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Analysis of codon usage patterns in Polyporus umbellatus based on
transcriptome data

LIU Meng-meng**®, XING Yong-mei*, GUO Shun-xing"

(1. Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing 100193, China; 2. College of Traditional Chinese Medicine, Hebei University, Baoding 071002, China;
3. Institute of Bioinformatics and Medical Engineering, School of Electrical and Information Engineering, Jiangsu
University of Technology, Changzhou 213001, China)

Abstract: We obtained 332 coding sequences from the Polyporus umbellatus transcriptome based on the
BLASTx and ESTScan analyses. The codon usage patterns of P. umbellatus were calculated and statistically
analyzed using CodonW. The results showed that the average GC content of genes was 53.57% and the average
GC3 content was 57.98%, suggesting that genes favored codons ending with G or C. The effective number of
codons (ENC) value range from 38.46 to 61, which indicates that these genes have low codon usage bias. The
neutrality plot and ENC-plot analysis revealed that many factors such as mutation and selective pressure play an
important role in shaping codon usage bias in P. umbellatus genes. Twenty-two optimal codons were identified as
being biased toward codons ending with G or C using the high expression superior codon analysis method. This
study will lay a foundation for future research on genetic engineering and molecular evolution in P. umbellatus.
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Figure 1 Distribution of the GC content of coding sequences

(CDS) in Polyporus umbellatus
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Figure 2 Neutrality plot (GC12 vs GC3)
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Figure 3 Neutrality plot (ENC vs GC3). ENC: Effective number
of codons
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Figure 4 Frequency distribution of the ENC ratio
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FAh, ARBEFAL T 6 NS B A M i, B
GC12.GC3.GCall.ENC.CAI L & Axis 1. W& 1F7
7N, Axis 15 3/ H 21 S 87 E 0 3 A K1, B4
GCall.ENC }% Axis 1 (r = 0.679, r = 0.466, r = 0.437,
r=0.218; P < 0.01), Ut B &AL [k ) Joagi 4% ik £ 4 F A2
2 R ) P T R R ke B AR H

Table 1 Correlation analysis of Polyporus umbellatus gene-relat-
ed parameters. *P<0.05; **P<0.01. CAl: Codon adaption index

Parameters GC3 GCall ENC CAl Axisl
GC12 0.141" 0.086  -0.058 0.055™  0.091
GC3 0.041  -0.135" 0.100 0.018
GCall -0.357" 0.106™  0.679™
ENC -0.529"  0.466™
CAl 0.437"
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Figure 6 Parity rule 2 (PR2)-bias plot [A3/(A3+T3) vs G3/(C3+
G3)]
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Figure 7 Neutrality plot (ENC vs CAl)
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Table 2 Optimal codons of Polyporus umbellatus genes based on the RSCU values. RSCU: Relative synonymous codon usage; *Optimal

codons

Ami.no Codon High Low Ami.no Codon High Low
acid RSCU N RSCU N acid RSCU N RSCU N
Phe uuu 0.53 43 1.07 71 GAG* 1.39 115 0.89 85
uuc* 1.47 119 0.93 62 Ser UcCcu 1.18 54 1.10 50
Leu UUA 0.09 5 0.57 32 UCC* 1.71 78 121 55
UuG 0.72 39 1.33 74 UCA 0.55 25 1.37 62
Cuu 0.94 51 1.47 82 UCG* 0.62 28 1.12 51
cuc* 3.03 165 0.90 50 AGU 0.28 13 0.79 36
CUA 0.26 14 0.63 35 AGC 1.16 53 0.90 41
CUG 0.97 53 1.10 61 Arg AGA 0.23 8 1.36 29
lle AUU 0.91 54 1.36 76 AGG 0.44 15 1.36 29
AUC* 1.91 114 0.88 49 CGU* 1.61 55 0.66 14
AUA 0.18 11 0.77 43 CGC* 2.55 87 0.33 7
Met AUG 1.00 60 1.00 91 CGA 0.47 16 1.45 31
Val GUU 0.59 40 1.05 69 CGG 0.70 24 0.84 18
GuUC* 2.07 140 1.05 69 Pro CCu 0.80 46 1.27 58
GUA 0.43 29 0.74 49 Cccec* 1.57 90 0.90 41
GUG 0.90 61 1.17 77 CCA 0.52 30 1.31 60
Tyr UAU 0.51 30 111 62 CCG* 1.10 63 0.52 24
UAC* 1.49 87 0.89 50 Thr ACU 0.74 40 1.34 57
TER UAA 0.75 4 1.50 8 ACC* 1.73 94 0.82 35
UAG 0.75 4 1.13 6 ACA 0.50 27 1.20 51
UGA 1.50 8 0.38 2 ACG* 1.03 56 0.64 27
His CAU 0.57 29 1.34 51 Ala GCU 0.94 85 1.12 69
CAC* 1.43 72 0.66 25 GCC* 1.44 130 0.94 58
GIn CAA 0.69 45 1.12 74 GCA 0.59 53 1.44 89
CAG* 1.31 86 0.88 58 GCG* 1.02 92 0.50 31
Asn AAU 0.51 39 1.13 71 Cys uGuU 0.40 12 0.72 25
AAC* 1.49 114 0.87 55 UGC* 1.60 48 1.28 44
Lys AAA 0.45 40 0.79 71 Trp UGG 1.00 43 1.00 61
AAG* 1.55 139 1.21 109 Gly GGU 1.22 74 1.26 77
Asp GAU 0.62 60 1.19 63 GGC* 1.56 95 0.87 53
GAC* 1.38 134 0.81 43 GGA 0.66 40 1.31 80
Glu GAA 0.61 51 1.11 107 GGG 0.56 34 0.56 34

nfis 75 GC & & & b7 B SR IR P 8
BEBR [ 28 11 5 0 B 7 51 L CpG A R fiw 7] 14 A1 it
) BY 42215 5 S S K 7 B AR AL, #1855 5 B A AR e
PEAROGEE, o B SRR T AU R, GC & R AN AR
J 7 )~ 4 18 T 7 25 D] 2L 1 el 2 4 R e 31 B ) 4
JH, 3 U 7 A 5 e R {8 AR G 1 D e kP A
2z —. ENC-plot 2 & 73 Hr &5 LK B, #2347 CDS
I3 AT AR b A2 BT, B ) SR ENC R 5 #Ei8 ENC
{HFEAR R — 5, W IX L CDS % 8 1 FH i 171 14
ZH| GC & i (7A) Mz LK 1 K £ $0 CDS 4
AT B bR v 2Bz, W 52 Br ENC {H 5 #118 ENC 5
TEER KN ZE 7, ZHAEE R mECR. B, %
e 5 20 CDS % 458 I i e 14 52 B AL B 0, 5 %
22 8 T IEBETER

AT T R BT TR S e Sk 4H b CDS S T
FHRE B, RIUE %S CDS B IS T 23/~ fEIX4L
HRRER T, LLGELC 4RI 2, RFGHICLi R
[0S T N X 505 1 CDS I miffii FH . GC & &

W\ R 1l 5 ik R 20 65 ) g A 1Y) B R 3R R TR A A )
{8 HE B AL T A A 7 AR E 5 %S 1 3 81 GC &
B AH G, GC & & 4 5 i JE R (19 % 65 1 A8 A fw 1)
PERL2 . M J% 2% CDS H I GC & & nf LUE H, Hofi 4f
fii ] G B C Bl 3L 45 R % 00 1. JE & sk 410 CDS
TEBRS A6 B IX — R AE 5 75 2 R R H R
R 251 Bk [R] % il FH KA A 6] o El Utk BT 4% %5 CDS
102 Rl e 1 1) 7 AR 5 8% CDS ik Ak i % GC
AT 745 & ) B L AT 21 GC 2848 & 7 i 5%

AT TR A 2 B S A B0 H P ¥ CDS AT T % 1
T 0 B F A G R EE AT 9, &5 R O £ 1K) CDS
T~ 2 12 200 559, R8s 1) AR 388 A 34 436 4 o) JH 2% 1)
A58 FH A 2 14 7= A B ) O e 2 SRR OR RS R 1 o T AL
W TSR GLER IS B A, 40, B B RS T A Lt 15
B 20 M DL G B C 45 2 i S AL % S 1, 1X 4 R T
SN 25 TR AR AT B 5 R T A B T O 0 B AR At
A -



RSESAE: ST I S AL 20 W 24 P15 T 0 26 3 T A 1 i -

1055

References

[1]

[2]

(3]

[4]

[5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

Grantham R, Gautier C, Gouy M. Codon frequencies in 119
individual genes confirm consistent choices of degenerate bases
according to genome type [J]. Nucleic Acids Res, 1980, 8: 1893-
1912.

Grantham R, Gautier C, Gouy M, et al. Codon catalog usage is
a genome strategy modulated for gene expressivity [J]. Nucleic
Acids Res, 1981, 9: r43-74.

Holmaquist GP, Filipski J. Organization of mutations along the
genome: a prime determinant of genome evolution [J]. Trends
Ecol Evol, 1994, 9: 65-69.

Bernardi G. The isochore organization of the human genome and
its evolutionary history-a review [J]. Gene, 1993, 135: 57-66.
Chao YE, Chang Y, Wang MF, et al. Codon usage bias and cluster
analysis on chloroplastic genes form seven crop species [J]. Acta
Agric Boreali-Sin (*£1b4¢ 5 4it). 2012, 27: 60-64.

Xing XK, Ma XT, Hart MM, et al. Genetic diversity and
evolution of Chinese traditional medicinal fungus Polyporus
umbellatus (Polyporales, Basidiomycota) [J]. PLoS One, 2013,
8: e58807.

Xing YM, Chen J, Lv YL, et al. Determination of optimal
carbon source and pH value for sclerotial formation of Polyporus
umbellatus under artificial conditions [J]. Mycol Prog, 10: 121-
125.

Xing YM, Zhang LC, Liang HQ, et al. Sclerotial formation
of Polyporus umbellatus by low temperature treatment under
artificial conditions [J]. PLoS One, 2013, 8: €56190.

Liu YY, Guo SX. Nutritional factors determining sclerotial
formation of Polyporus umbellatus [J]. Lett Appl Microbiol,
2009, 49: 283-288.

Sun Y, Yasukawa K. New anti-inflammatory ergostane-type
ecdysteroids from the sclerotium of Polyporus umbellatus [J].
Bioorg Med Chem Lett, 18: 3417-3420.

Liu MM, Xing YM, Zhang DW, et al. Transcriptome analysis of
genes involved in defence response in Polyporus umbellatus
with Armillaria mellea infection [J]. Sci Rep, 2015, 5: 16075.
Haas BJ, Papanicolaou A, Yassour M, et al. De novo transcript
sequence reconstruction from RNA-seq using the Trinity platform

for reference generation and analysis [J]. Nat Protoc, 2013, 8:

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

1494-1512.

Fuglsang A. Impact of bias discrepancy and amino acid usage on
estimates of the effective number of codons used in a gene, and a
test for selection on codon usage [J]. Gene, 2008, 410: 82-88.
Gupta SK, Bhattacharyya TK, Ghosh TC. Synonymous codon
usage in Lactococcus lactis: mutational bias versus translational
selection [J]. J Biomol Struct Dyn, 2004, 21: 527-536.

Zalucki YM, Power PM, Jennings MP. Selection for efficient
translation initiation biases codon usage at second amino acid
position in secretory proteins [J]. Nucleic Acids Res, 2007, 35:
5748-5754.

Sinclair G, Choy FY. Synonymous codon usage bias and the
expression of human glucocerebrosidase in the methylotrophic
yeast, Pichia pastoris [J]. Protein Exp Purif, 2002, 26: 96-105.
Wright F. The 'effective number of codons' used in a gene [J].
Gene, 1990, 87: 23-29.

Kumar N, Bera BC, Greenbaum BD, et al. Revelation of influ-
encing factors in overall codon usage bias of equine influenza
viruses [J]. PLoS One, 2016, 11: e0154376.

Quax TEF, Claassens NJ, Soell D, et al. Codon bias as a means
to fine-tune gene expression [J]. Mol Cell, 2015, 59: 149-161.
Liu S, Qiao Z, Wang X, et al. Analysis of codon usage patterns
in "Lonicerae Flos" (Lonicera macranthoides Hand. -Mazz.)
based on transcriptome data [J]. Gene, 2019, 705: 127-132.
Shackelton LA, Parrish CR, Holmes EC. Evolutionary basis of
codon usage and nucleotide composition bias in vertebrate DNA
viruses [J]. J Mol Evol, 2006, 62: 551-563.

Van Hemert F, Berkhout B. Nucleotide composition of the
Zika virus RNA genome and its codon usage [J]. Virol J, 2016,
13: 95.

Zhu XX, Zhu YJ, Song JY, et al. Comparative studies on codon
usage bias of Ganoderma lucidum based on analysis of genomic
and transcriptomic data [J]. Acta Pharm Sin (£ 2% % 1), 2014,
49: 1340-1345.

Zhang L, Jin LG, Luo L, et al. Analysis of nuclear gene codon
bias on soybean genome and transcriptome [J]. Acta Agron Sin
(1E¥41%), 2011, 37: 965-974.

Zhang TK, Qi GH, Ye HL, et al. Codon usage bias in pome-
granate transcriptome [J]. Acta Hort Sin (& & 2% k), 2017, 44:
675-690.





