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Abstract: Objective To explore the usage pattern and influencing factor of codons in Oxytropis species. Methods Based on the
chloroplast genome data of nine representative species from Oxytropis, software such as CodonW1.4.2 and SPSS23 were used to
analyze codon bias.. Results The GC content of different codon sites from nine representative species of Oxytropis was significantly
different, all of which were less than 50%, and GCi1 > GC> > GCs. There was significantly positive correlation between the base
composition and codon parameters such as codon adaptation index (CAI), codon bias index (CBI) and frequency of optional codons
(FOP).. The effective number of codons in nine representative species of Oxytropis was greater than 35, and the codon preference was
weak. ENC-plot, PR2-plot and neutral plot analyses showed that natural selection was the main factor affecting codon preference of
Oxytropis. A total of 23 optimal codons were identified from nine representative Oxytropis species, which ended in A/U. Phylogenetic
and cluster analyses showed that the Oxytropis species had obvious intra-genus differentiation, and Oxytropis ochrocephala and
Oxytropis kansuensis had the closest relationship. Conclusion The codon preference of nine representative Oxytropis species was
weak, and natural selection was the main factor affecting the codon preference of Oxytropis. This study provides the important reference
data for the genetics and evolution of the Oxytropis species.
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Table 1 Basic parameters of codon bias in chloroplast genome of Oxytropis plants

YiFn44 Bx5 GCi/%  GCY/%  GCi/%  GCall/%  ENC
AL S 0. ochrocephala OR897029 45.54 37.27 27.80 36.87 45.80
“ IS0, bicolor MN255323 4521 37.19 27.42 36.61 4498
O. splendens MT409174 4520 37.15 27.48 36.61 45.02
0. arctobia MT409175 4533 37.16 27.60 36.69 4537
ZHRIEE 0. diversifolia MT780271 45.19 37.16 27.50 36.62 45.08
/INEBRE.O. glabra MW349014 4537 37.34 27.44 36.72 45.07
Wi3kMO. aciphylla MW794135 4522 37.13 27.47 36.61 45.06
PRIEWR SO, falcata OR491708 4530 37.19 27.53 36.67 45.03
Z Bl E.0. ramosissima PP868418 4521 37.42 27.26 36.63 45.00
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Fig. 1 Correlation analysis of codon basic parameters of Oxytropis plants
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Fig. 3 ENC-plot analysis of Oxytropis plants
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Fig. 5 Neutrality plot analysis of Oxytropis plants
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e, FF LB SR A R e A K
34 HSMEBBETHE

RS RE R, MEEEemE. O,
O. splendens O. arctobia~ — I G . /NEBET
ST SRS GAN Z2 A b 2 E I R L
THIY RN 140 19, 14, 150 14, 15, 13, 14 F1 14
A, BB FHICL AU R, Hd 12400l Uu 4
. 10 NPLA 45R; —OiiTREN 215 19
A, MR AR E RS T b A 13 A4S, BRI

O. splendens MG . BRI T A 2 H i E 1Y
T 14N RIMBL T (£ 2). FNEERLE, 8 M
EN T TR 9 MEDMTILA, Kk
GCU. GGU. AAA. UUA. CGA. UCU. ACU
GUU, 34misiiaig (Ala). HE®R (Gly). #
R (Lys). 2R (Lew). AR (Arg). 2%
1% (Ser). 77& M. (Thr) AR (Val); Hih,
GCU. UUA H1 GUU ZEFTH M) ARSCU 3K
T 0.5 (F2). A, ZOEHTEH 2 MEARNE
B, ol dmid e iR CCA Flgmid 22 2 FR I
UCA; /MEBGAUE —MEA MRS CUU, %%
MR s B S AN L ) e R % RS A TR
(R 2.
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Table 2 Optimal codon analysis in chloroplast genome of Oxytropis plants

I T
aEM WS S 0. splendens O. arctobia —FRIMEiE  /MEBE i SL S LT

Ala GCcu™ GCuU™ GCu™ Gcu™ Gcu™ Gcu™ Gcu™ GCcu™ Gcu™

Cys uGU”" uGgu™ uGgu™ - uGU”" uGgu™ - uGu™ uGU”*

Asp GAU" GAU” - GAU™ - GAU" GAU" GAU" -

Glu GAA™ GAA™ GAA™ GAA™ GAA™ - GAA”™ GAA™ GAA™

Phe - uuu™ - uuu” - - - - -

Gly - GGA" - GGA™ - - - - -
GGU™ GGU" GGU™* GGU* GGU™ GGU™ GGU™ GGU™ GGU™

His - CAU™ - CAU™ - - - - -

Lys AAA™ AAA™ AAA™ AAA" AAA™ AAA" AAA™ AAA” AAA™

Leu UUA™ UUA™ UUA™ UUA™ UUA™ UUA™ UUA™ UUA™ UUA™
- - - - - cuu” - - -

Pro - CCA” - - - - - - -
ccu™ - ccu™ - ccu™ ccu™ ccu™ ccu™ ccu™

Gln CAA” CAA™ CAA™ - CAA™ CAA™ CAA™ CAA™ CAA"

Arg CGA™ CGA™ CGA™ CGA™ CGA™ CGA™ CGA™ CGA™ CGA™
cGu™ - CGU” - CGU" - cGu™ CGU™ CGU”
- - - AGA™ - AGA”" - - -

Ser - UCA” - - - - - - -
ucu™ ucu” ucu™ ucu™ ucu™ ucu™ ucu™ ucu™ ucu™

Thr ACU™ ACU™ ACU™ ACU™ ACU™ ACU™™ ACU™ ACU™ ACU™

Val - GUA" GUA" - GUA" - - - GUA"
GUU™ GUU™ GUU™ GUU™ GUU™ GUU™ GUU™ GUU™ GUU™

Tyr - UAU* - UAU™ - UAU* - - -

&1t 14 19 14 15 14 15 13 14 14

*HR ARSCUZ0.08, R ARSCU=0.3, **#H/KARSCU=0.5,
* means ARSCU > 0.08, “*means ARSCU > 0.3, **‘means ARSCU > 0.5.

35 RBZELXES RSCU BESR

T HG)E 10 MIFRIILE CDS 741, A
KH AR (neighbor-joining, NI) MJZE T = JE )
RGRBEWMHEIL T RSCU M. NI W 2R, B

ZRIH G A SR BL T3%F0 9% ) SR AR
MO, R SIS 100%; HRE
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Fig. 6 NJ tree based on common CDS (A) and cluster tree based on RSCU values (B)
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