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Abstract: To understand the usage pattern of codons formed in the long-term evolutionary process of FERONIA
(FER) genes in plants and their genetic relationships, base composition analysis, correspondence analysis, PR2-Plot analy-
sis, neutral plotting analysis and ENC-Plot analysis on FER gene codons of different plants were conducted by using Codon
W, on line program of CUSP and analysis software like SPSS, and the cluster analysis was conducted. The results showed that
the average content of G and C in FER gene codons of monocots was higher than that of dicots, and the monocots preferred G/
C ending codons while dicots preferred A/T ending codons. The results of correspondence analysis showed that, Axis 1 ac-
counted for 42.25% and 28.56% of the total variation in monocots and dicots respectively. Axis 1 presented significantly posi-
tive correlation ( P<0.01) with contents of total G+C, GC3, G3 and C3 in monocots, while in dicots the correlation between
Axis 1 and contents of total G+C, GC3, G3, C3 was significantly negative respectively. Different nucleotide composition is the

important reason in the formation of codon usage preference in monocots and dicots. Results of PR2-Plot analysis, neutral

plotting analysis as well as ENC-Plot analysis showed that,

Yos B #3:2020-04-14 natural selection was the main driving force in the forming
E&TH . WK FEUNEERAE /I 3H5TH (KY2016YB496) ;) of codon usage preference of FER genes in plants. Phyloge-
PUACHRIES IR L ) 2R RAP T B0 T H (2019ZB01) netic tree constructed by coding sequence (CDS) was more

TEEEMT R PR(1982-) J5 IWARIGTT A, Pt RO, 322 S A similar with traditional classification results than the phylo-

e £ LTI ; . . .
Yoy AL #IE . (E-mail) haosen@ bbgu.edu.cn genetic tree constructed by relative synonymous codon usage
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(RSCU). The results can lay foundation for further research on molecular evolution and gene engineering.
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Table 1 Codon usage bias related parameters for FER genes in different plants

GC & (%)

255 L/ GenBank % 5¢%5 CAI ENC
GCl GC2 GC3 Jeyele

LY KA (Ananas comosus) XM_020247133.1  51.56 44.54 61.92 52.67 0.224  53.51
INREF#E ( Musa acuminate) XM_009414374.2  54.72 44.61 76.07 58.46 0.244  44.90

5 % (Aegilops tauschii) XM_020295075.1  58.28 46.25 68.98 57.84 0.237 5032

T RESGHAE ( Brachypodium distachyon) — XM_003557928.4  56.40 45.49 64.96 55.62 0.238  54.05

IKFE (Oryza sativa) XM_015784639.2  51.36 45.35 56.58 51.10 0.230  55.53

Panicum hallii XM_025937660.1  55.38 44.73 68.50 56.20 0.266  50.32

BT (Setaria italica) XM_004962408.3  52.41 42.76 46.82 47.33 0.226  57.71

#55 (Sorghum * Bicolor’ ) XM_002467870.2  55.47 44.64 66.29 55.47 0277  51.49

F K (Zea mays) XM_020548100.1  54.01 47.66 74.05 58.57 0.244  47.47

WA AE2E (Arachis hypogaea) XM_025825030.2  48.73 42.08 57.14 49.32 0.252  56.55
JE WS 5. Cicer arietinum) XM_004507247.3  46.55 39.10 40.42 42.02 0.214  53.51

K5 Glycine max) NM_001251502.2  49.82 39.41 56.09 48.44 0.234  59.05
PERLE A (Medicago truncatula) XM_013593812.2  50.11 43.67 38.44 44.07 0.244  51.18

5375, Vigna radiate) XM_014641397.2  50.57 38.16 51.61 46.78 0.233  55.95

FH2E ( Beta vulgaris) XM_010685152.2  51.02 43.20 43.65 45.96 0.247  54.05
3% ( Spinacia oleracea) XM_021983369.1  47.90 42.05 40.62 43.52 0.190  56.21

HUEI I (Arabidopsis thaliana) NM_115014.5 49.89 43.64 41.96 45.16 0.234  53.11

H i ( Brassica oleracea) EF681131.1 52.46 43.86 48.33 48.21 0.243  50.93
Jo7% ( Brassica rapa) XM_018655160.1  52.22 43.67 48.56 48.15 0.240  51.16

[ H % ( Helianthus annuus) XM_022161861.1  47.07 39.59 45.20 43.95 0211 56.12

B (Lactuca sativa) XM_023886199.1  48.00 40.78 43.41 44.06 0210 5751
HIBH ( Hevea brasiliensis) XM_021803911.1  45.86 40.68 39.48 42.01 0.199  53.46
FERUR ( Jatropha curcas) XM_012228958.2  46.41 39.67 36.69 40.92 0210  54.98

K ( Manihot esculenta) XM_021766937.1  51.34 43.85 38.93 44.71 0215 52.32
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%% 1 Continued 1

GC &t (%)

251 L/ GenBank 5% CAI ENC
GCl GC2 GC3 B GC
BERR (Ricinus communis) XM_002518284.3  47.12 38.13 35.85 40.37 0.200  51.91
B 2045 ( Fragaria vesca) XM_004306014.2  47.83 40.70 45.29 44.61 0217 56.36
5 ( Malus domestica) XM_029097897.1  50.38 44.32 53.19 49.30 0.220  56.53
R EHRBE ( Prunus avium) XM_021947486.1  48.50 40.04 50.50 46.35 0.227  57.86
Bk (Prunus persica) XM_007216990.2  47.12 40.07 49.95 45.71 0.225  58.57
B ( Capsicum annuum) XM_016694071.1  48.70 39.83 40.67 43.07 0217  53.84
M ( Nicotiana tabacum) XM_016638275.1  51.74 42.52 39.82 44.69 0.240  52.05
i ( Solanum lycopersicum,) XM_019212121.2  45.45 38.77 37.47 40.56 0.197  52.85
4% % ( Solanum tuberosum) XM_006354911.2  46.59 39.43 37.88 41.30 0.195  52.81
TH S B S ( Gossypium raimondit ) XM_012610426.1  44.95 36.33 47.41 42.90 0.230  57.37
T[] ( Theobroma cacao) XM_007032746.2  47.75 41.38 42.70 43.94 0210 56.08
TFe il (Amborella trichopoda) XM_020666081.1  50.67 43.89 44.89 46.48 0.185  55.09
5 (Camellia sinensis) XM_028254649.1  49.26 41.98 57.68 49.64 0216  56.38
FAIR( Carica papaya) XM_022049523.1  47.27 40.66 50.91 46.28 0.233 5732
I ( Citrus sinensis) XM_006481158.3  50.78 42.19 37.95 43.64 0.201  52.84
Erythranthe guttatus XM_012996321.1  47.92 41.63 47.41 45.65 0.188  55.20
Kk (Eucalyptus grandis) XM_018864361.1  53.36 44.00 69.75 55.70 0.250  50.94
BAFE ( Papaver somniferum,) XM_026532955.1  47.91 43.84 43.30 45.02 0.241  54.89
Li18 ( Punica granatum) XM_031541020.1  51.79 43.50 60.09 51.79 0.246  54.36
KIEME (Olea europaea) XM_023031367.1  48.98 41.84 39.91 43.58 0.208  54.46
E M (Populus trichocarpa) XM_024588918.1  48.72 41.73 44.51 44.99 0219 5776
%5 (Vitis vinifera)) XM_002279182.4  49.90 43.42 41.40 44.91 0.220  52.85
A Ziziphus jujuba) XM_016014399.2  48.62 40.99 51.93 47.18 0212 57.55
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Table 2 Correlation between Axis 1 and other parameters

AR R
£ AR ) dE D 1 XU A 1) Al 1

(Axis 1) (Axis 1)
T3 i -0.907 ** 0.866 **
C3 &t 0.922* -0.942
A3 Fit -0.982 * 0.660 **
G3 &t 0.976 ** -0.813*
CAI 0.531 -0.481*
ENC -0.901 ** -0.361"
BGeC o 0.988 ** -0.907 **
GC12 Fi 0.758 -0.299
GC3 &t 0.988 ** -0.989 ™
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Fig.4 ENC-plot analysis on codon usage preference of FERO-
NIA genes
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