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Abstract: Objective To analyze the chloroplast genome information of Polygala tenuifolia and determine its phylogenetic position
in Polygala genus. Methods The chloroplast genome sequence of P. tenuifolia was obtained. Bioinformatics tools of GeSeq,
Chloroplot, MISA, REPute, Tandem repeats finder, CodonW, Geneious, IRscope, MAFFT 7 and 1Qtree2.0.5 were used for sequence
analysis, codon preference analysis, genome comparative analysis and phylogenetic study of Polygala. Results The chloroplast
genome of P. tenuifolia was 165 423 bp in length, which was a typical circular four-segment structure, including a large single copy
region (LSC; 83 699 bp), a small single copy region (SSC; 8044 bp) and a pair of reverse repeat region (IRs; 36 840 bp). The total of
135 genes were annotated, including eight rRNA genes, 38 tRNA genes and 89 protein coding genes. The total of 161 SSR location,
223 scattered repeats and 90 tandem repeats were detected in the genome. Leucine (Leu) was the most frequently used amino acid
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(10.21%) in the chloroplast genome of P. tenuifolia, and there were 35 codons with relative synonymous codon usage (RSCU)>1,
all of which ended in A/U, the chloroplast genome of was relatively conservative in terms of sequence length, gene composition and
GC content. Except P. crotalarioides and P. karensium, the boundaries of other genera were highly conservative by IR boundary
analysis. Based on the chloroplast genome data of nine species in the family Polydiaceae, we selected the related member of the
genus Polygala: Brucea javanica and Murraya exotica as the outgroup. The phylogenetic trees were constructed by maximum
likelihood and neighbor-joining method, with support rates of 100. The results showed that P. tenuifolia was clustered with P.
sibirica, P. japonica and P. hongkongensis, which could reflect the genetic relationship of Polygala. Conclusion P. tenuifolia had
the closest relationship with P. sibirica, P. japonica, P. hongkongensis. In this study, the chloroplast genome of P. tenuifolia was
analyzed comprehensively and deeply for the first time by using bioinformatics analysis method, which will provide theoretical basis
for genetic diversity analysis of medicinal plants and genetic breeding research of new strains of Polygala.
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Polygalaceae, Simaroubaceae and Rutaceae

i GenBank & il GenBank 5
iz P tenuifolia NC_050829.1 | Ji+-4: P japonica NC_052012.1
Bz P sibirica NC_056970.1 | s {Efbki P fallax NC_052911.1
Folitik P arillata MN243714.1 | Rz P. crotalarioides  NC_060367.1
FHISTE P hongkongensis  MZ70752L1 || G E P karensium  NC_056968.1
Vi Salomonia cantoniensis  NC_056969.1 || JLE% Murrayaexctica ~ MW722359.1
FET Brucea javanica NC_063730.1

1.2 MEREEREEFRE. Bl R EREHE
Rl
e B E N A R A 5 RS R
NC 050829.1 ) i i GeSeq: ( https:/chlorobox.
mpimp-golm.mpg.de/geseq.htm) BEIF Plastid Genome
Annotator (PGA) BARAFATRRERE, ML5 xS
Wik, ZHEBRERKIURER. @i Chloroplot
Chttps://irscope.shinyapps.io/Chloroplot/ ) [B5I7E: 2k 2 il
T H#ZH . @it GeSeq ¥JE1: B A Chloroplot i [&]
FHEE G0 S A T DR 41 1) K FE B &1 [X 83 (LSC
SSC. IR) MUK BE JE KA p (A ZmASEER . tRNA
R rRNA FEED B4 K. GC (AT) &
TG A AT, AT Iz 5 i SR AR R R 2 21 1)
FEANFE

1.3 MRELERBESFFIEN

FIH Perl i #E MISA #4F (http://pgre.
ipk-gatersleben.de/misa/misa.html) [3615g ik fiij 2 B 55
F%1 (simple sequence repeats, SSRs) #ill, Z%
WEANRZEREZ BT ADLT 104, K HRE
HHITUALT 54, = EFRMUZETRES A0
AT 44, AR HBRAANZ TR ES R bT
34, H 2/ SSRs 2 [l {35 /MBS A 100 bplel,

S Ak A B DR 2H v (R ERE EE S P 81 (dispersed
repeats) #|f] REPute #ff Chttps://bibiserv.cebitec.
uni-bielefeld.de/reputer ) BEIFE 474G, 1E M) 8 &
(forward repeats, F). % [n]# & (reverse repeats, R)+
H4hE R (complement repeats, C). [ CHEE
(palindromic repeats, P). Sk B R/NEEKE
(minimal repeat size) & && 30, hamming FEE
(hamming distance) A 3, #x Kil 5 = E K
(maximum computed P repeats) 500089, HE¢EE
J7% (tandem repeats) FH Tandem repeats finder
A (https://ftandem.bu.edu/trf/trf.html) 3EAT A o
SRR B EE N,
14 BRTFERSH

KH CodonW (http://codonw.sourceforge.net)
AR 3 A B R A A o X 38 75 R P S R
Bl 21 [F) S %5 39 - AH X 8 40 2k C relative
synonymous codon usage, RSCU) #1T4#r f14¢
te 24 RSCU>1 I, R B2 % 11 1 FH AR 3
RSCU=1 I}, ¥z %7 omiFt: RSCU<1
), R BIZ I F AR I
1.5 HEEELRS

KH Geneioust Gt itin L g 8 MM
MERAREE R AP B 4 AN (ssc: LSC. IRa
FIRD X3 KFEEMBEER L H KM, GC HESE
B, I EXCEL 545 H i GC 1 ﬁﬁﬁ IRscope
Chttps://irscope.shinyapps.iofirapp/) “4Ia] ¥4k T H.,
bRz 35 I SRR R A 4 AN X3l A %= 5 OF
K mVISTA S HdE AT 4 FE PR 45 X 43 #r
1.6 ETFHEREEFEEFFINRGHL ST

NTHERENREKEAE, TH NCBI Hidl
PEA SR ER} FIR A 9 FRE B Sk i 4 B[]
HIFF . HAM S SRR A5 R4 7 5 L R
FEHHERE, (R e & 8 i SR AL A
VENANERE R MAFFT 7 844 (https:// mafft.corc.jp/
alignment/software/ ) o152 1% 7 41l Lt FI A 1Qtree2.0.5



* 3658 »

¢E B 2023465 $54% FH1LH  Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 11

(http:/Amww.igtree.org/) BSILLE KALISATE  Cmaximum
likelihood, ML) #17 RA KGR REHE DT, %I
B B A3, GTRHG, HANSHUABERIN NS,
HHAT 1000 K EREEE T, WHARGK GRS TN
(R8T S 3% (bootstrap values, BS). 4] MEGA
X A, LR (neighbor-joining, NJ) & &
GutieRt, FET RGUK BRI
2 HER5HH
2.1 EEMERAEEEEARFE

378 76 [Py S i I DRI 2 5 LR 1Y) o b AR ) P A

N Sy

Polygala tenuifolia

4§l

FEDRIHBEARRAE—HE, YN DY R gi i, i
BRI SRR I R A B XUBE IR DY oAk g+ (P
1), K/NA 165 423 bp, BFERKHAFEIIX ., NREEE
MIX LK 2 N RIAER X, & XA 5378 83 699,
8044, 36 840 bp. tEMLRAKEEREIANLE GC &N
36.7%; IR [X [] GC &4 39.7%, /& T LSC [X(34.7%)
J SSC X (29.4%). HARMIE, IR XLRF M
T LSC [X#1 SSC [X, iXn]fEs IR X GC & T
LSC X1 SSC X1 idh [ o 11545 7 X o fsi e 25 ik
(£ 2).

83533 @
ELETS g sz
t £

89 genes —
165,423 bp

1250 R
3
1 BY N

‘-‘\ %

Bl 1 mEraREE S EE
Fig. 1 Chloroplast genome map of P. tenuifolia
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Table 2 Base composition of chloroplast genome of P. tenuifolia
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Table 3 Gene functional annotation and classification of P. tenuifolia chloroplast genome
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x4 EEMREEELE SSRs LA LB R HE
Table 4 Type and number of SSRs of P. tenuifolia
chloroplast genome
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Fig. 2 Type and number of long repeats in P. tenuifolia
chloroplast genome
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Fig. 3 Codon usage frequency in chloroplast genome of P. tenuifolia
#=5 IWESFEEEBEBREFTI RSCU S
Table 5 RSCU of protein coding region in chloroplast genome of P. tenuifolia
BIEIR EALER i H RSCU AL EALER #H RSCU
Ala GCA* 440 1.14 Pro CCA” 809 1.25
GCC 333 0.86 ccce” 656 1.01
GCG 252 0.65 CCG 422 0.65
GCuU” 516 1.34 ccu” 699 1.08
Cys UGC 454 0.81 Gin CAA" 1022 1.40
UGU”" 671 1.19 CAG 443 0.60
Asp GAC 452 0.58 Arg AGA” 1251 2.08
GAU” 1114 1.42 AGG” 640 1.07
Glu GAA™ 1430 1.37 CGA 589 0.98
GAG 661 0.63 CGC 293 0.49
Phe uucC 1495 0.73 CGG 402 0.67
uuu” 2599 1.27 CGU 426 0.71
Gly GGA” 837 141 Ser AGC 543 0.63
GGC 371 0.62 AGU 701 0.82
GGG” 614 1.03 UCA” 1006 117
GGU 556 0.94 ucc* 964 1.13
His CAC 431 0.65 UCG 629 0.73
CAU" 904 1.35 ucu” 1296 151
lle AUA" 1669 1.06 Thr ACA* 671 1.14
AUC 1121 0.71 ACC” 627 1.06
AUU" 1923 1.22 ACG 381 0.65
Lys AAA* 2550 1.39 ACU" 678 1.15
AAG 1109 0.61 Val GUA" 666 1.19
Leu CUA 802 0.85 GUC 435 0.78
CcucC 661 0.7 GUG 371 0.66
CUG 500 0.53 GuUU” 763 1.37
Cuu” 1143 1.22 Trp UGG" 705 1.00
UUA" 1388 1.48 Tyr UAC 656 0.59
UUG* 1135 1.21 UAU" 1559 141
Asn AAC 822 0.57 %7 TER UAA" 1191 121
AAU" 2043 143 UAG 719 0.73
Met AUG" 887 1.00 UGA" 1045 1.06

*RSCU>1 @i g1
*RSCU > 1 high frequency code
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Table 6 Chloroplast genome characteristics of eight Polygala plants

YA R AR S R 4L K Tbp

GC 1H/%

LSC K& /bp SSC K& /bp IR K& /bp

165 423
165 439
165 397
164 687
164 947
164 268
165 296
171 893

36.7
36.7
36.7
36.9
36.8
36.7
36.7
36.8

T4
Gz
ALK
P Rz
ik

83699
83722
83 689
83 352
83537
82831
83707
73594

8044
8145
8118
8283
8210
8246
8035
8409

73 680
73572
73590
73052
73200
73191
36 777
89 890

JSB

JSA

PRz

STEMRIKE

& 4

mERE 8 MMM FEEFEAR IR 5 SCiaRELE

Fig. 4 Boubdary comparison of IR and SC region of chloroplast genomes in nine species of Polygala
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Fig. 5 Phylogenetic analysis based on chloroplast genome sequences by maximum likelihood (ML) tree
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Fig. 6 Phylogenetic analysis based on chloroplast genome sequences by neighbor-joining (NJ) tree
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