
Genomic study and Medical Subject Headings enrichment analysis  
of early pregnancy rate and antral follicle numbers in Nelore heifers1,2

G. A. Oliveira Júnior,*3

Ventura,

 
 

 
 
 

 

ABSTRACT: Bos indicus

Bos taurus

-

-

-

-

-
P

-

Key words:  

© 2017 American Society of Animal Science. All rights reserved

-
3

Published online November 9, 2017



Genomic study of fertility in Nelore heifers

INTRODUCTION

Bos 
indicus -

Bos taurus

-

-

-

GWAS

-

LD

-

HP
-

IVF

NF

-
-

-

MeSH -

 

-

-
-

ment analyses of these regions, aiming to increase 

MATERIAL AND METHODS

Data Set

Segredo 
Engano CFM

-

-

CG -

-

Traits

Heifer Pregnancy. 



Oliveira Júnior et al.

-

-

Number of Antral Follicles. 

 Engano Segredo

Genotypic Data

Bos indicus -

B. indicus

-

-
-
-

-

Variance Components Estimation

 for 

y = Xb + Za + e,  

y -

b

a
X Z b

a y e is a vector of 

-
-

a e

0
var

0
a

e

a H

e I
,

a e  are the variance components of the 
I is 

-
H

-

0 0

22 22

H A
G A A

,

A -
A22  is the inverse of the conventional rela-

G

pi pi

M
ith column are 0 

pi pi pi

Table 1.

by farm
Item

377



Genomic study of fertility in Nelore heifers

 is the transpose of M pi is 
i

-

MCMC
-

ing the boa

Genomewide Association Study

r

r

A, a, B b -
-

-
-

k

ji i i j

i

x ey Xb

y, X b k is 
xji is the column vector represent-

i for animal j
i is 

i i i
iN i i i i N i

i i ej e
N e i

|i ,

 -
i vv S v S  

ee e e e e vv S v S  
e -

iv S v e e ev S v ne e , 
n

-

-

w gw gq ,

-
tion, gw

w g  is 

on sampling gw g

Gene Search and Functional Enrichment

-

P -

RESULTS AND DISCUSSION

-



Oliveira Júnior et al.

-

Genomewide Association Study

-
sion of the article at 

r

-

r
-

 

-
-

-
-

 

-

 

 of 

Medical Subject Headings Enrichment Analyses

version of the article at 
org
see the online version of the article at -

P

-
P

-

-

-
-

Table 2. -

h  
 

h
h
r

r -



Genomic study of fertility in Nelore heifers

-

-

onset of puberty in lambs through its role in activation 

-

-

-

-

-

-

Genes Associated with Heifer Pregnancy

Chromosome 5. 

-
-

TOM1 HO-1

TOM1

TOM1
Heme-oxygenase 1 HO-1

Figure 1. r



Oliveira Júnior et al.

Figure 2.

Figure 3.



Genomic study of fertility in Nelore heifers

-

Insulin-like growth 
factor 1 IGF1

-

Chromosome 14. -

-

-
 a possible 

-

 
-

-
 

P -

SOX17 -
-

SOX17 -

of SOX17 -

RGS20 gene belongs to the regulator of 

Table 3.

  
 bovine assembly

  
3

 
4

APOL6, HMGXB4, HMOX1, ISX, LARGE1, MB, MCM5, RASD2, RBFOX2, 
SNORA76 TOM1
BICD1, DNM1L, FGD4, KIAA1551, PKP2, SYT10 YARS2
CCDC91, COX7ALP1, ERGIC2, FAR2, KLHL42 PTHLH
ATP6V1H, FAM150A, LYPLA1, MRPL15, NPBWR1, OPRK1, PCMTD1, RB1CC1, 
RGS20, RP1, SOX17, ST18, TCEA1, U2, U6 XKR4
ALDH16A1, BAX, BCAT2, BOSTAUV1R403, BOSTAUV1R404, C19orf68, C5AR1, 
C5AR2, CA11, CABP5, CCDC114, CCDC155, CCDC9, CD37, CRX, DBP, DHDH, 
DHX34, DKKL1, ELSPBP1, EMP3, FAM38E, FCGRT, FGF21, FLT3LG, FTL, FUT1, 
FUT2, GLTSCR1, GLTSCR2, GRIN2D, GRWD1, GYS1, HRC, HSD17B14, IZUMO1, 
KCNA7, KCNJ14, KDELR1, KPTN, LHB, LIG1, LIN7B, LMTK3, MAMSTR, MEIS3, 
NAPA, NOSIP, NPAS1, NTF4, NTN5, NUCB1, PIH1D1, PLEKHA4, PPFIA3, 
PPP1R15A, PRRG2, PTH2, RASIP1, RCN3, RPL18, RPS11, RUVBL2, SAE1, SEC1, 
SEPW1, SLC17A7, SLC6A16, SLC8A2, SNRNP70, SPACA4, SPHK2, SULT2A1, 
SULT2B1, SYNGR4, TEAD2, TMEM143, TMEM160, TRPM4, TULP2, ZC3H4, 
ZNF114 ZNF541
GGH, NKAIN3, TTPA YTHDF3

3

4



Oliveira Júnior et al.

GDP

-
RGS14

-
RGS2 -

P

PLAG1

using PLAG1
-

IGF1

-

-

Chromosome 18.

fucosyltransferase FUT2
-
-
-

FUT1

-

Bcl-2 associated X protein BAX

-

follicle numbers 

this gene -

LHB
to promote ovulation by stimulating the ovaries to 

LHB
pulsatile release of this hormone is crucial for success-

-

Table 4.

  
bovine assembly

  
3

 
4

ACKR2, ANO10, CCDC13, CCK, HHATL, HIGD1A, KLHL40, LYZL4, NKTR, SEC22C, 
SNRK, SS18L2, TCAIM, TOPAZ1, TRAK1, VIPR1, ZBTB47, ZNF197, ZNF445 ULK4
ALK, BRE, C11H2orf71, CLIP4, FAM179A, FOSL2, LBH, PLB1, PPP1CB, SNORD53_
SNORD92, SPDYA, TRMT61B, WDR43 YPEL5
ADAM29, BLK, C8orf74, CTSB, DEFB134, FAM167A, FDFT1, GATA4, GLRA3, HPGD, 
MTMR9, NEIL2, PINX1, SOX7, TDH XKR6
ARL8A, ELF3, GPR37L1, LGR6, PPP1R12B, PROX, PTPN14, PTPN7, RNPEP, 
RPS6KC1, SMYD2, SYT2 UBE2T
ATP6V1H, FAM150A, LYPLA1, MRPL15, NPBWR1, OPRK1, PCMTD1, RB1CC1, 
RGS20, RP1, SOX17, ST18, TCEA1 XKR4
COL16A1, FABP3, HCRTR1, LAPTM5, MATN1, NKAIN1, PEF1, PUM1, SDC3, 
SERINC2, SNRNP40 TINAGL1
ARHGAP42 CNTN5

3

4



Genomic study of fertility in Nelore heifers

SLC17A7, SLC6A16 SLC8A2 are 
SLC17A7 is regulat-

SLC6 -

GABA

SLC8A2  

SLC8A
-

SPHK1 SPHK2 partici-
sphingosine 

1-phosphate S1P -

mutant mice for SPHK1 SPHK2
S1P

Genes Associated with the Number of Antral Follicles

Chromosome 2.

-

Pumilio 1 
PUM1 Drosophila -

PUM1 is also in-
Xenopus

Table 5.

3 4 bp  bp  bp 7

43

3

3

4

7



Oliveira Júnior et al.

-

Chromosome 8.

GATA4 is part of the 

-
-

GATA4 -

the cathepsin B CTSB

that CTSB

CTSB
CTSB in bo-

 ADAM
-

-
 

-
ries of ADAMST-1

Chromosome 11.

SPDYA

-

Xenopus
-

FOS-like antigen 2 FOSL2
-

activator protein 1 AP-1

Table 6.

3 4 bp  bp  bp 7

30

3

4

7



Genomic study of fertility in Nelore heifers

-
-

playing an important role in structural luteolysis in 

yippee-like 5 YPEL5

-
-

Chromosome 15.

Rho GTPase activating 
protein 42 ARHGAP42

ARHGAP42 

Chromosome 16.

G 
protein-coupled receptor 37 GPR37

leucine-rich re-
peat-containing G protein coupled receptor 6 LGR6

 

LH, FSH TSH LGR7 LGR8 

LGR4

Protein phosphatase 1 regulatory subunit 12B 
PPP1R12B -

-
ine cell hypertrophy in the early stages of gestation 

PPP1R12B participates in protein phosphorylation, 

PTP

-

Chromosome 22.

testis and 
TOPAZ1 -

-

gene also plays an important role in the progression of 

LYZL

LYZL4 is 

LYZL4 -

 in females, 

-

-
ing that the selection for one trait has no interference 

-



Oliveira Júnior et al.

Conclusions

-

-

-
ing useful information about the genetic components 

-

LITERATURE CITED

, ,  ,  ,  ,   
-

, ,  ,  Barrell,  ,  ,  , 
 ,  Billis,  ,  , 

 ,  ,  ,  ,  
,  ,  ,  ,  ,  

,  White,  ,   

, ,  ,  ,  ,  
 -

-
-

 
, ,  ,   Williams

 
, ,  ,   

-

 

Bai, ,   

-

Baillet, ,  ,  ,  ,  , 
 ,  ,  ,   

TOPAZ1
 

Balboula, ,  ,  ,  ,  
Zaabel  -

 77

Balboula, ,  ,  ,  ,  
,  Zaabel  

in vitro maturation  407

Barnes, ,  ,  ,  Dellinger
 Donoghue -

 3707
Baruselli, ,  Batista,   

 
Bastian, ,  ,  ,  ,  , 

 ,  ,  ,  ,  ,  
 -

Database bav043

Bellocchio, ,  ,  

, ,  ,  Dresch,  ,  
,  ,  ,  ,  , 
  

hormone content of follicle-stimulating hormone preparations 

 

,  

 300
, ,  Basso,  ,  ,  Dalmasso, 

 ,  ,   

-
 

Berry, ,  Bastiaansen,  ,  ,  Wall, 
  -

-
tries  

, ,  ,  ,  ,  ,  , 
  -

-
 

Biegelmeyer, ,  ,  ,  , 
 

 

, ,  ,   -
-

tives  
Bouma, ,  Washburn,   



Genomic study of fertility in Nelore heifers

, ,  

-

, ,   

, ,  ,  ,  ,  
 -

 4 7

, ,  ,  ,  ,   

 

, ,  ,   

, ,  ,   

 47
, ,  ,  ,  ,  ,   

 

, ,  ,  ,   
-

cy in the porcine uterus  47

, ,  ,   Discovery 
-

, ,  ,  ,  , 
 ,  ,   Wiggans

Dumesic, ,  ,  ,  
 

, ,  ,   

 

, 
-

 
, ,  

, ,  Wang,  ,  ,  ,  ,  ,  Zhang, 
 Wang,  Zhang  -

controls folliculogenesis in mice  

, ,  ,  ,  ,  ,  , 
  -

-

 
, ,  ,  Bolormaa,  ,  , 

 ,  Whan,   

puberty  
, ,  ,  ,  Zhang  

-
berty in cattle  44

-
-

, ,   -

cattle fertility traits  

, ,  ,   Zhang
-

ture human ovarian follicles  

, ,  ,  ,  , 
 ,  ,   

 

, ,  ,  Babus,   

 
, ,  Zhang,  Wu,  Zhang,  ,  ,  ,  

,   Zhang
common promiscuous patterns of cell surface proteins on hu-

, ,  ,  Dupuy  

, ,  ,   

 
, ,  ,  ,  ,  ,  ,  

 

 

, ,  ,  ,  , 
  -

 



Oliveira Júnior et al.

, ,  ,   

 

, ,  Zhang,  ,  ,  Barris, 
 ,  Williams,  ,  ,  

,  ,  ,  ,  , 
  

 
, ,   

, ,  Braem,  ,  ,  ,  
,  Denef  -

-
 470

,  -
nite populations  

, ,  ,  ,   

 

of FUT1
 3

, ,  ,  ,  ,  ,  
 

 

, ,   Developmental prog-
 

44
, ,  ,  ,  ,  , 
 Wareing,   

-
 77

Irie, ,  Weinberger,  ,  ,  , 
 ,  Dietmann,   

 

, ,  ,  ,  
 

 

, ,  Bennett,  ,  ,  
 

-

, ,   
-

, ,  ,  ,  Weigel,  Berger  
-

 

,  
 

, ,  ,  ,  ,  
Burbach  -

pituitary  
, ,  ,  ,  ,  

 
 

, ,  ,   -
pression of human smooth muscle myosin phosphatase target-

 

, ,  ,  ,  ,  
 

prosaposin receptor  

, ,   -

 
, ,  ,   

step, a general approach for genomic selection  

, ,  ,  ,  ,  
,  ,   

 
, ,  Brauner,  ,  ,  

 Bashamboo -
-

, ,   
-

 
, ,  ,  ,  ,  

 -

, ,  ,  ,  ,  , 
 ,  ,  ,  Islas-
,   

-
 

, ,  ,   

 

, ,  ,  ,  Dratver  

mammalian female germline  



Genomic study of fertility in Nelore heifers

, ,  Wathes  Impact 
-

opment  
, ,  ,  , 

 ,  ,  ,  ,  Watson,  
Dagnino,  ,   

 7

, ,  ,  ,  , 
 -

 
, ,  ,  ,  ,  

 -

approach  -

, ,  ,  ,  ,  
 

 
434

, ,   
 

, ,  ,  ,  ,  ,  
Deng  

 
, ,  ,  ,  ,  

 
 

, ,  ,  ,  ,  ,  ,  
,  ,  ,   

-
sis in human granulosa cells  

, ,  ,  ,  Inoue,   
Xenopus

-
 

, ,  ,  ,  ,  ,  , 
 Involvement of Xenopus

-
ing oocyte maturation  

, ,  ,  ,  ,  Bono
 

In 
 

, ,  ,  ,  
 

th 
 

, ,  Denicol,  ,   

 
47
,  Drosophila

-
-

esis  
, ,  ,  ,  ,  , 

 Weaber,   Bayesian 
-
 

, ,  ,  Zhang,  ,  Zingsheim  
-

, ,  Dellinger,  ,  Barnes,  , 
  Donoghue

 

, ,  ,  ,  ,  ,  
,  Dean  

 
, ,  ,  ,  

 -
tosis in the porcine corpus luteum throughout the luteal phase of 

-

, ,   Interaction be-
-

ian failure  

, ,  ,  ,  ,  ,  , 
 De  Datta

 7
 

, ,  ,  ,  ,  Williams, 
 -

 
, ,   

, ,   Dunning

, ,   
-

, ,  ,   



Oliveira Júnior et al.

, ,  ,  ,  ,  ,  
,  Desmarchais,  ,   

-
port oocyte maturation in bovine  

, ,  ,  ,  ,  ,  
,   -

 

, ,  ,  ,   

,  

 
, ,  ,  ,  Inoue,  ,  

 
-

 343
,  

 37
, ,  ,  ,  ,  

,  ,  ,  ,  
,  

-

 

, ,  ,   

 
44

, ,  ,  ,  ,  ,  ,  ,  Wang
 -

 
43

, ,  ,  Duchateau,   De 

 

, ,  ,  ,  ,  
 -

,  -
 

, ,  ,  Ishii,  ,  
 

 
-

mation  43

,  -
-

 

, ,  ,   

 

,  -
tions  

, ,  ,  Wolc  

 34
Weiss, ,  ,  Whitcomb,  ,  

 

 
Weiss, ,  ,  ,  ,  ,  

,   -

 

White,  -

hormone replacement  73 -

, ,  ,  ,  Itoh,  ,  
,   

 
Zeron, ,  ,  ,  Borochov,   

-

 447

Zhang, ,  ,  Zhang,  ,  ,  Wu,  Zhao  

-
 73


