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Abstract: Based on three medicinal plants of Panax in the Qinba Mountain area, this study
analyses the chloroplast genome characteristics and codon usage preferences by using
bioinformatics techniques to clarify the phylogenetic relationship between the chloroplast genome
characteristics of three medicinal plants, P. japonicus var. major, P. japonicus var. bipinnatifidus,
P. pseudoginseng var. elegantior, and to provide a basis for molecular identification of Panacis
majoris rhizom. The results were as follows: (1) The chloroplast genomes of three species of
Panax were typical tetrad structure, the genome size was between 156 071 to 156 104 bp, and the
total GC-content was 38.10% with a high degree of genome size similarity; (2) 133 coding genes
were annotated, including 88 protein coding genes (PCGs), 37 tRNA genes, and 8 rRNA genes
with a high degree of genome size similarity; (3) The chloroplast codon usage preferences of the
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three medicinal plants were comparable, with codon 3 bases predominantly ending in A/U.
Despite being affected by mutations, the codon usage patterns of the three medicinal plants were
found to be mainly influenced by natural selection. (4) The phylogenetic results showed that the
three Panax species are closely related, and P. pseudoginseng var. elegantior. is closely related to
P. japonicus var. bipinnatifidus. This study presents a significant relationship between P.
pseudoginseng var. elegantior and two original pharmacopeial plants of Panacis majoris rhizom.
This finding has great importance for the development and utilization of resources from Panacis
majoris rhizom, and provides an important basis for further studies on the classification,
phylogeny and evolutionary mechanisms of Panax species.

Key words: Panax japonicus var. major, P. japonicus var. bipinnatifidus, P. pseudoginseng var.
elegantior, chloroplast genome, structural characteristics, codon preference
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Fig. 1 Chloroplast genome map of three medicinal plants of Panax
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Table 1 Characterization of the chloroplast genomes from the three medicinal plants of Panax

L7 IS PH=4 FMBRANZ
Species Panax major P. japonicus P. pseudoginseng
4
%’H.j(/]\ 156 104 156 071 156 071
Genome size (bp)
REPE DX
LSC (bp) 86114 86 097 86 097
/NELPE DLIX
SSC (bp) 18012 17 986 17 986
S [ A X 25989 25994 25994

IRA/B (bp)



GCEHE

GC Content (%) 38.10 38.10 38.10
SRR 133 133 133
Total number of genes
tRNAs/rRNAs £ &
Number of tRNAs/rRNAs 37/8 3778 37/8
G 1 R " " "
Number of protein-coding genes
KEHIX GC & 36.30 36.30 36.30
GC content of LSC (%)
MRFEITX GC A 32.20 32.20 32.20
GC content of SSC (%)
KHEEX GC && 43.00 43.00 43.00
GC content of IRs (%)
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Table 2 Chloroplast genome gene types of three medicinal plants of Panax

PRS0 FER B FER AR Ho
Gene category Gene group Gene name Number
I ARNA L K rrnl16S,rrn238,rrn4.58,rrnl 6S,rrn5S,rrns g
rRNA genes S,rrn4.58,rrm23S

trnH-GUG, trnK-UUU", trnQ-UUG, trnS-
GCU,trnG-UCC",trnR-UCU, trnC-GCA, tr
nD-GUC, trnY-GUA, trnE-UUC, trnT-GG
U,trnS-UGA, trnG-GCC,trnfM-CAU, trnS-

HIZRNAKE GGA,trnT-UGU, trnL-UAA",trnF-GAA, trn 37
tRNA genes V-UAC",trnM-CAU,trnW-CCA, trnP-UG
. G, trnl-CAU,trnL-CAA, trnV-GAC, trnl-GA
Q&E%U% U trnA-UGC”,trnR-ACG,trnN-GUU, trnL
Self replication “UAG,traN-GUU, trnR-ACG,trnA-UGC" 1
rml-GAU" trnV-GAC, trnL-CAA, trnl-CAU
AN rpll4, rpll6”, rpl2”, rpl2®, rpl20, rpl22, 11
Large subunit of ribosome rpl23, rpl23, rpl32, rpl33, rpl36
A NI rpsl ]; rps12™, rps12™, rpsi4, rpsl5,
Small subunit of ribosome 1psl167, rpsl8, rpsl9, rps2, rps3, rpsd, 14
¥ps7, rps7, rps8
A .
iﬁi?ﬁy‘jﬁi 1poA, rpoB, rpoCl", rpoC2 4
g
ﬁgps;ﬁfe atpA, atpB, atpE, atpF", atpH, atpl 6
Sl 245 11 LA psbA, psbB, psbC, psbD, psbE,
Photosystem Il gene psbF,psbH,psbl, psbJ, psbK, psbL, psbM, 15
psbN, psbT, psbZ,
S R FH JE R NADH /i & i ndhA", ndhB’, ndhB”, ndhC, ndhD, ndhE, 12
Genes for NADH dehydrogenase ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK
. 4 ~
photosynthesis C):E)E%En%e/%oili%lex petA, petB", petD’, petG, petL, petN 6
N/AVLN é
Photc(l)s/fsi:n{ I%g e psad, psaB, psaC, psal, psaJ,ycf3™ ycf4 7
BRI L KT el 1
Large subunit of Rubisco
LA ATR AN B
Acetyl-CoA carboxylase beta accD 1
subunit
CHYAH M 5.3 & ccsd !
C-type cytochrome synthesis
St LR 0 o 1
Other genes Envelop membrane protein
ATPAR R F i 7 PAE A CloP™ 1
ATP-dependent protease subunit P &
R T .
infA 1

Translation initiation factor
AR matK 1




Maturase K gene

RN REFE A E A [ B HE
Genes of unknown Hypothetical chloroplast reading yefl, yefl, ycfl5, ycfl5, ycf2, ycf2 6
function frames

Tr % NRE T ek AT

Note: *. One intron; **. Two introns.
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Fig. 2 Nucleotide types of three medicinal plants of Panax

2.3 SRR A BT

LB TS G AR R A ASHE PR R 2R A e a5 R (W 3) - A& 6 M
A BRI, R R RMIS,  Hh ARga s X ) FP 51 22 e W oK T 2wt X, IR XAHLED
T SC XELRSF, WWIAZSEARRSTE, BREREE. 6 MIFIFER KT HIZ 51X
WoN trnH-GUG~trnR-UCU- rpoCl~trnT-GGU~ ndhF~trnL-UAG. rps12. rpl22 1 ycfl. [f]
W S5ERT S, FIERAZS 5P =-E1F 5 BUE 5.



itk I psbi”

iy i
El-GUG  mK-UUL 1ps16mQ-ULG mS-GOUtmR-UCU  aipF aipH aipl ms2 poc2 mC-GCA  nD-GUC tmE-UUC  psbD  mS-UGA tafM-CAU
( <t qum—— g (M = —— - t——— ] - 4P 4
7% Panax major Pl (mG-U pec  pshMimY-GUA m - wC-COC
=+t
P. japonicus var. bipinnatifidus
HWHEAS /
P. pseudoginseng var. elegantior b
AE P. ginseng
A% P. pseudoginseng
=4 P notoginseng
ok 4k 8k 12k 16k 20 k 24k 8k 2k 36k
sk ay PSOF (W . o8 psbNpeB
PR EnS-GGA  tml-UAA o fm“/gsfjl —_— <lpP Ll
mpsld _ psaB o3 ndhl ndhg - TY-UAC o PsBIPSBE perG” ““per. | pl20 ips12  psbT psbH
< "y { i | tugmdapE) (A TP D e o t—
T-UGU P+ tmF-GAA. ndhC 7y P,b,_ gt B
40k 44 68 7
A lfp'ism 114 122 2 pl3 12 L-CAA 7 V-GAC  tmil-GAL m23s s B2 cosAd
(B rpoA 1ps] | in 3 P2 c tml.-C. tmV- ] S ye e
g L iR A R = "MBLPS )—.—-—.—.-—-.-nplL..— I:P’ b
pal  mpB6  mill6 mpsl9 (ml-CAU yefls  mpsl2 rml6s  tmA-UGC  rmdSs tmR-ACG ndhF trnl -UAG
S0k sk ssk 92k 96k 100k 104k 108 k 2k L6k
cesA ndhD ndhE ndhl  pgha  pslS yefl  trN-GUU tmmSs 1A-UGC  rrnl6s
e d o o s g [ s
psaC ndhH ps12 R-ACG  mm23s  tml-GAU  imV-GAC 7 ndhi3 'ﬂ‘ﬂi yei2 1pR23 tml-CAU
e »
5 p
X Contig
= 3 Gene
B R Exo
R
B prerdmme ons

HHRNA mRNA

120k 124k 128k 132k 136k 140k 144k 148k 152k 156k

RO FOREER T, AR RHEE 2 (50%~100%) «

Grey arrows indicate gene orientation; vertical axis indicates percentage of similarity (50%-100%).

B 3 AZRHSEERALEMT
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Table 3 Basic chloroplast codon characteristics of three medicinal plants of Panax

LS

Species name

GCi (%) GC2(%)  GC3 (%)  GCu (%) ENC

P
ks . 45.71 39.12 30.59 38.47 49.30
Panax major
# H.-I-:)}; 47.27 39.63 29.77 38.89 47.89
P. japonicus

T A%
FHUEAS 47.27 39.63 29.77 38.89 49.23

P. pseudoginseng

2.4.2 HARE T BN

3 M NS EAGHMEDIEA 59 ANEDSCES T (WK 4) , Hd RSCU>1 [ iy 1
SYHIN 29, 28 Al 28 A, HBLIA/ULERE. 3 Ay Y+ ARSCU>0.08 [ # A ik
PR RN 23 23 A1 24 (LR 5) o T UL EEIESE] 3 R BN &I %1
HMAELIE, BEANSRE 3 FAHEDILE 13 MRIREET: GAA. GUA. UGU.



AAA. AUU. CAA. CCU. UUA. GUU. UCU. ACU. GCU. CGU, H# 5 MLl A &
B, HEYL U 4E.

X4 ANSRE 3 MERAEYMSEER RSCU &

Table 4 RSCU values of amino acids in three medicinal plants of Panax

1z A=+ FHBEAZ
Panax major P. japonicus P. pseudoginseng
e s = HHER = HHER =
RIEM - EWT O peey iﬁfﬁ HIT Rscu iﬁfﬁ HET - pscu
Amino acid Codon . Codon . Codon
acid acid

Phe uuu 1.31 Phe uuu 1.31 Phe uuu 131
uucC 0.69 uucC 0.69 uucC 0.69

Leu UUA 1.82 Leu UUA 1.92 Leu UUA 1.81
UuuG 1.27 UuuG 1.24 uuG 1.27

Cuu 1.23 Cuu 1.25 Cuu 1.21

CucC 0.45 CuUC 0.39 CcucC 0.46

CUA 0.84 CUA 0.81 CUA 0.84

CUG 0.4 CUG 0.39 CUG 0.42

Ile AUU 14 Ile AUU 143 Ile AUU 1.39
AUC 0.64 AUC 0.62 AUC 0.65

AUA 0.96 AUA 0.94 AUA 0.96

Val GUU 1.46 Val GUU 1.48 Val GUU 143
GUC 0.52 GUC 0.49 GUC 0.54

GUA 141 GUA 145 GUA 142

GUG 0.61 GUG 0.59 GUG 0.61

Ser UCU 1.65 Ser UCU 1.71 Ser UCU 1.64
UucCcC 0.95 UucCcC 0.96 UucCcC 0.95

UCG 0.63 UCG 0.59 UCG 0.64

Pro CcCcu 1.46 Pro CCU 1.53 Pro CCU 1.48
CCC 0.75 CCC 0.77 CcCC 0.75

CCA 1.16 CCA 1.08 CCA 1.13

CCG 0.63 CCG 0.63 CCG 0.64

Thr ACU 1.52 Thr ACU 1.59 Thr ACU 1.52
ACC 0.76 ACC 0.75 ACC 0.77

ACA 1.24 ACA 1.2 ACA 1.22

ACG 0.49 ACG 0.46 ACG 0.49

Ala GCU 1.75 Ala GCU 1.77 Ala GCU 1.75
GCC 0.65 GCC 0.63 GCC 0.63

GCA 1.14 GCA 1.16 GCA 1.15

GCG 0.46 GCG 0.44 GCG 0.47

Tyr UAU 1.55 Tyr UAU 1.59 Tyr UAU 1.53
UAC 0.45 UAC 0.41 UAC 0.47

His CAU 1.54 His CAU 1.54 His CAU 1.54
CAC 0.46 CAC 0.46 CAC 0.46

Gln CAA 1.48 Gln CAA 1.5 Gln CAA 148
CAG 0.52 CAG 0.5 CAG 0.52

Asn AAU 1.48 Asn AAU 1.52 Asn AAU 1.47
AAC 0.52 AAC 0.48 AAC 0.53

Lys AAA 1.44 Lys AAA 1.48 Lys AAA 142
AAG 0.56 AAG 0.52 AAG 0.58

Asp GAU 1.56 Asp GAU 1.58 Asp GAU 1.55
GAC 0.44 GAC 0.42 GAC 0.45

Glu GAA 1.51 Glu GAA 1.53 Glu GAA 1.51
GAG 0.49 GAG 0.47 GAG 0.49

Cys uGU 14 Cys uGU 145 Cys UGU 1.38

UGC 0.6 UGC 0.55 UGC 0.62




TER UGA 1.01 TER UGA 0.8 TER UGA 0.85
Arg CGU 1.17 Arg CGU 13 Arg CGU 1.18
CGC 0.33 CGC 0.35 CGC 0.34

CGA 1.27 CGA 1.38 CGA 1.26

CGG 0.51 CGG 0.47 CGG 0.45

Ser AGU 1.21 Ser AGU 1.24 Ser AGU 1.22

AGC 0.4 AGC 0.35 AGC 0.39

Arg AGA 1.94 Arg AGA 1.81 Arg AGA 1.95
AGG 0.78 AGG 0.68 AGG 0.82

Gly GGU 13 Gly GGU 1.34 Gly GGU 1.29
GGC 0.44 GGC 0.45 GGC 0.45

GGA 1.5 GGA 1.51 GGA 1.51

GGG 0.76 GGG 0.71 GGG 0.75

T FRIKRR IiE % .

Note: Underline indicates preferred codons.
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Table 5 Determination of optimal coons in the choroplast gnome of three medicinal plants of

Panax
Amno  Cotn P UTSE - AWEAS | LU CT RTS oL SEEAS
i mafor P. japonicus  P. pseudoginseng id P.major  P.japonicus  P. pseudoginseng
Phe uuu - * - Tyr UAU * - *
uucC wx - - UAC - - -
Leu UUA ** Rk *rx His CAU - - -
UuUG - - - CAC - - -
CuuU * - * Gln CAA ** ** **
(610]0) - - - CAG - - -
cucC - - - Asn AAU - - -
CUA * * * AAC * - *
CUG - - - Lys AAA ok ok *k
Ile AUU ** * ** AAG - - -
AUC - - - Asp GAU * - *
AUA - - - GAC - * -
Val GUU wx ok ok Glu GAA * * *
GUC - - - GAG - - -
GUA * *kx * Ala GCU ok *% *xx
GUG - - - GCC - - -
Ser ucu ok *% ok GCA * _ *
ucCcC * - - GCG . - -
UCG - - - Arg CGU Hk sokok *xx
Pro CCU *rx ** ** CGC - - -
CCC - * - CGA - ** **
CCA - - - CGG - - -
CCG - - - Ser AGU - ok *




Thr ACU stk ek stk AGC _ _
ACC - * - Arg AGA - -
ACA - - - AGG - ok
ACG - - - Gly GGU - HoAk

Cys uGuU ok HAK * GGC - -
uGC - - - GGA - -

TER UGA ; ; ; GGG ) )
UAA stk ek sk Trp UGG * _

VE: *. ARSCU=0.08; **. ARSCU=0.3; *** ARSCU>0.8.
Note:*. ARSCU=0.08; **. ARSCU>0.3; ***, ARSCU=0.8.
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Fig. 4 Codon neutral mapping analysis of three medicinal plants of Panax
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Fig. 5 ENC drawing analysis of three medicinal plants of Panax
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Fig. 6 PR2-plot analysis of three medicinal plants of three medicinal plants of Panax
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54 $nk =k P. japonicus OL543605.1
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HFETNS I parasiticus ON493679.1
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L YERATE Hedera helix AF479194.1

I— SHM-REEE SR Schefllera actinophylla NC049889.1
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Fig. 7 Construction of NJ phylogenetic tree of 19 Araliaceae species based on chloroplast

genome
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