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4. Codon Adaptation index (CAI)
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3. Relative synonymous codon usage (RSCU)
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Fop=N (optimal codons)/N
(synonymous codons)
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3. Frequency of optimal codon (Fop)

Vo

aoloes 05 01 53 0 e3linal (glagy5uS aen Il 3
Skl et pl 03550 Conds gl 355 0
L olads ¢l m coslize 530S [l S sla i)l
= dsdr ol 5l sl g Jsdr VL ol
el Al a0l VL Sl 3 Lo lansas lulis
S B A B e s e o3l ]

K(EDIEW J)jb-g R J_y")-? G (Wi)Q S
__RSCU;
" RSCUmax

Vdse st
s 2,50 b i = RSCU e
R W N P PR LR JURE N AP PPN
w05 ST Gl 0508 Gl parls 25
aon Lo Wi gla o)) wdis Sl &) 50
3 Jaie b 05 0 s eslinal 3550 (a0 508
VL) W acwls
CAI=(IT-, wy)"
g saS sl = L

Y dse

Ao b Ol il sdas QLS Y & sy polis
$lads s o=l 3had YL 0Ly b a0 s
eaed Al (6 e Ol Ol 5555 sde Ll
e Ly fye GLAOSAS sl jarls liis
3 S 3 syl a0 (VY asend) " pdis 04uS
33 530S Ol il Ol e sl et li ol
e (VYY) 5,8 o 515 eslinul 5,50 05 G
sde &S o xS VY B Ve s gdos 53 (ol ol
WV osde 5 SadS Ol ml p miy edias OLAS Y
3l e 0345 53 (b pul s oS el S
o a il Al o (gl a0pUS 5wl 3 g
Sl jastls s 51,58 eslan ol 5,50 0L
A alome o3 Jpa b 5 o3lid L * e (sla0saS
(YL 5 YY)

ENC=2+5+(29/S*+(1-S°) £ Je

8. CodonW
9. Effective number of codons (ENC)



IFAY (V) 0,kowd (1) B WGS9l 55 (g Ay puiid

OS5 s 3 d e 5l el SO S
Gla0sas Ol ol 5855 65 53 csbkullls
Ol Ole e Sl g2l (nl Aol g
Sl bS5 ol ke Ol L3l O3
S90S = amlle 5 il Glalyps o
L il ¢ 0LSCan 5 0l s 555 e el
ol S SIS L Al 5 O Soleang
o350 oy V) b 05 6l &S 05 (8L
Aolw Lo 53 A ldde 4 odd aeg 05 o |y <ol

(YE)

sl Sl 53 ok a3 5 el Al S
S35 2 Shes 53 el el &S ol (55
B Gble 55 e p s e ) sl e
Sl ae el Ol Al e 4 S Sl O 0dS
el W5 (S 3 Shee 55 5 Jhw 53 05
O P S 1] I UL U P e S LI
(T0) s o8 5 i e g £ 5
s QLIS (VY ) 5dis 0308 S50 5 b LT
AL SES S 55 0508 (Ll Laxls Sl

6\.&43; BL J:J\:..»L_Jls o5 a.\iﬁ.\f ";"‘,3 6‘}é u.'»"JS s-%'fu‘ 6\.&‘_,.45-\.5} Jb}' aj‘.ﬁ‘ ‘g,"li‘i L}}-\s (g g3 AJLo...’& R J)J’
asdlan 5 g0

Table 1. Accession number, stop codon, CDS length and codon usage values for the coding sequences of the

Calpastatin gene in studied species

A-_'; . sl Db sldas JS sl Loy U5
Species s el AL slansas osS sbaisas s ol S S
Accession i ) i . Stop CDs
number Qs ok s 3l e Sl codon length
CAl Fop ENC L-sym AT% MWDS
ol
) D16217.1 0.247 0.418 51.94 698 54.54 54.54 TAA 2127
Homo sapiens
S
Mus AB026997.1 0.237 0.414 53.98 781 52.22 52.22 TAA 2187
musculus
7 U66320.1 0.236 0.424 53.99 717 50.98 50.98 TAA 2367
Ovisaries
s ) GU944861.1 0.242 0.412 55.68 721 49.75 49.75 TAA 2361
Capra hircus
g
’ AF159246.1 0.255 0.430 52.05 776 50.70 50.70 TAA 2361
Bos Taurus
lf &
£ EU009141.1 0.256 0.429 53.16 776 50.57 50.57 TAA 2172

Bos grunniens

L{A._.:;)JJA)CMA‘ ozﬁ)Lf}S}ijélﬁ)LEz|
e 3. 0305 QLS 1y Ol Ol G 4 S
sdal s Q_LA‘ LSl—N’b b J"’_}" O eS| u—.’.JJYL

Y Jsd=) A

Sesee 5 Ol 5 anilt 008 slge OIS S sluws =L_Sym
L_Sym = Total number of codons exept for stop codon, tryptophan and methionine
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Table 2.Genetic matrix of distanceamong the studied speciesbycomparing the Calpastatin gene sequence

55 ol 5o Y Jsir

58 i S 7 K By s ol
. I Capra Bos Bos Mus Homo
Species Ovisaries . - .
hircus grunnien Taurus musculus sapiens
Ovisaries
> 0.038
Capra hircus
@ I
B 0.045 0.062
Bos grunniens
jlg
0.046 0.062 0.008
Bos Taurus
o 0.316 0.342 0.316 0.316
Mus musculus
i
0.195 0.217 0.201 0.198 0.264

Homo sapiens

S5 2030 SRS )3 HELLUS 05 IS G548 g b Jsl SLellr )3 s S 5 Sl Y s
Table 3.Nucleotide dispersionfrom first to third codon sequences of the Calpastatin gene in studied species

v o RS ool oelS . L Ly | oHe ool oIS .
a“ [ 3% (SN} " Cxd
i VK VK VK VK- i A Yol Yol Y oK i
Species i i ) ) Pos #1 T-2 - - R Pos #2
T-1 C-1 A-1 G-1 C-2 A-2 G2
7 17 19.9 31.7 31.2 725.0 11 31.3 34.7 228 723.0
Ovis aries
> . 17 20.5 30.3 31.8 732.0 12 31.8 33.6 22.7 726.0
Capra hircus
&<
=7 . 17 19.8 321 30.7 789.0 11 314 344 228 784.0
Bos grunniens
Y
7 17 19.9 32.3 304 789.0 11 315 344 22.7 784.0
Bos taurus
o 18 19.5 324 30.5 790.0 13 29.7 34.1 23.0 787.0
Mus musculus
R
. 20 17.2 32.8 30.2 711.0 13 289 35.4 22.8 706.0
Homo sapiens
P Sle
o 18 19.5 31.9 30.8 756.0 12 30.8 344 228 751.7
Avg.
o o e ol SIS . n . L »
ca ca Pl TS i e l - 5
- i i ) Pos #3 T(V) C A G Total
T-3 C-3 A-3 G-3
7 20 24.3 38.3 17.8 724.0 16.0 25.1 34.9 239 2172.0
Ovis aries
? . 19 25.0 37.2 18.9 729.0 16.0 25.7 33.7 24.5 2187.0
Capra hircus
lf"
= . 19 25.0 37.2 18.7 788.0 16.0 254 34.6 24.1 2361.0
Bos grunniens
Y
’ 20 25.0 36.9 18.4 788.0 16.1 25.5 34.6 23.8 2361.0
Bos taurus
o 23 20.9 36.3 19.7 790.0 18.0 23.4 34.3 24.4 2367.0
Mus musculus
oLl
. 21 21.0 41.3 16.3 710.0 18.1 22.3 36.5 23.1 2127.0
Homo sapiens
Sl
;\ 20 235 37.8 18.3 754.8 16.7 24.6 34.7 24.0 2262.5
\UeR

v
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Table 4. The amount of RSCU for codons of the Calpestatin locusin studied species

S S LS S

058 sl SsS 058 sl SsS 058 Sl SsS 0528 Sl SsS

Codon Count ol e Codon Count Gl Codon  Count il s Codon Count ool e

RSCU RSCU RSCU RSCU

UUU(F) 23 0.51 UCU(S) 153 1 UAU(Y) 35 1.08 UGU(C) 7.8 0.94
UUC(F) 6.8 1.49 UCC(S) 17.3 1.13 UAC(Y) 3 0.92 UGC(C) 8.8 1.06
UUA(L) 6.3 1.02 UCA(S) 19.8 13 UAA(*) 7.2 0.83 UGA(*) 175 2.03

UUG(L) 55 0.89 UCG(S) 58 0.38 UAG(*) 12 0.14  UGG(W) 5.8 1

CUU(L) 7.8 1.26 CCU(P) 16.2 1.05 CAU(H) 6.3 0.84 CGU(R) 33 0.44
CUC(L) 8.7 14 CCC(P) 16.3 1.06 CAC(H) 8.7 1.16 CGC(R) 13 0.18
CUA(L) 15 0.24 CCA(P) 237 1.54 CAA(Q) 192 1.25 CGA(R) 38 05
CUG(L) 73 1.18 CCG(P) 53 0.35 CAG(Q) 115 0.75 CGG(R) 58 0.77
AUU(I) 6.2 1.09 ACU(T) 143 1.09 AAU(N) 5.3 0.84 AGU(S) 123 0.81
AUC(I) 6.5 115  ACC(T) 165 1.25 AAC(N) 73 1.16 AGC(S) 21 1.38
AUA(I) 43 076  ACA(T) 202 153  AAA(K) 485 114  AGA(R) 29 3.81
AUG(M) 4.7 1 ACG(T) 17 0.13 AAG(K) 36.7 0.86 AGG(R) 2.3 0.31
GUU(V) 48 094  GCUA) 198 1.39 GAU(D) 18 1.01 GGU(G) 8 0.61
GUC(V) 6.8 1.32 GCC(A) 213 15 GAC(D) 175 0.99 GGC(G) 8.2 0.63
GUA(V) 3.2 0.61 GCA(A) 143 1.01 GAA(E) 39.5 1.22 GGA(G) 26.2 2.01
GUG(V) 5.8 1.13 GCG(A) 15 0.11 GAG(E) 253 0.78 GGG(G) 9.8 0.75

s 3550 (5L S 55 (S liwlS 05 p g b oKl 53 GCUs S 5 gl 3 0 5

Table 5. Frequencyof GC nucleotide from first to third codon sequences of Calpastatin gene in studied species

o

Bl 1S 5 ) s L

OIS 5 e Ao

3 RIS b2

3 (RIS Ao

| 3ol Kl ol S ol S
Species Js 32 oL e ol IS I oS
GCls GC2s GC3 GC
ol
. 0.474 0.517 0.342 0.455
Homo sapiens
S 0.50 0.527 0.401 0.478
Mus musculus
o 0.511 0.541 0.431 0.491
Ovisaries
» . 0.523 0.545 0.445 0.503
Capra hircus
Y
’ 0.503 0.527 0.436 0.494
Bos Taurus
S8
0.505 0.517 0.437 0.495

Bos grunniens

A
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Stes e Ll e a5 3 S edalie Ladand LSS Yo Sl i Jab an ol ol slls
AL CPG il oSS s S S5 FS o e DLSH 3550 a5 ol sdaline ol pioman S0 o0
55 0555 m CPG sl Glacsls (8l g 035 Sl 350 4 plya opl ol edalive Cud oS
53 Sl 0 g0 033k 53 CPG Ll Gy 6 e sl 35 0L 5 03l il e doys \e 5l S
o= 2 CPG ol S| s A3 S sy e;\.&;_.ﬁ\\{)lfrj}jﬁﬁl)q- e R
Ol Ll s ooslize Jla anlllas 3550 bl g iR 53 5 s S le i sladis
S e S 3 Wlg e Ll glaanl 45 sl s Ot 8 e85 55 CPG 6 ATV sl el
2 CPC i Jssdpe oSS 1 5 (S5 Jsb 53 CPG mlir oS15 5 sliad Sl s S
Gl aS sy 3 A3l Jse sLS 6y 5 SIS Y0 e 95555 5 oS Sl Lap g5 05 S
g LS 5 i s ol ) ) s liegallas (V+0Y+ CGIs/Mb) oS15 5 (£007) slias o j2ie
F@T);‘L;:@J'MMTW;g@L"JLUQﬁ Cr:‘.)bo—""‘ﬁ‘““-;‘ui:—“‘f”"ﬁcpeﬁ‘}?
(& 5T Sl odd 3,51 5 alie & 5 L CPGI sl s dalie Lo BC (s 5e LCPG I3 o515

Laailae 3,40 6\.&43; BE &:J\;’.m\,..“s o5 c.\l".\i’: A u.“j )éch ﬁ‘? WaBs A J}J?
Table 6. Study of CpG islands in coding sequence of Calpastatin gene in studied species

SUBTH 5 ) g0 0 0l sdalive S B S S8 S8 ol NS

observed/ expected ratio Goat Mic grunniens Bos Cow human Sheep

(O/E %) >60 >60 >60 >60 >60 >60
Hlw s Gl Glacsl (o hags s Llanils Gt el |y oy o ool gl el JIy 5
O3S sl gus] 3 Gl kS LS asiie Sloa i Sly 53 S Uslesls S5 kb,
g LO.:J_}J.; ij)T LsLs'AJ.?w‘ j.:.AT S ealil Gl v.:).: Jja_; LsLAJwA\MT B .l.':)‘b C,SJ..Z gg:a.‘)j).l,:h
3y Sl e VL s 5 s Y eSS L e Jols 1 5550 sl JIg STYYVAR 0
Ales S Iy Il 3L 4 cd Gl e slail, R e R ol yel oo
 SECRC USRS T VW PO I JOPR W L kol o b s 0 20 5l YA (VL S5 Ol
s 5.O0A) el 0350 Ol 520 5 5 hees (Y] 68 s s s IS 5 LSS0 L s e sl
5l Al sl 48 S 53035 W p 555 2 3 Sl ISl (5 Gl el &S U
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Table 7. Frequncy of amino acid in Calpastatin protein chain in studied species

w58 §‘<—(§>qu% %E‘%L%XZ’]—E_’-R>~?~9 \_4.3‘_3
secies 0 59 g < g0 gE Lo xE o ogT A4 54 2e
oL ) 61 6 67 83 5 37 7 18 100 45 429
Homo sapiens
o 61 4 62 86 8 45 15 16 100 50 447
Mus musculus
e 57 7 56 82 6 33 13 12 97 47 410
Ovis aries
z 71 5 62 89 6 31 6 13 96 44 423
Capra hircus
g
K 78 6 63 88 6 39 10 13 116 47 466
Bos grunniens
- 77 5 62 88 6 38 10 13 114 47 460
Bos Taurus
- 405 33 372 516 37 223 61 85 623 280 2635
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Abstract

Background and Object: Calpastatin (CAST) is one of the enzymes of Calpine proteolytic
system. The proteolytic protein complex contains Ca*? dependent proteases which contributes in
construction, degradation and muscle tissue compression after slaughter, and is also regarded a
candidate gene associated with growth efficacy and quality of meat.

Materials and Methods: In this study, gene and protein coding sequences region of CAST in
six mammalian species (human, rat, cattle, yak, sheep and goat) were examined. Gene and
protein sequences were retrieved from gene bank and then analyzed. Homology analysis and
alignment, phylogenetic and nucleotide diversity and variation in coding region and stop codon
were carried out using the Clustal Q and Mega7 softwares. SOPMA and Protparam programs
were used for homology and alignment analyses, and to investigate the atoms diversity in
protein structure, amino acid and terminal amino acid diversity in sequences retrieved from the
NCBI database. Preferred codon sequences were obtained using CodonW software to explore
the codon usage locus.

Results: Codon adaptation index (CAIl) had the highest value for yak (0.256) and lowest value
for sheep (0.236). Analysis by bioinformatic software for better understanding of protein
structure of CAST showed that, in all sequences, lysine amino acid was the most frequent by
623 observations and tryptophan was the least with 5 repeats in the structure of the protein. The
ration of Polar amino acids to non-polar amino acids in the protein was 2. The relative
efficiency of synonymous codons (RSCU) for the amino acids serine and aspartic acid as the
terminal amino acid in different species were, respectively, (AGC =1/38) and (GAU =1/01).
Ovisaries species showed the maximum PI and Capra hircus species had the highest value of
effective number of codons index (ENC).

Conclusion: hydrophobic amino acids constitute the main part of the amino acid sequence of
Calpastatin protein. Given the role of inhibition of Calpastatin protein for the activity of the
enzyme Calpain in muscle and considering that the most sequences of Calpain are captured by
hydrophilic amino acids, the explore of amino acid sequence in Calpastatin and the role of these
hydrophobic amino acids against the hydrophilic amino acids in Calpain is important.
Calpastatin protein is much more tolerant in humans than ruminants. The codon bias analysis of
the studied species showed that, in the evolution, Bos grunniens protein species had higher
phenotype appearance for preferred codons than other species and function of the optimal
codons were shown to be stronger than others.
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