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Abstract
MsPIPs gene in alfalfa, it was found that the codons showed bias in nucleobase use, the codons of MsPIPs preferred T/A

By using software CodonW to analyze the codon composition of plasma intrinsic protein encoded by

endings, and the frequency of occurrence of T-ending codons was 47%. The average effective number of codons (ENC) of
MsPIPs codons was 45.47, which had a weak codon bias. Through multivariate analytical methods combined by principal
component analysis (PCA) , corresponding analysis (COA) , parity rule 2 plot mapping analysis (PR2), ENC plot analy-
sis and neutrality plot analysis, the reason of the codon bias of the MsPIPs gene in alfalfa was analyzed, and it was found
that the bias of MsPIPs in alfalfa might be driven by natural selection.
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Table 1 Codon composition and usage parameters of MSPIPs sequences in alfalfa

B Y T35(%) C3s(%) A35(%) G3s(%) GCs(%) GC(%) ENC()
MsPIP1 MS.gene08634.11 44 29 30 16 37 46 49.54
MsPIP2 MS. gene08872.11 45 29 28 16 37 46 49.36
MsPIP3 MS. gene20063.t1 41 32 29 16 40 47 47.86
MsPIP4 MS.gene22434.11 41 32 29 16 40 47 47.86
MsPIPS5 MS.gene31293.t1 47 26 28 14 34 44 46.81
MsPIP6 MS.gene33486.t1 52 17 34 17 27 42 47.64
MsPIP7 MS.gene34032.t1 56 21 24 13 29 44 43.02
MsPIPS MS.gene54792.11 56 21 24 13 29 44 43.02
MsPIP9 MS.gene56672.t1 47 22 30 20 34 45 42.42
MsPIP10 MS.gene69248.t1 48 26 24 20 38 45 38.87
MsPIP11 MS.gene80664.t1 49 25 25 16 35 46 45.06
MsPIP12 MS.gene80665.11 48 24 25 19 35 46 41.19
MsPIP13 MS.gene007432.t1 41 32 28 16 41 48 47.90
MsPIP14 MS.gene007515.t1 41 32 29 16 40 47 47.90
MsPIP15 MS. gene007660.t1 44 29 31 15 37 46 47.50
MsPIP16 MS. gene014206.t1 37 40 22 16 49 50 46.84
MsPIP17 MS. gene024637.t1 48 18 28 26 35 45 46.08
MsPIP18 MS. gene028722.t1 48 25 30 15 33 44 45.40
MsPIP19 MS.gene030381.t1 52 21 24 19 33 44 48.16
MsPIP20 MS.gene031996.11 47 27 25 20 38 45 39.05
MsPIP21 MS.gene037437.t1 51 16 36 17 26 42 44.78
MsPIP22 MS. gene048817.t1 46 26 27 22 38 45 47.54
MsPIP23 MS.gene050133.t1 45 29 29 16 37 46 48.22
MsPIP24 MS.gene057322.t1 46 27 24 21 39 46 39.18
MsPIP25 MS.gene069771.11 54 20 36 09 24 38 45.70
MsPIP26 MS.gene074338.t1 48 25 31 14 32 44 45.20

63 (AL L G+CHIBLIIER ; GC. G+C & ik ENC . A RUE T T

R 2 HIE MsPIPs R X Z8FHE3HE R E (RSCU) 417

Table 2 Analysis on relative synonymous codon usage value (RSCU) of the synonymous codons from MsPIPs in alfalfa

AR EACER () RSCU fH WA EACER Bt () RSCU {8
Phe uuu 241 1.01 Tyr UAU 64 0.46
vuc 235 0.99 UAC 214 1.54
Leu UUA 65 0.66 TER UAA 16 1.85
UuG 179 1.95 UAG 1 0.12
CUU 183 2.02 His CAU 75 0.98
CcuC 59 0.58 CAC 71 1.02
CUA 41 0.45 Gln CAA 108 1.44
CUG 34 0.35 CAG 44 0.56
lle AUU 315 1.66 Asn AAU 80 0.67
AUC 179 0.94 AAC 144 1.33
AUA 76 0.40 Lys AAA 156 1.10
Met AUG 116 1.00 AAG 119 0.90
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IR CACTES Bk (1) RSCU f HAHEMR HhT ik (4Y) RSCU
Val GUU 316 2.15 Asp GAU 158 1.16
GUC 82 0.57 GAC 111 0.84
GUA 48 0.33 Glu GAA 83 1.03
GUG 133 0.95 GAG 104 0.97
Ser ucu 117 1.92 Cys uGU 79 1.61
ucc 52 0.83 UGC 20 0.39
UCA 86 1.44 TER UGA 9 1.04
ofole} 1 0.02 Trp UGG 119 1.00
AGU 68 1.10 Arg CGU 18 0.56
AGC 43 0.70 CGC 5 0.11
Pro CCU 111 1.30 CGA 5 0.10
cce 32 0.39 CGG 5 0.13
CCA 186 2.10 AGA 129 3.17
CCG 19 0.22 AGG 77 1.93
Thr ACU 201 1.98 Gly GGU 409 2.04
ACC 122 1.20 GGC 93 0.45
ACA 76 0.76 GGA 243 1.21
ACG 6 0.06 GGG 61 0.30
Ala GCU 473 2.28
GCC 148 0.69
GCA 206 0.97
GCG 15 0.06

TER ;& 1EF ; Phe . RN EBR ; Leu : 7 &R ; e : 5752 22 ; Met; B &R ; Val ; 20122 ; Ser: ZZ 2R ; Tyr % %4 ; His : &R ; Gln . A & BRI 5 Asn
KA ; Lys : TR ; Asp : KRR ; Glu: FETR ; Cys : WAL ; Pro: i 2R ; Thr: FR 2R ; Ala: N ERR ; Trp : (L&A ; Arg . K &R ; Gly : HETR

®3 HE MsPIPs & RREZERNWEBFER ST

Table 3 Statistics of codons in high and low expression genes of MsPIPs in alfalfa

[SESus e AR B [EESSTy o7 {RFIR I
HHER EWT o mscu Bk rscy  ARSCU || BIERR BT pmyom pscu kg rscu  ORSCU
() (El () 8 () (=3 ) (=
Phe  UUU 6 100 7 08 0.8 Ser  UCU 6 171 6 225 054
uue 6 100 10 LIS -0.8 uee 2 057 4 150 -0.93
Lew  UUA® 5 125 2 046 079 UCA* 4 L1441 038 076
uuG 6 150 7 162 -0.12 uce o o0 o0 0
cuv 5 125 6 138 0.3 AGU” 6 171 1 038 L3
cuc 2 050 9 208 -1.58 AGC 3 08 4 150 -0.64
CUA* 6 150 2 046  1.04 Pro  CCU” 6 18 7 165 020
cuc 0o 0 o 0 0 cee I 031 3 071 -0.40
e AUU® 6 138 6 090 048 CeA” 6 18 6 141 044
AUC 5 L1510 150 035 cce o o I 024 -024
AUA 2 046 4 060 -0.14 The  ACU® o 225 6 185 040
Met  AUG 3 100 5 100 0 ACC 5125 6 185 0.0
va GUU” 9 225 9 144 08I ACA® 2 050 1 031 0.9
cuc 2 050 8 128 -0.78 ACG 0 0 o 0 0
GUA” 4 100 3 048 052 Ala GCU § 291 19 217 074
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AR T WEOE RSCU B rscu  ARSCU IR Eh - WEKEC RSCU EMcEr rscu  ARSCU
() fd () iEA () fd () {H
GUG 1 0.25 5 0.80 -0.55 GCC 0 0 4 0.46 -0.46
Tyr UAU™ 5 1.67 0 0 1.67 GCA™ 3 1.09 7 0.80 0.29
UAC 1 0.33 10 2.00 -1.67 GCG 0 0 5 0.57 -0.57
TER UAA 0 0 1 3.00 -3.00 Cys uGu” 5 2.00 3 1.50 0.50
UAG™ 1 3.00 0 0 3.00 uGC 0 0 1 0.50 -0.50
His CAU” 3 2.00 4 0.73 1.27 TER UGA 0 0 0 0 0
CAC 0 0 7 .27 -1.27 Trp UGG 1 1.00 5 1 0
Gln CAA™ 5 2.00 2 1.33 0.67 Arg cGu™ 1 3.00 1 0.75 2.25
CAG 0 0 1 0.67 -0.67 CGC 0 0 0 0 0
Asn AAU” 8 1.00 1 0.25 0.75 CGA 0 0 0 0 0
AAC 8 1.00 7 175 -0.75 CGG 0 0 1 0.75 -0.75
Lys AAA” 7 1.40 7 1.17 0.23 AGA 0 0 5 3.75 =-3.75
AAG 3 0.60 5 0.83 -0.23 AGG* 1 3 1 0.75 2.25
Asp GAU" 9 1.64 1 0.25 1.39 Gly GGU™ 12 2.09 14 1.93 0.16
GAC 2 0.36 7 .75  -1.39 GGC 1 0.17 10 1.38 -1.21
Glu GAA 4 1.14 4 1.33  -0.19 GGA”™ 10 1.74 3 0.41 1.33
GAG™ 3 0.86 2 0.67 0.19 GGG 0 0 2 0.28 -0.28
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Fig.1 Principal component analysis of codon usage frequency in MsPIPs of alfalfa
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