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Extended Abstract
Background: FEZL is one of the candidate genes related to performance, quality traits of milk,
and resistance to mastitis disease in dairy cows. Mastitis is one of the common diseases in the
dairy cattle population, which imposes a lot of economic losses on the farmer. Studies on genetic
variation in the FEZL gene locus and their relationship with the milk somatic cell count (SCC)
showed a significant relationship between genetic variants in the mentioned locus and the SCC,
which is indicative of mastitis. Moreover, conflicting results have been reported about the
mentioned gene variants' effects on milk's quantitative and qualitative traits. Therefore, this
research aims to investigate the amount of different deletion, addition, and mutation
polymorphisms in the FEZL locus, to identify important variants related to milk composition, and
to investigate the difference between pure breeds and their crossbreds in Sistani and Holstein
COWS.
Methods: This research was conducted on 20 pure breeds of Sistani and Holstein cows (10 cows
from each group) and their crossbreds of Sistani and Holstein (7 heads) from the Research Center
for Sistani Cattle and Native Herds of the Sistan region. Blood was randomly selected and taken
from the jugular vein. Quantitative and qualitative traits of milk were measured from morning
and evening milking within three months. Total DNA from blood samples was extracted by the
salt-optimized method. Then, the extracted DNA was electrophoresed on a 0.5% agarose gel, and
samples of good quality were used for the PCR amplification reaction. A 229 bp fragment from
the FEZL gene locus was amplified using a specific primer pair with temperature cycling in a
thermocycler. Sequencing was done with Chromas software in FASTA format, followed by
removing low-quality sequences. In the next step, the production areas of a smgle thread were
removed from the back-and-forth sequence, and cantig production was done using CAP3
software. Alignment of 27 samples was performed with MEGA software in pairs and multiples.
Four samples were removed due to unfavorable alignment, and 23 samples were saved for further
analysis. The polymorphic regions caused by mutations, deletions, and additions, as well as
haplotyping, were analyzed with MEGAG6 and DNASPS5 software. Finally, the effect of each
marker on milk quality traits was estimated using the single marker model and the GLM procedure
of SAS9 software. The type 1 error in multiple tests was reduced using the Benferroni test at the
5% probability level. Finally, the means of the groups were compared with the Tukey-Kramer
method at the probability level of 5%.
Results: A total of 86 polymorphic regions were identified in exon 1 of the FEZL gene among
pure and crossbred populations. In all samples, the percentages of transitional and transversional
substitutions were 32.56% and 67.44%, respectively. The percentages of transitional and
transversional substitutions were estimated at 50.6 and 49.4% in the Holstein breed, 28.08 and
71.92% in the Sistani breed, and 33.55 and 66.45% in crossbreds. By comparison, the lowest and
the highest percentages of transitional substitution were observed in Sistani and Holstein breeds,
respectively, but Holstein and Sistani breeds showed the lowest and the highest percentages of
transversional substitution, respectively. The highest and the lowest coefficients of transition
substitution ratio to transversional, which is an indicator of evolution during the past periods,
belonged to Holstein (0.75) and Sistani (0.30) breeds, respectively. In all populations, thymine
and Cytosine were respectively the most and least frequent bases in the nucleotide sequence of
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the exon 1 region of the FEZL gene. The highest diversity within breeds belonged to Holstein and
Sistani crossbreds (0.15), and the lowest diversity was recorded for the Sistani breed (0.044).
Among different breeds, the highest degree of divergence was between crossbreds with Holstein
(0.126) and the lowest between Sistani and crossbreds (0.012). Of the 77 polymorphic loci
(SNPs), 33 cases were two-variant, 9 cases were three-variant, and two were four-variant. In the
milk composition, the Sistani and Holstein breeds contained the lowest and the highest
percentages of fat, protein, lactose, and fat-free dry matter, respectively, while middle percentages
were found in the crossbreds. The effect of breeds was significant on all milk traits, except for
protein percentage (P < 0.01). Among the identified markers, the marker at the position of 97 bp
of the exon 1 of the FEZL gene had the highest effect on the fat, lactose, protein, and milk dry
matter percentage traits (P <0.01).

Conclusion: Despite the existence of different polymorphisms in the exon 1 of the FEZL gene
and the amount of genetic diversity existing between and within the Holstein and Sistani breeds,
it can be considered a useful marker in the breeding of native livestock, and the combinability
strength of variants in crossbreds can be used to improve the economic traits of milk. Furthermore,
polymorphism in the mentioned area was still used as an indicator to improve somatic cell counts
in milk as an indicator of mastitis control in dairy cows, which was not possible to measure in
this research and is recommended in future studies.

Keywords: FEZL gene, Genetic variant, QTN mapping, Sistani cattle, SNP polymorphism

How to Cite This Article: Moradgholi, K., Dashab, G. H., Rokouei M., & Faraji Arough, H. (2025). Bioinformatic
Analysis of the FEZL Gene sequence in Sistani, Holstein, and their Crossbreds. Res Anim Prod, 16(3), 24-44.
DOI: 10.61882/rap.2025.1485



http://dx.doi.org/10.61882/rap.2025.1485
http://rap.sanru.ac.ir/article-1-1485-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-03 ]

[ DOI: 10.61882/rap.2025.1485 |

~

g VEF Y ol [em3ls Jlo oy lidg sl jimgs
S b @alie 5 (5559 WS gle olSutils

t(Hlpw I (gl Cumor 3 FEZL (5 (Jlgi (Suilo jodilan 41 50
Wl gladisel g oz lulds

L9l (255 53 5T o sS ) wovme (ITOLIIS Lo ol ! (M 5o oS

Sl e (3 oSl ccg5)5liS 0aSiily ¢y pole og,5 cpls Mol 5 Ky A5| uslis S dibgol 2l —)
(dashab@uoz.ac.ir : Jaguwe odisg5) ¢ylyal ¢l ¢l oKl ¢ 6555l 0aSLiily ol pole 05,5 cpld Mol 5 S Hlutily =Y
ol e 13 oSl ¢cg55liS 01Kl ¢ o> pole o9, epls ol 5 K sl ¥
Q‘):‘.l Jols e bl; oBiighy (o> slapl 0SB gy ¢ yo i 09,5 ‘l’b c)’to‘ 5 S Hbobul =¥
VLYY 5 o)l VO ANE il g o)l VYNV bl doys
FE YT aonis
-‘?W °~‘»:5~%
5 Ol g ol (S50 SIS )> (i g Slon & Ceoglio g b (&S Sl 0 Slas b lagye il gloj | S FEZL 1848 9 dodie
S5 E95 () ykaiads o (Slalllae WS oo Jreo ylael> o) (63b5 s3baiBl slab g 505 o Sl (6508 gl Cumer )3 L (slagslow I
ol > (Sisi slacibyly g Hlo xe bl 3935 ,Sily wlas )3 slosil (SCC) s (Silogu (sla sk jlas b bl bls,l g FEZL (5 oSl 5o
oS Sl p83e () Gesbyly Sl Gad 5 48 @l (izzan s Gl £y J| (paSlS plyisa b (Sologw slasle led 5 55 3e
ot by plolis FEZL oSl )5 o yigs g 48lal cbis caliseo (sla JShain lime (o) p @aios ol 5l Bua i) loss (5155 s S
‘ el plitle Sl g el 5 Galls Sl o B0 e sy g ed Sl S L b
b V) cebeide b (Sl gloasal 5 (ol Ve 09,5 30 5l) (bl 5 Sligs (RIS oIS (ol YV oliss (3l G 1> 1 (pdg, g 3190
S g (S g (o8 Slao 85 el (33,5 )9 5l 6 pgE g bl (Salai jsbay e ddlaie (o S g (Sl 95 Sl 5950
b YYR axhd iS5 ¢l 505 ool PCR iS5 j538Ty (gl ciiild (ppwlio couisS 45 oladiges 5 05 5999280l duoyd +/0 5,81 J5 cq,
FASTA ey Ly (Chromas) l38le,5 b ol Jlgv oad edliiw] JSiuwge 5 olSuws jo (gl a3 o b olaisl )f)‘\ﬂ cas S Gl FEZL (5 oS0l
CAP3 l33lp 5 3l oolatwl b Sasls" a5 g et o5 CuiiS yy g by  Jov 315 pai0 diy S ¢ g5 Bl als yo 5l im0 Blo oS o sla Jlgig plool
«olgs 5> .45 plosl DNASPS g MEGAG (clals3la 5 b oishla g adlsl g s o yigs 5l o0 JISbais (Sl 40 505 08> (dm U
S by clocus » Jgl g9 sllas (2alST gl 05 350, SASY I8l 5 GLM g, 5 (5, SLasSG Juo by (oS lio b ,S0Lt5 o 51 e
W4 dunlie 1o yd O Jloxs ! pdaws )5 yol S= S5 454, b og,S (sl pnSibo «ules 53 .0 odlitwl Mo yd & Jlois! prdaw jd (S 5ol Cand
Sl 05Kl ao )y dadiges JS 50 505 plolis asuel § pallb clacuses e d FEZL 05V 59551 53 JSibais 40l AP (ggamo p (B
5 YA oA Sl D5 50 o pd YAIF 5 015 pliida 25 > cudpay bl g JGnl 03Kl slads ) Ldg o> FYIFY ablis 5 asyo YY/0F
D1 oy bt (0 g a8 Sltaw 315 53 J5] 3Kl Mo yd cdunlie (D 505 359l Mo yd FEIFD ¢ YY/OO ladiseal )3 5 doyd YV/AY
b S pasls lpea sblE 4 Sl Rl Cans oo g Grptin Gl 5 (308 il ) (B (05l Loy L
ot Jolis JolSS Jolgs ol p3b g Ol ey pas (Sl +/0 51 jieS 5 Glwsl cdBd KL +/0 jl i ¢ 5 d> /0 yolio) ansiS slaoygd
0951 4l uselS e Jlgv jo il g’\,l)é oy dbcumes olod )3 g (+/V4) CpyieS Sbiwmw )3 9 (+/VO) o 3V pliida ) (itud yaleo o
(+1V0) Sl o L);L...._Lm hraisuel 4 bgyye Wl 19)0 30 (ol )S1g cp YL sl |y Slolyd oy 5YU (it b g (35S cpess b FEZL 45 )
oplitds b el o (2185 Olise cn gV cilisie (gladl o 53 205y Olise 51290 (/0 FF) (Sl S5 4 late (2155 (lise e85
Sololez 3550 93 9 (B lgdus 3550 A (3 5lgg3 3)90 YV (SNP) JSbtizr oSl VY oluss gy (+/ 1Y) naieal b (Slaanas G 0325505 5 (+/1VF)
2 9 Xdgr cpyieS cplidda o5 40 9 YL oy el S odle 5 oS Y (g p o oD Sl P 3 b SluS 5 b g
2 Sl (SNP) (MSsaia sla LS oy 51 (P < /0 V) 2y Jla pizo (g duoyd oy i Slas plas ol il aszily )8 lawlg as )> badisel
Cudld 1) jed (2 s S odlo 5 gy GeSY o ey Slie Bl Gl YL FEZL 05 ) 09551 (sibedn AV oo
(P <-/4Y)
Olysds e o 1y (Sl o cpliida cldlp g0 4 O 2 S99 S} alols (30 g FEZL (45 ) (49351 ) calisee (sla JSbin 16 S doen
gad odliiol yud (golaiBl Claw dedy Caa asel 3 isl)ly g plicaS s @Bl g cd)S Sl 0 e slrph pMol M gl Sl
ol 9 U555 ) ol olsied o (Slogu sl oo s Syt 2 S Ko oy olpad ol s y55hn 4l > IS0 i
20)5 o0 dogi (gim Sledllas 3 9 00,55 wal ) ol (658 eIl IS Gz ] 5> a5 dges odliiwl (g slaglS )

S ibyly QTN b 8 ¢ ibiwms I8 FEZL (5 SNP ISsnx 1 alS sWojly
sBlus uJ)Ju.LD] 5l ‘_s.i; PRy P Jie Egd90 .(al., 2023 doddo

S92 Ly Canl 03,8 Joadio 29 1y puly 4yl & Conl  clnadli (oo 1 (S0 598 S Sl )3 (59 el

9 i aliue Olicren il Al (¢ Ko HESUN SRR TES

Cuglyl elonl 5 oaladl s ) Ll palsn 53 435
Barazandeh et al, 2016;) 5 sbps

Cgune lo)adS dlail 4 iy $g) lp gl
Norouzy et al., 2005; Ahsani et al., 2022; ) 544 0
Alinaghizadeh et al., 2007; Jafari Ahmadabadi et


https://doaj.org/toc/2676-461X
file:///C:/Users/soroosh-ams/Downloads/Gholam%20Reza%20Dashab%20\(0000-0003-2227-542X\)%20-%20ORCID.htm
http://dx.doi.org/10.61882/rap.2025.1485
http://rap.sanru.ac.ir/article-1-1485-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-03 ]

[ DOI: 10.61882/rap.2025.1485 |

Yy

WlosS D9 oo 03ltw] cusS (sl Callas )l 45Y Lo o
calp o Wi pla 3 is YL bl olp ol
2oyd (S b yed Mg cp i plitds o ol (6
..))I.) I) >

Mo Casdy pluils ool dles 5l ‘_5).».»4: slgls
P9 8118 Gl pyg Solaw pByme 53 LS YL e
Lol aisled oo jlaoaly angio |y (gdaxio (golasdl Glodo dlw
S (63508 Sl Gl b W5 Sy (o092 syl
odnliie bapld o > g5 Lol ei)l> Gl pyg 5)low &
O 3 Caogad cpl (G55 U8 g B Slo 9 298
o ‘.m(nl.)

ol s gere Gl el col (39 S ael
5 S dpns o sliwa WU & cllges olp
oo hey 3,S0e, op! (Gorbani & Behpai, 2020)
xS 5 bl g (S5 Sacglds jl gaiee e sl
dpy B b dalisee sladlp o i ol 5 ple
o5t S0P o) e S 5 L Snge SlaCad
SglS oy (6 Sl (Kamalzadeh et al., 2008) ol
(b Ol s ddlato 5 gyl (g2 b ogSatil og2
Joue P)wl ‘G:Lo ‘D).u.\)‘ )I odlaswl d’)‘b )‘ 9 ).».>1 dleJl.w
S e posl Wy Ll Gaa L o8 slaolp L
JuSis g dilaio > o8l s (Ehsaninia, 2011)
oMb (iBgie g yaeld dxly usSis el oyl (solaio
Gl Ly ol Ghygn domss 53 il Gy ) (Sl
Jlo s 0 1V s (odbaidl jlualy (gly 0 yoluis” STyg5
Sy oS Sl ddlaio llsely 51 (g0l slaw s
o S 5 )35 S G 315 g 5 61080
3llocige o Jlieww (oplucda clagls oyl b (6 S asel
Cuol adly 2g3g adlaio 0 (gyg0p0s Liulj8l jslaieds
(Asghari et al., 2021)

o9l jsbas (s pyg & Caoglie (gl (S5 sl
Sl &Sl b Mg banis (il gy ke Sy
SoS b gl plsl gyl syl o) 5 Codl S5
(b ySLAS B9 S d 5 sl (Sl 028 la gl
polie Cugis ply 53 &S K3)S Mg |y sl )l slagls
Cusl (Ses paye (Jbocpl b (Wall ef al., 2005) g
Gl dam0 D93 b 1y disy )l cllges jub Cas yudy
09,5 A3 N e ) Npld b gledls
b 3l eslatwl b 1) (QTL) (o8 o Ko (gl paiss
Py & Cunglie p J3e o] (Wolid (dly 83 oy
..3310:)5 )'Lé\ UL.W;

G0l (28 3 9 (555 dezme oty Lo oM (ol o 58

Sl Al loglS Curen > FEZL (5 g5 (Sisloysilon 4 300

4485 Cuenl 0j9,0l (Mohammadabadi et al., 2023
by 5 (e gaw e gljlime I (S0 oS el g0,
Bordbar et al., 2022; Shokri ef ) 39 0 (AU dxsl> 2
CeoMas s crols S il don dxwgi o 135 (al., 2023
P> (g oM (sl Jale dasla o 31 o 5 (29
Badakhshan and Mohammadabadi 2015;) cuwl
.(Nejad et al., 2024

28 sl Glpl (355 9 BIF (i Sl 5
Slop g Sl g oo 9 2)1 (VL Cengliio (2950 Jolge
o9) 525 PO 5 Sy (Gl oS S o |y 25
5 Cawl ) By gin pd ol o5 &S Canl (s as)
Sl o8 D)l (o5 Hlaw 3)Sles Wl b bylus o
S ol 1928 s sloalo g 5 b Jpuily J S e
Sy s ader Jlas 1 oYL (S slaculB g baolaail
Olyos dagylen @ Cuglie wile Jluogad picren
OM)lgn 9 8 sl U5 315 cpl (BinS 5 9 s>
Skl giilgn 0l > Sl § sbdlogs Sy
bl g olE eajl g ABY CuhS g CueS b My
Birjandi, ) cul asg5 BB ol5 ) 50 coslio (sdiylgp
(1997

ol b b dibie » Jls s Sl o8
5 baoylis 5l odel Cumsay BT aScliSa canl odg
Jlo YO+ a8 tiad o oyl A gur o ) (Sliwly lalis]
83)5 (o (SN (Sl o5 adlaio (] )3 oo o I iy
Glybl adlaio o i Jls 80 v g0 5l Sl o5 .ol
)lf d‘f LJ] )‘ o)lw 9 Cawol Al o0 u}p[m 4>Lv).)
Ol Camen .l 0l o3litul CubeS g b g5 o65y5liS
S B Gl s pame 3 e8] BB
.(Mehmarian, 2006; Naderi, 2004)

V0 ey s Ghgn kaulpd 3 Sl 5B
S5 1 e e e 51 S 33 i 855 S
Llod 5l ol o8 s )y (S pls Gl 5 43
el 95 gladl5s 5 gyl | S sE (xBan 5 3 e
Sl Ggl gle 1) (2 20> (e A6 46
Sl
Caol 0ad 03> oy Jlo Yero gly JBls wla p
Cudyls eVl cdedy pluila o8 (Nafez et al., 2012)
wld ol ghaw > md GNP cp e 5l (So (S
Gl e Ll 2 1y gl 3,Shae Jy w9 o
B} cudyls (Razavi et al., 2006) cul oy ol
plsl ol gol sb)lS 5 3l5 & bgye i Cllge
» uowdu Le(v] L?‘M 9 Lg..\pj)ls dhbii‘” 45])] 2 4».91)
opluade o8 cwl o Sl laa jg el Cumen L5 bl
2 Gsn Ol przmen 9 YU Mg g M5 oS ey
ol 51,W daoyd Gl dianslyy Caliseo (slaealdl g Loyl yas
g baws by ey plidda 510,850 0 1) bygudS ol

1- Quantitative trait locus


http://dx.doi.org/10.61882/rap.2025.1485
http://rap.sanru.ac.ir/article-1-1485-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-03 ]

[ DOI: 10.61882/rap.2025.1485 |

YA

G5 (b o3 5 (o5, dasee eolils Lo yade (ol yo g8

5 oS Slao b bgye gluils o il (S FEZL

Sed Syl iy pyg il & Canglie 5 0l (S
ol > (S £95 () sshaieds & ladllas ) ol
5 (Seloge slaJsba e b T bls) 5 FEZL o5
Gr S b (SeB) (Ses b plbdl (SCC)
» Gl prg Sobow L FEZL (f 53 (S5 slacib)ly
13,5 )55 dod YA :80be g doyd Arl B g diold
FEZL oKl 3l ons jiiuw 59516 (Urioste et al., 2012)
Hirata ef al., ) s)b il Lwae b, (awgigy palal 5o
Sslogw sl Jsbw i e sl QTL caa (2004
CLQTL | 3)50 93 &5 Wlosds [5)l55 9 ololis b
ailaio &8 6> )3 o VY pgigeg)S 59y od )IS
O &S Gl odd )5S .cwl FEZL )5 s idig
S99 G oS g oo Bo)b I (el g (ras dnwy
OrealS Apwlginel S 8,5 1,8 (Wu et al., 2001) 5l
1 glS i sws g (93b; 5U FEZL S s 5o
(Sugimoto et al, 2013) )b b ey & Mul
Lol oten (185 Way9)99 dnwgi 9 JyuS )3 FEZL (g
odd yb)l;S (Matsuo-Takasaki et al., 2000) .S o
kel b (g8 FEZL (5 0uiiSaS anl jo  ISbas &S Cow!
Ali) o)l gyl gxe bl3yl g8 13 4 Slogu (sl Jolus
etal.,2019; Sugimoto et al., 2006, Sugimoto (eztoall.l,

Sy e wyp b bS5 (o300 Cllas
pLol 4185 )3 yud (&S 5 (o Clio b S () ol>
Cato 048 S Ko cpiin olold 4 e oS Slods
Sobpaiss jl 518 had opd gl » (QTL) W5
S5 ol QTL oo 5 45 oo Bam o35
|y potie sl g b areds & ol QTN | azugy
Nl wyp b adlas Gl Gan 1 WS o Jugus
$olatl ppe Olino b o] bls)l g FEZL (5 oSl (S5
&S Cunl LQ(J dLZbWT 5 cpluida ¢ liwaw slaglE o i
slaasly p olen i ,50 clacsb,ly ololis & )jew 4
592355 ol SlS 5 g 50d 53 gllas g & ot (2ol
P2 L ekaibly pir pbiedSy ol pien
slocsbyly b)) (guyp o )13 (wyp 3)90 izl
5 Sl 5 plidle L5 cgls ;3 FEZL 5 olSyls
sl el adllas gl 3y S lio b gl (claazsegel
25 o plsl )b

g g, 9 190
s s Slagls ol YV 3lass sl s 53
b Sl sl g (oly Ve 095 ) cpleala
Sdls 5 Sl o8 Slibdss e 5l (Ll V) cpluils
SpSgs g B bl (Bolad jeboay i adlate o9

VEF /Y oyles [pod 3L Sl old Slas sla yimgs

Olsiea (SCC) yu (Siloges sla g Jlod co |l
T > oS £rSo)ul Cullh & s b adli
9Ox o )L g 00,50 s b 1y lag el
thw 2085 o odlael ol pyy lacdses
Canl (oS o K i pyg (6)low 4 Cumlun/ Cuoglio
Sl 53 5 3)b 15 S5 ol pain sl cou oS
239 low slp (QTL) (oaxie 55 ol calisw
oasld & b (Sslogw ladsle Jlod Cho g Gl
Ol P9 ol & s b Cunglie o orltiane 8
il oad Qlolid g slapgiges)S plos g9y 3 ecan]
O (el s )3 3 (55 o0l cpdi ol 2 ogdle
OOF (B 5l el Fly g by Jidg 59 3 Slas alox ]
.Malik et al., 2018)

)‘ ‘)A.AIJ wm) 9 Cuol J)s)f D)be )‘ \T:‘EZL uﬁ.}a))
359y 1 S U s 00l dpwlginel Sy s C2H2 o5
WS (o Jos 04 058 o (aghy) Jolo plgis s 553
Do oo Juaie Bun slay; 0 3'GCAGS™ Jlgv allis o
4 55 &S LolSin ool SA s pilows B slaiy 5 LS
Cunl B (agig) s 6 (lgiedr 9o Mo by £y
Onglow il sk 1y eSelymal g W) yeegs 59,55
i Sy Jgtes (IL8) A Selyil 8 K400
Sy o ol Cigie o & ol Jio 5 (slo g g
olts Slllhe gl sl (908 by prg Cogie &)
S lgieds FEZL 5 ,ldle )0 @lyuss o g4 a8 Slosl
S9) » 9 Sl b el 3Slas b pumgigy )9S
& e SIS o 515 (SCC) o Silogu sl I
Sl 326 Cigie o & b lissy Clee Sl
lply WS o Wl core (29)SwedS I g 2980
2y dols (law cpl GIal gl waendly o5l ool S
24 Ol 03 @kl b (SeB) ity o N2 je
powye ladaly > ol 515 /WYY U o[- FA dlb
9 t_imy) ul?wl L5J5 ol a|) Yy u.uLc JI)J C)’Lo‘
Chegini et al., ) Slogei jlsan |, ypmus (S35 clocily o
(2016

L oy QTL Y¥YF slaws :Animal QTL ool oSSL o
olo Loy (g ¢ 2> o yd dJ.o> )I 5l§ 3y Olas
(SCC 5 SCS M) bk pys lio | Lasye QTL
2 4 bpgjseg)S den g9y » WQTL slboad ()55
Carlen et al., ) 3)> 5959 BTAX 4§ BTA24 BTAI6
(2004

! Somatic cell count
2- Forebrain Embryonic Zink Finger-Like


http://dx.doi.org/10.61882/rap.2025.1485
http://rap.sanru.ac.ir/article-1-1485-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-03 ]

[ DOI: 10.61882/rap.2025.1485 |

ya

(Lopez & Bonasora, 2017) cul b cuas' b

Sl dn g0l yb CuiSy g cdy Jlg 5l SlS wde
Sooshie ady, S ol cuwaS L sly Bl db e
5 Mg Lged pp SS9 8 slaJlgs 4is) (jlpen
Huang ) 1 plosl CAP3 jl3sle 5 il eslawl b Sls” sl g
(& Madan, 1999

bl Jlg (0,5 len i cadslSs b Jlg (il
day .08 )5 0 BioEdit g Clastal w2 |58l 5 5l eolasl
F bl s by awls daly (35 wdyer |
(S 9 g dayiae S Jud Sl (S slaeoiul b
29 03l 5l awlite 30l Wl o &S Slolls olas
Dnasp v5 ,liley ;I oslitwl b Wl g6 opwimed 4
. pldl (Librado & Rozas, 2009)

€50 i yglateds (ol oo i g Sk
Sz lp FEZL () saselly Iy «Sesjold
Tamura et ) MEGAG6 l38ls 5 5l eolatol b awyp 390
Sl g b g iulps 5l w035 i (al., 2013
oS 298 o0 03l (Q) (o 5o 1 esb9y () 3 235 o)
o 5l (iS5 By 54 sl IS G pile nl
P9 .)9“:& ul};ul J..wl) e 92 LgYL ;,@L..w IRVLY uL.J
Bootstrap ,iolie .34y 0 )84 JS5akd by 5l Oleiil S
CEd kel Cawddy Do (6 pShiges Sl Voo e aluga
5 o5V bl 1 o3l LN (g alowgas (S59k

L)=c-2d1)-=dGk-2d@ k) )kl

plk asls ik g1 a8l oy dbolo:d (1, ) YU alaly j»
sradls ooae Hlaie :Q (4, ]) g adls S sl s o
A J g1

09 Casdty gl ety Sl b ) ian
9 G sl ) basslSs LKl 4 gt i
W okl (o daes

e o g JSbain GbelSile g1 plie s
e B o s olSy 5 JSoxs ol QTN
SAS Jl38le 5 GLM 455, 5 Jos sla Jae b (5,S5LiscSS
158D 3905 305 0y Jhe b illas /¥ s

Yijk = M + Breedi + SNPj + eijk Y dayl,
ol yuds Olas & bayyo (sl )58, Yij YU aloles

Ot S 03le Mo yd g S Y (i Jo)d (2 Moy
Jols a5 51 Breedi «iwe o 5Ske M cunl oy
slacib,lg 51 SNPj ¢ st (claaiseel g oplbile Sl
olledl slas eijk 5 A5l Sl oKl jo
Slabus slcws » g g9 slbs oual gl s
oy S la WSl wulyd jo b edlatnl | Sgy00 Cud

auglio pol S (S5 (Shg) 9 4oy B Jloinl daw 53 Cilises
AW

L§5)T u.’>)3 d.)l.b: 9 L;Cf) Josro ;gLﬁla Lo).oﬁic sL;BDI)A ):55

Sl Al loglS Curen > FEZL (5 g5 (Sisloysilon 4 300

5 ol Jol 058 53 lapls plos .85 plosl (535 49 5l
1o 35 iwe epSo)ul gy Sale Yo YV s
9 Twe (9900 Cags 93 | b (&S Clas 5 gl &l
Slas 4550 .c8)S pll dalodw 0y S (b )3 g pas
Slpogas 535 plos] b psle oS lofl Sulgon b o
5PV o g (2 (g Suid oo g 2 Mo
L (g S0l b

sl 1.2 03l (ggl> sladlgl )3 (53,5 %9 51 (6 g5
05> sbdiges .cd)S pbsl (103 ) EDTA (55b) 55
ooy b g Jate (ol psle 09,8 oliylofl 4 g2 )
JS DNA gl sesl Suad (6)le55 55,8 50 DNA !5l
S8yt wibanr So ik of cbase
ploml (Ll oKl i (5psldcuns)) 55 (6yglidcums
o yd [0 3,5 Js 59y 2 0 C‘)z.w;lDNA U £oé,s
slp Al plie CudS &5 pladiges g A5 5989 S]]
45 edliw] PCR puisS j28Ty

PFEZL (5 oSl 5l g5k cin VWA aabad 1S5 (4l
S bl laasel 5 plitle (i Al slagls
5- s, ol S5l i
cuiSy 9 TCCAAGACGCTGCTCAGTTA-3
Ali et al.,) 5>CCACAGCCTGGTTGATGAC-3’
leslazwl b ol 5 ol as o £v Jlasl aigy (slod 45 (2019
CS ) N) gl CSyE eSheyine oS
A ookl (bl o&uisly —55 (sy9bdcuns

Y els gSee YO ol e 0 iS5 iy
NO (sidsSeo s 5515 AFI0) w53 DNA jily oo
CulS 9 28y yoalyy o 3l il Se Sy laiie O g S
oo WD coled > 5 (de)See > p S5 V)
OSeb balote b a8lsl g Sue 4y (2X) Master mix
wloyS 4oy 08 Jite Jlsgey olSuwd 4 jSke
A (slod ) adgl (3,5 0,5 Jald jlpe 02 (45T
Jolis JSuuo YO asldl )3 g adds & e jo o) F Sl 4y
S5 Sdods 31,5 il a5 50 A0 (slod )3 495l 40,5 05500
oS Bl dx p Fe slod ;0 B 5 4 el Juas] casids
D VY by 000 adel lawy g a4l £ Cneny
lbod o ol s coled ) 9 4l O ey 01,5 Sl
pldl a5 > G b p> 4By Ve Sdeds 3,8 Sl 4> 2 VY
Skl polely Jlg s lp PCR &Y gae .c8)5
W 0f 34s) BRI 0 b S8 @ cudS g 28y
A58 (I s S0l (g5 ealial b g Jlol ()46

L by csloods alg o S 6,55
P oed CutsS o sl g b pbsl (Chromas) )l38ls 3
obile 3L sla g5 aile 5 ks Bl ladiges (slail ¢ Il
LS 0,33 (cdw sl idUl sl (¢l FASTA caoyd b
slagingh diej 3wl cbl@les 5l (So legS
o 9 S CadsS (oyp o B & cul (S5
5 oohger 9 eMgpn Slasliner pasis

1- Neighbor-Joining

2- Maximum Composite Likelihood


http://dx.doi.org/10.61882/rap.2025.1485
http://rap.sanru.ac.ir/article-1-1485-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-03 ]

[ DOI: 10.61882/rap.2025.1485 ]

éj)‘l L?)B dblﬁ 9 LSC;) Joe ‘yulb Lo).aM.c ‘k;lé.\l).a ).:55

u..oLa.ol sl pesly 5l eslawwl L FEZL o Kl 5t
AShwge 5 olKuss b o Kb asjd £ Jlasl aips slod o
2SS S e g A iS5 (IS pel edyunl) Byl Jae
55 Sl gl 53 SN 2mys ) 351 5 o)

(B-y

FEZL 55 55L ca=> YY4 &L

Ladder M100

B

VFF /Y ojlods [ plis Jlo ols lidgs lajimg,

9 M glZel Cuddge b aiBliaigy (S ybg,4 DNA

Al (A-) JS5) aops /0 581 J5 95 2 529858l
Dy gan Slilejl plsl gl DNA Culio cudsS 5 CaunS
b g )See 53 p,S L AF/0 &gei y» DNA clale ,Slo
Can VYA dabad ¢ 00,8 duwlbre Olpogill eolatl

Ladder M100

G YV 4ol 13S0 O g do)d S 5y Sl g (A) adly dipy (Sod g ydy 04 gl yociwl DNA o y> /0 55989 xSIl =Y IS0s
Ll cbaisesal 5 Sl plidle clagll Caliseo (claaiges 5 (B) FEZL _; o> 5l (s5b
Figure 1. Electrophoresis of 0.5% of DNA extracted by the optimized salt method (A) and electrophoresis of 1% of

amplification products of the 229 bp region of the FEZL gene locus (B) in different samples of Holstein, Sistani, and
their crossbreds
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KMO005-F-F- CCACAGCCTGGTTGATAACATGCGGTTGATGACCTTGCCCGCGGCAGCGCGAGGGTACCA
consensus CCACAGCCTGGTTGATAACATGCGGTTGATGACCTTGCCCGCGGCAGCGCGAGGGTACCA
KMO005-F-F- GGCCCAGTTGGCTTGCAGCACACGCCACAGTTGGTTTGCACAACCGTGGCGCCGCACACC
consensus GGCCCAGTTGGCTTGCAGCACACGCCACAGTTGGTTTGCACAACCGTGGCGCCGCACACC
KMO005-F-F- GGGCCCCCCCACCACCGCCTCCACCTCCTCCTCCGCCGCCGCCGCGCCGCCCGCCCGAGG
consensus GGGCCCCCCCACCACCGCCTCCACCTCCTCCTCCGCCGCCGCCGCGCCGCCCGCCCGAGG
KMO005-F-F- GTTCCACAGCCTGGTTGATGACCTGCGGCTTGATGACCCTGCCCGCGGGCAGCGCCGACG
KMO005-F-R+ GGCAGCGCCGACG
consensus GTTCCACAGCCTGGTTGATGACCTGCGGCTTGATGACCCTGCCCGCGGGCAGCGCCGACG
KMO005-F-F- GTACCAGGCCCAGCTCGGCCTTGCAGCACACGCCACAGTTGGTTTTGCACAAGCCGCTGG
KMO005-F-R+
GTACCAGGCCCAGCTCGGCCTTGCAGCACACGCCACAGTTGGTTTTGCACAAGCCGCTGG
consensus GTACCAGGCCCAGCTCGGCCTTGCAGCACACGCCACAGTTGGTTTTGCACAAGCCGCTGG
KMO005-F-F- CGCCGCACACCGGGGCCCCCCCACCGCCGCCTCCACCTCCTCCTCCGCCGCCGCCGCTGC
KMO005-F-R+ CGCCGCACACCGGGGCCCCCCCACCGCCGCCTCCACCTCCTCCTCCGCCGCCGCCGCTGC
consensus CGCCGCACACCGGGGCCCCCCCACCGCCGCCTCCACCTCCTCCTCCGCCGCCGCCGCTGC
.KMO005-F-F- CGCCCGCCCG
KMO005-F-R+
CGCCCGCCCGGAGGCTGCTTTTCCAGAGCTCAGAGTAACTGAGCAGCGTCTTGGAAACAG
consensus CGCCCGCCCGGAGGCTGCTTTTCCAGAGCTCAGAGTAACTGAGCAGCGTCTTGGAAACAG
KMO005-F-R+

CCTCGGGCGGGCGGCAGCGGCGGCGGCGGAGGAGGAGGTGGAGGCGGCGGTGGGGGGGCC

consensus
CCTCGGGCGGGCGGCAGCGGCGGCGGCGGAGGAGGAGGTGGAGGCGGCGGTGGGGGGGCC

KMO005-F-R+
CGGTGTGCGGCGCCAGCGGCTTGTGCAAACACTGTGGGGTGTGCTGCAAGGCCAGCTGGG
consensus CGGTGTGCGGCGCCAGCGGCTTGTGCAAACACTGTGGGGTGTGCTGCAAGGCCAGCTGGG
KMO005-F-R+
CCTGGTACGTCGCCTGCCCGCGGGAGGGTCATCAAGCCGCAGGTCATCACCAGGTGTGGA
consensus CCTGGTACGTCGCCTGCCCGCGGGAGGGTCATCAAGCCGCAGGTCATCACCAGGTGTGGA

Figure 2. Contig generation from the forward and reverse sequences of each sample with CAP3 software for the
FEZL gene in Sistani, Holstein, and their crossbreds
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Figure 3. Pairwise and multiple alignment results with the Clustal W method of MEGA software for the FEZL gene
in Holstein, Sistani, and their crossbreds
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Figure 4. Polymorphic regions in the sequence of the FEZL gene in Sistani and Holstein cows and their crossbreds
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Table 1. The substitution matrix of the FEZL gene locus nucleotide sequences among all samples by the maximum

likelihood method

G C T A
9.26 12.48 4.44 - A
11.83 14.32 - 4.97 T
11.83 - 5.09 4.97 c

- 12.48 4.44 3.89 G
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Each entry is the probability of substitution (r) from one base (row) to another (column). Substitution pattern and rates were estimated under the
Tamura-Nei (1993) model. Rates of different transitional substitutions are shown in boeld, and those of transversionsal substitutions are shown in
italics.
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Table 2. The substitution matrix of nucleotide sequences of the FEZL gene locus among Holstein cows by
the maximum likelihood method

G C T A
15.36 9.30 3.06 - A
9.05 22.31 - 3.30 T
9.05 - 7.33 3.30 C
- 9.30 3.06 5.60 G
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Each entry is the probability of substitution (r) from one base (row) to another (column). Substitution pattern and rates were estimated under the
Tamura-Nei (1993) model. Rates of different transitional substitutions are shown in bold, and those of transversionsal substitutions are shown in
italics.
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Table 3. The substitution matrix of nucleotide sequences of the FEZL gene locus among Sistani cows by the maximum

likelihood method
G [¢ T A
8.85 13.98 4.61 - A
12.38 11.78 - 5.00 T
12.38 - 3.88 5.00 C
- 13.98 4.61 3.57 G
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Each entry is the probability of substitution (r) from one base (row) to another (column). Substitution pattern and rates were estimated under the

Tamura-Nei (1993) model. Rates of different transitional substitutions are shown in bold, and those of transversionsal substitutions are shown in
italics.
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Table 4. The substitution matrix of nucleotide sequences of the FEZL gene locus among crossbred cows by
the maximum likelihood method

G C T A
11.10 12.56 4.45 - A
11.72 13.43 - 4.49 T
11.72 - 4.76 4.49 C
- 12.56 4.45 4.26 G
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Each entry is the probability of substitution (r) from one base (row) to another (column). Substitution patterns and rates were estimated under the
Tamura-Nei (1993) model. Rates of different transitional substitutions are shown in bold, and those of transversionsal substitutions are shown in
italics.

9 oYL (b la telils )3 (pizren didgy Gl (plitle GlaCarer Gn LKl 2o O e
Slacums 4 Glie i Gl lop pieS RPeS 9 YL ey e L ) laseel g (Sl
Loy pliide g Sl 5 opliids Cuzer 4 by coipay Jlnl il do)d

FEZL 5 olls )3 baaseel g (Sl (plidla clacures oo o (ablis 5 Jsl o5l elgl boyd -0 Jod>
Table 5. The percentages of transitional and transversional substitution types among Holstein, Sistani, and crossbred
populations in the FEZL gene

J““L‘“ il ) uju"‘“ el ey (Population) czes
Transversional substitution % Transitional substitution % -
(Holstein) ;ybuile
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Table 6. Percentage frequencies of nucleotide sequences of the FEZL gene locus within and between purebred and
crossbred cows by the maximum likelihood method

G C T A (Population) coze>
36.64 37.63 12.37 1336 (Holstein) cyile sy
344 38.87 12.81 13.89 (Sistani) 3t cloglS
35.27 37.8 13.41 13.53 (Crossbred) sl
35.08 37.01 13.16 14.75 (Total population) cuzes JS
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Table 7. Transitional and transversional substitution coefficients at the FEZL gene locus in Holstein, Sistani, and their

crossbred populations

(1) bl Josl 0 o

Ratio of transition to transversional substitution

(Population) cuze>

0.75
0.3
0.37
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(Total) Js
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Figure 5. The results of the phylogeny analysis of the nucleotide sequences of the FEZL gene locus in Holstein,
Sistani, and their crossbreds by the neighbor joining (NJ) method
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Table 8. Estimation of the average evolutionary divergence on the sequence pairs of the FEZL gene locus between and
within the Holstein, Sistani, and their crossbreds (the numbers in the parentheses show the standard errors)

(Crossbreds) sl (Sistani) sl (Holstein) :ybuils (Population) cuze>
0.019 0.018 0.104 (0.018) (Holstein) yluile
0.012 0.044(0.008) 0.12 (Sistani) (o

0.15 (0.023) 0.096 0.126 (crossbreds) lsdisesl

Gl b b sl mad e i 1) bcuses g dlE oy 55 (ol )STs ke Hlad 5l 2,15 slael g Lol 19,0 jb cin cams 3 2,51y (1Siko Jlab g9 dlacl
pbol (Tamura & Nei, 1993) -1y50l Jao 5l ookl b by Julog g 4500 sl o 03l (LS 09,5y ;0 dllid chacas plod )0 (655 1nSke 5l ol yo )
The numbers on the diameter show the average divergence in base pairs within breeds, and those outside the diameter show the average divergence

between breeds and populations. The number of base substitutions per site is shown by averaging across all sequence pairs in each group. Analyses
were performed using the Tamura-Nei model (Tamura & Nei, 1993).
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Table 9. Average genetic diversity or evolution between different populations of Holstein, Sistani, and their crossbreds
at the FEZL gene locus

3,5kl sllas B3 8y (56 ke

Standard error Mean of genetic diversity
0.01 0.1 (Mean diversity of within populations) bCuzes (yo §,85 SSbe
0.01 0.1 (Mean diversity of total populations) cuzes> JS' 585 ke
0.03 0.01 (Coefficient of evolution diversity)  JLolS5 5le5 ¢y
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Seq KMO01-HI A A G T C A G G C C A A CCUCCOCTOZCSGS GTCTCSGTCGSGTTCOCTT G
Seq_KMO002-H2 B B B B B B B B B B
Seq_KMO003-H3
Seq_KMO004-H4
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Seq_km0012-52 B B
Seq_KMO0013-S3 B B B B B B B B B B B B B B B B B B B B B B
Seq_KM0014-54 NN N -]
Seq_KMO0015-85 B B
Seq_KMO0016-S6 . C
Seq_KMO0017-87 B B B B B B B
Seq_KMO0018-58 B B B . A C A
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Seq_KM0020-310 T B B . T T ACT . A AT A AT C . T[T B B B B B B
Seq_KM021-HS1 B B B B B B B . B B B B B B B B B B B .G . . A . T G G G A G C
Seq KM0022-HS2 B B B B B B B B B - G B B B B B B B B B
Seq KM0023-HS3
Seq_KMO0026-HS6
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Figure 6. Unique two-variant regions of FEZL gene locus sequences in different populations of Holstein, Sistani, and
their crossbreds.
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Figure 7. Two non-unique variant regions of FEZL gene locus sequences in different populations of Holstein, Sistani,
and their crossbreds.
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Figure 8. Three-variant regions of FEZL gene locus sequelr)lce; in different populations of Holstein, Sistani, and their
crossbreds.
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Figure 9. Four-variant regions of FEZL gene locus sequel%)cesd in different populations of Holstein, Sistani, and their
crossbreds
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Table 10. Analysis of deletion and addition regions of the FEZL gene locus in different populations of Holstein, Sistani,

and their crossbreds
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Table 11. Analysis of polymorphic regions of FEZL gene locus sequences in pairwise comparisons of different
populations of Holstein, Sistani, and their crossbreds.
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Table 12. Descriptive properties of milk compounds in Holstein, Sistani, and their crossbreds

(Holstein) ;ybuils
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Co\?;"ggit?grtl of géz‘i/rilsg(r)i Maximum Minimum Mean Sample Milk Components
51 1.66 6.03 0.87 3.26 10 (Fat %) (gy> Loy
57 1.43 6.11 1.19 25 10 (Protein %) (g S
46 1.41 6.33 1.4 3.05 10 (Lactose %) j5:5Y oy
22 1.24 6.5 3.29 55 10 (Dry matter %) (g, o9t Sis 03lo 2oy
(Sistani) sl
255 135 7.38 313 5.8 10 (Fat %) o> oy
14.78 0.47 3.78 2.4 3.16 10 (Protein %) 1Sy duoyd
15.78 0.69 5.25 32 437 10 (Lactose %) j55Y 1oy
16.31 131 9.77 631 8.01 10 (Dry matter %) sy cips <Sets o3ko o>
(Crossbreds) sl
16.42 0.46 3.46 237 2.8 7 (Fat %) oy o>
11.89 0.22 2.18 1.74 1.85 7 (Protein %) uSsy duoyd
14.22 0.34 2.89 2.2 2.39 7 (Lactose %) ;55 oy
11.33 0.56 5.78 4.64 494 7 (Dry matter %) 3 st St o3ke 105
(Total population) cuses JS
40.49 1.66 7.38 121 41 27 (Fat %) s oy
38.8 1.04 6.1 1.19 2.68 27 (Protein %) (ufSgy 4oy
35.89 1.26 6.3 1.4 3.51 27 (Lactose %) j55Y oy
27.82 1.82 9.77 3.29 6.54 27 (Dry matter %) sy cip <Sul o3ko o>

Table 13. The results of analysis of variance for the effects of breed on milk composition in Holstein, Sistani, and their

crossbred cows.
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##Means are significant at the level of < 0.01, and ns means no significant difference (P > 0.01)
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Figure 10. Evaluation of the effects of polymorphic regions on the milk fat percentage trait in Holstein, Sistani, and
their crossbred cows
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and their crossbred cows
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