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sarcorrhiza based on high-throughput sequencing

ZHAO Qi*2, YU Jia-xing?, QIN Yu-wen® 2, REN Xian-ying® %, GAO Hai-dong*, WU Zhi-gang*, JIJANG Cheng-xi* 3
1. School of Pharmacy, Wenzhou Medical University, Wenzhou 325035, China

2. Zhejiang Biomedical Collaborative Innovation Center, Wenzhou 325035, China

3. Jiuhua Mountain Buddhist Medicine Research Institute of Anhui Province, Chizhou 242700, China

4. Nanjing Jisihuiyuan Biotechnology Co., Ltd., Nanjing 210033, China

Abstract: Objective The chloroplast genome of Championella sarcorrhiza was assembled and sequenced, laying a foundation for the further
development of the genetics and identification of C. sarcorrhiza. Methods The chloroplast genome of C. sarcorrhiza was sequenced using
high-throughput sequencing technology for the first time, taking the chloroplast genome of Strobilanthes cusia as a reference, the feature analysis
and clustering relationship study were carried out. Results Bioinformatics analysis showed that the total length of the chloroplast genome of C.
sarcorrhiza is 144,713bp, containing a typical angiosperm chloroplast genome circular tetrad structure, with a GC content of 38.35%. A total of
129 genes were annotated, including 84 protein-coding genes, 37 tRNA genes and eight rRNA genes. The codons corresponding to protein
coding genes are preferred with A/T bases. Phylogenetic studies showed that the relationship between C. sarcorrhiza and S. cusia was the closest,
suggesting that they were evolutionarily co-linear. Conclusion The research provided a method suitable for the assembly of the complete
chloroplast genome and the analysis of characteristics of the whole chloroplast genome of the C. sarcorrhiza, which also could lay the foundation
for the research on the identification and phylogeny of C. sarcorrhiza.
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33:% Championella sarcorrhiza C. Ling K5
T B RT3 0 s A 8 2 A AR A A, )
HERTFZS, WIRGHE, RN RE NS 77
“tE®m” MEY, fEIRK ERTS H AL 25 YR AL EL
BOME RS, d ek B B B NS Thag, 3
EREZMA, JFFEedl 7 A TMES. Hi,
B IR 7T 2 A v T ks . BRI AL
5 iy e e ST TR 78, A A i S AR i
DRIZH ZH 2 .k DR AH Al e 20 90 1 5 R AR o

2R A R A A AT O A FH B 2
WA — BRI, kT A 3 sE . 20 tha
60 FACW], TEMHEE Nicotiana tabacum L.[Bl. Hu%k
Marchantia polymorpha L[5 5 ks T M4k 4
P8 TSR RA S KREREESE, A
Yok 2 [ B A RAF I ILEE, ) 2 M T E K
Zea mays L.[191 7K F& Oryza sativa L.[*1, K 5. Glycine
max (Linn.) Merr.BAZEAE ) 7§ 3L K Rt K B 1
WHIE, FHAE2G s e A . B TR+
BT OREE BEERHE, BT, AR
1) vy 10 R U B AR XS R Sk B I A O AT H 3R AT
W, oy M %6 fa i SRR BRI 45 4 . SSR
(Simple Sequence Repeat, & HELE T firi. IR
(inverted repeat, [z [A/E 5741 X [AIRHIE L S0
GUIPSRGR R, NERBNEE. RERBITR
BEE FE A
1 #MREE%E
1.1 #H

33" Championella sarcorrhiza C. Ling K H
TN TTREHE X K 1 (27°51'N,  120°40'E), %t
Je& B R I R R U X, AR 17 °C,
TR 216~317d, FIFF/KE 1611 mm, ELIH
XTREFE 79% . 2N R RL R 7 v 24 27 20t 2 AR 24 %
L R i) FR AR R 2045 45 5 T R 3 ORVE T B R B
LR FEAR AL JE R, & R AT 4
IR, WEGEGR P, —80 CUKAEIRAF# .
12 A&
1.2.1 DNA ZEFHREC 4524 DNA KI5
(K2 DNA $#2HGAFI& (TIAN-GEN, DP305) #2HX

FEASH) 5 DNA.
1.2.2 JF & DNA FESh 2 rg st 2im AR

FA WA RHATINE, 3207 reads. JiifE. KA
IMumina HiSeq PE150 RUA byl /7 5 W& ik A7 4 22 N
R, #EZER N 350 bp DNA /N BOCE, IR

FE4 10 fi5.
1.2.3 WERIEFA 4 @i lumina HiSeq
PE150 Il 71~ & % & s gk 47 3 7, A MITObim
1.8UBIZH B AR {3474 %5 . FH T NCBI ¥ i Hh 8 &
Wk SEk B R B2 H 75, Ik A RN S
W% i) B #5  Strobilanthes cusia  (Nees) Kuntze
(NC_037485.1) &%) 5. %8 J5 H Gap Closer*911.12
BAF (http://soap.genomics.org.cn/ soapdenovo.html)
XA 2 AT WIREAN, B ERRIUAR T4
BB R MHIEE R
124 HE KR HAFRIED T Je H GeneMarkS
(\Version 4.17) ROV A ] 35 Sk B -2 Ik DR 2H it AT
Z B 2 DLW, tRNAscan-SE - #4221 ( Version
1.3.1). rRNAmmer #4224 (\Version 1.2) 43 5H]%}
tRNA FI rRNA JE K247 7l , FH OGDRAW #4231
S SRAATE R P E, B MISALORAER 455
M=k B ok 4s 3L K20 SSR iz, Find repeats
TEIRMEFRE . 7 0ES 6 MEEKZHM IR T4,
KEFE DX (LSC) FI/NFFE DX (SSC)H, MAFFT
v7.39418 B AR AT R AN EL X, B A A A PhyML
V3.0 AL T B KASRIER IR R B
2 GHR59H
21 2ERFENFSEMZRAEFEBEAR

ETEEENT, RIZELE2ERASKHN
144 713 bp, BHFE )y 5196 698 700 bp, F—~ A
(¥ 4 4> X I EE 4, 47 4 ANX B LSC i 92 026 bp.
SSC 4 17 825 bp. 2 Bt M EANE K IR X (IRA
A1IRB) 17 431 bp. GC &4 38.35%, A 2%
Qo fli+ QaofH 717 96.58%741 90.91%. IR. LSC Fl
SSC X1 GC HAFE—EMZER, IR XM GC
s, N 45.47%; LSC kK2, 36.49%; SSC [X
() GC E &/, 1Y 32.34% (% 1). [HAAEENIEZ,
4 yefl FEKI{E SSC #1 IRB & ftAb R (D,
2.2 MRAEEFEREERIFE

Sk B SR A R DR 2 Ly R 129 ANEEDRT, s

F 1 FELEMRAEREARELERR

Table 1 Base composition of chloroplast genome in C.
sarcorrhiza

X 45 A% TIi% Cl% G/% KJEbp GCl%

LSC 31.1 324 186 17.8 92026 36.4
SSC 33.8 337 17.0 152 17825 32.3
IRA/IRB 273 271 213 240 17431 454
Sk 30.5 313 194 18.7 14473 38.1
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Championella sarcorrhiza C. Ling

chloroplast genome
144712 bp

| photosystem |

[ photosystem 11

[ cytochrome b/f complex
[ ATP synthase

[JNADH dehydrogenase
[l RubisCO large subunit
[l RNA polymerase

[ ribosomal proteins (SSU)
[ ribosomal proteins (LSU)
[ clpP, matK

[l other genes

[ hypothetical chloroplast reading frames (ycf)
Il transfer RNAs

[l ribosomal RNAs

1 FABMEAFEREAE

Fig.1 Map of C. sarcorrhiza chloroplast genome

84 NMEFgmALIE R, 37 4~ tRNA ZE[FFI 8 /> rRNA
B AR ILTIRE T AR EA1 N 4 KRI: oy Al
FeAAEFIAHDCEE DR . FIAAH I . R AR,
DLR AR LR (matk). FEREER (LK (cemA)
GHAIER . EREEE P EE 24 MR 17
AN DUEEIR (R 2), B4 1 ME RS (psbA).
4 /™ rRNA Z[A (rrn16S. rrn23S. rr4.5S. rr5S).
8 ™ tRNA ZE A (trnA-UGC. trnH-GUG. trnl-GAU.
trnL-CAA . trnM-CAU . trnN-GUU . trnR-ACG .
trnV-GAC). 1 /> NADH it & 735 (ndhB).
2 MZHERER AR/ IS gAY 3E R (rps7. rps12)
K AANKRABERARR (yefl). HAERKZ,
TE 2 Sk B I S 356 TR 40 AR A7 A — S8 R S I e ) 2
Rl, 4 ycfl. ycf2. yef3. ycfd, 75 Efigit— Dt
KA ferfiE HIhft. 7£ SSC XL 12 4> CDS Ail 1
AN RNA JE[H (trnL-UAG) T77E. SR 44Kk 2 511)
FLRAEET LSC X, 5 59 4> CDS #1122 4~ tRNA #:
(£ 2), HitrnK-UUU & TRk, B
/Ny 2450 bp, FLF matK F:[H .
2.3 SSR i REAM IR XiaFLR S
TSR B R e SR 2R, JEHE R 184 ANFF

AN SSR 1 (R 3), 0T LSC X, H
HAdE 92 MEKHIRES LT, 10 N S HRE
HHEIG, 67 M= HERELIIT, 9 MUKHIRE
HEIG, A NEREREZ RO 2 MK HIRE
HEIC. £ SSR T, EZEEIEITTE AT, R
JEMIKZ ATITA. TTG/TTA FI ATA/ATA. B IEA]
UEH, AT Eobiis, RamiEmegit. X5
SR B R R E S AT (B8 61.65%)
—8, XML TR T AT t GC A G
A K.

5 R AR . 0% Andrographis
paniculate (Burm. F.) Nees . ¥ f£ % & f&
Echinacanthus lofouensis (Lé/l.) J. R. I. Wood., 7% %
1t Echinacanthus attenuates Nees . f% B 7¢
Clinacanthus nutans (Burm. f.) Lindau 4 4~J& 5 1>
YR AR SR R A IR XA kAT e, RIliX
6 it A A P S A4 B R 4H K 144 133~152 672 bp,
R BA MR TE, MWREVIMR IR
e WA, FOE. WYL, L. ik
HoA i s 5 3 3k R R 45 4 5 R 2R B AHALL,  psbA
5 yofl Z£KERH 2 10 #5 DL, psbA F (R 48 K5 4 78
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Table 2 Genes present in chloroplast genome of C. sarcorrhiza

HERENE R A AR
AR subunits of photosystem | psaA. psaB. psaC. psal. psaJ
subunits of photosystem |1 psbA”. psbB. psbC. psbD. psbE. psbF. psbH. psbl. psbJ. psbK. psbL. psbM. psbN.
pshT. psbZ

subunits of NADH dehydrogenase ndhA*. ndhB**, ndhC. ndhD. ndhE. ndhF. ndhG. ndhH. ndhl. ndhJ. ndhK
subunits of cytochrome b/f complex  petA. petB™. petD”. petG. petL. petN

subunits of ATP synthase atpA. atpB. atpE. atpF". atpH. atpl

large subunit of rubisco rbcL

subunits photochlorophyllide reductase
FIEMFER  proteins of large ribosomal subunit — rpll4. rpl16*. rpl2". rpl20. rpl22. rpl23. rpl32. rpl33. rpl36

ok /A

proteins of small ribosomal subunit ~ rps1l. rps12™°. rpsl4. rpsi5. rps16*. rpsi8. rpsl9. rps2. rps3. rpsd. rps7”°. rps8

subunits of RNA polymerase rpoA. rpoB. rpoC1l*, rpoC2
ribosomal RNAs rm16S~. rm23S". rrn4.58", trnC-GCA. rrn5S”
transfer RNAs trnA-UGC™. trnR-ACG”. trnD-GUC. trnL-CAA”. trnE-UUC. trnN-GUU". trnl-GAU*".

trnF-GAA. trnM-CAU”. trmG-GCC. trnG-UCC™. trnH-GUG". tml-CAU. trnK-UUU",
trnL-UAA”. trnL-UAG. trnP-TGG. trnQ-UUG. trnR-UCU., trnS-GCU. trnS-GGA. trnS-UGA.
trnT-GGU. trnW-CCA. trnT-UGU. trnV-GAC“. trnV-UAC". trnY-GUA

HoAbZE maturase matK
protease clpp™
envelope membrane protein cemA
acetyl-CoA carhoxylase accD
c-type cytochrome synthesis gene CcCsA
translation initiation factor infA

RHENTIEEIERE  conserved hypothetical chloroplast ORF yef1®, yefl?, yef2. yef3™. ycfd
BA LAWRE TR A 2 MRS THER CSEIER YRR

“indicate one intron in the gene  ““indicate two introns in the gene  “multiple copy gene *pseudogene.

#3 FABMRFEEEP SSR LR KBLHE

Table 3 Type and number of SSR loci of C. sarcorrhiza chloroplast genome

SSREEH I  KEbp SSREE/M /% SSR H G £t KEbp  SSR ¥E/MA  HE/%
BT IR GTT/TAA 19 6 8.96
AT 95 86 93.48 TAT/TCT 10 6 8.96
CIG 34 6 6.52 TGAITGC 6 2 2.99
AR TTCITTC 7 6 8.96
AT/TA 22 10 100.00 TTG/TTA 6 8 11.94
R CTG/GTA 6 3 4.48
AAC/AAG 6 3 4.48 VUr% TR
AAT/AAT 7 5 7.46 AATAJAATT 6 4 44.45
ATG/ACT 6 2 2.99 ATAG/CAAT 6 2 22.22
AGA/AGC 6 4 5.97 TTAG/TTTC 6 3 33.33
ATA/ATA 7 7 10.45 FAZAR
ATT/ICAA 10 5 7.46 AATGG/CCATT 6 2 50.00
CAG/CAT 6 2 2.99 TATAG/TTATT 13 2 50.00
CTT/GAA 6 6 8.96 INIZE TR
GAT/GCA 6 2 2.99 AACTTA/TTTTAG 6 2 100.00
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&y % yefl A—MERIER . FOE, S
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S S EER S N
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i__BB1 by {72 .li i 2523 b
ﬁ(%’% Championella sarcorrhizaltse 92026 bp | IRb. 17431 bE. SSC 1?8%% IRa 17431 i [1sc
144713 bp EUB;EEDH / THp  E3bp aratp 771 0p :‘?L:E. /
o3 st |z 050 o828,
. i g ¢ z2g 7 iy
m ﬁ StrObI Ianthes custa LSC 91666 bp | IRb. 17328 by F 17811 IRa 17328 LSC
144 133 bp R =
mi;jzpr./ ibp  B9bp 475 b 77 6p G80bp 379 bp
P 1oebp st o P
#f.0¥% Andrographis paniculate g mrm T el i
p [55C 17110bo [1Ra 25397 bo | 15C
150249 bp e ‘ ik e
QEFFP'/ munvf ! 4453 bp 98389 57 h:v’
150p 7abp 2180 bp o3t oo
BN 47E Echinacanthus lofouensis, i : :
1S e25600p [IAD 25688 pp |55 M 256880 | LSC
151 333 bp L ) iz i
asbpe” 1131 e ezt 797op 57 o
i . Pl S5p 217abp Pl P
A 1E Echinacanthus attenuates ‘ R
152 672 bpliscas0sop T %@ﬂgﬂ- 17738 bp | R 3886210 | L5C
fi=I¥E4¢. Clinacanthus nutans P Rl P Pl
151 669 bp; ;
LsC 83502 bp | IAb 25366 bp [SSC 17435 bp | IRa 25366bp | LSC
ET e g 1457
57 bpe 1177 e 5013 boe- 0 boe-

2 BRHM 6 MITHREEERA IR AFHEETEE

Fig. 2 Comparison schematic diagram of chloroplast genome-wide IR boundaries of six species of Acanthaceae
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X1,y 7 s e Sk B A B R AL
H4 AT 01 3 3K B - S AR L R 4H 7 31 5 NCBI R il
TFEW AL 10 AP AR A R R A T B R g
RGKEW . BT H AT JC o 5 5 A P i SR A
K2 GenBank, H & /RIS 44 35 [K] 2H B
FA MW, MBI 77K B3RS F— Ik
PR, B — R AL A . m ALY
Barleria prionitis L.%& 4 /M) %l [ — R 51
16 Z0% . 7% )LE Rungia pectinata (L.) Nees 3
AR, [ RHR R Acanthus ilicifolius L.
Sp. f/N{EZE Bl Acanthus ebracteatus Vahl, A&
AN[FEIRHE H 45 5 25 Stewartia monadelpha Sieb. et
Zucc.. &R Ex (K 3), ARFFL EKE
FREBS O, WUSEG R RRIT, S (hEHEY
B Y REE KA — 328, Ak BN
11 N EIRBIF R — 3L, BRI R LB,
XHFEN 100%; kB 5 A /N S0
AR R, WHHSEGXREY], S (hEE
WE) W RER 8, BaelEdi R
AL,

HA%25 (NC_041468.1)
:/J\?E%Eﬁ% (MW174172.1)
Z R (MT240944.1)

ZF i (NC_022451.2)
AR (MK548575.1)
%)L (MK946456.1)
fEEE (NC_042162.1)
W% (NC_037485.1)
AL ETE (NC_035876.1)
KA TE (NC_039761.1)
TINS5 A6 (NC_039678.1)

E3 ETHRFELEREMN 12 MIMHEKMAE (ML)
RARER

Table 3 Cluster analysis of 12 species using complete

chloroplast genome sequence by maximum likelihood (ML)

method
3 it

FK B R R AR B2, FEAE N T
“BEB” ATz —, WIERREIERAR, i
2o, AT SGTAE]. 1B A R, EHSE
SKEFROS0L, thAh, SESKE A (R EYIRRLLE AL
I SE (CR) &54¢BY, N BA EZRY . B
FRTFRFIANE . ABEFERIF S 2 ARMFHEAR, XF
B RBHEASE S B AT T SRR EE R M 7, SRASH
4K 144 713 bp, FREASE] 129 MR %€ 184 4
SSR fisi, RZHNSEE AT BT . Rt
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