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Evaluation of truncating variants in the LCORL gene in relation to
body size of goats from Switzerland

BACKGROUND

More than 200 years ago, the formation of goat breeds
began through morphological standardisation, espe-
cially of coat colour and body size, and systematic selec-
tion to improve production traits (Burren et al., 2016).
In Switzerland, breed formation, followed by various
breeding objectives and selection programmes, resulted
in 10 modern goat breeds (Henkel et al., 2019). Recently,
the VarGoats project generated individual whole genome
sequencing data from representatives of these Swiss
breeds beside 116 further Capra hircus breeds, including
the Boer goat originating from Africa, to understand the
consequences of domestication and breeding (Denoyelle
et al., 2021).

Variation in stature or body size in domestic animals
such as cattle or dogs is generally controlled by fewer
genes with greater effects than in humans (Bouwman
et al., 2018; Plassais et al., 2019). The ligand-dependent
nuclear receptor corepressor-like gene (LCORL) gene en-
coding a transcription factor has been repeatedly found
to be associated with measures of skeletal frame size and
adult height in humans and dogs (Plassais et al., 2019;
Soranzo et al., 2009). Alternative splicing results in mul-
tiple LCORL transcript variants. Similar to humans, in
goats, one transcript is long encoding isoform X1 (1864
aa, XP_017904811.1) and several that are significantly
shorter (e.g. 601 aa, XP_017904814.1), differing signifi-
cantly in the sequence of the last exons. Alignment of the
human (NP_001381375.1) and caprine (XP_017904811.1)
LCORL protein sequences revealed a strong 82% match.
Recently, a search for signatures that are shared across
large-sized goat breeds revealed that five medium-to-
large-sized Pakistani goat breeds had a common selec-
tion signature on chromosome 6 in a region harbouring
the LCORL gene (Saif et al., 2020). Subsequent sequenc-
ing analyses proposed a frameshift variant in LCORL
exon 7 (p.Ser277fs) as potentially causal variant mediat-
ing the body size-increasing effect (OMIA 002246-9925).
The long LCORL isoform X1 contains a DUF4553
DNA-binding domain from amino acid position 1404 to
1860 within the deleted segment of the derived caprine
allele. Due to strong conservation of this DNA-binding

domain across mammals it could be speculated that, in
large goats, the truncation may disrupt transcription
factor binding of LCORL with its target. The same was
reported for dogs, as a single nucleotide insertion in the
last exon of the long isoform of LCORL, resulting in a
premature stop codon after amino acid 1221 and a sig-
nificantly truncated protein, has never observed small
breeds, whereas it is present in medium and large breeds
(OMIA 002246-9615) (Plassais et al., 2019).

OWN ANALYSIS

Since the p.Ser277fs variant was noticed before in whole-
genome sequence data of Boer goats, the first objective
of this study was to conduct a body size association
study in this breed to test the hypothesis regarding the
previously postulated effect on height. Secondly, we
evaluated five additional truncating variants located in
the same LCORL exon in relation to body size, that were
found within the VarGoats project variant catalogue in
individuals of Swiss goat breeds: p.Leu539fs in Grisons
Striped (BST), p.Ala663fs and p.Phel486fs in Chamois
Colored (GFG), p.Argl089* in Nera Verzasca (NER) and
Peacock (PFA), and p.Glul457fs in Saanen (SAN) goats
(Table S1). Except for the two variants found in SAN,
NER, and PFA, four frameshift variants, including the
p-Ser277fs and p.Phel486fs variants, that both were also
found in Boer (BUR) goats, occurred at low frequencies
also in various other breeds (Table SI).

Subsequently we genotyped a total of 717 female goats
older than 12 months, including a cohort of 190 BUR
from Switzerland as well as cohorts of five different
Swiss goat breeds (140 BST, 110 GFG, 151 SAN, 32 NER,
94 PFA) for the respective LCORL variants (Table S2).
Genomic DNA was extracted from EDTA blood sam-
ples. PCR and Sanger sequencing were used to perform
genotyping of the LCORL variants on an ABI3730 cap-
illary sequencer (Table S1).

To study possible association with body size, pheno-
types for five different measured traits (withers height,
body length, flank depth, pelvis width, pelvis length)
for all 717 goats were obtained (Figure Sl, Table S2).
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Statistical analysis was performed with R-packages
sjPlot, sjmisc, sjlabelled, multcompView, ggpubr, and
emmeans. The following multivariate linear model using
the restricted maximum likelihood procedure was ap-
plied to estimate the body masses body length, flank
depth, pelvic width, and pelvic length: U s L +a
ge; + height, + €k (y[jk = consecutive observation on
body size; u = overall mean; L, = fixed effect of L (ex-
amined LCORL variant); age; = fixed effect of age at
measurement; height, = fixed effect of withers height;
€ = random residual). The variable withers height is
both response variable and covariate. For the response
variable withers height, the same model was used with-
out withers height as a covariate: Vg =HT L,+age +e,.

In the studied Boer population, the alleles at both
variants studied segregate in almost perfect linkage dis-
equilibrium at high frequencies (0.40 and 0.59). Analysis
of the relationship between the data measuring five dif-
ferent traits and the two variants revealed no significant
difference between LCORL genotypes and body size
(Figure S2, Table S3).

The breed-specific LCORL variant of Saanen as
well as the variant studied in Grisons Striped goats
showed a moderate frequency of 0.28 and 0.17, respec-
tively (Table S3). In contrast, the respective genotyped
LCORL variants in the other three Swiss breeds (GFG,
NER, PFA) were found with frequencies below 10% for
the derived alleles, resulting in an overrepresentation of
the wild type genotypes and only few heterozygous and
almost no homozygous animals in the studied cohorts
(Table S3). Therefore, for two variants in BST and GFG
goats where only single homozygotes for the derived al-
lele were detected these animals were combined with the
heterozygotes in a single group for the statistical analy-
sis. Similar to what was found in Boer goats, no signifi-
cant association was revealed in GFG and SAN, except a
possible genotype—phenotype relation of the p.Glul457fs
variant on withers height in Saanen goats (Table S3).
Although only five animals homozygous for the derived
allele in total, these were obviously larger compared to
the two remaining genotypes (Figure S2). Similar signif-
icant differences were noticed for the frameshift variant
p-Leu539fs in regard to four out of five body size traits in
Grisons Striped (BST), as well as for the nonsense vari-
ant p.Argl089* and withers height in Nera Verzasca and
Peacock goat (Table S3).

CONCLUSIONS

This follow-up study aimed to investigate the previ-
ously postulated possible association between truncat-
ing variants in the LCORL gene and larger body size in
goats. We have clearly shown that body size in Boer goat
is obviously not associated with the frameshift variant
previously found in large-sized Pakistani goat breeds,
nor with a second LCORL frameshift variant studied.

However, we found suggestive evidence of genotype—
phenotype association for three other breed-specific
truncating variants in the LCORL with withers height
and other body size traits in selected cohorts of four dif-
ferent local Swiss goat breeds. Due to the small sample
size and the low to moderate frequency of variant al-
leles, we consider these results preliminary before claim-
ing causality. Nevertheless, these initial results in Swiss
goats support the evidence previously shown in dogs for
a direct effect on stature due to loss-of-function vari-
ants leading to the absence of the functionally impor-
tant DNA-binding domain of the long LCORL isoform.
Therefore, the research should continue with enlarged
cohorts of well-phenotyped animals.
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