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Molecular quantitative trait loci in reproductive tissues impact

male fertility in cattle



Reviewer #1 (Remarks to the Author):

This study uses whole genome sequencing and transcriptomic analyses of testis, epididymis, and 

vas deferens tissues to perform eQTL, splice eQTL and TWAS analyses to understand the molecular 

drivers of fertility traits in bulls of Braunvieh ancestry.

There are very few datasets with matched whole genome sequence and transcriptomic data of this 

scale and quality for farmed animals and the authors emphasise the opportunity that the study 

provides in leveraging this type of data for complex trait prediction, particularly for a trait which is 

mid- to -lowly heritably such as fertility.

The study is very well presented and the results summarised accurately and concisely.

The authors have also been careful in their analysis to account for allelic mapping bias in the sQTL 

and allele specific expression (ASE) analyses, by generating additional alignments using WASP for 

each tissue, that remove any variants showing significant reference mapping bias.

The authors have also made all the data from the study publicly available, including summary 

statistics from GWAS. This sets an excellent and encouraging precedent for studies of this type in 

farmed animals.

I just have a few specific line changes for the authors to address:

Line 42 please add detail as to the meaning of ‘undisturbed’ mammalian fertilisation, the term 

itself is not very self explanatory.

Line 58-59 Add additional reference that would have been published after this manuscript was 

submitted https://www.cell.com/cell-genomics/pdf/S2666-979X(23)00182-9.pdf. It would be 

useful to make specific mention of the findings from this work related to splicing QTLs.

In figure 1D clustering of the expression levels for the three different tissue types are shown. 

Ideally in the supplemental materials the three tissue types should be plotted separately to identify 

any outlying samples within each group, and any batch effects associated with the time taken to 

snap freeze the tissues. This is important because the lowest RIN values were <4 and this level of 

degradation could have a significant effect on gene expression, and introduce some level (though 

likely minimal) level of noise into the results.

Line 113 the full stop is on the wrong side of the bracket after ‘E’.

Line 127 The relatively low expression of NANOS2 in testes is mentioned but not the high 

expression of DAZL in the testis tissue, and the tissue specific expression pattern, both genes are 

relevant in the creation of germ line ablated surrogate sires and while not surprising the high 

expression of DAZL and it’s tissue-specificity in post pubertal bulls would be helpful to mention.

Line 130 Could the authors include the original reference for this dataset if one exists as well as 

the cattle GTEx reference.

Line 134 How many samples from the cattle GTEx dataset were from post-pubertal (1.5 – 9 years) 

Bos taurus taurus bulls.

Line 137-138 Other factors could contribute to these differences too including collection and 

storage of the tissues, and quality of the RNA.

Line 146 Change ‘was’ to ‘were’

Line 471 Change ‘was’ to ‘has been’

Line 531-532 Was there any batch effect observed between the samples collected within 40 

minutes and those collected at 270 minutes? This is useful information for transcriptomic studies in 

farmed animals where collecting tissue samples immediately isn’t always feasible.



Line 546 Was the additional 60 minute waiting period/incubation on ice? Or is this a typo and 

should this be a 60 second waiting period?

Line 549 A RIN value of <4 is very low and the RNA likely to be degraded. Could the authors 

include which samples had the low RIN values in the supplementary materials, did these low 

values correlate with the samples where time to flash freezing after euthanasia was longer or a 

specific tissue. Did the authors perform a PCA or any cluster analysis of the TPMs of the RNA-Seq 

samples based on RIN values for each group to identify any potential batch effects?

Line 673 I can see RIN was included as co-variate in the sQTL analysis. How different were the RIN 

values across samples? Could this be included in additional supplementary file? Apologies if this 

already exists and I missed it.

Line 754-755 Add ‘in this study for testes’. Unless Kallisto refers to RefSeq annotation transcript 

quantification?

Reviewer #2 (Remarks to the Author):

The manuscript is generally well-written and relatively easy to follow if you are familiar with the 

theme. The authors generated an impressive dataset (number of samples and depth of 

sequencing), and I can imagine that this submission is only part of the studies that will derive from 

it.

There is so much data (and analyses) that the manuscript became a descriptive list of the different 

analyses/results. The rationale and order of the presentation make sense, but I felt that it missed 

a “punch” of achievement/contribution to the field. Then, towards the end, I noticed that all data 

was made publicly – I believe you could explore this fact better in the manuscript; from the 

abstract to the beginning of the results, I think you should highlight that this data was generated 

and is available to the scientific community.

What is the key message of the article? What was its objective?

Is it a descriptive article or applied male fertility? I don’t think there is a right or wrong answer 

here. The title hits a more applied work, but most of the results and discussion are on comparative 

and descriptive work.

My only hard criticism is about the choice not to include chromosome X in any analyses. It is 

known that this chromosome has several QTL for male and female fertility traits. Genome 

predictions for cattle fertility traits are also known to be influenced by the inclusion (or not) of 

markers in BTAX. A justification should be provided for not including the X chromosome in the 

analyses. I know it might be “painful” and require taking quite a few steps back, but I think it 

would be good to pause and discuss this point.

I strongly suggest reducing the number of abbreviations. If you use the abbreviation only once or 

twice in the whole document, you don’t need an abbreviation.

Specific comments.

Title. I understand the attempt to make cattle-based research more “palatable” to the general 

scientific community, but I am unsure if I agree with the approach for calling cattle or livestock a 

“large mammal”.

Abstract line 2 and throughout the text. “artificial insemination bull”. I know what you are talking 

about, but scientists outside animal science will not. Maybe use a different sentence in the 

abstract, then define the term in the introduction.

Abstract and throughout the text. “molecular phenotype”. What are them? This need to be better 

explained.



Line 54. Maybe missing a word in this sentence after “molecular”?

Line 66. In addition to uniform cohorts, you could add that also required a relatively large sample 

size.

Line 82. Could potentially add the citation for the cattle genome you used.
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samples? The 20% will vary depending on the tissue because there is a variable number of 

samples in each tissue; you are saying that testis needs ~23 animals expressing that transcript to 

be considered “real”, but for vas deferens, only ~17. Wouldn’t be more consistent just to apply a 

threshold across all tissues?

Figures. I liked the consistency of tissue colour across the figures. But I should note that the pale 

blue and pale purple sometimes tricked my eyes. I should not, though, the figures are well-worked 

and look good.

Table 1. Maybe this is not the best location for this table.

Table 1. All of those abbreviations might need to be defined!

Linda 119. Supporting File 1. The file I had access, had only results related to one tissue 

(epididymis-specificity index). For completion, the file should include also the tissue specific or 

enriched genes for the other tissues.

Line 136. Expression differences were likely due to different RNA sequencing strategies. How do 

you support this statement? Why only the differences were influenced by the technology used? The 

fact that the testis is very complex, with different specified tissue layers and dynamic, and the 

sampling strategy might play a major role…

Line 166. Adding more information. 11,087 genes had alternative splicings. How many isoforms 

were found? 2 to ?? What was the gene with the largest number of isoforms? Was it also 

expressed in other tissues? Is it also highly spliced there?

Line 187. Only autosomal variants were explored, right?

Line 194. The fact that more eGenes were found in testis compared to the other tissued; could be 

due to the larger sample size?

Line 211. What is the definition of non-coding transcript? Often, something upstream or 

downstream is also considered non-coding. Possibly picking at random 172 transcripts from 

upstream or downstream, you might get a large and similar effect to those non-coding.

Line 216. sQTL; eQTL. Might need to define.

Line 225. sVariants or eVariants?

Line 286. molQTL might need to define.

Line 288. No reference to BovReg? No publication, no repro tissue? Or this is a resource from 

BovReg?

Line 330. Only autosomal SNP. Should be noted.

Line 330. First time direct “effect” on male fertility – should explain the male fertility trait here.

Line 341. 342. MetaXcan, S-PrediXcan. Is there a citation for them? Should be included here as 

well.

Line 447 – 451. Carefully consider using the same word when talking about humans and cattle. 



does the heterogeneity of cattle (diff cattle breeds) correspond to the heterogeneity in humans 

(diff populations)?

Line 527. The timing between sample collection and processing (freezing) was higher than 

expected for an RNA sequencing analysis. Did you test the effect of the time length between killing 

and freezing on RNA quality?

Coincidently, vas deferens were the tissue with a “smaller gene expression” but also lower RIN 

values for the quality of RNA (average RIN=4, Which is quite low). Did you test the effect of the 

RIN values on gene expression? I can see that for some analyses, the RIN values were considered 

but maybe it was not considered in all of them? How to remove the potentially confounding effect 

of lower RIN in the lower gene expression?

Was there an effect of the season of the year on the gene expression? We know that reproductive 

are potentially less “active” in winter compared to spring.

Reviewer #3 (Remarks to the Author):

I co-reviewed this manuscript with one of the reviewers who provided the listed reports. This is 

part of the Nature Communications initiative to facilitate training in peer review and to provide 

appropriate recognition for Early Career Researchers who co-review manuscripts.



Response to Reviewer Comments

Reviewer #1 (Remarks to the Author): 
This study uses whole genome sequencing and transcriptomic analyses of testis, epididymis, and vas 

deferens tissues to perform eQTL, splice eQTL and TWAS analyses to understand the molecular 

drivers of fertility traits in bulls of Braunvieh ancestry.  

There are very few datasets with matched whole genome sequence and transcriptomic data of this 

scale and quality for farmed animals and the authors emphasise the opportunity that the study 

provides in leveraging this type of data for complex trait prediction, particularly for a trait which is 

mid- to -lowly heritably such as fertility. 

The study is very well presented and the results summarised accurately and concisely. 

The authors have also been careful in their analysis to account for allelic mapping bias in the sQTL 

and allele specific expression (ASE) analyses, by generating additional alignments using WASP for 

each tissue, that remove any variants showing significant reference mapping bias. 

The authors have also made all the data from the study publicly available, including summary 

statistics from GWAS. This sets an excellent and encouraging precedent for studies of this type in 

farmed animals. 

AUTHOR: We thank the reviewer for their encouraging assessment of our study! We’ve addressed all 

comments below and implemented the necessary changes in the manuscript.

I just have a few specific line changes for the authors to address: 

Line 42 please add detail as to the meaning of ‘undisturbed’ mammalian fertilisation, the term itself 

is not very self explanatory. 

AUTHOR: We agree. We have deleted the word “undisturbed”, which is not needed in this context.

Line 58-59 Add additional reference that would have been published after this manuscript was 

submitted https://www.cell.com/cell-genomics/pdf/S2666-979X(23)00182-9.pdf. It would be useful 

to make specific mention of the findings from this work related to splicing QTLs. 

AUTHOR: We have added this reference to lines 56–57. 

In figure 1D clustering of the expression levels for the three different tissue types are shown. Ideally 

in the supplemental materials the three tissue types should be plotted separately to identify any 

outlying samples within each group, and any batch effects associated with the time taken to snap 

freeze the tissues. This is important because the lowest RIN values were <4 and this level of 

degradation could have a significant effect on gene expression, and introduce some level (though 

likely minimal) level of noise into the results. 

AUTHOR: We thank the reviewer for their attention to possible batch effects, which are an 

important aspect to consider in gene expression and splicing analyses. RIN values were indeed lower 

for vas deferens than the other tissues. However, we considered RIN (as well as PEER factors, age, 

and principal components from a genomic relationship matrix) as covariates in our e/sQTL analyses 

to account for batch effects and possible hidden confounders; thus, we are confident that our 

results are not affected by batch effects. We have included PCAs of normalized expression and 

splicing values for each individual tissue type in Supplemental Figure 4C (expression) and 

Supplemental Figure 4D (splicing) of the original submission. We now refer to these figures in lines 

606–607 for expression and lines 624–625 for splicing, and mention that we observed no obvious 

batch effects or outliers. Also, we now provide exhaustive metadata in an Excel spread sheet as a 

new supplemental table (Table S1). To further test if samples clustered according to confounding 

factors (specifically RIN values, time between euthanasia and flash freezing, and month sampled (as 

a proxy for season)), we performed clustering analyses on the raw expression phenotypes within 

each individual tissue. We observed no apparent clustering according to RIN value, particularly for 



vas deferens. Epididymis contained three clusters that were separated by the first and the second 

principal components. We suspect this clustering points to regional-specific gene expression that 

occurs in the head of the epididymis1,2. Though this pattern was evident when plotting the 

epididymis samples alone, overall expression between these clusters was more similar than 

expression in the other two tissues (Figure 1D). We show the raw expression PCAs with RIN value, 

time between euthanasia and freezing (in minutes), and month of sample for each individual tissue 

in Figure R1.

Figure R1: "QQL<F:SLK ;>RZ>>K RE> RLN NPFK<FN:I <LJNLK>KRQ ?PLJ RE> P:Z 40- Y:IX>Q :K= 2*.`

SJ> ;>RZ>>K QI:XDER>P :K= Q:JNIFKD` :K= Q:JNIFKD Q>:QLK ?LP RE> REP>> SQQX>Qc

Line 113 the full stop is on the wrong side of the bracket after ‘E’. 

AUTHOR: Fixed. 

Line 127 The relatively low expression of NANOS2 in testes is mentioned but not the high expression 

of DAZL in the testis tissue, and the tissue specific expression pattern, both genes are relevant in the 



creation of germ line ablated surrogate sires and while not surprising the high expression of DAZL 

and it’s tissue-specificity in post pubertal bulls would be helpful to mention. 

"54)/2b 4E> N:P:DP:NE RE> P>YF>Z>P FQ P>?>PPFKD RL FKY>QSD:R>Q =F@>P>K<>Q FK D>K> >[NP>QQFLK FK RE>

J:I> P>NPL=X<SY> RP:<R L? EXJ:KQ` JF<>` :K= <:UI>c /XP :K:I\Q>Q QELZ>= RE:R NANOS2 is not 

>[NP>QQ>= FK LXP R>QSQ <LELPR` ZE>P>:Q FR FQ JL=>P:R>I\ >[NP>QQ>= FK EXJ:KQc 7> <LKAPJ RE:R DAZL 

FQ EFDEI\ >[NP>QQ>= FK LXP ;LYFK> R>QSQ <LELPR mM 40-b v{xn` ELZ>Y>P̀ FR FQ :IQL EFDEI\ >[NP>QQ>= FK

EXJ:K R>QSQ mM 40-b wwxnc 3FK<> LXP :K:I\QFQ =F= KLR P>Y>:I =F@>P>KS:I >[NP>QQFLK L? DAZL between 

QN><F>Q` Z> =LKqR REFKH RE:R RE>P>dQ : P>:QLK RL J>KSLK DAZL expression in the main manuscript 

text. In any case, the TPM matrices (both raw and normalized) are available at the zenodo repository 

mEUNQbii]>KL=LcLPDiP><LP=Qivuuzx}vznc

Line 130 Could the authors include the original reference for this dataset if one exists as well as the 

cattle GTEx reference. 

AUTHOR: There is not really an original reference for this dataset, as it is a subset of the data 

NPL<>QQ>= ;\ <:UI> (4&[c 7> E:Y> FK<IX=>= : P>?>P>K<> RL <:UI> (4&[ :IP>:=\ FK RE> LPFDFK:I

J:KXQ<PFNRc $:UI> (4&[ :DDP>D:R>= >[FQSKD =:R: ?PLJ NX;IF< P>NLQFRLPF>Q mNI>:Q> KLR> RE:R KLK> L?

RE> :XRELPQ L? REFQ J:KXQ<PFNR :P> J>J;>PQ L? RE> ?:PJ (4&[ <LKQLPSXJnc 3XNNI>J>KR:P\ 4:;I> y

?PLJ <:UI> (4&[ P>NLPRQ RE:R {u R>QSQ Q:JNI>Q ?XIAII>= RE>FP <PFR>PF: ?LP =LZKQRP>:J :K:I\Q>Q` :K=

REFQ FQ RE> KXJ;>P Z> J>KSLK E>P>c 3XNNI>J>KR:P\ 4:;I> v FK <:UI> (4&[ IFQRQ :II =:R: QLXP<>Q RE:R

were considered for their analyses. For the sake of completeness, Table R1 lists the IDs of the 

samples we considered for our comparison (these are the IDs provided in Supplementary Table 1 of 

<:UI> (4&[nc

Table R1: 3>OX>K<> P>:= :P<EFY> F=>KSA>PQ L? vu <:UI> (4&[ R>QSQ RP:KQ<PFNRLJ>Q ?PLJ NLQRj

pubertal bulls.

sample Bioproject breed age

SRS3309609 PRJNA471564 Angus 1.5 years

SRS3309607 PRJNA471564 Angus 1.5 years

SRS3309608 PRJNA471564 Angus 1.5 years

SRS3021383 PRJNA437027 $EFK>Q> \>IILZ <:UI> 4 years

CRS013209 PRJCA000530 $EFK>Q> \>IILZ <:UI> 4~6y

CRS013202 PRJCA000530 $EFK>Q> \>IILZ <:UI> 4~6y

CRS013216 PRJCA000530 $EFK>Q> \>IILZ <:UI> 4~6y

CRS013223 PRJCA000530 $EFK>Q> \>IILZ <:UI> 4~6y

SRS734278 PRJNA386670 Hereford 9 years

SRS485384 NA Unknown 2 years

Line 134 How many samples from the cattle GTEx dataset were from post-pubertal (1.5 – 9 years) 

Bos taurus taurus bulls. 

AUTHOR: Ten – see line 135.

Line 137-138 Other factors could contribute to these differences too including collection and storage 

of the tissues, and quality of the RNA. 

AUTHOR: We agree that these factors could also contribute to the differences in gene expression 

between our dataset and Cattle GTEx. They have been added to lines 138–141.

Line 146 Change ‘was’ to ‘were’ 

AUTHOR: Fixed. 



Line 471 Change ‘was’ to ‘has been’ 

AUTHOR: Fixed. 

Line 531-532 Was there any batch effect observed between the samples collected within 40 minutes 

and those collected at 270 minutes? This is useful information for transcriptomic studies in farmed 

animals where collecting tissue samples immediately isn’t always feasible. 

AUTHOR: We did not observe any apparent batch effects associated with the length of time between 

sample collection and freezing. To support this, we conducted PCAs with the raw expression values 

and observed no clustering related to sample collection time (see Figure R1 presented above). In 

addition, we now provide a table of each sample's metadata, which includes the length of time 

between collection and freezing (Table S1).  

Line 546 Was the additional 60 minute waiting period/incubation on ice? Or is this a typo and should 

this be a 60 second waiting period? 

AUTHOR: The waiting period was 60 minutes to ensure complete lysing. The samples were kept in a 

benchtop cold block during the waiting period to reduce degradation. This detail has been added to

line 553.  

Line 549 A RIN value of <4 is very low and the RNA likely to be degraded. Could the authors include 

which samples had the low RIN values in the supplementary materials, did these low values 

correlate with the samples where time to flash freezing after euthanasia was longer or a specific 

tissue. Did the authors perform a PCA or any cluster analysis of the TPMs of the RNA-Seq samples 

based on RIN values for each group to identify any potential batch effects? 

AUTHOR: We have included the RIN values for each sample in the meta data table, which is now 

provided in the supplement (Table S1). We observed little-to-no correlation between sampling time 

and RIN value in all three tissues (Spearman’s rho: testis = 0.11; epididymis = -0.14; vas deferens = -

0.02). Vas deferens had lower RIN values than testis and epididymis (Table S3). Prior to our eQTL and 

sQTL discovery, we performed clustering analyses with a variety of covariates and did not identify 

any obvious batch effects (see Figure R1). We considered RIN, PEER factors, age, and principal 

<LJNLK>KRQ ?PLJ : D>KLJF< P>I:SLKQEFN J:RPF[ :Q <LY:PF:R>Q FK LXP >iQ14, :K:I\Q>Q RL :<<LXKR ?LP

21E3; 5753ED 1@4 BADD<2>5 ;<445@ 3A@6AF@45CDO E;FDN H5 1C5 3A@845@E E;1E AFC C5DF>ED 1C5 @AE

1753E54 2J 21E3; 5753EDQ

Line 673 I can see RIN was included as co-variate in the sQTL analysis. How different were the RIN 

values across samples? Could this be included in additional supplementary file? Apologies if this 

already exists and I missed it. 

AUTHOR: We have now included a new supplementary table with exhaustive meta data including 

the RIN value for each RNA sample (Table S1). To visualize the distribution of RIN values for each 

tissue type, we plotted histograms (Figure R2). The black line represents the median RIN value 

(Testis = 9.0 ± 0.5; Epididymis = 8.4 ± 0.9; Vas deferens = 5.9 ± 1.1; Table S3). RIN was a covariate in 

all our e/sQTL analyses, which accounts for the vast majority of possible degradation effects3. 





7> <:P>?XII\ Z>KR REPLXDE RE> J:KXQ<PFNR :K= J:=> Q>Y>P:I <E:KD>Q FK RE> FKRPL=X<SLK RL E>IN

<I:PF?\ RE> L;G><SY>Q L? RE> ZLPHc

My only hard criticism is about the choice not to include chromosome X in any analyses. It is known 

that this chromosome has several QTL for male and female fertility traits. Genome predictions for 

cattle fertility traits are also known to be influenced by the inclusion (or not) of markers in BTAX. A 

justification should be provided for not including the X chromosome in the analyses. I know it might 

be “painful” and require taking quite a few steps back, but I think it would be good to pause and 

discuss this point. 

AUTHOR: We thank the reviewer for their comment on the missing X chromosomal analysis. 

)LZ>Y>P̀ LXP D>K> >[NP>QQFLK J:RPF[ :K= :K:I\Q>Q FK<IX=>= 8 <EPLJLQLJ:I D>K>Qc /XP <LJN:P:SY>

1@1>JD<D 21D54 A7 ;F?1@ 1@4 ?FC<@5 41E1 BF2><D;54 2J ,A25CEDA@ 5E 1>Q4 and Djureinovic et al.5 also 

FK<IX=>Q 8 <EPLJLQLJ:I D>K>Qc 7> :DP>> RE:R REFQ Z:Q KLR >YF=>KR ?PLJ RE> =>Q<PFNSLK FK RE>

AC<:<@1> ?1@FD3C<BEQ -;<D ;1D @AH 255@ 3>1C<854 <@ E;5 ?1<@ E5IE 1@4 Table 1c )LZ>Y>P̀ Z> KLS<>=

that our splicing matrix and clustering analysis did not contain the X chromosome, as it is removed by 

=>?:XIR ZFRE RE> qNP>N:P>lNE>KLR\N>lR:;I>cN\q Q<PFNR ?PLJ ,>:?<XU>P ZEF<E Z> :NNIF>= RL <LJNFI>

QNIF<FKD Y:PF:SLK :<PLQQ D>K>Q :K= Q:JNI>Qc 7> JL=FA>= RE> qNP>N:P>lNE>KLR\N>lR:;I>cN\q Q<PFNR

accordingly and now include the X chromosome in the splicing matrix, splicing analyses, and 

3>FDE5C<@: 1@1>JD5DN 1@4 ;1G5 FB41E54 E;5 3ACC5DBA@4<@: 8:FC5D 1@4 E12>5D UFigure 1D/E, Table 1, 

Figure S4), and the corresponding text in the main manuscript (lines 168–178). We have also 

updated the zenodo repository accordingly; the current version of the repository 

mEUNQbii]>KL=LcLPDiP><LP=Qivuuzx}vzn <LKR:FKQ QNIF<FKD AI>Q RE:R FK<IX=> RE> 8 <EPLJLQLJ>c

Figure R3 shows that the number of expressed genes is similar for the X chromosome and autosomes 

L? QFJFI:P I>KDREc 7> L;Q>PY>= KL KLR:;I> =F@>P>K<>Q FK D>K> >[NP>QQFLK :K= QNIF<FKD N:U>PKQ

between the autosomes and the X chromosome. Both chromosome sets showed the same general 

D>K> >[NP>QQFLK :K= QNIF<FKD N:U>PKQa ?LP >[:JNI>` FK ;LRE Q>RQ` >NF=F=\JFQ E:= RE> JLQR >[NP>QQ>=

D>K>Q` R>QSQ E:= RE> JLQR QNIF<>= D>K>Q` :K= Y:Q =>?>P>KQ E:= RE> ?>Z>QR >[NP>QQ>= :K= QNIF<>=

genes (Table R2nc 4E>Q> KXJ;>PQ :P> :IQL J>KSLK>= FK RE> P>YFQ>= J:KXQ<PFNR ;LRE FK RE> J:FK R>[R

(lines 101–102, lines 168–178) and in Table 1.

Figure R3b $LPP>I:SLK ;>RZ>>K <EPLJLQLJ> I>KDRE :K= KXJ;>P L? >[NP>QQ>= D>K>Q ?LP REP>>

P>NPL=X<SY> SQQX>Qc

Table R2: Number of expressed and spliced genes on autosomes and the X chromosome.

4>QSQ Epididymis Vas deferens

Expressed Genes 

(Autosomal Chromosomes)
19440 19561 18328

Expressed Genes 747 782 705



(X Chromosome)

Spliced Genes 

(Autosomal Chromosomes)
14243 13558 12332

Spliced Genes 

(X Chromosome)
481 468 448

A recent study conducted by our group showed that many bovine X chromosomal variants are 

missed by short reads6; therefore, we believe X- (as well as Y-) chromosomal e/sQTL can not be 

P>:=FI\ <LJN:P>= RL RELQ> F=>KSA>= :ILKD RE> :XRLQLJ>Qc "=Y:K<>Q FK Q>OX>K<FKD :K= :QQ>J;I\

technologies enable complete assembly of sex chromosomes7, and near-error-free bovine sex 

chromosome assemblies are currently being produced and annotated (e.g., GCF_002263795.3_ARS-

5$%wcunc "<<XP:R> :K= <LJNI>R> :KKLR:SLKQ` RLD>RE>P ZFRE ILKD P>:= Q>OX>K<FKD =:R:` :P> P>OXFP>=

to thoroughly characterize e/sQTL on the sex chromosomes. This analysis is not feasible with the 

data we present in our manuscript, and thus, is beyond the scope of the current work.

'XPRE>PJLP>` Z> E:Y> NP>YFLXQI\ <LK=X<R>= : (7"3 ;>RZ>>K J:I> ?>PSIFR\ RP:FRQ :K= 8j

chromosomal sequence variants (from genotype arrays) in a large cohort of Brown Swiss bulls. This 

:K:I\QFQ =F= KLR P>Y>:I 8 <EPLJLQLJ:I 14, mQ>> )FIRNLI= >R :Ic` EUNQbiiZZZcP>Q>:P<Ej

<LII><SLKc>RE]c<EiE:K=I>iwuczuucvv}zuizy~}yx` NNv{{jv|vnc 7EFI> Z> :<HKLZI>=D> RE:R 8j

<EPLJLQLJ:I Y:PF:KRQ J:\ E:Y> I:PD> >@><RQ LK J:I> ?>PSIFR\ FK <>PR:FK ;P>>=Q L? <:UI> m>cDc` 'LPR>Q

et al.8), this appears to not be the case for the Braunvieh breed studied here. 

7EFI> Z> REFKH :K 8 <EPLJLQLJ:I >iQ14, :K:I\Q>Q <XPP>KRI\ E:Q QX;QR:KS:I IFJFR:SLKQ ?LP RE>

P>:QLKQ J>KSLK>= :;LY>k:K= RE>P>?LP> =F=KqR FK<IX=> FK RE> <XPP>KR J:KXQ<PFNRkRE> D>K>

expression and splicing matrices we deposited at zenodo contain TPM and PSI values for X 

chromosomal genes. 

* QRPLKDI\ QXDD>QR P>=X<FKD RE> KXJ;>P L? :;;P>YF:SLKQc *? \LX XQ> RE> :;;P>YF:SLK LKI\ LK<> LP

RZF<> FK RE> ZELI> =L<XJ>KR` \LX =LKdR K>>= :K :;;P>YF:SLKc

"54)/2b 7> <:P>?XII\ Z>KR LY>P RE> J:KXQ<PFNR :K= P>JLY>= XKK><>QQ:P\ :;;P>YF:SLKQc 4EFQ FQ

P>B><R>= ;\ RE> P>JLY:I L? KFK> ;:P>I\ XQ>= :;;P>YF:SLKQ m7(3` #6` /#` ,%` *$33` (/` 47"3` ,'32`

6&0nc 4E> P>YFQ>= J:KXQ<PFNR <LKR:FKQ LKI\ ZF=>I\ XQ>= :;;P>YF:SLKQ RE:R :P> J>KSLK>= Q>Y>P:I

SJ>Q m(7"3` 14,` (4&[` JLI14,` >14,` Q14,` %."` 2."` 0$"` 2*.` 40-` '%2n` :K= Z> <:P>?XII\

3;53=54 E;1E 1>> 1C5 <@ECA4F354 FBA@ 8CDE 1BB51C1@35Q

Specific comments.  

Title. I understand the attempt to make cattle-based research more “palatable” to the general 

scientific community, but I am unsure if I agree with the approach for calling cattle or livestock a 

“large mammal”.  

"54)/2b $E:KD>= RL e<:UI>fc

Abstract line 2 and throughout the text. “artificial insemination bull”. I know what you are talking 

about, but scientists outside animal science will not. Maybe use a different sentence in the abstract, 

then define the term in the introduction.  

AUTHOR: We’ve changed the beginning of the abstract to “Breeding bulls are well suited to 

FKY>QSD:R> FKE>PFR>= Y:PF:SLK FK J:I> ?>PSIFR\ ;><:XQ> RE>\ :P> D>KLR\N>= :K= RE>FP P>NPL=X<SY>

QX<<>QQ FQ JLKFRLP>= REPLXDE Q>J>K :K:I\Q>Q :K= RELXQ:K=Q L? :PSA<F:I FKQ>JFK:SLKQcf 7> :IQL

=>AK> :PSA<F:I FKQ>JFK:SLK ;XIIQ FK lines 38–39.



Abstract and throughout the text. “molecular phenotype”. What are them? This need to be better 

explained.  

AUTHOR: We thank the reviewer for their comment. We rephrased the paragraph where we 

FKRPL=X<> eJLI><XI:P NE>KLR\N>Qf ?LP RE> APQR SJ> RL <I:PF?\ RE:R JLI><XI:P NE>KLR\N>Q :P> =>PFY>=

from transcriptomic data (lines 55–59). However, we think that “molecular phenotype” is a widely 

XQ>= R>PJ RE:R =L>QKdR K>>= RLL JX<E ?XPRE>P >[NI:K:SLKc

Line 54. Maybe missing a word in this sentence after “molecular”?  

AUTHOR: Correct as is: «... molecular underpinnings ...». (line 52)

Line 66. In addition to uniform cohorts, you could add that also required a relatively large sample 

size.  

AUTHOR: Agreed – we've added «large».  (line 62)

Line 82. Could potentially add the citation for the cattle genome you used. 

"54)/2b 7> E:Y> :==>= RE> :;;P>YF:SLK RL RE> P>?>P>K<> m"23j5$%vcwa line 82) but provide the 

P>?>P>K<> RL 2LQ>K >R :Ic` FK RE> -:R>PF:I :K= ->REL=Q Q><SLK mline 568).

'<@5 ZYYN 1>DA <@ (5E;A4DQ U` YQZ -*( 1@4 ` \ C514D <@ ` [Y_ A6 D1?B>5DVQ 0;J <@ ` [Y_ A6 D1?B>5DM

The 20% will vary depending on the tissue because there is a variable number of samples in each 

tissue; you are saying that testis needs ~23 animals expressing that transcript to be considered 

“real”, but for vas deferens, only ~17. Wouldn’t be more consistent just to apply a threshold across 

all tissues? 

AUTHOR: We preferred to apply a consistent %-threshold across all samples. Thus, we opted for the 

wu� P:RE>P RE:K =F@>P>KR KXJ;>PQ :<PLQQ RE> REP>> SQQX>Qc 4EFQ J>REL= E:Q ;>>K :NNIF>= RL LRE>P

I:PD> <LELPRQ RE:R :K:I\]>= SQQX>Q ZFRE =F@>P>KR Q:JNI> QF]>Q` QN><FA<:II\ EXJ:K (4&[9.

Figures. I liked the consistency of tissue colour across the figures. But I should note that the pale 

blue and pale purple sometimes tricked my eyes. I should not, though, the figures are well-worked 

and look good.  

AUTHOR: We are happy to see the reviewer appreciates the consistent color scheme we applied to 

?:<FIFR:R> FKR>PNP>R:SLK L? LXP P>QXIRQ_

Table 1. Maybe this is not the best location for this table.  

"54)/2b 7> QXNNLQ> RE:R RE> R:;I> ZFII ;> NLQFSLK>= :R :K :NNPLNPF:R> NI:<> =XPFKD RE> AK:I <LN\j

>=FSKD QR>Nc 'LP KLZ` Z> E:Y> JLY>= RE> R:;I> RL line 264` ZEF<E FQ :C>P RE> FKRPL=X<SLK L? Q14,c

Table 1. All of those abbreviations might need to be defined!  

"54)/2b "II :;;P>YF:SLKQ E:Y> ;>>K FKRPL=X<>= XNLK APQR :NN>:P:K<> FK RE> J:FK R>[R :K= ;>?LP>

Table 1 in the revised manuscript (eQTL: line 193; eGene: line 200; eVariant: line 210, sQTL; line 247; 

sGene: line 250; sVariant: line 257nc 'FDXP> w Z:Q :IQL JLY>= RL >KQXP> :II :;;P>YF:SLKQ :P> =>AK>=

prior to its appearance (line 277).

Linda 119. Supporting File 1. The file I had access, had only results related to one tissue (epididymis-

specificity index). For completion, the file should include also the tissue specific or enriched genes 

for the other tissues.  

"54)/2b 4E> P>OX>QR>= FK?LPJ:SLK Z:Q FK<IX=>= FK RE> LPFDFK:I QX;JFQQFLKc 4E> QLXP<> AI> m>[<>I

QNP>:= QE>>Rn Z> XNIL:=>= <LKR:FKQ REP>> Q>N:P:R> QE>>RQ ?LP RE> REP>> SQQX>Q mFigure R4).



Figure R4b 3<P>>KQELR QELZFKD RE> REP>> =F@>P>KR QE>>RQ FK<IX=>= FK 3XNNLPSKD 'FI> vc

Line 136. Expression differences were likely due to different RNA sequencing strategies. How do you 

support this statement? Why only the differences were influenced by the technology used? The fact 

that the testis is very complex, with different specified tissue layers and dynamic, and the sampling 

strategy might play a major role…  

AUTHOR: While we think that the stranded RNA sequencing strategy applied to our cohort enabled 

us to more accurately analyze gene expression and splicing, we agree that other factors could have 

:IQL <LKRPF;XR>= RL RE> =F@>P>K<>Q FK D>K> >[NP>QQFLK ;>RZ>>K LXP =:R:Q>R :K= <:UI> (4&[c 4EFQ E:Q

255@ 3>1C<854 <@ lines 138–141.

Line 166. Adding more information. 11,087 genes had alternative splicings. How many isoforms were 

found? 2 to ?? What was the gene with the largest number of isoforms? Was it also expressed in 

other tissues? Is it also highly spliced there? 

"54)/2b 7> P>NLPR P>QXIRQ LK RE> D>K>jI>Y>I ;:Q>= LK RE> <XPP>KR :KKLR:SLK L? RE> ;LYFK> D>KLJ>

REPLXDELXR RE> N:N>Pc ,>:?<XU>P FK?>PQ Y:PF:;I> QNIF<FKD >Y>KRQ ZFRELXR P>I\FKD LK HKLZK FQL?LPJ

:KKLR:SLKQ10c )LZ>Y>P̀ ,>:?<XU>P =L>Q KLR N>P?LPJ : => KLYL :KKLR:SLK` :K= REXQ` FR =L>Q KLR

infer novel isoforms. To avoid confusion, we rephrased the text in the main manuscript and now refer 

RL g2." QNIF<FKD Y:PF:SLKh P:RE>P RE:K g:IR>PK:SY> QNIF<FKDh REPLXDELXR m>cDc` lines 168-172). Figure 

1E QELZQ RE> LY>PI:N L? QNIF<>= D>K>Q :<PLQQ RE> REP>> SQQX>Qc

Line 187. Only autosomal variants were explored, right? 

".-&),P #ACC53EQ -;<D ;1D 255@ 3>1C<854 <@ E;5 C5G<D54 ?1@FD3C<BE Ulines 197–199).

Line 194. The fact that more eGenes were found in testis compared to the other tissued; could be 

due to the larger sample size? 

".-&),P -;<D <D 1 G5CJ G1>F12>5 3A??5@EL -A 6FCE;5C DFBBACE E;1E E;5 4<75C5@35 <@ D1?B>5 D<K5 <D @AE

=PFYFKD RE> FK<P>:Q>= KXJ;>P L? >(>K>Q FK R>QSQ` Z> QX;Q>R LXP =:R:Q>R RL FK<IX=> LKI\ RE> |y

Q:JNI>Q RE:R E:= >[NP>QQFLK =:R: FK :II REP>> SQQX>Qc 7> L;Q>PY>= RE:R R>QSQ QSII E:= JLP> >(>K>Q

RE:K >NF=F=\JFQ :K= Y:Q =>?>P>KQ` =>QNFR> :II REP>> SQQX>Q E:YFKD RE> Q:J> Q:JNI> QF]> m4:;I> 2xnc

7> KLZ J>KSLK REFQ FK lines 204–208. /XP AK=FKDQ FK=F<:R> RE:R R>QSQ E:Q Y>P\ EFDE RP:KQ<PFNSLK:I

3A?B>5I<EJN H;<3; 3A@8C?D C5DF>ED 6CA? ;F?1@ %-$I9. 

Table R3: >(>K>Q F=>KSA>= FK RE> ?XII >14, :K:I\QFQ` ZEF<E <LKR:FK>= :II Q:JNI>Q RE:R N:QQ>= LXP

OX:IFR\ <PFR>PF: ?LP >:<E SQQX>` :K= >(>K>Q F=>KSA>= FK : QX;Q>R L? |y :KFJ:IQ ZFRE >[NP>QQFLK =:R:

FK >Y>P\ SQQX>c

4>QSQ Epididymis Vas deferens

eGenes (full sampling) 11,164 4,347 3,889

eGenes (74 sample subset) 6,646 3,473 2,041

Line 211. What is the definition of non-coding transcript? Often, something upstream or 

downstream is also considered non-coding. Possibly picking at random 172 transcripts from 

upstream or downstream, you might get a large and similar effect to those non-coding. 

AUTHOR: Non-coding transcript variants include "non-coding transcript exon variants" and "non-

3A4<@: EC1@D3C<BE G1C<1@EDWQ $13; <D DB53<831>>J 458@54 2J $@D5?2> /$* 1DP @A@T3A4<@: EC1@D3C<BE 5IA@

variant, a sequence variant that changes non-coding exon sequence in a non-coding transcript; non-



coding transcript variant, a transcript variant of a non-coding RNA gene. Thus, these variants lie 

within the exons or transcripts of non-coding RNA and are not considered upstream or downstream 

2J /$*Q 05 ;1G5 3>1C<854 E;<D <@ lines 224–225.

Line 216. sQTL; eQTL. Might need to define.  

".-&),P DS5+-' 1C5 458@54 <@ lines 193 and 247.

Line 225. sVariants or eVariants? 

AUTHOR: sVariants is correct

Line 286. molQTL might need to define. 

"54)/2b 4E> :;;P>YF:SLK FQ =>AK>= FK RE> FKRPL=X<SLK FK RE> P>YFQ>= J:KXQ<PFNR mline 55).

Line 288. No reference to BovReg? No publication, no repro tissue? Or this is a resource from 

BovReg? 

AUTHOR: The data we present in our manuscript were collected independently from Bovreg. To the 

;>QR L? LXP HKLZI>=D>` RE>P> FQ KL NX;IF<:SLK :Y:FI:;I> \>R ?PLJ #LYP>D RE:R QXNNLPRQ REFQ

statement.  

Line 330. Only autosomal SNP. Should be noted. 

".-&),P #>1C<854 1E D5G5C1> B>135D E;CAF:;AFE E;5 ?1@FD3C<BEQ

Line 330. First time direct “effect” on male fertility – should explain the male fertility trait here.  

"54)/2b 4E> RP:FR FQ >[NI:FK>= FK RE> QX;Q>OX>KR Q>KR>K<>b e4E> ?>PSIFR\ L? RE> ;XIIQ Z:Q OX:KSA>=

REPLXDE RE> NPLNLPSLK L? QX<<>QQ?XI :PSA<F:I FKQ>JFK:SLKQ occcpf mline 344)

Line 341. 342. MetaXcan, S-PrediXcan. Is there a citation for them? Should be included here as well. 

"54)/2b 7> E:Y> :==>= RE> <FR:SLK ?LP ->R:8<:K RL lines 353c 4EFQ FQ RE> Q:J> <FR:SLK ?LP 3j

0P>=F8<:K` ZEF<E FQ QN><FA<:II\ J>KSLK>= FK RE> ->REL=Q (lines 727).

Line 447 – 451. Carefully consider using the same word when talking about humans and cattle. does 

the heterogeneity of cattle (diff cattle breeds) correspond to the heterogeneity in humans (diff 

populations)? 

"54)/2b "DP>>=c 7> KLZ ZPFR> RE> eE>R>PLD>K>FR\ L? <:UI> (4&[ ZEF<E <LKR:FKQ FK=FYF=X:IQ ?PLJ

=F@>P>KR NLNXI:SLKQ Q:JNI>= :R =F@>P>KR :D>Qcccf :K= ecccQFJFI:P RL ZE:R Z:Q P>NLPR>= FK : REP>>j

SJ>Q I:PD>PkEXJ:K (4&[ <LELPR RE:R :IQL <LKR:FK>= FK=FYF=X:IQ ZFRE =FY>PQ> :K<>QRPF>Q Q:JNI>= :R

4<75C5@E 1:5DNR (lines 460–461 and 464–465).

Line 527. The timing between sample collection and processing (freezing) was higher than expected 

for an RNA sequencing analysis. Did you test the effect of the time length between killing and 

freezing on RNA quality?  

Coincidently, vas deferens were the tissue with a “smaller gene expression” but also lower RIN 

values for the quality of RNA (average RIN=4, Which is quite low). Did you test the effect of the RIN 

values on gene expression? I can see that for some analyses, the RIN values were considered but 

maybe it was not considered in all of them? How to remove the potentially confounding effect of 

lower RIN in the lower gene expression? 

AUTHOR: Samples were collected at a commercial slaughterhouse and subsequently transported to 

LXP I:;c 7> =F= KLR L;Q>PY> : P>I:SLKQEFN ;>RZ>>K NPL<>QQFKD SJ> :K= 2*. Y:IX>Q FK :K\ SQQX>

m3N>:PJ:KdQ PELb R>QSQ � ucvva >NF=F=\JFQ � jucvya Y:Q =>?>P>KQ � jucuwnc 2*. Y:IX>Q Z>P> FK=>>=

ILZ>P ?LP Y:Q =>?>P>KQ RE:K RE> LRE>P SQQX>Qc 7> E:Y> KLZ FK<IX=>= : QXNNI>J>KR:P\ R:;I> ZFRE RE>

RIN value for each sample (Table S1nc 4L YFQX:IF]> RE> =FQRPF;XSLK L? 2*. Y:IX>Q ?LP >:<E SQQX> R\N>`





Figure R1 (copied from above): "QQL<F:SLK ;>RZ>>K RE> RLN NPFK<FN:I <LJNLK>KRQ L;R:FK>= ?PLJ

40- Y:IX>Q :K= 2*.` SJ> ;>RZ>>K QI:XDER>P :K= Q:JNIFKD` :K= JLKRE L? Q:JNIFKD ?LP RE> REP>>

SQQX>Qc

Was there an effect of the season of the year on the gene expression? We know that reproductive 

are potentially less “active” in winter compared to spring.  

AUTHOR: This was not tested in our study, though we did not observe any clustering according to 

sampling month in our PCAs (see Figure R1 presented above). We now provide a spread sheet with 

>[E:XQSY> J>R: =:R: FK<IX=FKD Q:JNIFKD =:R> :Q Table S1, so possible impacts of sampling season on 

D>K> >[NP>QQFLK J:\ ;> FKY>QSD:R>= FK ?LIILZjXN QRX=F>Qc

Reviewer #3 (Remarks to the Author): 

I co-reviewed this manuscript with one of the reviewers who provided the listed reports. This is part 

of the Nature Communications initiative to facilitate training in peer review and to provide 

appropriate recognition for Early Career Researchers who co-review manuscripts. 

"54)/2b 4E:KH \LX ?LP \LXP <LKRPF;XSLK RL RE> P>YF>Z L? LXP J:KXQ<PFNR_
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Reviewer #1 (Remarks to the Author):

The authors have comprehensively addressed all of the comments I raised and have provided a 

clear rebuttal and revised manuscript. I am happy that the manuscript can now proceed for 

publciation.

Reviewer #2 (Remarks to the Author):

The authors did a comprehensive review of their submission and improved this revised version in 

light of the reviewers’ comments. All of the reviewers’ comments were considered, discussed in the 

reply letter, and, when appropriated, incorporated into the text. I have no further comments.

Reviewer #3 (Remarks to the Author):

I appreciate the authors efforts in reviewing the manuscript. The questions and comments were 

addressed properly and comprehensively and the additional Analysis run in response to the 

reviewers's comments certainly added credibility to the manuscript.



Point-by-point response to the reviewers’ comments

Reviewer #1 (Remarks to the Author):

The authors have comprehensively addressed all of the comments I raised and have provided a clear 

rebuttal and revised manuscript. I am happy that the manuscript can now proceed for publciation. 

Authors: Thank you for your contribution to the review process and your valuable suggestions that 

helped improving our manuscript! 

Reviewer #2 (Remarks to the Author):

The authors did a comprehensive review of their submission and improved this revised version in 

light of the reviewers’ comments. All of the reviewers’ comments were considered, discussed in the 

reply letter, and, when appropriated, incorporated into the text. I have no further comments. 

Authors: Thank you for your contribution to the review process and your valuable suggestions that 

helped improving our manuscript!

Reviewer #3 (Remarks to the Author):

I appreciate the authors efforts in reviewing the manuscript. The questions and comments were 

addressed properly and comprehensively and the additional Analysis run in response to the 

reviewers's comments certainly added credibility to the manuscript.

Authors: Thank you for your contribution to the review process and your valuable suggestions that 

helped improving our manuscript!


