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Abstract: Cassava ( Manihot esculenta) is a globally important food crop. Expansins (EXPs) play a crucial role in

plant growth and development, holding the potential to improve crop traits. This study aimed to systematically analyze the

codon usage bias (CUB) of 42 expansin genes in the

W s B #:2024-06-05 cassava genome using softwares such as CodonW and R

EEWE: HZEARFAIESTIUA (32101691) ;75 A RFL 7244
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2RI H (202310606031)
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language. The results revealed that the average effective
number of codons ( ENC) for M. esculenta EXP genes
(MeEXPs) was 53.74, indicating a moderate level of co-
don usage bias. The ENC values showed highly significant
correlations with the G+C contents at the first and third co-
EIRAEE B, (E-mail) gengxs@ ylu.edu.cn; A BEEL, (E-mail ) lu- don positions, and showed significant correlation with ami-

¢k2823348@ ylu.edu.cn no acid length. Relative synonymous codon usage ( RSCU)
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analysis demonstrated that MeEXPs tended to utilize codons ending with A/U. The results of neutral plot and ENC-plot ana-

lyses suggested that natural selection was the predominant force influencing the CUB shaping of MeEXPs, while mutational

pressure played a relatively minor role. The PR2 plot further corroborated the pivotal role of natural selection in codon usage

bias. By comparing the RSCU differences between high and low bias genes, a total of 23 optimal codons were identified.

This study unraveled the molecular mechanisms underlying the formation of CUB in MeEXPs, and provided a theoretical

foundation for using codon optimization strategies to enhance cassava yield and stress tolerance.
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Table 1 Codon G+C content and effective number of codons for
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Table 2 Correlation coefficient between codon-related indicators in

the genes of Manihot esculenta expansins
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Table 3 Selection of optimal codons for Manihot esculenta expansins
wiew gy OREER REBER oy || aomm gy SRR BRI ey
Phe uuu 0.68 0.88 -0.20 Tyr UAU 1.25 1.03 0.22
uuc 1.32 1.12 0.20 UAC 0.75 0.97 -0.22
Leu UUA 0.67 0.70 -0.03 TER UAA 0.75 0.75 0
uuG 1.71 0.98 0.73 UAG 0.75 1.50 -0.75
CUU 1.52 1.19 0.33 His CAU 1.53 1.16 0.37
CUC 0.86 1.19 -0.33 CAC 0.47 0.84 -0.37
CUA 0.86 0.84 0.02 Gln CAA 1.30 1.23 0.07
CUG 0.38 1.12 -0.74 CAG 0.70 0.77 -0.07
Ile AUU 1.21 1.29 -0.08 Asn AAU 1.10 1.21 -0.11
AUC 1.04 0.86 0.18 AAC 0.90 0.79 0.11
AUA 0.75 0.86 -0.11 Lys AAA 1.21 0.98 0.23
Met AUG 1.00 1.00 0 AAG 0.79 1.02 -0.23
Val GUU 1.53 1.21 0.32 Asp GAU 1.42 1.30 0.12
GuUC 0.95 1.15 -0.20 GAC 0.58 0.70 -0.12
GUA 0.44 0.88 -0.44 Glu GAA 0.55 1.23 -0.68
GUG 1.09 0.77 0.32 GAG 1.45 0.77 0.68
Ser ucu 1.79 1.56 0.23 Cys uGU 1.06 0.81 0.25
ucc 0.71 0.87 -0.16 UuGC 0.94 1.19 -0.25
UCA 1.43 1.27 0.16 TER UGA 1.50 0.75 0.75
UcG 0.07 0.35 -0.28 Trp UGG 1.00 1.00 0
Pro CCU 1.64 1.25 0.39 Arg CGU 0.19 0.91 -0.72
CCC 0.64 0.75 -0.11 CGC 0 1.04 -1.04
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AR RS 0 RSCU I RSCU ARSCU R EACER ) RSCU K RSCU ARSCU
CCA 1.64 1.69 -0.05 CGA 0 0.65 -0.65
CCG 0.09 0.31 -0.22 CGG 0.19 0.52 -0.33
Thr ACU 1.50 1.12 0.38 Ser AGU 0.57 0.81 -0.24
ACC 0.85 1.06 -0.21 AGC 1.43 115 0.28
ACA 1.45 1.29 0.16 Arg AGA 4.12 1.70 2.42
ACG 0.20 0.53 -0.33 AGG 1.50 1.17 0.33
Ala GCU 2.36 1.54 0.82 Gly GGU 0.77 1.09 -0.32
GCC 0.46 0.84 -0.38 elels 0.73 0.74 -0.01
GCA 1.09 1.32 -0.23 GGA 1.70 1.4 0.26
GCG 0.08 0.31 -0.23 elele 0.80 0.74 0.06

Phe : K2R ; Leu : 52 2R ; e : 5750 2R ; Met : R ZTR ; Val . 2R ; Ser : 22 %A ; Pro: I 2R ; Thr: 77 2R ; Ala; N &R ; Tyr: B 2R ; His: H A
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