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Abstract To analyze the codon usage of squalene synthase (SS) gene and the influence factors, multivariate ana-
lysis and corresponding analysis of SS genes from different species were analyzed by software codon W and SPSS
16.0. GC content at three positions of codons (GC1, GC2 and GC3) in turns was 51.33% .34.65% and 54.37%, and
corresponded significantly. GC1 and GC2 have a significant correlation coefficient (p<0.01). Corresponding result
showed that, Axis 1 showed 30.71% variation. Effective number of codons (ENC) and GC3 were significantly
correlated (p<0.01). The correlation between GC12 and GC3 were significant (p<0.01). 26 synonymous codons
were the optimum codons which were all ended by C or G. The 3rd base composition preferred G/C in SS genes.
Compared with cluster analysis dendrogram of RSCU for SS genes, the evolutionary tree build based on protein
sequences encoded by SS genes through MEGA 5.0 software fit traditional viewpoint higher. The third position for
all codons in SS preferred to end with A and T. Synonymous codon usage pattern formed under effect of mutation
pressure and natural selection, mutation pressure influenced higher in SS gene.

Keywords Squalene synthase, Codon usage bias, Multivariate analysis, Cluster analysis
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1 SS GC ENC
Table 1 GC content of different positions of codon and ENC in SS genes
GC GCl GC2 GC3 ENC GC GC1 GC2 GC3 ENC
Serial No. Serial No.
1 0.46 0.54 0.34 0.51 56.19 25 0.38 0.48 0.34 0.33 35.65
2 0.48 0.53 0.34 0.57 59.18 26 0.50 0.53 0.34 0.64 54.06
3 0.53 0.55 0.36 0.68 49.53 27 0.43 0.50 0.34 0.45 56.25
4 0.55 0.55 0.35 0.75 44.27 28 0.39 0.49 0.32 0.36 51.14
5 0.51 0.56 0.34 0.65 51.18 29 0.42 0.49 0.35 0.43 54.48
6 0.29 0.42 0.32 0.13 32.30 30 0.39 0.46 0.33 0.39 52.46
7 0.55 0.54 0.40 0.71 49.77 31 0.42 0.49 0.34 0.42 55.47
8 0.61 0.60 0.41 0.81 40.88 32 0.51 0.49 0.39 0.65 54.76
9 0.55 0.54 0.33 0.77 45.42 33 0.41 0.46 0.34 0.41 57.69
10 0.52 0.55 0.36 0.66 52.72 34 0.42 0.48 0.33 0.44 55.40
11 0.53 0.53 0.35 0.70 46.41 35 0.40 0.47 0.34 0.39 50.66
12 0.45 0.54 0.33 0.49 61.00 36 0.41 0.48 0.35 0.41 55.41
13 0.47 0.51 0.33 0.57 54.81 37 0.42 0.48 0.35 0.45 57.17
14 0.49 0.51 0.30 0.65 49.01 38 0.42 0.49 0.34 0.45 55.15
15 0.40 0.43 0.28 0.50 46.77 39 0.41 0.49 0.33 0.40 55.33
16 0.37 0.48 0.31 0.32 45.10 40 0.43 0.51 0.36 0.41 51.36
17 0.53 0.55 0.35 0.70 48.28 41 0.43 0.49 0.34 0.47 58.77
18 0.58 0.57 0.36 0.82 37.66 42 0.47 0.51 0.36 0.54 57.01
19 0.60 0.60 0.39 0.82 39.74 43 0.42 0.49 0.35 0.42 55.05
20 0.51 0.55 0.36 0.61 44.72 44 0.42 0.49 0.35 0.42 54.50
21 0.58 0.58 0.38 0.76 43.20 45 0.41 0.50 0.33 0.41 54.49
22 0.50 0.52 0.35 0.61 53.20 46 0.42 0.48 0.35 0.43 53.15
23 0.50 0.52 0.35 0.62 53.11 47 0.48 0.53 0.35 0.55 58.60
24 0.51 0.52 0.34 0.66 50.06
3
Note: The serial number in the table was same with that in table 3
288 (codon bias index, CBI)
Table 2 Correlation analysis of each gene's related parameters (p<0.01, 1 0.758 0.766). GC3
GC GCl1 GC2 GC3 SS
GCl1 0.912%* - - - SS
GC2 0.656** 0.626** - - o
GC3 0.987%* 0.853%* 0.555%* - SS
ENC -0.218 -0.203 -0.115 -0.219 SS ( 1~20, 20 ). SS
S%%: p<0.01 ( 2126, 6 ) 58 (
Note: **: p<0.01 super significant 27~47, 21 ). 1 2
SS o
1 30.71% 2.3.4 Naegleria gruberi  SS
13.52%.10.80%  9.40% o 4 (Saccharomyces cerevisiae) — SS
64.43% 1 ° 1 N SS
GC3 (p<0.01) ( 3) N N
(r=0.989), 1 SS SS

(codon adaptation index, CAI)
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Figure 4 Evolutional tree of SS genes
Note: A: Cluster analysis dendrogram of RSCU for SS genes; B: A dendrogram of protein sequences encoded by SS genes; The serial
number respond to SS genes showed in table 1
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38SS
Table 3 Sources of coding sequences of SS genes
GenBank GenBank
Serial number Species Accession number ~ Serial number Species Accession number
1 Ajellomyces capsulatus XM 001536763 25 Naegleria gruberi HM582092
2 Ajellomyces dermatitidis XM 002620790 26 Rattus norvegicus M95591
3 Arthroderma gypseum XM 003170236 27 Arabidopsis thaliana NM_119630
4 Aspergillus niger XM 001395238 28 Arabidopsis thaliana NM_119631
5 Aspergillus oryzae XM 001827183 29 Aralia elata GU354313
6 Candida albicans D89610 30 Artemisia annua AY445506
7 Coprinopsis cinerea XM 001831035 31 Azadirachta indica JQ327160
8 Ganoderma lucidum DQ494674 32 Botryococcus braunii AF205791
9 Magnaporthe oryzae XM_003709815 33 Bupleurum falcatum AY964186
10 Mycosphaerella graminicola ~ XM_003856154 34 Centella asiatica AY787628
11 Neurospora crassa XM_954724 35 Chlorophytum borwilianum — JQ975033
12 Paracoccidioides brasiliensis  XM_002788989 36 Eleutherococcus senticosus ~ HQ456917
13 Penicillium minioluteum IN853774 37 Eleutherococcus senticosus ~ JN714465
14 Pichia jadinii B012604 38 Glycyrrhiza glabra D&6409
15 Saccharomyces cerevisiae X59959 39 Gynostemma pentaphyllum ~ FJ906799
16 Schizosaccharomyces pombe — L06071 40 Huperzia serrata JQ004938
17 Trichophyton rubrum XM_003233967 41 Lotus japonicus AB102688
18 Verticillium albo-atrum XM_003002687 42 Oryza sativa AB007501
19 Wolfiporia cocos IN688664 43 Panax notoginseng DQ186630
20 Yarrowia lipolytica AF092497 44 Panax quinquefolius GU997681
21 Danio rerio NM_001202525 45 Polygala tenuifolia DQ672339
22 Homo sapiens L06105 46 Salvia miltiorrhiza FJ768961
23 Homo sapiens S76822 47 Zea mays NM_001111369
24 Mus musculus D29016
ENC.CAI.CBI = FOP °
CUSP 12 3 GC ,2011),
GC1.GC2.GC3, SPSS 16.0
34
ENC SS GC12 (GC1 GC2
) GC3
SS 3
20~61 ( . GC3  GCI2
,2012), GC G C - GC3 3
G C o ° GC
33 ENC GC3
ENC GC3 °
3.5
ENC =2 +GC3 +29/[GC3* + SS ENC 10%
(1-GC3)’]ENC  GC3 N o N RSCU
° RSCU >0.08

( ,2011),
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