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High-throughput sequencing of complete chloroplast genome of Rheum
tanguticum and its application in species identification
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Abstract: Objective To improve the survival status of wild Rheum tanguticum, which is threatened to meet the market demand,
Illumina high-throughput sequencing technologies is used to bring new directions for relevant research. Methods The complete
chloroplast genome of Rheum tanguticum was constructed with Illumina high-throughput sequencing technologies in this paper.
Results The genome was 161 054 bp in length, and exhibited a typical quadripartite structure of the large (LSC, 86 441 bp) and
small (SSC, 12 745 bp) single-copy regions, separated by a pair of inverted repeats (IRs, 30 934 bp each). The chloroplast genome
contained 132 genes, including 88 protein-coding genes, 36 transfer RNA genes, eight ribosomal RNA genes and two pseudogenes,
19 genes located in each IR area. Conclusion The phylogenetic tree constructed with 11 sequences of seven Polygonaceae species
and four other family species demonstrated a close relationship between R. tanguticum and R. palmatum in Polygonaceae, which
was coincided with their morphological similarity, in addition, there were certain SNP sites in rpl32 and other genes, which provided
a new basis for the effective identification of related species.
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Fig. 1 Gene map of R. tanguticum chloroplast genome
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Table 1 List of genes of R. tanguticum chloroplast genome

BRI ZH R

B PR 44 B

photosystem I
photosystem II

cytochrome b/f complex
ATP synthase

NADH dehydrogenase
rubisCO large subunit
RNA polymerase
ribosomal proteins (SSU)
ribosomal proteins (LSU)

psal. psaB. psal. psaA. psaC

psbT. psbZ. psbl. psbJ. psbH. psbB. psbF. psbD. psbN. psbC. psbE. psbK.
psbL. psbM. psbA

petL. petA. petD. petB. petG. petN

atpH. atpl. atpB. atpE. atpF. atpA

ndhA. ndhB. ndhC. ndhD. ndhE. ndhF. ndhG. ndhH. ndhl. ndhJ. ndhK
rbcL

rpoB. rpoCl. rpoC2. rpoA

rps2. rps3. rps4. rps7. rps8. rpsll. rpsl2. rpsl4. rpsl5. rpsl8. rpsl9
rpl2. rpll4. rpll6. rpl22. rpl23. rpl32. rpl33. rpl36

protease clpP
maturase matK
envelop membrane protein cemA
subunit of acetyl-CoA-carboxylase accD
c-type cytochrome synthesis gene ccsA
hypothetical chloroplast reading yefd, yef2. yef3. ycfl5
frames (ycf)
transfer RNAs trnfM-CAU. trnH-GUG. trnC-GCA. trmF-GAA. trnN-GUU. trnD-GUC. trnl-CAU,
trnE-UUC. trnS-GGA. trnA-UGC. trnV-GAC. trnM-CAU. trnK-UUU. trmL-UAG.
trnS-UGA. trnT-GGU. trnQ-UUG. trnL-UAA. trnY-GUA. trnS-GCU. trmR-UCU,
trnW-CCA. trnV-UAC. trnl-GAU. trnT-UGU. trnL-CAA. trnP-UGG. trnR-ACG.
trnG-UCC
ribosomal RNAs 4.5+ 23, rmS5. rml6
translational initiation factor infA
pseudogene rpsl6. rpl20
3.5 SSR 4 3.6 ATIEHNFH IR KA F LB

Mgk 4 fa) BB 5 ¢ 4] (simple  sequence
repeats, SSR) J& — MM 4> Fhrid, BAM
SRARFEDR ZH G5 M 1T B . AHDO DR SFE FRSR AL L AR
WHEFE. LRMEEt ., EEMEEERA, B
TN T AL E R PR e B E 2 AR
AL AR R A 04,

TERE R R s iR s B R 2, R4 R 3
243 NRFE A H) SSR A . HAEE 163 AN Hid%
HREZET, 60 M HERELZET, 11 M=
BHREEEF, 8 MURHRELZETFHN 1 M
BHRERSET, RRUANGHRESET. 15T
A SSR 1, mEZEEMEFE AT, REHKKE
AT/AT. AG/CT. AAT/ATT Fl AAAT/ATTT, iXi&
BHEIEF HEH 95.47% (£ 2). By, Mot
HERE, Z&EF AT, HEHRREMNSGA SR
RIZH AT & 23 (62.65%)-

I ERAAR TR R RN ) 22 e R BARIIAE IR X457
ks 59 E%, 4 A IR XL AN IRb-LSC.
IRb-SSC. IRa-SSC F IRa-LSC. JBiT % AT WA 7T
H. ZH. BfErHE 3 NH 6 M R4
IR XA FHATHE, KBLIR XK SRSk
FERHALKEIER, KEMNKRBIMEICOYIETES T
BHORHE ., R, P RIEE, ey . Sk
PR . BREZIRBIRKE 4, HAIM) IRb-LSC 21
FEIAE 1ps19 L, H. rps19 JEF P HIRER47E LSC [X,
KB HF IRb-SSC 1544+ ndhF I, H ndhF
R FFHIRER /3 7E SSC X 7F IRa-SSC W Ftht,
PREREE Y yefl JER B TA7EAE SNP A7 58, WP AR
THAZIER . BRI RS, HAhd)
) yefl FEFIA7E Ra XN, H5 IRa-SSC i 5 H]R%
BN, N 1~282bp, IRa-LSC %5 LSC i tmH
EE RN, RAE 1~5bp. mREEILAE 2.
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Table 2 Type and number of SSR loci of R. tanguticum
chloroplast genome

SSR EEHEF KE/bp  SSREE/A  H/%
HZER
AT 8 85 99.39
9 39
10 23
11 3
12 6
13 2
15 1
16 2
17 1
C/G 8 1 0.61
CHER
AC/GT 4 2 3.33
4 16 28.33
5 1
AT/AT 4 26 68.34
5 14
6 1
MR
AAG/CTT 4 2 18.18
AAT/ATT 4 5 81.82
5 3
6 1
VA% R
AAAT/ATTT 4 3 37.50
AACC/GGTT 4 1 12.50
AACT/AGTT 5 1 12.50
AATC/ATTG 4 1 12.50
AATT/AATT 4 1 12.50
ACAG/CTGT 4 1 12.50
TER
AAGAT/ATCTT 4 1 100.00
LSCi IRb 1 SSC

IRa 1 LSC
]

1
L}
1
C e
]38 8'1 30 885bp ﬂ- 30 885bp b

hF i}. iftrmH
B B 30956bp {1 IBPI 30 956bp "
1 1
FE AR Blﬂ

1 I
yefl JidhF 1yefl ternH
B 30934bp i 30 934bp br
1 1 1
Sl

- F :- trnH
B 27 709bp SuEBpI 27 709bp N
1 1 ]
) 'nth trnH
S. capitate bp 25371 Ll 25371bp b
1 1

- hF :. trnH
p. auriculata p 31 761bp 1];- 31 761bp bp
|

2 ATIEHN 6 MIMITRFEREES IR B FHLEEIR
Fig.2 Comparison of large single copy, inverted repeat, and

— e

small single copy border regions among six Caryophylidae
chloroplast genomes

37 EEHARSER 2 P RAEREARIEEER
JEERFR RS N R R R 1 2 MR K5
FNR ALK AL S AR R AH 454 BEAAH I, B
HRER T B K1 LSC KA, Higtb R il
KEEKAh, 3 PR SSC XA IR XA BESAHZEA
K, WAREERNEESMRMEBAKR (3D,
3.8 FGRRNM
W R R K SRR R 47 51 EA%E] NCBI
Wb JE R, A3 3P4 MK248631, 5 R4
fih 10 MFR SR 4 L R P AR R GERK B W
(3. 4D IR HTRHR 1 AE7> 2K 5 e Ko
A RSB 2 MRS KRB R IR E, A
BRHA 4 MOFE TR . BFEE . JRIH/RIRR
HAE, AFEEH 4 DYIFBIRKE . KRR HRAN
WAoo M2 B SR BLUR S g (1D frigdt
fits 4 R 5ZR R B LT, YR Z R REUE,
S YIS R R 8L (2 B
®k3 KERE 3IPYMHRAERBAEBLER
Table 3 Comparison of chloroplast genome features of

three species of Rheum

WiH JH R KT

EHRE R

BEKE/bp 161 054 161 541 159 051
GC/% 37.35 373 37.6
LSC/bp 86 441 86 518 84 750
SSC/bp 12 745 13111 12 999
IR/bp 30934 30956 30651
FERE A 132 131 130
HEERER 86 84 84
rRNA [ 8 8 8
tRNA F[H 36 37 36
Pseudogene 2 2 2
BIRKZ (NC_035225.1)
[%%ﬁ (NC_027161.1)
47F% (NC_037705.1)
KK# (NC_035950.1)
JEVA/RIREL (AP017909.1)
JEERFRE (MK248631)
K (NC_027728.1)
2 (NC_032031.1)
KR (KY084475.1)
Fi (NC_034363.1)
3 (AJ400848.1)
0.02

3 ET 1 MMEGFEERAFIINETHFRAERZL
BERBIEE (RAXML 8.2.4 3 )

Fig. 3 Phylogenetic tree of R. fanguticum based on 11
complete chloroplast genomes (RAXML 8.2.4 software)
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BIRKZ (NC_035225.1)
3 (AJ400848.1)

—

IR (NC_034363.1)
KBE (KY084475.1)
[%“%%z‘ (NC_027161.1)
4&7F% (NC _037705.1)

JEIH/RERIE (AP017909.1)
RIKFH (NC_035950.1)
FAEILEE (NC_032031.1)

JEERERHE (MK248631)
FHIKHE (NC_027728.1)

0.02

4 EHF 11 MMREEEREFIIMEETHARREL
BEREME (phyML 1)

Fig. 4 Phylogenetic tree of R. tanguticum based on 11
complete chloroplast genomes (phyML software)

KEAEN 7 MR —3C, HRFEERERE
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KRBT, 0T AT RE 5 PRI T AL (1 B AT B
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(4) MRFT R KA R LR R, e
K 5B g I LSRG R, XA
Fh RSy PR T HER,
4 g
AFEWFFE F—7F G A F RS0
5] — W 77 & AS 1R Bt Ak 3y 208 38 25 38 A [F)
FEEHIE S, EAMFIERER. HEEThRES
RIXER WA EEAAELL R JLavhig: (D W7
G AR P, 38 B PSR RO A S5 A
B, SRR EBT I, TGt ER S E SR
B B JFE GG R AT A AT AR B, A AR T
F 111 4> mRNA FE[H] .45 1~ tRNA FEF A1 8 /> rRNA
BN, 164 AN, M b AL ER S S bR
132 AN, BUEAHZERCR, Hr, S DL 5 R i
LB 1R, Al AR S S HE R 4
R B A RN Bt A 1 i), X S8 4
— kR, BRI A D i i AR RS AR N S
Mrs (2) W 5E G A Le 3 DR A7 B 5 7 HoAth
NEB, ZEHHATEEHE, W7E 28 858~28 929 7
HIARIRN rnF-GAA FE [, T H X [A] 28 874~28 920
N rnF-GAA JEP, 7R SEEE RAp A £ &= i
T tmF-GAA BH, R LEL, EFEERE
WA T E R (3) T RT A& IE T
(10 T H L RS A 5% A {8 15 55 6 T i 6k DR A8 R AR
B, HRAE PR D ) 1 16 15 2 i R R A

[A], RS A PR B B 7 B A4l o T &)
2

M NCBI P T 32 RS SR e B R A

F| (NC_027728.1. KR816224.1), 53l &l A

5 R R S A 4 B R AL kAT R A1 LT, R

pl132 ZE AT SNP A7 5%, ndhF. rpll6. rpl22.

pl23. rps3. rpoA. rpoC2. petB ZEFE[EHr# L,

petA. rps4. ndhK. accD. psbL. psbK. atpl &5t

B R 1A, BRI EIAE 2 MR )

e, WHER. NERGRPAGE] 3 )

Jas: (1) mrszitaand rpl32 JEpE 4 4 Ik X

G T 25 ARACLEE A5 v FRD R o R R R 2 R B LA

FESEIEAE EREAT E B TR, (2) WIEAT R K5
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