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Comparative genomics on chloroplasts of Sinopodophyllum
hexandrum
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Abstract: To explore the different chloroplast genome characteristics of Sinopodophylium
hexandrum, five chloroplast genome sequences of S. hexandrum were compared. Its genome map,
repeat sequence, codon preference, inverted repeat (IR)/single-copy (SC) boundary, alignment of
chloroplast genome sequences and phylogenetic were analyzed using bioinformatics tools. The results
showed that: the total length of five chloroplast genomes of S. hexandrum, with a typical tetrad
structure, were 157 203—-157 940 bp, and a total of 133—-137 genes were annotated, reflecting the
diversity of chloroplast genomes of S. hexandrum. Different chloroplast genomes of S. hexandrum has
different simple sequence repeat (SSR), where simple repeat of single nucleotide of A/T were the
majority among the SSR detected. The interspersed repetitive sequences included direct, palindromic
and inverted repeats. The value of effective number of codon (ENc) which was analyzed by using codon
bias was 51.14~51.17, the proportion of GC and GC3s was less than 50%, the codon usage pattern
tended towards frequently use of A/U-ending bases. Genome sequences and the IR/SC boundaries of
five chloroplast genomes of S. hexandrum were relatively conservative. Phylogenetic analysis showed
that S. hexandrum and Podophyllum pettatum had the closest genetic relationship. In summary, the
chloroplast genome characteristics and evolutionary relationship of different chloroplast genomes of S.
hexandrum were obtained, which may facilitate the utilization, protection, variety identification and

genetic evolution of S. hexandrum resources.

Keywords: Sinopodophyllum hexandrum; chloroplast genome; structural characteristics; phylogenetic
analysis

Bk JL £ (Sinopodophyllum hexandrum — JARIESGZ54F, ¥ T . 1B . 150 %ERY,
(Royle) Ying) NZAFARAMNY), FiE/NER AR BRAFTERZGIUEDES 148,
(Berberidaceae) BtJL-LJE (Sinopodophylium)!', ISRl v eI i E ok T 9| W S B i B S I i
Oy A AE B T ROHE R BT X s, TR N SR PR K 40T 20 i KESIA (P EAY
(2 0004 600m) FEL T RSP, BHLERY  ZEMa6ags) ChEMPLaLE) M p
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Y . HAT, CTHLERase F 2L P
P2 B ot A E RN N TR B R
SEJ7 I, BEILA AN [R)  SA J5E  4H e 1 RRAE AR
DRI

2R R KL 2 (chloroplast genome) H. A
A, SR A RN 45 R PR S s U P RRAE
PR] I 2 (A 5 DR 2 T A 9 ) ol 5 5 R 3
RIS R A S 4 4K
. — KD X (large single-copy, LSC)
F—A~/NEPE DL X (small single-copy, SSC)
DL K WA I 1a] #5731 X (inverted repeat,
IRa Al IRD)!', I SRARSE YL BN EEH S 5
JeAVER . Bt BeE e, ot gkt
TicHh AR B VR i AR OISR A S AR Bl T
AR, RERT HH A%
SR B2 i ELAE 2 PR B R A
T AR T E KR, ] & R R A0 i AR
PR HE AR BE AR R A YR
TEYIRIR ST 7 0 A AEVEIT, AR K 531 vl LAERT
A s P B CBAERS kA SRR AR
BAECVY IS TUATE (Ammopiptanthus) . FA4E
JNZEWr (Acanthocalyx alba) F1/)NEE & #98 if
SRR AFE ARG LB KRR, LIS
3 SRR I SRR I LA A3 BB ¥R T
MR iR B H TR BE 7 . VM LR G LT T
T ) B

A UBRL L s 4, MEEE %K
AW R AE B T
Biotechnology Information) %¥ 4 & £ #:#k )L
£ 5 A SRR, IRITIR Y AAS [F] i A
FER A2 RN, W T kLB
MBI KRR, AP e AR TR . Pfb
Y TE N3 54 2 E T B NS AL T RS
RE TS %

(National Center for

&B: 010-64807509
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1.1 #R

AW 5T LA S AR L A o BFFE X 42, A
NCBI (https://www.ncbi.nlm.nih.gov/) T # &
A S MBELE S AL 4 (GenBank
B35 9N KT445939.1 . NC_027732.1 .
MT982396.1, MW331536.1, MG593048.1, H:
H MG593048.1 A AR SR A T I [] A 400 5 6 4
-, HAR A B RTTE 3R 2 A Y b A B
NC_027732.1, MW331536.1 #£ 8t R4 T 74 i
REZFEn 1, HARA AT PO AR
BE . 7 R A ST, KT445939.1
i ok B TE Y AU A A BRI L R B, AR
AGAET i E = m IR, MT982396.1
FE S H R A RO B R T HON A, H
Al MW331536.1, MT982396.1 FEA{LIRAE T
BEREE Mok R R CE, i THLE 5 e
AR R B Hb IXOAS ], JHG s PR 2 ol A TR 45 4
fAPE 2 5w ), FMIATEZ T H CHLOROPLOT
(https://irscope.shinyapps.io/Chloroplot/) % il
FER2H 3% K, F] Excel F1 Origin2021 #8048 48
H52HE,
1.2 EEFISH

FIHAE LA MISA-web (https://webblast.
ipk-gatersleben.de/misa/), W &SN 1-10
(AEHFRELEL 10 1K), 2-6 (CETRE
LEE 6IK), 34 (EBEREDVEL 41K),
DU SF R Y & /0 A 3 kPO k48 SSR
7 p Bk FE P51 . 7 REPuter (https://bibiserv.
cebitec.uni-bielefeld.de/reputer) 7FZ&# 4,
A 5 T s R A S, SEORE N
DHIEER N 3, m/NEEEN 30, R RESR
T ERR, #HE 4 M E R R AT HUE AT
ITELR I3 T o
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1.3 ZHBEFRF T

I (A 5 B 5 47 23 Hr 8 T CodonW1.4.2
B, A CodonW1.4.2 HixtpkILE 5 4
I 2 (A S5 DR 2 1) 1 0 ) 356 TR 3 03] A 7 4%
FAmEE 5341, SBCRCE A EROME, K15 %
T —F Qi 407 P 8 5060 45 AH X [R] S %% B il FH B
(relative synonymous codon usage, RSCU) ., #6i%
FiE N 5% (codon adaptation index, CAI).
ENc. GC. GC3s™,
1.4 IR/SCiAF AR R 3K 5T

IR/SC i1 F A% Ak J2& i ) Wl ¢ {4 5k 9] 2 A8
Tl EZEE P N NCBI 48 o~ 2K 7
(Oryza sativa). SRB-IF (Arabidopsis thaliana)
2R IE N 4, A IRscope FEZ AR (https://
irscope.shinyapps.io/irapp/) 2 #l#kJL-t 5 0t
LRARFE A5 KR . BEIT IR/SC 1 FA XS LEIA
AL LR A 5KF . REIT IR/SC L F
Wi 54 R AR
1.5 #EJLEEREFTISH

B A mVISTA # GenBank % 2 (19 314
FeAfe il mVISTA Wb ARTERESCHF, SRIGTE
TEL B mVISTA Input (Ibl.gov), H4 555K
WHEHN T, WA S DHJLEMSRARIER A 7K
FESE AN BRE TSR 4L, RS L7501 L
K,
1.6 thILEWRELETH

M NCBI $45 2 T 8k )L 5 4> rha iR gk
PIZH AN 15 D/NBERME Y SRR L I A, Horb g
$5 /N B2 W Bl (Berberidoideae) #l # 1L & J&
(Achlys) . % H J& g o
(Diphylleia). JLEMIL-LIE (Podophyllum) F
BEL-EJE, FIH MAFFT ZEZE4 X 20 4~
KRB R AT 0 55, SRR 8 3 A MEGA
7R R ISR (maximum likelihood, ML)
P78 boostrap ZEE E N 200 AN H R 4L

(Dysosma)
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2.1 BkJLEM SR E 4B L rY B AR 4FAE

Bk L - S A R DR 21 45 ) Sl — A K B D
X LSC., —A/Nfgg X SSC, AR WiA S [1]
42 X IRa FI IRb ZH B 114 DU 7 (A U PR B 2544
5 AR AR I R 2H i 42 K AF 157 203-157 940 bp
2, HiymEKrRRRES NC 027732.1, #
FER R BN 240 KT445939.1, KN4 KEE 2N
737 bp, HEHFAKEZEMEE /N (B 1), kILL
5 AR GC SRl 38.48%—
38.50%, AT &N 61.50%-61.52%, JCHIE
Z5R,

DAL 4 NC_027732.1 &M, BELL
5 AMSERRSE R AR R R (1),
Lt 5 SRR LN HRA 257, B
SRR 133-137 4>, K4 MW331536.1 Fil
MG593048.1 FEF GECH 133, #K yef68. infA
FEH, BT rpsi2 FEIN, FEA4H KT445939.1,
MT982396.1 FEH &%k 137 4~, {HZH K
S FUH R A AR R 22 5 . OB
RNA (ribosomal RNA, rRNA) &=k 84,
W HNEEMRS, ¥id RNA (transfer RNA,
tRNA) IR R 36-38 />, 2 11 4 i 5L IR 4K
7 88-92 A, M LR 4] KT445939.1 B4
Hamfg o 91 4>, FEHE4 MW331536.1
I MG593048.1 [ 2R 1 g i FE K o 88 >, 2
IZH NC_027732.1 B9 H 4 5% 2 K 2y 90 1>,
FL R 2 MT98236.1 1 8 M d i L K Ry 92 4~
22 HILEMRGEEREBEEFIISH

B IL-E 5 A ISR AR K 4 rp i C7E A
FETEZE S, BEPIZH NC 027732.1 w5
50 NEUEEE P Y, T8 5 SRR LR 2 5 A
S PSR, (BAUESE 35 AN IEMER )T
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Sinopodophyllum hexandrum
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Sinopodophyllum hexandrum

88 genes; 8 rRNAs; 37 tRNAs
157 255 bp
GC:39%%

1 #)LESAMEREEERAERE B RME = gt g 3L, R AM F R IE ) gatd i, B
ORRINBEEL I . WERBYTR K XTI T GC & &, KX T AT &t . A fRREEFH NC_027732.1,
B fRFEHPHLA KT445939.1, C LFILHA MG593048.1, D fLEILH 4 MT98236.1, E fAFRILH A

MW331536.1

Figure 1 Genome atlas of five chloroplast genome in S. hexandrum. The inside of the circle is the
reverse-coding gene, while the outside of the circle is the forward-coding gene, the colors here represent
functional genes. The inner dark gray corresponds to the GC content and the light gray corresponds to the AT
content. (A) Genome NC 027732.1. (B) Genome KT445939.1. (C) Genome MG593048.1. (D) Genome
MT98236.1. (E) Genome MW331536.1.

Fz1 LA R EEBASEFENC_027732.1L05
Table 1 Comparison of four chloroplast genome with genome NC _027732.1 of S. hexandrum

GenBank accession No. Absence of genes Additional genes Total gene number
KT445939.1 trnG, psbZ trnM, truN, psbG, lhbA, orf188 137
MG593048.1 ycf68, infA rpsl2 133
MT98236.1 yefl* rpsi2 137
MW331536.1 ycf6d, infA rpsl2 133

sk

indicates that the gene contains introns.

FI (F Z) 15 ARISCEEFH) (P A Miflh BERZFS], WFIEmEE S (F ), (b
AL, HAt 4 DTSRRI AP BRI E) 26 4~ CEEFS] (PR FikmEZFS] (RE) =F
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HKARL (K 2) BEJLL A PR 20 v i 2k T AR
HwHE (C B, [EmHEEFH] (F &) FsCE
BIFH (P Al Rk Lt SRR S PR 20 Y 32 2
HA,

TE Mk L L 2 4R 5 N A4 i B R )T
(simple sequence repeat, SSR) H, kG 3] ]

FE RN BT 59, 56,0 58, 55
FS6 . ETRELTIIEA A M T &
%2, AWEEBIN 13, 15, 15, 12 F1 12 4>,
FEH 4] KT445939.1, MW331536.1 H A BY%L
AR 15 4, MG593048.1 . MT982396.1
FECEA R 12 4, T B8R 25K

2 BEIL-EM SRR E E A E AR HHIE

Table 2 Basic characteristics of chloroplast complete genome in S. hexandrum

Gene function classification

Group of genes

Gene name

Genes involve in self-replication

Gene involved in photosynthesis

Other genes

Genes with unknown function

Ribosomal RNA genes

Transfer RNA genes

RNA polymerase

Small subunits of ribosome

Lange subunits of ribosome

Photosystem I
Photosystem I

RuBisCO large subunits
Cytochrome b/f complex
Subunits of ATP synthase

NADH dehydrogenase

Protease
Maturase

Envelop membrane protein

Subunits of acetyl-CoA-carboxylase

Translation initiation factor

C-type cytochrome synthesis

Hypothetical chloroplast reading

frames

rrnd.5, rrn5, rrnl6, rrn23

trnd, trnC, trnD, trnE, trnF, trnfM, trnG, trnH,
trnK, trnL, trnL, trnL,

trnM, truN, trnP, truR, truR, trnsS,

trnS, trnS, trnT, trunV, trnW, trnY,

trnQ, trnT, trnG, trnl, tranl, trnR,

trnV

1poA, rpoB, rpoCl, rpoC2

1ps2, rps3, rps4, rps7, rps8, rpsll, rpsi2, rpsi4,
rpslS, rpsl6, rpslS, rpsl9,

rpl2, rpll4, rpll6, rpl20, rpl22, rpl23, rpl32,
rpl33, rpl36

psad, psaB, psaC, psal, psaJ

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

petA, petB, petD, petG, petL, petN
atpA, atpB, atpE, atpF, atpl, atpH

ndhA, ndhB, ndhC, ndhD, ndhE, ndhF, ndhG,
ndhH, ndhJ, ndhl, ndhK
clpP

matK
cemA

accD

infA

ccsA

yefl, yef2, yef3, yefa, yefls, yef68*

http://journals.im.ac.cn/cjben
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NC_027732.1 MG593048.1 KT445939.1 MT982396.1 MW331536.1

Five chloroplast genomes in sinopodophyllum hexandrum

2 HRILEMHREERBHEESEFT

Figure 2
type of interspersed repetitive sequences.

21.19.21.20 i1 20 4~ , FH 4 NC_027732.1
Ml KT445939.1 *h T HmMFE, EHE4A
MG593048.1 Fl MW331536.1 ff T i+ AH A ,
M G 7 S AN SEEFRATNES 114
WEHREZITFIN R 240 B TRER
FFRMM T REZFAR T ENA
NC_027732.1 4 7 A~HF 13 A2 48, HAb
4 Fh BRI Y ol 6 AN F 5 A TRk
BRIF S MAFERELIT I N AATGG M
TAAGAA &4 14 (K 3), fii*a&EHE 75
BEEMRZEA A A/T, SSR 7 Sl B 1E 5
I XN S s R g R S 1 ]
— P
2.3 kLM SR EREAHERL T RIF T
M LA - 2 A 56 PR 2 %85 ) 6l P e ) 4%
FERW kLA S A I DR 2 5% 5 -t FH it -
YRR, AR A S 7 B (relative
synonymous codon usage, RSCU) {H KT 1 Fl/)

&B: 010-64807509

I B0 (2 3 7 A [ B4 O R O 91 e A

Interspersed repetitive sequences of chloroplast genomes in S. hexandrum. The colors represent

T 1 BS54 314>, BHLEIE A/U 452,
W FHAE L i 2 (AR 356 [A] 2 2 i~ 4 [ L il
A/U %5, HZE W (methionine, Met)., 0% 8
(tryptophan, Trp) #J RSCU {1, JC&5H511
mHE (E 4). HTAREM T (effective number
of codon, ENc) {H4T 51.14-51.17, UiBHRf2%
PRILR A (3 S R de s — i, JF BT
i GC WY& L GC A T3 85 A 0 (1 (A 53
WK 38.9%-39.4%. 28.7%-29.0%34/NF 50%

(# 3),
2.4 BEILEMEAEFELYE IR/SC 1 F W HE
ek oA

RIS AR BE P 20 TR/SC H1 A i i 4 A
JEURE T L SRR I AL A KNP, SRt
S E PN N A S S K L (U > 3 N~ 9GS
fELE JLB. JSB. JSA. JLA 4 DI, QA
HEALPEREE 4 DAY Tk SUkdE . ASFIERT
BELE 5 ASEEAROKAS . BEIF IR/SC A
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DX 8, 1) B o3 A AR DL T LAt (] 5), &
BREIT AR IL£ 5 AN 5L R A1 50 3 3 A 1)
g FERI2E AR, SKREAW R 2SS, 16
BEIL-EFEEIT JLB 31 A0 A ) FE ] rps19 Fif
#5 JLB i, rpl2 FEHAL T IRb XI, /K FF JLB
W rpl22 FEHATF LSC Xk, rps19 K7
T IRb X3kN ., JSB i1 I, NC_027732.1 FlI
JKAEFE IRb X3 N FE 5 HoAMh 5 FROR ], SE
ZH NC_027732.1 1E IRb X I N KA N rnR,
JKFETE IRb XIH NI K ndhH, H4y 5 Fh
TE IRb X3RN Ll yefl, #E SSC X 35 P (1)
FER K ndhF, 1E ISA 5 F, BEL-ERTERE:
FEH yefl FEHRE S JSA, trnN ZEH A T IRa X
BN, JKHE ISA h A ndhH F AR JSA,
rps15 FERNLF IRa XN, JLA Hh FHEH 2
SRR, BRAKFEAN trnH FERAL T LSC XA,
psbA A TOKRE LSC XK, rpsl9. rpl2

25

20 ]_9

15 15

Number of SSR

4

3 3 33
e 2 > 2
i ool
[ (LT I
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21 21

R ZR
2.5 tRJLEMERIEERBFINEF o0
AWF5% 35 mVISTA fE4k T H, LIBkIL
LM R EE I NC_027732.1 SR, % bk
JL-EH A 4 A SRR LR A KRG I SR AR S
P AN R = 3 N S PN B B e o S S
B, ZERFW, ML S AR
20 JE DR 45 0 R HE S I #E AR ARl FE IRb
Ml IRa X TCH A8 5, B B i PR sr 4k
TEAR B g 0 X AEFE A AW i i 25 =, o
LSC XM s BE & & . trnC-GCA. rpsl6.
trnS-GGA . accD . psal. trnL-UAG. ndhA .
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Figure 3
type of SSR.
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Simple sequence repeat (SSR) of chloroplast genomes in S. hexandrum. The colors here represent



SR BHLEHBELERRES

RSCU

Phe 0.00 0.00 1.00
Leu CUG 046 CUC0.41

Ile 0.00 0.00
Met 0.00 0.00

Val 0.00 0.00
Ser CG 0.60 AGCO0.37
Pro 0.00 0.00
Thr 0.00 0.00
Ala GCC 0.6: 0.00 0.00
Tyr UAG 0.41 0.00 0.00 0.00 0.00
Ter 0.00 0.00 0.00 0.00
His CAC 0.47 0.00 0.00 0.00 0.00
Gln CAG 0.51 0.00 0.00 0.00 0.00
Asn 0.00 0.00 0.00 0.00
Lys AAG 0.52 0.00 0.00 0.00 0.00
Asp GAC 0.41 0.00 0.00 0.00 0.00
Glu GAG 0.58 0.00 0.00 0.00 0.00
Cys UGC 0.50 0.00 0.00 0.00 0.00
TER 0.00 0.00 0.00 0.00 0.00
Trp 0.00 0.00 0.00 0.00
Arg CGG 0.49 CGC0.39
Gly GGC 0.46 0.00 0.00

4 HRILEMEREERETRFEAR  FHBIEERR RSCU H, BEE B TRE 16 IR

Figure 4 RSCU values of chloroplast genomes in S. hexandrum. The colors here represent RSCU values,
and codon usage increases as the color gets darker.

*3 HLE S MM EREEREEDTERE

Table 3 Codon usage of five chloroplast genomes in S. hexandrum

GenBank accession No. CAI ENc GC3s GC

NC_027732.1 0.167 51.16 0.287 0.389
MGS593048.1 0.167 51.17 0.290 0.394
KT445939.1 0.167 51.17 0.289 0.391
MT982396.1 0.167 51.14 0.287 0.389
MW331536.1 0.167 51.17 0.290 0.394
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Figure 7 Maximum likelihood tree constructed by complete chloroplast genomes. The colors represent

plant types of different families.
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