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Introduction

Genome wide approaches are now commonly used tmiegathe genetics underlying
complex phenotypes. These approaches yield a waryimber of loci associated with the
phenotype, depending on significance thresholds iatedpretation of results is less than
straightforward. There is a consequential needléeelop new analytical approaches to
maximise the value of genome wide association sfufGWAS). A systemic approach is
fitted for complex phenotypes (Mackay, Stone etZ28l09). It allows a large number of
associations by using relaxed significance threthoWhile simultaneously reducing the
number of false positives.

Here, we describe a new systemic approach appdieadl GWAS conducted in Brahman
cattle. We call the approach an association weidttix (AWM). The use of AWM is two-
fold: it estimates correlations between phenotygas it explores gene to gene interactions
across the genome. We demonstrate the applicafigiM for complex phenotypes to
examine the genetic drivers of puberty in Brahmestie

Material and methods

We used data from 843 Brahman cows from a herd loyetle Cooperative Research Centre
for Beef Genetic Technologies (Beef CRC). TBus indicus herd was described in detalil
previously (Barwick, Johnston et al. 2009; JohnstBarwick et al. 2009). The GWAS
considers 22 phenotypes measured on three occagibes the mean age of animals was 18
months (T1); at the time of observation of thetfesrpus luteum (CL) and when the mean
age was 24 months (T2). At T1, 8 phenotypes werasored including: live weight (WT,
kg), hip height (HH, cm), serum concentration cdulin-like growth factor I (IGF-I, ng/mL),
average daily weight gain (ADG, kg/day), body cdiodi score (CS, score 1-10), scanned
Longissimus dorsi area (SEMA, cm2), scanned fat depth at the P8 (SR8, mm) and
scanned fat depth measured between the last $RH, mm). At first CL, which was
detected through regular ovarian scans, we recoffiedtow’s age (AGECL), live weight
(WTCL, kg) and subcutaneous fat depth at the RB(BIATCL, mm). We consider AGECL
as a phenotype for time of puberty. Also, the pmeseor absence of a CL close to the first
day of joining was recorded (CLJOIN). At T2, theasarements taken at T1 were repeated.
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A full description of these phenotypic measuremeastgublished elsewhere (Barwick,
Johnston et al. 2009; Johnston, Barwick et al. 200%addition, heifers that reached puberty
prior to the first mating season, conceived angezhhad another phenotype measured: post
partum anoestrus interval (PPAI), defined as therual, in days, between calving and first
CL after calving. Also, post partum anoestrus weémwith respect to weaning time (PW), a
related binary phenotype was recorded. The BovifE&NBead Chip (lllumina 2008) was
used to genotype 843 cows. The additive effect 8N&® on each phenotype was calculated
by regression analysis after fitting an animal fuiked-model with components estimated
using the ASREML software (Gilmour AR 2006). Fixeffects included were contemporary
groups, herd of origin, sex of calf, month of calyiand sire of calf. SNP were fitted as
random effects.

The association results obtained with ASREML weged.to construct an association weight
matrix (AWM), commencing with the selection of asisted SNP. The criteria to select SNP
that would represent genes on the AWM include figaificance (p<0.05) of the allele
substitution effect and the SNP genomic positioar €election criteria were developed to
favour genes harbouring SNP with significant assimn across related phenotypes. The
AWM was constructed with as many rows as selectBifP &nd as many columns as
phenotypes. Each AWM cell {i,j} contains a valuer@sponding to the z-score normalized
additive effect of the i-th SNP on the j-th phemsy The AWM approach explores
phenotypic correlations column-wise and gene catim@is row-wise. Column-wise, Pearson
correlations between AGECL and the other 21 phemestywere calculated using the SNP
effect values. The results of these SNP-based latimes were compared with the genetic
correlations, estimated via pedigree-based restficmaximum likelihood (REML),
established for the same populations previouslii(dton, Barwick et al. 2009). Row-wise,
the AWM explores the correlations between SNP &fex predict gene interactions forming
a network. In the network, genes are nodes contdmfeedges representing a significant
correlation that was established by the PCIT alori (Reverter and Chan 2008). We
studied the predicted gene interactions to idergdyetic drivers of puberty. To provide an
in-silico validation for gene-gene interactions predicted AWM, we performed regulatory
sequence analysis of genes predicted to interatt kdy transcription factors (TFs), an
estrogen receptor (ESRRG) and a TF of fat metabol{fPPARG) using Genomatix
(http://www.genomatix.de/).

Results and discussion

On average, our Brahman cows were pubertal at 28haf age (AGECL), which is within
the expected range fdBos indicus breeds (Abeygunawardena and Dematawewa 2004).
Averages, standard deviations and definitions &mhephenotype are summarized in Table 1.
AGECL heritability is estimated at 0.57 (JohnstBaywick et al. 2009), indicating its high
genetic component that we aimed to dissect witméwe AWM approach.



Table 1: Definitions and descriptive statistics for the 22 phenotypes measur ed

Phenotype Description Average St. dev.
CL CLJOIN (0O or 1) presence of CL on joining 0.43 0.50
AGECL (days) age at first CL 750.60 142.10
FATCL (mm) P8 fat at first CL 4.47 2.19
WTCL (kg) live weight at first CL 334.40 44.80
T1 ADG (kg/day) average daily gain 0.61 0.15
CS (score 1-10) condition score 8.30 1.40
SEMA(cm2) area of eye muscle 44.10 6.60
HH (cm) hip height 127.40 4.90
IGF (ng/ml) serum IGF level 182.60 84.30
SP8 (mm) subcutaneous P8 fat 3.70 1.90
SRIB (mm) rib fat 2.00 1.00
WT (kg) liveweight 287.60 43.80
T2 ADG (kg/day) average daily gain 0.14 0.23
CS (score 1-10) condition score 7.40 1.40
SEMA(cm?2) area of eye muscle 44.10 8.80
HH (cm) hip height 132.40 4.90
IGF (ng/ml) serum IGF level 215.40 92.30
SP8 (mm) subcutaneous P8 fat 3.10 1.80
SRIB (mm) rib fat 1.90 1.00
WT (kg) liveweight 320.00 58.70
PPAI  PPAI (days) post partum anestrus interval 179.98 108.57
PW (0O or 1) presence of CL before or after waning 0.90 0.84
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Figure1: A) Treeof the hierarchical clustering of phenotypes based on the AWM
matrix; B) Comparison between the genetic correlations estimated by REML (x-axis)
and those estimated based on SNP effects (y-axis)



Column-wise we used AWM to estimate correlationswieen phenotypes, shown as a
hierarchical tree cluster (Figure 1, A). AWM-driveorrelations were similar to genetic

correlations established previously (Figure 1, Bw-wise, we used AWM to predict gene-
gene interactions and build a network for cattlbgrty. Figure 2 illustrates a subset of the
AWM network, showing the first neighbors of 3 impant genes: ESRRG, PPARG and a
zinc finger (ZNF462) previously associated with erlp in humans (Perry, Stolk et al.

2009). Amongst ESRRG and PPARG first neighbors, 2i&e a corresponding binding

site, providing evidence for our AWM predictions.

Figure 2: Subset of the AWM -predicted gene network for cattle puberty.

Conclusion

AWM is a hypothesis generating process, appropf@tapplication to complex phenotypes
such as puberty. Our results show that AWM recégiits the known biology behind

puberty; captures experimentally validated bindsitgs, and identifies novel gene-gene
interactions for further investigation.
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