 3 4 1 8
ACIGT 51 3 54
AG/CT 111 18 129
ATIAT 125 23 2 1 1 152
CGICG 10 1 11
AAC/GTT 6 6
AAGICTT 21 2 23
AAT/ATT 17 5 22
ACCIGGT 3 3
ACT/AGT 1 1
AGC/CTG 5 5
AGG/CCT 3 3
ATCIATG 3 3
AAAG/

CTTT ! !
AAAT/

ATTT 2 2
AACT/

AGTT ! !
AATC/

ATTG ! !
AATG/

ATTC 2 2
ACAT/

ATGT ! !
AGAT/

ATCT ! !
AAAAT/ L X
ATTTT

AAATT/ L L
AATTT

AATAT/ ! 1
ATATT

&: 010-64807509
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Fig. 5 The ML phylogenetic tree of the Rhus chinensis clade based on same protein-coding genes. Note: Numbers
above or below the nodes are bootstrap support values.
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