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The fertility of female cows is the main factor for the survival of dairy farming. This
study was performed to determine the differentially expressed genes in fertility in
Holstein cows using phenotypic data and next-generation sequencing (NGS)
technology. Corpus luteum samples from 18 Holstein cows at up to two parturitions
were used in two high and low fertility groups, three samples from each group were
pooled together and a total of three biological samples from each were submitted for
whole genome sequencing. The preparation and analysis steps were performed on the
Galaxy 22.01 platform. DAVID (2021) database were used for gene ontology. The
results of differential gene expression analysis in luteal tissue showed that 19 genes
out of 13049 expressed transcripts had a significant difference in expression between
high and low-fertility cows with an FDR-adjusted p-value (g-value) of less than 0.05.
UBE3B, NIF3L1 and ORC2 genes were three functional marker genes that were more
highly expressed in the corpus luteum of high-fertility cows. The UBE3B gene is
involved in biological processes as a protein involved in the catabolic process of
ubiquitin-dependent protein. NIF3L1 is involved in the biological process of neuronal
differentiation, positive transcriptional regulation, DNA pattern, and negative
transcriptional regulation by nucleic acid pattern. The ORC2 gene plays a role in the
biological process of DNA replication. The genes KRT8, PHLDB3, PPT2,
LOC787628, PPYR1, TOX, TP73, DHX8, KCNN1, CLEC6A, PXMP4, LRRC26,
SLC34A3, and OR13C7 have been shown to be more highly expressed in the corpus
luteum in low fertility cows. Among these genes, three genes PPT2, PPYR1 and
CLEC6A were functional indicators. The loci UBE3B, NIF3L1 and ORC2, which
were expressed more strongly in the corpus luteum of highly fertile cows, can be used
as functional indicator genes in the genetic selection of dairy cows.
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Extended Abstract
Objective

The fertility of female cows is the main factor for the survival of dairy farming. The interval between

calvings and the response to the first insemination are used as the most important fertility traits. Infertility and
low fertility are important and widespread problems in domestic animals, and the main limitation of
reproductive efficiency in mammalian species is embryonic mortality. This study was performed to determine
the differentially expressed genes in fertility in Holstein cows using phenotypic data and next-generation
sequencing (NGS) technology.

Materials and Methods
Corpus luteum samples from 18 Holstein cows at up to two parturitions were used in two high and low
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fertility groups, three samples from each group were pooled together and a total of three biological samples
from each were submitted for whole genome sequencing. RNA sequencing was performed with lllumina Hiseq
2500 using paired-end reads, each read being 75 bp in length. The preparation and analysis steps were
performed on the Galaxy platform. Quality control was performed with Galaxy FastQC. For low-quality
samples, the Trimmomatic software was used to remove substandard samples. HISAT2 software was used to
match the transcriptome reads to the cow reference genome. After mapping the transcripts to the reference
genome, the expression level of each transcript was counted using the featureCounts softwar. Differential gene
expression analysis was used for two treatment groups using DESeq2. Gene ontology using the DAVID
database was performed for genes that showed significantly different expressions between the two treatments.

Results

Results from the Trimmomatic software showed that only 0.87% of the data was deleted and approximately
99.13% of the raw data was used for mapping to the reference genome. The results of the alignment showed
that 93.48% of the transcriptome sequence mapped to the reference genome, 90.58% to one site, and only
2.90% to more than one site. The results of differential gene expression analysis in luteal tissue showed that
19 genes out of 13049 expressed transcripts had a significant difference in expression between high and low-
fertility cows with an FDR-adjusted p-value (g-value) of less than 0.05. UBE3B, NIF3L1 and ORC2 genes
were three functional marker genes that were more highly expressed in the corpus luteum of high-fertility cows.
The UBE3B gene is involved in biological processes as a protein involved in the catabolic process of ubiquitin-
dependent protein. NIF3L1 is involved in the biological process of neuronal differentiation, positive
transcriptional regulation, DNA pattern, and negative transcriptional regulation by nucleic acid pattern. The
ORC2 gene plays a role in the biological process of DNA replication. The genes KRT8, PHLDB3, PPT2,
LOC787628, PPYR1, TOX, TP73, DHX8, KCNN1, CLEC6A, PXMP4, LRRC26, SLC34A3, and OR13C7
have been shown to be more highly expressed in the corpus luteum in low fertility cows. Among these genes,
three genes PPT2, PPYR1 and CLEC6A were functional indicators. The PPT2 gene is responsible for the
removal of palmitoyl groups from a macromolecule, the PPYR1 gene is involved in the biological process of
cell surface receptor signaling pathway, neuropeptide signaling pathway, nutritional behavior and blood
circulation and the CLC34A3 gene plays a role in the biological process of cellular phosphate ion homeostasis.

Conclusion
the loci UBE3B, NIF3L1 and ORC2, which were expressed more strongly in the corpus luteum of highly
fertile cows, can be used as functional indicator genes in the genetic selection of dairy cows.
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ENSBTAG000000457 Leucine rich repeat containing 26 % 10 —V/%a Iv¥Y ofes ofee
34 (LRRC26)
ENSBTAG000000529 Olfactory  receptor  family 13 A VEVA —\/\Y /Yy ofee s
21 subfamily C member 7 (OR13C7)
ENSBTAG000000463 Solute carrier family 34 member W 7aq —\/-¥ HAR ofee /¥
79 3(SLC34A3)
ENSBTAC15(2)00000058 Tumor protein p73(TP73) \§ VAFY —\/-¥ /vy ofee ofes
ENSBTAG000000387 Peroxisomal — membrane  protein WY Y'Y —+/AD . Y¥ e /40
38 4(PXMP4)
ENSBTAG000000043 Pleckstrin  homology like domain A DAYD —+/AY </IYY ofee /¥
77 family B member 3(PHLDB3)
ENSBTAGO000000045 Cytochrome P450 11B1, \F VWWAES —+/A- -/YY ofee /40
96 mitochondrial(LOC787628)
ENSBTAG000000049 Thymocyte selection associated high V' ADVO —o/A- -/YY ofee /0
54 mobility group box (TOX)
ENSBTAG000000086 Potassium calcium-activated channel v YYYY -/va .Yy e /¥
26 subfamily N member 1(KCNN1)
ENSBTAG000000501 vomeronasal type-1 receptor 4- VA EYYY — /Yy AR ofes A
75 like(LOC107131477)
ENSBTA(;gOOOOOOSS DEAH-box helicase 8(DHX8) \q YN /Yy <IYY ofee /0
ENSBTAG000000008 d YV —-/v& <IYY ofee /0

36

Keratin 8(KRT8)




VYV OlR0 s b o (ol o S5 U0 j ez <8l 40 (5590 b i po (slay§ (] o adlllao (odiagjr — (oole)

St (63,Skae a3l o5 4w ORC2 4 NIF3LL UBE3B (sla s conl odnlie b5 ) Jgdr 3 45 4568 slat
YoV aeus DAVID olSyl 5l o3litl | olis s clile 5,15 35 655l b aloglS 55 csyicir ot lzne &S
O 9Stsn 4 Aty B9, Sl AT 50 555 B lyisdr (Soflgn sloanlys > UBESB ()f a5 ol Ly
Cudo m.'a.u 099 )4143 LSS")9J9"" ..\AJT).‘) Pl NIF3LL .ol oids aids O 9@ A\’ o)l.o.af: f?j?aﬁ)f 9y 2 a5 Cowl
LSriedem 3l b 93 ORC2 15 comizmon 3,13 i «SallS 55 ol (555 b mgin) sie onksts ¢ DNA 55l ¢ gz sisy
NIFBLL 5 3,1 3935 Mgt 5 4t > UBE3B (5 Joko (slsioma ka5 §1 8 oo (65 i DNA g5lutislon
(lag)S 9y yagli 4l (slatun pojgeg)S ol g ORCZ () g o391 (5)uS gine 9 gl it 9j>
8l sn sLid g pojg il sl Liie (giluislon (aseil geizme (oS]yie pgjgeg,S (I3 58 gitsS

t Moy
Cellular Conten CCUlar 5
Une tio

NIF3L1
CLEC6A LOC787628

SLC34A3

Sl glite o b sl ugardls sl g Slaged V' S

-

10 s isine g b 5 V50 L 45 13,5 5l 3,5 o 53 (oot Sl Cadgiy 236 W T Ll 3o
& > WY 59, 50 1y o5 WAV slaws (Ghafouri et al (2022 .5sls oLis o8 (659)b 9 3b5 (6)9)b b (sbagls jo )by cglas
(p<0.000001, Fold change>0.5) 1> sz cuglate by Cyguas 05 935 (6)5L b (oogls 13 3y pus il jo b
CglS o 55 pme <8l o 318l Lo b slayf olaw 5 adllae S o (Ghafouri et al. 2022) w3405 jo)l55
.(Moore et al. 2016) cul ouis (o)155 +/+0 jl yiaS odds gl ()l sixe pdaw byl 4y 30 05+ y9)L o5 5 59,

35 odle gy slaglS et o S diges axxs Bos_taurus_UMD_3.1.1 (bostau8) asw.s o5 x>0 45
s Cusl ods (33x0 YOF yuoled YO Zo )b 0 poles (6590 51 oalatwl b OX ilgd Ges b &S cunl 55850
YV, A sl ol 51 a8 ol (45 ¥ AVY Jold g ol 4 s pgige9,S Vo 69y 2 45 Cunl Sb s Y SEL VYN

1Biological Process
2Cellular Content
3Sanger



VFoY pguw &ylais o )l g oLty 5599 oy pt) i) 0l pgle y puii VA

poi b gilyen olise cpils adllae j> (Merthant et al. 2014) wib b oaiS 88 p o5 0,0V 5 oaiS A5 )5
-V\ o (Attari et al. 2019) woys F+—V+ 48,5 &g Slalllas b duslio )3 45 Sol cowds AY/FA (1SSko jolos gy
s aS ol i (YoVY) ohlKea g (gy908 Ollllae ol a9 LB lude (Moore et al. 2016) soys 0
& Cos b5 6o,k b olagl 55 pee <dl > JSP.1 MASP1 OAS1IX ALPK3 .COL4A3 NT5DC3
b 2lagls woytegnil cdl > gl lo b o3 ¥V o650 adllas p3 .l atily oLy Lials o5 (6y9)b b slagls
3Shes o Jsbos Sl (slinl 5 0T (Safabaezed 45 a3 s cul S 205 WY o 5d Ll o 35 559k
e9ad 3 o5 ol 9y » ikste Sllas ol 4 0gMe (Moran et al. 2017) sl el e JEig Jo> 5 (gho]
(Gonella-Diaza et al. 2017) cusl ous (5)i5 (ogad ol 3 b glayf g o pbl calisee (glacdl )5 (g9,
NIFBLL o5 el 315 b 5 (g criisSatst 53l ol 5 JsSUga 3,Slas (51, UBESB

H5Sge 3,Skos cloa ul 3 5 3,15 o 1y Sy B JLadl cison 5 ougin 956 & Jlail JpSlye iy
yome > UBE3B 5 KEGG Gojlaall 0y (So5elow (sl s 3 .Cusl DNA iS5 Lide 4 Jlasl ORC2 5

2 ORC2 15 o5 5 ol 005 asetio (g ppne NIFBLL (gl Lol )l 5 piSoSnsy dlawsly b lsia s (sialb
SYNM (slay; ol ol i Oldllas o .0)l id Jolo ad o 10 oL cpl 5o i cud slaodly bl
£2 LCA2 CD83 MSTN P116 S100A9 SERPINA14 ADAMDEC1 COL12A1 NXPE2 PARM1
25 e €8l g oo ptog il Bl 53 Syidie Cygeas o5 690k b slagls & Canmd 3L (5y9)b b slagl > C5 SAAZ
WL 00k el S 55 i 4 Cal 005 AL (s 95 VO pyjges,S 40 & NXPE2 15 &8 cal 039 s
.(Ghafouri et al. 2022) cuol sais
KCNN1 DHX8 .TP73 .TOX PPYR1 .LOC787628 PPT2 PHLDB3 KRT8 (sla\j cpuol> 3ais j>
sl 0303 JU5 gyt o e o8 £ya)k L (sloglS )5 OR13CT7 5 SLC34A3 LRRC26 PXMP4 CLEC6A
1l 3 PPT2 15 063,50 wguone adli glagyj o3> CLECBA 3 PPYRL PPT2 o5 aw b cnl ol 5
Lo 95 PPT2 05 505 ssgs 2| JsUs05,8le 731 Jsiuadly (sloos,S it JsSUges Sle (ysemdlisialls (s
2 gt Ol polol ol Joho 2)88 959551 5 (Joho J3I> sliis 4 dga00 Saluil pgjond (Joho
G Ol Jolgd y9in ) a5 )l omes ) (i) sl SYoriee ol of ol (Jsge 3,8kas o9
o el o Gl 452 53 55 (ol KEGG (5lo yo )3 35 oo 325 Slially 5 (8590 &0 |y sl
Aol PPYR1 5 .(Dennis et al. 2003) 18" o Wl (i poio5d 9wy (sl pudgilio « gl (sl puno
PPYRL ls 5 (i (53,5 9 40355 )by chiingyg9 (505 JiSew po sk s 53555 (25 JUs ypos (i
S 5 i Jle o cwl (aSgp lapnSheS 5 (55 Y gaze | Ko 5 olewdy i pilole
(el 9 WY iy 02 S Cllad () cpl J9ge 3 Sae a1l 0l (giluls Lis o S0l 4l o o) st
Slis) e 0355I Sy ) s 3 PPYRL (55 8 o 38 (ol ol sty 0,8 cled
id Sy s 8 Sppo s sl ol sLié 3ol <> CLECBA 5 (Dennis et al. 2003) ' o i

1Protein Coding

2None Coding

3Molecular Function

4KEGG Pathway
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6Macromolecule depalmitoylation
7Palmitoyl-(protein) hydrolase activity
8Neuroactive ligand-receptor interaction
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