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Abstract: To comprehend the codon usage pattern of genes in Eucommia ulmoides, taking the E. ulmoides genome
codons as the research object, the 320 coding DNA sequences was analyzed to obtain the results of relative synonymous

codon usage( RSCU) , ENC-GC3s analysis of codon ENC values of coding genes and PR2-plot bias analysis of the codon
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base usage frequency of the coding genes. By using CUSP and Codon Usage Database software to compare the GC
contents and codon occurrence frequency of E. ulmoides with those of Arabidopsis thaliana, Nicotiana tabacum.,
FEscherichia coli and Saccharomyces cerevisiae. The results were as follows; The number of RSCU value greater than 1 had
30 codons, including 18 genes with ending G/C and 12 genes ending with A/U, and these suggested that the codons
preferred ends with G/C, and had a strong bias; The number of effective codons (ENC) ranges from 30 to 60, and the
codons within this range were far away from the standard curve and their ENC values were smaller and had a higher
preference; PR2-plot analysis showed that G>C,U>A, in the base usage frequency; Analysis of GC contents of
Eucommia ulmoides and representative species showed that the E. ulmoides GC12, GC3 and average GC contents were
higher than those of representative species; The analysis of the codon usage frequency of E. ulmoides and representative
species showed that the codon preferences of E. ulmoides and Nicotiana tabacum, Saccharomyces cerevisiae were close,
and the codon preferences of Eucommia ulmoides, Arabidopsis thaliana and Escherichia coli were quite different.
Eucommia ulmotdes is a precious Chinese medicinal material unique in China. Analysis of the codon usage pattern and

studies of its codon preference will provide a theoretical basis for the improvement and expression of foreign genes in

E. ulmoides plant genetic engineering.

Key words: Eucommia ulmoides gene, codon, preference, usage pattern, representative species
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Table 1 Relative synonymous codon usage of encoding amino acids in Eucommia ulmoides
IR CACRE A4 iEpoyLd LR CACRE L ARl
Amino acid Codon Number — JIHi5 (RSCU) Amino Acid Codon Number  JJ#ii# (RSCU)
F A Phe uuu 857 0.90 12 R Tyr UAU 308 1.01
uuc 1057 1.10 UAC 299 0.99
LR Leu UUA 279 0.38 LY TER UAA 67 0.63
uuG 968 1.32 UAG 81 0.76
Cuu 948 1.29 UGA 172 1.61
cuc 1108 1.51 2H W2 His CAU 610 0.93
CUA 312 0.43 CAC 695 1.07
cuG 789 1.07 A H BN Gln CAA 620 1.04
SR e AUU 687 1.00 * CAG 570 0.96
AUC 905 1.32 KAWL Asn AAU 657 0.98
AUA 470 0.68 AAC 684 1.02
H 4 Met AUG 1216 1.00 = AR Lys AAA 728 0.93
BIETR Val GUU 693 1.10 AAG 835 1.07
GUC 601 0.96 RETIR Asp GAU 734 1.21
GUA 455 0.72 GAC 479 0.79
GUG 763 1.21 B Glu GAA 760 0.92
225 Ser ucu 824 1.11 GAG 900 1.08
uce 1035 1.39 L E R Cys uGU 400 0.91
UCA 693 0.93 UGC 482 1.09
UcG 730 0.98 %R Trp UGG 703 1.00 =
AGU 434 0.58 KR Arg CGU 288 0.54
AGC 756 1.01 CGC 428 0.80
Jifi &2 Pro ccu 613 0.86 CGA 439 0.82
cce 638 0.89 CGG 580 1.09
CCA 811 1.13 AGA 687 1.29
CCG 805 1.12 AGG 776 1.46
AR Thr ACU 498 0.85 H&# Gly GGU 588 0.95
ACC 701 1.19 GGC 616 1.00
ACA 603 1.03 GGA 663 1.07
ACG 548 0.93 GGG 603 0.98
PR Ala GCU 692 1.03
GCC 800 1.20
GCA 621 0.93
GCG 564 0.84

. FBPA T RIZLN RSCU>1 B{E, 45 = 9 RSCU=1 MY{E,

Note; The underlined values in the table are RSCU>1, * mean the value are RSCU=1.
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Fig. 1 ENC-GC3s analysis
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Fig. 2 PR2-plot bias analysis
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Table 2 Contents of GC in Eucommia ulmoides and representative species
GC 7 KA AR IF G PN LN TR TS P o
Content of GC Eucommia ulmoides Arabidopsis thaliana Nicotiana tabacum Escherichia coli Saccharomyces cerevisiae
GC12 (%) 50.85 45.69 45.3 47.22 40.61
GC3 (%) 53.61 42.38 39.53 47.45 38.1
B 51.70 44.59 43.38 473 39.77

Average content (%)

x3 MHMOERREDHOEZDTERMELR

Table 3 Comparisons of codon usage frequencies between Eucommia ulmoides and representative species
EACERIWIETES CESIALN
HHLR TES Codon usage frequency (%) Ratio of frequency

Amino acid Codon

Eu Nt At Eco Sc Eu/Nt Eu/At Eu/Eco Eu/Sc

KN Phe uuu 9.9 25.1 21.8 24.4 26.1 0.39 0.45 0.40 0.37

uuc 20.9 18.0 20.7 13.9 18.4 1.16 1.00 1.50 1.13

SEA A Leu UUA 3.8 13.4 12.7 17.4 26.2 0.28 0.29 0.21 0.14

uuG 33.6 22.3 20.9 12.9 27.2 1.50 1.60 2.60 1.23

CuU 4.9 24.0 24.1 14.5 12.3 0.20 0.20 0.33 0.39

CcuC 4.9 12.3 16.1 9.5 5.4 0.39 0.30 0.51 0.90

CUA 2.2 9.4 9.9 5.6 13.4 0.23 0.22 0.39 0.16

CUG 13.2 10.2 9.8 37.4 10.5 1.29 1.34 0.35 1.28

S ER e AUU 10.4 27.8 21.5 29.6 30.1 0.37 0.48 0.35 0.34

AUC 11.0 13.9 18.5 19.4 17.2 0.79 0.59 0.56 0.63

AUA 3.8 14.0 12.6 13.3 17.8 0.27 0.30 0.28 0.21

H L 2R Met AUG 38.5 25.0 24.5 23.7 20.9 1.54 1.57 1.62 1.84

SRR Val GUU 6.0 26.8 27.2 21.6 22.1 0.22 0.22 0.27 0.27

GUC 4.4 11.1 12.8 13.1 11.8 0.39 0.34 0.33 0.37

GUA 2.7 11.4 9.9 13.1 11.8 0.23 0.27 0.20 0.22

GUG 18.1 16.7 17.4 19.9 10.8 1.08 1.04 0.90 1.67

22 R Ser UCU 25.8 20.0 25.2 13.1 23.5 1.29 1.02 1.96 1.09

ucc 29.7 10.2 11.2 9.7 14.2 2.91 2.65 3.06 2.09

UCA 44.0 17.6 18.3 13.1 18.7 2.5 2.40 3.35 2.35

UcG 53.4 53 9.3 8.2 8.6 10.07 5.74 6.51 6.20

AGU 7.7 13.3 14.0 13.2 14.2 0.57 0.55 0.58 0.54

AGC 13.7 10.0 11.3 14.3 9.8 1.37 1.21 0.95 1.39

It 282 Pro ccu 11.5 18.7 18.7 9.5 13.5 0.61 0.61 1.21 0.85

cce 19.2 6.6 5.3 6.2 6.8 2.90 3.62 3.09 2.82

CCA 36.9 19.8 16.1 9.1 18.3 1.86 2.29 4.05 2.01

cce 62.2 5.0 8.6 14.5 5.3 12.44 7.23 4.28 11.73

12 2 Thr ACU 12.6 20.3 17.5 13.1 20.3 0.62 0.72 0.96 0.62

ACC 25.3 9.7 10.3 18.9 12.7 2.60 2.45 1.33 1.99
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FULT ST Codon usage frequency (%) Ratio of frequency

Amino acid Codon
Eu Nt At Eco Se Eu/Nt Eu/At Eu/Eco Eu/Sc
ACA 22.0 17.4 15.7 15.1 17.8 1.26 1.40 1.45 1.23
ACG 30.3 4.5 7.7 13.6 8.0 6.73 3.93 2.22 3.78
R Ala GCU 11.0 31.2 28.3 18.9 21.2 0.35 0.38 0.58 0.51
GCC 20.9 12.5 10.3 21.6 12.6 1.67 2.02 0.96 1.65
GCA 19.8 23.1 17.5 23.0 16.2 0.85 1.13 0.86 1.22
GCG 45.7 5.8 9.0 21.1 6.2 7.87 5.07 2.16 7.37
K E TR Tyr UAU 3.8 17.8 14.6 21.6 18.8 0.21 0.26 0.17 0.20
UAC 8.2 13.5 13.7 11.7 14.8 0.60 0.59 0.70 0.55
4% His CAU 6.0 13.4 13.8 12.4 13.6 0.44 0.43 0.48 0.44
CAC 6.0 8.7 8.7 7.3 7.8 0.68 0.68 0.82 0.76
B AN Gln CAA 6.0 20.7 19.4 14.4 27.3 0.28 0.30 0.41 0.21
CAG 12.6 15.0 15.2 26.7 12.1 0.84 0.82 0.47 1.04
RABERE Asn AAU 7.1 28.0 22.3 29.3 35.7 0.25 0.31 0.24 0.19
AAC 12.6 17.9 20.9 20.3 24.8 0.70 0.60 0.62 0.50
R Lys AAA 11.0 32.6 30.8 37.2 41.9 0.33 0.35 0.29 0.26
AAG 21.4 33.5 32.7 15.3 30.8 0.63 0.65 1.39 0.69
KAFIR Asp GAU 6.6 36.9 36.6 33.7 37.6 0.17 0.18 0.19 0.17
GAC 6.0 16.9 17.2 17.9 20.2 0.35 0.34 0.33 0.29
B2 Glu GAA 11.5 36.0 34.3 35.1 45.6 0.31 0.33 0.32 0.25
GAG 22.0 29.4 32.2 19.4 19.2 0.74 0.68 1.13 1.14
F AR Cys UGU 10.4 9.8 10.5 5.9 8.1 1.06 0.99 1.76 1.28
UGC 6.6 7.2 7.2 5.5 4.8 0.91 0.91 1.20 1.37
AR Trp UGG 24.2 12.2 12.5 13.4 10.4 1.98 1.93 1.80 2.32
AR Arg CGU 4.4 7.5 9.0 15.9 6.4 0.58 0.48 0.27 0.68
CGC 3.3 3.9 3.8 14.0 2.6 0.84 0.86 0.23 1.26
CGA 9.9 5.3 6.3 4.8 3.0 1.86 1.57 2.06 3.30
CGG 11.0 3.7 4.9 7.9 1.7 2.97 2.24 1.39 6.47
AGA 17.6 12.2 19.0 7.1 21.3 1.44 0.92 2.47 0.82
AGG 38.0 7.5 11.0 4.0 9.2 5.06 3.45 9.50 4.13
H%m Gly GGU 3.8 22.3 22.2 23.7 23.9 0.17 0.17 0.16 0.15
GGC 7.1 11.2 9.2 12.3 9.8 0.63 0.77 0.57 0.72
GGA 11.0 23.2 24.2 13.6 10.9 0.47 0.45 0.80 1.00
GGG 20.3 10.5 10.2 20.6 6.0 1.93 1.99 0.98 3.38

I : Eu Nt At Eco Sc 43 FIARZFAL AN HORE Lg%+ M AT GRIERIPT TR B 5 5 4 0 g 0 40y o ) 235 5 PRI LUAE R T 5% T 2
/N TAET 0.5 HIME.

Note: Eu, Nt, At, Eco and Sc represent Eucommia ulmoides, Nicotiana tabacum, Arabidopsis thaliana, Escherichia coli and
Saccharomyces cerevisiae , respectively; The vaules with horizontal lines are the values with codon usage frequency ratio greater than or equal to

2 and less than or equal to 0.5 between the two species.
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