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Background

Great progress has been made sed ut perspiciatis unde omnis iste natus error sit voluptatem
accusantium doloremque laudantium, totam rem aperiam, eaque ipsa quae ab illo inventore veritatis et
quasi architecto beatae vitae dicta sunt explicabo. Nemo| enim ipsam voluptatem quia voluptas sit
aspernatur aut odit aut fugit, sed quia consequuntur magni dolores cos qui ratione voluptatem sequi
nesciunt. Neque porro quisquam est, qui dolorem ipsum quia dolor sit amet, consectetur, adipisci velit,
sed quia non numguam eius modi tempora incidunt ut labore et dolore magnam, .
voluptatem. Ut enim ad minima veniam, quis nostrum exercitationem ullam corporis suscipit
laboriosam, nisi ut aliquid ex ea commodi consequatur? Quis autem vel eum iure reprehenderit qui in
ea voluptate velit esse quam nihil molestiae consequatur, vel illum qui Nemo enim ipsam, see Fig.1 ,
voluptatem quia voluptas sit aspernatur aut odit aut fugit, sed quia consequuntur magni dolores eos qui
ratione voluptatem sequi nesciunt. Neque porro quisquam est, qui dolorem ipsum quia dolor sit amet,
consectetur, adipisci velit, sed quia non numquam eius modi tempora incidunt ut labore et dolore

magnam aliquam quaerat voluptatem. Dolorem eum fugiat quo voluptas nulla pariatur?
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Even il major genes with larger effects exist, such as rate-limiting st ps In pathways (e.g
[48]), many modifiers are predicted
Discussion

I put forth a statistical and a biological reason why heritability estimates for organism traits
can be higher than for their causal molecular phenotypes. From purely numerical
considerations, the molecular trait could be defined inappropriately. The genotype signal is
present in measurements confounded by stochasticity, timing, location, and assays, but in
order for it to have a large relative impact, the phenotype has to be redefined as an integral
over the other sources of vaniation (Klitzing et al. 1980). Any measurement can in
principle be used for heritability estimation, thus leaving a choice as to how many different
axes of variability to average out, and thereby, how large of a heritability to obtain. A
similarly inappropriate definition is positing a standard linear model on a non-Gaussian
distribution, which can also reduce the heritability estimate. Biologically, the phenotype
itself can be a product of several noisy upstream traits that share some genetic basis. The
combination of multiple correlated genetic signals strengthens it, and results in a trait that
truly is more heritable than any of its upstream causes. I demonstrated analytically
(Supporting Text) that the resulting heritability of a linear combination of traits is the

weighted harmonic mean of constituent heritabilities and genetic covariances.

These research results caution against taking heritability estimates of molecular traits at
face value, especially for comparisons across multiple studies with different sampling
designs and phenotype definitions. They also suggest a tension between integrating signals
from genotype and environment over a long time period. Disease risk and many other life-
history traits are highly heritable (Manolio et al. 2009), but the estimates can both
increase and decrease over time. For example, the heritability of human body-mass index
increases from youth to early adulthood, and then decreases again (Nan et al. 2012),
suggesting a correlated genotype influence in one period, but sustained environmental
effect in another. Any attempt at explaining these phenomena via heritability and genetic
basis of molecular phenotypes must be careful in relevant definitions and their

interpretation.
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Figure 1 Caption goes here, eventually

Past studics that predicted splicing regulatory motifs from analysis of the differcntially regulased exons scarched for
continwous motifs, which most often identified UGCAUG as the most frequent motif [7-15). This sequence is recog- nized
by RNA binding protein, fox-1 bomologs | and 2 (RBFOX1 and RBFROX2), splicing regulators that recognize three
nuclcotides via the canonical RNA binding surface and an additional four nucleotides via the loops of a quasi- RRM
(QRRM) domain (Auweter ef al., 2006) . However, RBFOX proteins are exceptional in their ability to recognize a long
continvous motif, and most other splicing regulators recognize motifs that are oaly three or four nucleotides long
(Auweter et al., 2014; Zhang et al., 2014)
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Conclusions
Onz reaults provide evidence that gBGC may drive patterns of nuclootide composition i avian
e ard are with more effective gRCC in large populats
is sebetantially modulated by species life history:

v

Life history traits (LITs) and, by exnension, effective population sive (N o) have long been
connected 0o pattemns of soquence evolution Lower body mass and shoster gencration time
peedict rapid molecular evolution 1+ 5, while smallbodied animals with putatively large
popalasions 1end 10 show overall decromses in the d x/d 5 ratio 6, 7, seflecting vasiation in
both sebssinumion rates snd selection effickency betwoen linesges. Meanwhie, the connection
between population sive, generation time, and hase composition 15 less well uaderstood. In
principhe, any e history-related trant affectng sudstitution patterns should also impact on
the evolution and the dynamics of hase composithen. GC-blased gene comuension (gBGC)
associated with mefotic recombination leads 1o the peeferential fixation of GC In AT/GC
heteroaygoses and b a major determinant of base compositien. Direct experimental evidence
s corrently imined 10 § cerevisiae, with a sigaificant 1 3% excess of mansmined GC alicles
theught 1o result from a bias in the sismanch repair machinery 8- 11. However, evidence for
s eflocts s observed acsois & wide range of taes 12- 16, leading 1o & widespeead assockation
between GC coment and cressever rates 8, 15, 17- 20,

Igoruanely, it has been suggested that LHTS predict how strong the effocts of gBGC on
composiional evelution are 21, Much as recombinacion locally modulates N ¢ 22, N ¢ b in
tum predicied 1o increase the efficacy of £BGC In the same manner that it increaies the
efficacy of selection. This & becasuse GC allcles bebarve as though they were positively selected
when thelr flxation is fxvored and the effect of drft will decrease with incressing N 15, 23
Species with short genesation times additionally experience a groaer mumber of mekoses per
wnit time, and thesefore more froquent gBGC. In agreement with this idea, Romiguier et
al 21 observed that mammalan lscages show negative coerelations between both body
s, expected 10 be negatively saseciaced with N o,
swwedies on mammals have reinforoed these Sedings

The irterpeetation of these rosmslts may
cheomosomal architecture between species under
rearrangements may obscure the smpact of LHTx
recomdination landscape 26, 27 . Rodents. which
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consider the degree 1 which different classes of sites are affected, how it corresponds 10 recombination rate
estimates, and whether the impact of gBGC on the base composition of avian genomes is ongoing.

Correlation between GC3 and life history traits is consistent
with stronger gBGC in large populations with short
generation times

Given the substantial heterogeneity in GC3 content (the proportion of GC at third codon positions) between
avian species 33, 47 (Figure 1), we asked whether there is evidence that third codon sites, which should be the
least constrained coding positions, might be subject to the influence of recombination-associated gBGC.
Species with smaller body mass are expected to have both shorter generation times and larger effective
populazion sizes, increasing both the number of meioses per it time and the efficacy of gBGC 21, 23. ¥ gBGC
is a factor in determining GC, small.bodied species ought then to have elevated GC. This is indeed what we
observed, with species with greater body mass exhibiting lower GC3 than species with smaller body mass
(Spearman’s tho = -0.5866, P = 6.2¢05, » = 42; see Fgure 2). Despite the imited number of species for
which data are available, maximum longevity (tho = 03645, P = 0.0616, n = 27) and age of first fermale
sexual maturity (sho = -0.5957, P = 0.0071, n = 19) showed similar trends, consistent with the possibility that
shoet genezation times lead to an Increase in GC3 assuming eguilibrium has not yet deen reached. In the
following we only examine body mass, as this maximizes the number of species we can coasider,

x CAAL
2 -
1. GC3 costent varies substantially betwoen differcnt avian liscages.
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protein-RNA interactions. However, a method for de novo identification of multivalent

RNA motifs by analysis of the regulated exons is not yet available.

Here, we present RNAmotifs, a method that identifies clusters of short non-degenerate
AD) or degenerate (DG) tetramers that are enriched at specifie positions around the
enhanced and silenced exons. The method corrvectly identified the multivalent RNA
motifs bound by NOVA, PTBPu, heterogeneous nuclear ribonucleoprotein C hnRNP ),
TARDBP, and TIAr and TIAL: eytotoxie granule-associated RNA binding proteins here
collect- ively referred to as TIA proteins). Moreover, RNAmotifs determines the RNA
splicing map, which enabled us to compare the positional principles of dilferent RBPs.
Fi- nally, we analyzed the exons that are differentially spliced between brain and heart,
identifying new candidate motifs responsible for tissue-specific splicing regulation.
Notably, we demonstrate that the positional enrichment informa- tion of the RNA
splicing map can be used to prediet the tissue where the candidate regulatory protein

that binds each RNA motif is more highly expressed.
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