TEIRAM 3R (Jiangsu J.of Agr.Sci.) ,2025,41(9) :1704-1713

1704 http: //jsnyxb.jaasac.cn

KA RIOTBE, T AR, SO IR A M AR AN AL R G0 K 5 SR TR 0T () ] YEIRAAA1E, 2025,41(9) 1 1704-1713.
doi ;: 10.3969/j..issn. 1000-4440.2025.09.005

BRRREYHEGCENEREATSEEFERARE
5T HT

A it FhL, BETERE
(FE%EFLE,BEPE FE4 710021)

TE. HIRRIR Y SRS R AL BRSF PE a) FAE DGR 28 . ARBIFS A MISA (IRscope
mVISTA Z7EZE T EL T 8 Fh il iG IE A A - S AR SE PR A ARRAE ; FLH CodonW 1.4.2 CUSP Excel MEGA11 S5k T%
TR R G LT 0T, S5RFR0, 3L A FIBsIE T 20 5 0 SA% 37 R B &2 3 4 B 5 A P I S AR L TR 4 A R
R, KIS 25 57/, BT GC S| S 1 BRI 07 BI5E 3 Bl SN, A7 A B3t A skBsi3E U i3t
2 ST BB R 52 Z R R LLRIME A, o AR B2 R B R, me &0k b 8 Ahiig B AR LA 9 AR )
FARERS T, RYELF WSS RAB /R AL HORS R IR 25 30K 5 800 J8 oAb 6 A 0 S R . ABFIEEE AN EH
JEHPIR R R SATIRUL T 308 I O M 4 A Bast (B B Rl T RS T S 56

KigE: EME; MRIRIREA; BEFMEERG; RERE S

FESES: S567 XEkFRIZAS . A MEHRS:  1000-4440(2025)09-1704-10

Phylogenetic analysis and codon bias in the chloroplast genomes of Polygo-
natum species
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Abstract:  To investigate the chloroplast genome phylogeny, codon usage bias patterns and related influencing fac-
tors of plants in the genus Polygonatum, the MISA, IRscope, and mVISTA were used to analyze chloroplast genome char-
acteristics of eight plants in the genus Polygonatum. CodonW 1.4.2, CUSP, Excel, and MEGA11 were utilized to perform
codon bias and phylogenetic analysis. The results indicated that mononucleotide repeat sequences composed of bases A and
T were frequently utilized. The boundaries of the chloroplast genomes were highly conserved, exhibiting minimal variation in
genomic composition. The GC content in codons progressively declined from the first to the third codon position, with a pro-
nounced bias toward base A or U at the third position. Codon usage bias in chloroplast genomes was shaped by multiple fac-
tors, with natural selection serving as the primary driving force. Ultimately, nine identical optimal codons were identified as
common to all eight studied Polygonatum species. Phylogenetic analysis revealed that Polygonatum hookeri and Polygona-
tum franchetii exhibited a distant relationship to the other six studied Polygonatum species. This study provides crucial sup-
port for phylogenetic analyses within the Polygonatum genus, while also laying a theoretical foundation for the authentication
of Polygonatum medicinal materials, cultivar improvement, and genetic breeding efforts.
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Table 1 Types and amounts of SSRs in the chloroplast genomes of the Polygonatum species
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Fig.1 Correlation analysis heatmap of codon usage indicators of Polygonatum chloroplast genomes
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Fig.2 Neutrality plot analysis of chloroplast genomes in eight Polygonatum species
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Fig.3 PR2-plot analysis of chloroplast genomes in eight Polygonatum species
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Table 2 Frequency distribution of effective number of codons ( ENC values) in chloroplast genomes of Polygonatum sibiricum, Polygonatum

cathcartii, Polygonatum kingianum and Polygonatum punctatum
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Table 3 Frequency distribution of effective number of codons ( ENC values) in chloroplast genomes of Polygonatum hookeri, Polygonatum

franchetii, Polygonatum filipes and Polygonatum acuminatifolium

PAE RS BE 2 HERS IN i FEORS
ENC ENC ENC ENC
winem L Cp Tf& Wk | iem L %Tfy K| e L %/.\f& k| iem L %Tf& s

sl ST sl i
-0.250~-0.151 -0.2 2 0.037 7{|-0.250~-0.151 -0.2 2 0.037 7{|-0.250~-0.151 -0.2 1 0.018 9/|-0.250~-0.151 -0.2 1 00192
-0.150~-0.051 -0.1 8 0.150 9{|-0.150~-0.051 -0.1 7 0.132 1{|-0.150~-0.051 -0.1 8  0.150 9{|-0.150~-0.051 -0.1 7 01346
—0.050~0.050 0 32 0.603 8|—0.050~0.050 0 33 0.622 6|-0.050~0.050 0 32 0.603 8|-0.050~0.050 0 32 06154
0.051~0.150 0.1 9 0.169 8|| 0.051~0.150 0.1 9 0.169 8|| 0.051~0.150 0.1 10 0.188 7|| 0.051~0.150 0.1 10 0.1923
0.151~0.250 0.2 2 0.037 7|| 0.151~0.250 0.2 2 0.037 7|| 0.151~0.250 0.2 2 0.037 7|| 0.151~0.250 0.2 2 00358

ENC A 3CFRS T80 ENC HUAR A 3003 A 1 B0 B -5 SE P A 220, BR LA R8O 1 SR DI 2L,

5 At 7 FHEORS R AR AR AL IR 30 A v

s 2ol \

2.9 HmAZLFIHE

mﬁmablﬁ%@ﬁﬁ%%$§@%(ﬂ
KELA 31 4> i & 6

6) , Horh SUAE BORG I 2R 5

I T, ARYE ENC 85T
RSCU>1 H ARSCU=0.08 §i i H i 2 44 3 X F A

AR IR, LA [] I



FRAS 45« HORS J ALY SR RE TR 4 R 400 5 2 0 (0 P Al 4 1711

BT ARG TSR ARIE A 10 N RAL ST, 7)o iX 8 FhEKE @AY M SRR IE IR A 9 TR
FATERG SRR LN 12 MBS+, HAb 6 Fh - HAEZEL T, 258 CUU,UAU,CAU,AAU, GAU,
TG B ALY SR AR A 11 DAl &6 F ( UCA .CCA ACA .GGA,

1.201 #oks . 1.201 #ez ek 1707 ks 1207 SAETHE o
0.70F . 0.70F " 1201 ’ 070
» L .
_ 020f, N _ 020r e e, " 070 LR _ 020r ' bl '
& ¥ A & b A E o020 | ,w. L E B X
-0.30F ol -0.30F [ Wit e -0.30f 1A
~0.30 .
~0.80F ~0.80F 080k ~0.80F
~1.30 1 1 1 1 J -1.30 1 1 1 1 J -1.30 1 1 1 1 J -1.30 1 1 1 1 J
1,207 BAETH] 1.20 pztseks 1200 Kfgisps 1.20F Fopgs o
0.70F 0.70F 0.70F 0.70F .
. .0 . .
. 020F ¢ *ﬂ: _020F | ep et _020F Negm - 0207 . Ry
D
:‘EE .s'%.' E .c‘. E * ot ﬁ .. 0 *
-0.30F ° . ~0.30f ~0.30F . -0.30F
L[] .
~0.80 ~0.80 ~0.80 ) ~0.80F
_ L L L L | _ L Lt L ) _ L M L ) _ 1 I I I ]
13080 -0.30 020 070 12 130802030 020 0.70 1.2 1300802030020 070 120 ~*° 2080-0300.20 0.70 1.2

bh2 bh2 bh2 fh2
5 EEESHEYHREERANNEINER

Fig.5 Correspondence analysis ( COA) of chloroplast genomes from eight Polygonatum species
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Fig.6 Synonymous codon usage analysis in chloroplast genomes of eight Polygonatum species
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Fig.7 Optimal codon analysis in chloroplast genomes of eight Polygonatum species
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Fig.8 Phylogenetic analysis of eight Polygonatum species based on chloroplast genome coding region sequences
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