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Codon Usage Bias of Human Cytomegalovirus Genes with
Different Evolutionary Conservancy

Yu Young Kim and Chan Hee Lee
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Human cytomegalovirus (HCMV) is a member of beta-herpesvirus and contains a double-stranded genome with longer
than 230 Kbp. HCMV infection of human is mostly asymptomatic, but often causes fatal diseases in immunocompromised
people. In this study, codon usages of HCMV genes were analyzed and attempted to correlate with evolutionary
conservancy. Core genes are the most conserved genes common among herpesvirus family, B-herpes genes are common
to B-herpesviruses, and CMV genes are the least conserved found only in CMVs. Core genes had higher codon adaptation
index (CAI) and GC content of silent 3rd codon position (GC3s) values and lower effective number of codons (Nc) and
Nc/GC3s values than CMV genes. The average length of core genes was statistically longer than CMV genes, and core
genes were found to be less varied than CMV genes. B-herpes genes could be placed between core and CMV genes.
Higher CAI and GC3s values along with lower Nc and Nc/GC3s values are suggestive of higher codon usage bias and
more adaptation to host cells. Thus it is concluded that core genes of HCMYV are more biased in codon usage and adapted
to host cells compared to CMV genes.
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Table 1. HCMV strains used in this study

GenBank Isolation
accession number date

NC_001347.6 1956
FJ527563.1 1956
FJ616285.1 1970

Strains Origin

ADI169-UK  USA
AD169-UC USA
TOWNE USA

HAN38 Germany GQ396662.1 2007
HAN20 Germany GQ396663.1 2007
HANI13 Germany GQ221973.1 2007
3157 United Kingdom GQ221974.1 2001
3301 United Kingdom GQ466044.1 2001
Jp United Kingdom GQ221975.1 2001
TOLEDO  USA GU937742.1 1984
MERLIN United Kingdom NC_006273.2 1999
U8 Italy GU179288 2003
VR1814 Italy GU179289 1996
U1l Italy GU179290 2003
AF1 Italy GU179291 2003
JHC South Korea HQ380895 2003
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Table 2. Grouping of HCMV genes according to evolutionary conservation

YY Kim and CH Lee
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UL52 UL53 UL54 UL32 UL33 UL9 ULI10 UL11 ULI13
UL55 UL56 UL57 UL35 UL36 UL14 ULISA  ULI6 UL17
UL69 UL70 UL71 UL38 UL43 ULIS UL19 UL20 UL21A
UL72 UL73 UL75 UL74 ULS2 UL26 UL30 UL34 UL37
UL76 UL77 UL79 ULS3 UL84 UL42 UL78 ULI11A  ULII6
ULS0 ULS5 ULS6 ULS8 UL91 UL119 ULI20  ULI21 ULI123
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Figure 1. Codon usage bias index (CUI) values of HCMV genes. These graphs represent the distribution of CUI values of 3 groups.
Each graph shows (A) CAl, (B) GC3s, (C) Nc, and (D) Nc¢/GC3s values. CORE genes are indicated by black circles, B-HERPES genes by
white circles, and CMV genes by black triangles. Black bars indicate the standard error of the mean. Statistical significance of the difference

in mean values was examined by student's #-test.
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Figure 2. Nc versus GC3s plots for HCMV gene groups. (A) Scatter plot for all HCMV ORFs. (B) plot for CORE genes. (C) plot for
B-HERPES genes. (D) plot for CMV genes. The continuous curve represents the expected Nc values by Wright's formula.
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Figure 3. Genetic characteristics of HCMV genes. (A) Distribution of length of HCMV genes. (B) Genetic distance values of HCMV
genes. (C) Relative amount of mRNA of HCMYV genes. CORE genes are indicated by black circles, B-HERPES genes by white circles,
and CMV genes by black triangles. Black bars indicate the standard error of the mean. Statistical significance of the difference in mean

values was examined by student's #-test.
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