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Analysis of codon usage patterns in Rheum officinale based on transcriptome data
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Abstract: Objective To study the characteristics of the codon usage patterns of the coding sequence of Rheum officinale
based on transcriptome data. This studyl lay a foundation for future research on anthraquinone biosynthesis and molecular
evolution in R. officinale. Methods Perl program and Codon W software were used to analyze the codon usage bias patterns
of 4733 transcriptome coding sequences. Results The average contents of GC and GC3 of the coding sequence in R.
officinale were 45.6% and 44.73%, respectively. There was a significant positive correlation between GC12 and GC3 (r=
0.215, P < 0.001). The results of ENc-GC3 and bias analysis showed that most genes were distributed far away from the
standard curve and the center area of the axis, and a small number of genes distributed around the standard curve and the
center area. Twenty-nine optimal codons were identified as being biased toward codons ending with U or A using the high
expression superior codon analysis method. Conclusion Mutation pressure played a key role in the formation of codon
usage bias in R. officinale coding sequences.
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Fig. 1 Distribution of GC content of coding sequences

(CDS) in R. officinale
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Table 1 Correlation analysis of R. officinale gene-related

parameters
ZH GC3  GCall ENc  CAI Axisl
GC12 0.215** 0.858" 0.02 0.007 —-0.418"
GC3 0.678"™ 0.01 0.015 —-0.728""
GCall 0.08" 0.695™ 0.011
ENc 0.070* —0.019
CAI —0.018

»*P<0.01
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Table 2 Optimal codons of R. officinale genes based on the RSCU values
2EER  EHT Rk D iK&E HED 2EER  EHT ARk D iK&E HED
Phe uuu* 1.34 (147) 0.51 (205) Ser ucu” 1.32 (132) 0.95 (300)
uucC 0.66 (72) 1.49 (596) ucc 0.23 (23) 2.00 (632)
Leu UUA" 1.54 (158) 0.17 (43) UCA" 2.07 (208) 0.62 (195)
UuG* 1.23 (126) 0.87 (225) UCG 0.07 (7 1.12 (353)
cuu” 1.37 (140) 0.97 (249) Pro ccu* 1.93 (170) 0.95 (392)
cucC 0.23 (24 2.55 (657) CCC 0.36 (32) 1.03 (425)
CUA" 1.19 (122) 0.42 (109) CCA” 1.59 (140 0.78 (324)
CUG 0.44 (45) 1.03 (265) CCG 0.11 (10 1.25 (516)
Ile AUU" 1.32 (207 0.70 (175) Thr ACU" 1.49 (184) 0.73 (204)
AUC 0.64 (100) 1.92 (478) ACC 0.29 (36) 1.86 (523)
AUA* 1.04 (163) 0.38 (95) ACA" 1.99 (246) 0.43 (122)
Met AUG 1.00 (438) 1.00 (584) ACG 0.23 (28) 0.98 (275)
Val GuU* 1.37 (166) 0.86 (245) Ala GCU* 1.40 (173) 0.87 (414)
GUC 0.46 (56) 1.73 (491) GCC 0.25 (3D 1.80 (852)
GUA" 1.10 (133) 0.27 (78) GCA” 2.29 (282) 0.43 (204)
GUG 1.06 (128) 1.13 (322) GCG 0.06 (7) 0.90 (426)
Tyr UAU" 1.19 (147 0.53 (111> Cys UuGU" 1.31 (81 0.51 (80)
UAC 0.81 (101 1.47 (311D UGC 0.69 (43) 1.49 (235)
TER UAA 1.52 (122) 1.20 (96) TER UGA 1.20 (96) 1.27 (102)
UAG 0.29 (23) 0.52 (42) Trp UGG 1.00 (103) 1.00 (206)
His CAU" 1.44 (123) 0.57 (159) Arg CGU 0.16 (10) 0.77 (154)
CAC 0.56 (48) 1.43 (399) CGC 0.00 (0> 1.71 (343)
Gln CAA” 1.42 (274) 0.90 (274) CGA 0.08 (5) 0.73 (146)
CAG 0.58 (113) 1.10 (336) CGG 0.05 (3) 1.00 (201)
Asn AAU" 1.30 (293) 0.69 (219) Ser AGU" 1.55 (156) 0.38 (120
AAC 0.70 (157) 1.31 (413) AGC 0.76 (76) 0.94 (299)
Lys AAA* 1.05 (328) 0.60 (282) Arg AGA* 4.52 (275) 0.72 (144)
AAG 0.95 (298) 1.40 (660) AGG 1.18 (72) 1.08 (216)
Asp GAU* 1.49 (349) 0.88 (437) Gly GGU* 1.25 (151) 0.86 (335)
GAC 0.51 (118> 1.12 (554) GGC 0.37 (45) 1.55 (607)
Glu GAA” 1.38 (449) 0.65 (371) GGA” 1.71 (207) 0.87 (341)
GAG 0.62 (201) 1.35 (776) GGG 0.68 (82) 0.72 (284)
RS T

*optimal codon
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