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Abstract: Objective To explore the codon usage bias of chloroplast genomes of medicinal plants in the genus Scutellaria and its
affecting factors, provide a theoretical basis for subsequent genetic breeding and resources protection studies of Scutellaria medicinal
plants. Methods The chloroplast genomes of 16 Scutellaria medicinal plants were downloaded from the NCBI database, and the
coding sequences (CDS) codon preferences of the chloroplast genes of the 16 Scutellaria medicinal plants were analyzed using Codon
W 1.4.2 and the software CUSP and SPSS 27. Results The synonymous codons and optimal codons of chloroplast genome coding
region of 16 Scutellaria medicinal plants in usage bias were consistent, all ending in A/U, and the high-frequency codons were UUA
and AGA. The results of PR2-plot, neutral map, and ENC-plot showed that the codon usage bias in the chloroplast genomes of the 16
Scutellaria medicinal plants were affected by both natural selection and internal base mutations, but natural selection was the
dominating factor in the formation of codon bias in the chloroplast genomes. Conclusion The chloroplast genomes of 16 Scutellaria
medicinal plants have codon preferences for A/U endings, and natural selection is the dominant factor in the formation of their codon
preferences compared with other factors.

Key words: Scutellaria Linn.; medicinal plants; chloroplast genome; natural selection; codon usage bias

¥ % J8 Scutelaria Linn. & #% T 9 1] JEYIFHE 300 28, RENZHEAR 1 FAEFAK,
(Angiospermae) EEF} (Labiatae) FHI—NE, 1% SR HER, WD BIFOEAR .. SR

RS EHEA: 2024-07-08

EEmB.: EEEMSPIRIIRITAE (2017YFC1701701); ERHEAERREEL ] 2R &R S 00 K RIE ” (2024002845); WAbEH
PRIV B (H2024423018, 22326418D) s Yl b4 — SHIRARA = b4 A4k R 61137 1A (HBCT2023080201, HBCT2023080205);
AL EZ RS R A (s202414432021, $202414432050); b4 S EZE IR AIRIHE (2023351)

&N : RIEY (2000—), WILAFFLAE, WHEr b 253U S K. E-mail: 18573787295@163.com

HBIEMEE: weth (1978—), 1L, RIFEER, WiAERI6, W7 rATh A RIE S K.
Tel: (0311)89926415 E-mail: hanxiaowei2015@]126.com



- 270 PED 2025618 B56% H 18 Chinese Traditional and Herbal Drugs 2025 January Vol. 56 No. 1

W, JHEsM, T EA Y 102 Fh 50 AR,
WEEEYZ NG, WESAEE. k. Ko
M RE LM, BRAYUNE. PUE. U
A GRFF O IV RS EIERP, HrmEE
YRR, ATEEE, HARLF 25 A
LU

- S A2 A5 ik 37 T A B A 1) 25 DR 4t S R )
ReE i 5 EE R EE I B, R iR R A
A AL REIE, BAA B SRR 2 45 14 A1 2
ST L P o i U i VAR i 7 S P A B
Y s A Ik PR 2H 1R 43— P4 B A ARk R A 1 55 2 1
AHEG, HEEPIZH R/ NEH, Zit 855, AT LLARsE it
B, TG Jii A R To0f SR AR B A ) 40 #r . H
AU SRR B 2 AR o> b B2 R T
DNA %I R 4Gt 6 A5 A% 3255 SR 5 U
ZAEH .

G W & (codon usage bias, CUB)
T 45 O T A (7] 28 FE R 1) (7] S35 AL~ A B 287 43l FH 1)
PREY, BRI m i Ve 2 A T HAR R
A, H2 BARNEFM R 5% 2 MR
SEMACTY 3 A 2 R PR A P Al 2 P AN AT DAER I 2
AT (%) 32 A AR N DR 2T A b R R LA ), 5
AT LTI A DR ) g AR T, B e R R R AE
15 £ FRIE [ I 2 DR A 3 7K1 AT DL %
AR TEAL Y, Ry RE R T AR 2t B Ak 4 - B
5 BARIN 452 R 1) A Jee 25 FH e 0 1 2 R 834 A 7
IR REIT,  H S 2 R 20 2% 05 1 i e 41 328
SRR AR, WEEBUO I U RIS
LRARTAD TR 4 23 At 78 C WO IE . 35 R
24 FARE D 1) AR i 1 B ) 2 B E T A N T2
WHE, H H R <5 %5 & 24 AR ) i S 2k R
A BB 1 i 23 M R LA AT R . AT AT
X E 16 A 24 AR A I i g A Rk TR 4H.
1) %5 B~ A7 P Al 2 A R 52 i 5 R £ P A 12 1)
SRR RBAT N, NEFELGHEYMNSTTE
Fiy AMEERGR IR BT B R DR DA AR B R
LT HRMERES %,
1w

M B ZAEYHEARE B (NCBD %45 P2
FNE 16 RS R MY SR IE R A,
R B 1, e ap Ak R A 2 1 5 2
5741 (CDS) o FEANGatS 7 5 A B 2 IF HACEEA /N
T 300bp H TG 8501, R AE 46 Ab A 1E 1

&1 16 MEZEARAEYMREEEAREFR
Table 1 Information on chloroplast genomes of 16

Scutellaria medicinal plants

uLE Kghp B3
i 1£#% S, quadrilobulata Y. Z. Sunex C. H. Hu 152 066 MN128381.1
REHHEL S, preewalskii Juz 151 675 MN128382.1
HEH#X% S, orthocalyx Hand.-Mazz 152 071 MN128383.1
EMH#% S mollifolia C. Y. Wu & H. W. Li 152 417 MN128384.1
PR XS, calcarata C. Y. Wu & H. W. Li 152 033 MN128385.1
% S, amoena C. H. Wright 151 833 MN128386.1
B /R %3 % S. altaica Fisch. ex Sweet 151779 MN128387.1
&% S. kingiana Prain 152 395 MN128389.1
I3k S, scordifolia Fisch. ex Schrank 152 366 MT712016.1

i M EE S. tuberifera C. Y. Wu et C. Chen 152 332 MW376477.1
T S. franchetiana H. L& 151 852 MW376478.1
3% S, barbata D. Don 152 050 MW376479.1

#% S. baicalensis Georgi

#% S. insignis Nakai (insignis %)

MR HE S, tsinyunensis C. Y. Wu & S. Chow
Tk #% S. meehanioides C. Y. Wu

152 731 NC_027262.1
151908 NC_028533.1
152 089 NC_050161.1
152 484 NC_057189.1
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Fig. 1 Distribution of bases in chloroplast genomes of 16 Scutellaria plants
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Fig.2 RSCU of chloroplast genomes of 16 Scutellaria plants
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Table 2 Interrelationship between codon usage bias and base composition

. o s e
AR e A T G C GCan As Ts Gs Cs GCs
PUZfesEs SCUO  0.155 0113 -0.149 -0.147 -0.236 0.340 0.471 -0.653 -0.666 —0.784
P 0251 0402 0270 0275 0.077 0010 <0001 <0.001 <0.001 <0.001
WM SCUO 0176 0.065 -0.120 -0.107 -0.189 0.367 0401  -0.625 -0.677 —0.783
P 0.191 0632 0.375 0428 0.160 0.005 0.002 <0.001 <0.001 <0.001
HERX SCUO 0.140 0.085 -0.103 -0.116 -0.202 0.307 0462  —0.647 -0.676 -0.773
P 0298 0528 0446 0390 0.131 0.020 <0.001 <0.001 <0.001 <0.001
FEMES SCUO 0.135 0.081 -0.105 -0.104 -0.172 0.310 0451  —0.653 —0.671 —0.774
P 0.317 0548 0438 0441 0202 0.019 <0001 <0.001 <0.001 <0.001
RS SCUO 0.141 0.086 -0.101 -0.114 -0.186 0.303 0416  —0.636 —0.650 —0.768
P 0296 0523 0454 0.397 0.167 0.022 0.001 <0.001 <0.001 <0.001
S SCUO 0.167 0.078 -0.134 -0.100 -0.188 0.305 0.395  -0.639 -0.671  -0.787
P 0209 0563 0.315 0455 0.158 0.020 0.002 <0.001 <0.001 <0.001
F/RZE¥%  SCUO 0.168  0.085 -0.127 -0.104 -0.194 0.352 0423 -0.632 -0.688 —0.791
p 0207 0525 0.344 0439 0.145 0.007 0.001 <0.001 <0.001 <0.001
S % SCUO 0.208 0.040 -0.138 -0.142 -0.185 0.274 0389 0552 —0.637 —0.754
P 0.121 0767 0.307 0.293  0.167 0.039 0.003 <0.001 <0.001 <0.001
ki Es SCUO 0.125 -0.017 -0.046 0.029 -0.064 0.311 0.442 -0.670 -0.675 -0.777
P 0350 0900 0731 0.830 0.635 0.017 0.001 <0.001 <0.001 <0.001
AR i & SCUO 0.142 0.061 -0.106 -0.075 -0.162 0.327 0420  -0.648 -0.665 —0.772
P 0286 0651 0429 0578 0.224 0.012 0.001 <0.001 <0.001 <0.001
HEH SCUO 0.159 0081 -0.125 -0.101 -0.186 0.327 0.396 —0.629 -0.648 -0.762
P 0236 0548 0.354 0454 0.166 0.013 0.002 <0.001 <0.001 <0.001
Fe Rl SCUO 0.152 0.063 -0.104 -0.074 -0.168 0.335 0403  —-0.640 -0.657 —0.764
P 0255 0.636 0437 0581  0.207 0.010 0.002 <0.001 <0.001 <0.001
Eigos SCUO 0.145 0.087 -0.126 -0.119 -0.180 0.225 0372 -0589 -0.645 -0.771
P 0283 0521 0.349 0.377 0.179 0.092 0.004 <0.001 <0.001 <0.001
insignis 3% SCUO 0.155 0.030 -0.106 -0.033 -0.142 0.327 0374  —0.634 -0.655 -0.762
P 0244 0823 0429 0.806 0.287 0.012 0.004 <0.001 <0.001 <0.001
EREE SCUO 0.122 0.125 -0.159 -0.135 -0.230 0.317 0425  —0.645 -0.653 —0.773
P 0366 0.355 0.237 0.316 0.085 0.016 0.001 <0.001 <0.001 <0.001
WL SCUO 0.122 0125 -0.159 -0.135 -0.230 0.317 0.425 -0.645 -0.653 —0.773
P 0.308 0.303 0.117 0219 0.052 0.011 0.002 <0.001 <0.001 <0.001

®3 16 MRS EEYMHFFER GC FEK SCUO. MILCILE
Table 3 GC content of chloroplast genes and summarization of SCUO and MILC in 16 Scutellaria plants

UL [F] S R~ F i) MILC  GCa/% GCi/% GCa/% GCs/% EVEES
WYy e 0.20 0.56 38.36 44.45 39.42 31.21 0.000 67
TR % 0.20 0.56 38.33 44.44 39.47 31.08 0.061 70
HEWE 0.20 0.56 38.37 44.36 39.47 31.26 0.059 94
Sl e 0.20 0.56 38.35 44.61 39.07 31.36 0.076 44
WP 0.20 0.55 38.36 44.69 39.28 31.11 0.046 14
piEN g 0.20 0.56 38.19 4454 39.34 30.68 0.019 43
R /R 2 3 % 0.20 0.56 38.15 44.04 39.43 30.99 0.053 06
PR 1S 0.20 0.55 38.25 44.71 39.30 30.76 0.032 39
ks 0.20 0.56 38.22 44.29 39.01 31.35 0.122 80
(ERE A 0.20 0.56 38.19 44.36 39.30 30.93 0.053 41
HEE 0.20 0.56 38.33 44.42 39.71 30.87 0.033 49
P 0.20 0.56 38.24 44.36 39.54 30.83 0.046 17
B 0.20 0.56 38.21 44.86 39.21 30.55 0.010 25
insignis 2 %% 0.20 0.56 38.26 44.41 39.64 30.72 0.036 86
TS 0.20 0.56 38.29 44,53 39.45 30.88 0.023 74
ek 0.20 0.56 38.47 45.03 39.67 30.72 0.015 43
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Fig. 3 Distribution of overall GC content, GC1—GC:3 of cp genes in 16 medicinal plants of Scutellaria spp.
4 16 HMESEHRAEYEESERMEIRE 101
Table 4 t test for base composition traits of chloroplast genomes in 16 Scutellaria medicinal plants
WRaf A+T A+G A+C T+G T+C G+C As+Ts AstGs Ast+Cs TstGs Ts+Cs Gs+Cs GCaitGCi GCait+GC2 GCai+GCs
JUAEES t 0263 16594 22.824 15581 21.396 7.211 -2505 23200 26523 25701 65117 0780 —5.851 -1.321 8.188
P 0.793<0.001<0.001<0.001<0.001<0.001  <0.05 <0.001 <0001 <0.001 <0.001 0437 <0.001 0.189  <0.001
WEMES t 0478 16.706 22.954 15666 21.608 7.260 -2.845 23.034 26968 27494 72415 0864 —5.677 -1.429 8.881
P 0.634<0.001<0.001<0.001<0.001<0.001  <0.01 <0.001 <0.001 <0.001 <0.001 0389 <0.001 0.156  <0.001
BHEHE t 0294 16618 22.785 15.722 21564 7.236 -2.289 23.853 26.405 26528 66.202 0584 5754 -1.409 8.350
P 0.769<0.001<0.001<0.001<0.001<0.001  <0.05 <0.001 <0.001 <0.01 <0.001 0560 <0.001 0162  <0.001
EMFEE t 0352 16.620 22.778 15667 21501 7.214 -2.285 22582 26.114 25.083 64560 0.767 —6.183 -0.879 8.104
P 0.726 <0.001<0.001<0.001<0.001<0.001  <0.05 <0.001 <0.001 <0.001 <0.001 0445 <0.001 0381  <0.001
WXt 0.276 16595 22.826 15.657 21525 7.306 2774 24239 27074 27542 68781 0.885 —6.226 -1.134 8.718
P 0.783<0.001<0.001<0.001<0.001<0.001  <0.01 <0.001 <0001 <0.001 <0.001 0378 <0.001 0259  <0.001
HEE t 0311 16.922 23.179 15.832 21.662 7.113 -2.622 25457 29.070 29.107 71.027 0.666 —6.064 -1.397 9.407
P 0.757<0.001<0.001<0.001<0.001<0.001  0.010 <0.001 <0.001 <0.001 <0.001 0507 <0.001 0.165  <0.001
BI/RZE#HE t 0349 17.008 23.347 15.875 21.766 7.027 -2.839 24154 27421 27292 67339 0554 —5.256 -1578 8.631
P 0.728<0.001<0.001<0.001<0.001<0.001  <0.05 <0.001 <0.001 <0.01 <0.001 0581 <0.001 0117  <0.001
RS t 0111 16427 22,560 15421 21.069 7.324 -2.553 25289 28.984 29.262 72165 0486 —6.304 -1.308 9.561
P 0.911<0.001<0.001<0.001<0.001<0.001  <0.05 <0.001 <0.001 <0.001 <0.001 0.628 <0.001 0.193  <0.001
FELES t 0191 16.746 22.788 15592 21.119 6760 -2.361 22857 26.049 25448 65711 0450 —5.643 -0.993 7.967
P 0.849<0.001<0.001<0.001<0.001<0.001  <0.05 <0.001 <0.001 <0.001 <0.001 0.654 <0.001 0323  <0.001
fEME  t 0.263 16.900 23.085 15690 21.359 6.982 -2578 23.293 26.094 26.268 64589 0377 5713 —1.295 8.437
P 0.793<0.001<0.001<0.001<0.001<0.001  0.011 <0.001 <0.01 <0.001 <0.001 0707 <0.001 0.198  <0.001
HEF  t 0037 16558 22.748 15414 20983 6.853 -2914 24433 27.153 27232 65702 0486 5671  —1644 8.856
P 0.971<0.001<0.001<0.001<0.001<0.001  <0.01 <0.001 <0.001 <0.01 <0.001 0.628 <0.001 0.103  <0.001
P t 0.185 16.847 23.066 15.676 21.351 6.983 -2.863 24.474 27004 27.643 67.159 0433 5691 —1.553 8.781
P 0.853<0.001<0.001<0.001<0.001<0.001  <0.01 <0.001 <0.001 <0.001 <0.001 0.666 <0.001 0.123  <0.001
wHE t 0294 16.694 22,973 15566 21.362 6.903 -2.524 25666 29.402 28417 66.206 0.797 —6.575 —1.203 9.926
P 0.770<0.001<0.001<0.001<0.001<0.001  <0.05 <0.001 <0.001 <0.001 <0.001 0427 <0.001 0232  <0.001
insignis %> t 0.155 16.665 22.714 15517 21.034 6.771 -2.970 24647 27.346 28327 68525 0401 5811 =1.721 9.215
P 0.877<0.001<0.001<0.001<0.001<0.001  <0.01 <0.001 <0.001 <0.01 <0.001 0.689 <0.001 0.088  <0.001
LTS t 0.284 16616 22.893 15539 21370 7.164 -2705 24062 27.089 26446 63573 0674 —5.913 —1.408 8.774
P 0.777<0.001<0.001<0.001<0.001<0.001  <0.01 <0.001 <0.01 <0.001 <0.001 0502 <0.001 0162  <0.001
JkER t 0143 15915 21.940 15030 20.658 7275 -2.645 23815 25734 27227 65748 0581 6319  -1471 8.887
P 0.886 <0.001<0.001<0.001<0.001<0.001  <0.01 <0.001 <0.001 <0.001 <0.001 0.563 <0.001 0.144  <0.001
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£5 16 EZEMEAZET SCUO M MILC Z[E#)
Karl Pearson 3%
Table 5 Karl Pearson analysis between chloroplast codons
SCUO and MILC in 16 Scutellaria plants
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Fig. 4 Correspondence analysis of chloroplast genes in 16 Scutellaria plants



FED 2025618 $56% B 1 Chinese Traditional and Herbal Drugs 2025 January Vol. 56 No. 1

DU TE 5 B
1.0 1.0
i <
* T
< 05 ‘._gf ,,,,,,,,, & 05
< z
0 0.5 1.0 0 05 1.0
G/(G2+Gs) G/(G>+G3)
PR TS THEE
1.0 1.0
: e
<05l < 05 o
< z
0 0.5 1.0 0 0.5 1.0
G/(G,+G3) G/(G,+G3)
kS {3 1.5
1.0 1.0
% % e
< 0.5 g g < 0.5 b
< <
0 0.5 1.0 0 05 1.0
G/(Gy+G3) G/(Gy+Gs)
WA insignis F%
1.0 L0
¥ &
<E 0.5. (},‘.?,:, f:’: 0 )\!
< 2
0 05 1.0 0 05 10
G/(G2+Gs) G/(G,+G,)

A/(A3tTs3) A/(A5+T3) A/(A5+T;3)

A/(AS+T)

« 277
B EH A
1.0 ~ 10
=
+
0.5 5 205 g
- :
0 0.5 1.0 0 0.5 1.0
G/(G,+Gs) G/(G2+G3)
fi IR 2 2 J %5
1.0 ~ 10
H
+
0.5 < os b
<
0 0.5 1.0 0 0.5 1.0
G/(G,+G3) G/(G,+G3)
1.0 ~ 1.0
=
+
0.5 <05 44,
<
0 05 1.0 0 0.5 1.0
G/(G21Gs) G/(G,+G3)
HEWE TR
1.0 ~ 1.0
=
+
0.5 5 < o0s .
G i =
0 05 1.0 0 0.5 1.0
G/(G2+Gs) G/(G2+Gs)

5 16 MESEARENHRIEERR PR2 RETEIE
Fig. 5 PR2 bias mapping of chloroplast genes of 16 Scutellaria medicinal plants
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Fig. 6 Neutral map of chloroplast genes in 16 Scutellaria medicinal plants
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Fig. 7 ENC-plot analysis of chloroplast genes in 16 Scutellaria medicinal plants
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