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Reviewer #1 (Remarks to the Author):

Gene expression prediction is the core issue for transcriptional regulation, especially in plants 

breeding. Because the prediction model combined with interpretability methods can help identify 

critical cis-regulatory elements (CREs) which significantly contributes target gene expression.

The authors developed deep learning models for gene expression prediction (classification models 

for predicting low or high expressions) on four model plant species. They achieved around 80% 

prediction accuracy in single-species reference (SSR) models and got 65-78% prediction accuracy 

in multi-species reference (MSR) models. Importantly, the authors employed a powerful 

interpretability tool of ‘DeepLIFT’ to assign base contribution score to each base and then used a 

TF motif analysis tool of ‘TF-MoDISco’ to identify Expression-Predictive Motifs (EPM). They found 

that EPMs showed a general specificity towards the 5’UTR and 3’UTR, which make sense in 

biological knowledges.

For model applications, the authors used a trained model (the MSR model trained with Solanum 

lycopersicum as the validation set) to predict differences in expression of genetic variants of two 

tomato genes of Solyc02g08170.4 and Solyc02g080300.3 on 15 wild and cultivated Solanum spp. 

Prediction results and EPM identifications were found matched with the genomic structural variants 

(SVs).

Overall, I think that the strategy using deep learning modeling and interpretability is the 

mainstream method for CRE identifications nowadays. However, the deep learning architecture the 

author used is too simple and lacks novelty, which hinders better prediction accuracy of gene 

expression. It is good for authors to use ‘DeepLIFT’ and ‘TF-MoDISco’ to perform EPM analysis, 

and I think this is the first contribution of the current work. Another contribution is the application 

of the trained model for identifying causal SVs that contributes high gene expression across 15 

wild and cultivated Solanum spp. The manuscript is well organized. I have some queries as 

follows:

1. The choice of 1000nt upstream and 500nt downstream of the transcription start site (TSS), and 

500nt upstream and 1000nt downstream of the transcription termination site (TTS) seems too 

subjective. The author should either cite relevant publications to support the choice, or provide 

comprehensive analysis about the reference genomes to support this choice.

2. In my opinion, the above lengths of promoter, 5’UTR, 3’UTR and terminator are not necessarily 

optimal. I strongly suggest that the authors perform a length optimization and get the optimal 

length with the data-driven strategy. Another important issue is that the optimal length is not 

necessarily the same for all four plant species, because the genome size is quite different. The 

authors should comprehensively discuss it.

3. For large genome, such as maize, there are many distal CREs that are dozens of Kb away from 

TSS. However, the current model cannot cover distal CREs, making the prediction accuracy limited.

4. In the middle of the manuscript, the authors introduced a random forest model with manual 

genomic features. Although the RF model has comparable prediction accuracy with the deep 

learning model, I think this section should be removed because it has not brought novel insights 

and it has no obvious connections with other sections in the whole manuscript.

5. The author should specify the output of the deep learning model. In the abstract, the author 

wrote ‘link gene sequence data with mRNA copy number for the plant species’, however after I 

carefully checked the details in ‘Material and Methods’, I found that the output is just the maximal 

TPM of RNA-seq analysis. Therefore, ‘mRNA copy number’ is not appropriate, and I suggest that 

the authors rename it.

6. Data availability. The authors should provide all the data and codes during training, testing and 

model applications for other researchers repeating their results.

Reviewer #2 (Remarks to the Author):

This manuscript aims to investigate the relationship between the DNA sequences in the proximal 

regions of the transcription start sites and transcription termination sites of any give gene and its 



expression level across four plant species: Arabidopsis thaliana, Sorghum bicolor, Solanum 

lycopersicum, and Zea mays. The authors employed relatively simple convolutional neural network 

(CNN) models, achieving an overall accuracy of approximately 80%. These models utilized either 

species-specific references (SSR) or multi-species references (MSR) to predict gene expression 

levels for the same species or for a species that was excluded from the training data, respectively.

The findings of this study highlight the significance of the untranslated regions (UTRs) in 

determining gene expression levels. By employing various model interpretation techniques in the 

context of evolutionary relatedness, the authors identified conserved expression predictive motifs 

(EPMs) across the different species. The practical application of the models was demonstrated by 

utilizing the MSR models to accurately reveal expression differences in genes enriched in metabolic 

pathways that are known to vary between two related varieties.

While this research sheds light on the relationship between DNA sequences and gene expression 

levels in multiple plant species, I have several major concerns regarding the claimed findings and 

significance, detailed as follows:

1. One of the major findings of this study is the significance of UTR regions in determining mRNA 

abundance, which aligns with the previous research conducted by Mashburn et al. (2019) using 

multiple tissues from different developmental stages in maize. While the current study expands 

upon this finding by incorporating four plant species, it would be valuable to explore the 

importance and limitations of DNA sequence in the context of tissue-specificity. One possible 

approach to achieve this would be to conduct additional analyses that investigate the model's 

performance separately for tissue-specific genes versus non-specific genes. Furthermore, 

comparing the importance of genetic features in determining the expression levels would provide 

valuable insights into the role of DNA sequence in tissue-specific gene regulation.

2. The authors employed DeepLIFT saliency scores and TF-MolDISco to identify expression-

predictive motifs (EPMs), which is an interesting approach. However, the current presentation of 

the observations and corresponding figures (L227-229, Figure 5a) lacks context and clarity. There 

is a need for a deeper exploration of these findings to provide a more comprehensive 

understanding. Furthermore, it would be beneficial to provide more details regarding the 

application of EPMs in predicting gene expression. Specifically, starting from L270 and Figure 5, it 

is unclear how the predictions were performed, what controls were used, and what statistical 

analyses were conducted to support the claim of robust performance. Additional information and 

analyses would strengthen the interpretation of the results and enhance the overall rigor of the 

study.

3. One application of the CNN models and EPMs was demonstrated by predicting and identifying 

differential gene expression among 14 sub-species and varieties of tomato, as described starting 

from L284 and shown in Figure 6. However, it is important to note that the manuscript primarily 

focuses on presenting a few exemplary genes, which restricts the overall outcome and 

generalizability of the findings. To strengthen the impact of CNN models and EPMs, it would be 

beneficial to present a more extensive set of genes in the results.

4. The clarity of the manuscript could be improved by addressing several aspects, such as the 

presentation of figures, figure legends, and the overall flow of the manuscript. I will provide a few 

examples, although these may not cover all possible cases:

4.1 It is unclear from the manuscript whether Figure 1b is a conceptual visualization or based on 

real data. To clarify this, it is important to provide additional information and make it clear to the 

readers. If Figure 1b is based on real data, the authors should specify the source of the data and 

provide the corresponding plots for the four species mentioned as Supplementary Figures.

4.2 Figure 1c may not be clear to general biologists without prior knowledge of CNN models. It 

would be helpful to provide additional explanation or context within the figure or in the main text 

to aid their understanding.

4.3 The legends for Figures 1-4 should be revised to provide sufficient information for readers to 

interpret and draw conclusions from the figures.

These are just a few specific examples, and I recommend reviewing the entire manuscript to 

identify areas where the presentation can be improved for better clarity and comprehension.



4.4 The section "Expression predictive motifs (EPMs) exhibit sequence and positional conservation" 

would be better placed immediately after the section "Identification and characterization of 

predictive sequence features." The current placement of the Random Forest section interrupts the 

flow of the discussion on EPMs.

Some minor points are listed as follows:

1. L109-114 : The CNN model used in this work is based on the pseudogene model with some 

modifications, as mentioned in the manuscript. However, it is noted that the specific details 

regarding these modifications and the rationale behind them are not explicitly described in the 

Materials and Methods section. It would be beneficial to include any limitations or challenges 

observed with the original pseudogene model and how the modifications were designed to address 

those issues. This will provide a clearer understanding of the specific changes made to the 

pseudogene model and how these changes improve its performance or adapt it to the current 

study's objectives.

2. L124-126: To prevent overfitting, the authors have taken measures to avoid including homologs 

in the training and validation sets. However, it is not explicitly mentioned in the manuscript how 

genes from the same family were handled in terms of overfitting. Considering that the authors are 

aware of the potential effect of gene families on overfitting, it would be valuable to provide 

additional information on how this issue was addressed.

3. Figure 3a: In agreement with the findings of Mashburn et al. (2019), the current study also 

observed that the saliency scores, or contribution scores, are highest within the gene body, 

specifically between the transcription start site (TSS) and transcription termination site (TTS). A 

discussion of this observation would be valuable in the manuscript. It could involve exploring the 

potential reasons and implications behind the observation. Does this suggest that the DNA 

sequences within this region play a crucial role in determining mRNA abundance?

4. L195-204: The authors determined 10 generic features to train Random Forest classifiers; 

however, the rationale behind the selection of these specific features was not provided in the 

manuscript. Providing a clear explanation of why these specific features were chosen will not only 

enhance the transparency of the study but also allow readers to better understand the underlying 

biological reasoning and potential implications of the selected features.

5. L383-407 (Figure 7d): To improve clarity in this paragraph, it would be beneficial to provide 

specific gene IDs within the context. For instance, in the sentence "Remarkably, six of these were 

predicted correctly to be highly expressed and no false positives were recorded, resulting in a 

prediction precision of 1 for the high expression," I recommend specifying which six genes were 

referred to. If space is a constraint, the information could be provided through indices or labels on 

the Figure panel. This will enhance the reader's understanding and provide a more comprehensive 

analysis of the results.



Responses to Reviewers

L\Ub_ mci jYfm aiW\ Zcf h\Y ZYYXVUW_ cb cif aUbigWf]dh+ OY `cc_ ZcfkUfX hc \Uj]b[

]adfcjYX cif kcf_ k]h\ mcif \Y`dZi` fYaUf_g cb h\Y fYgi`hg UbX h\Y]f dfYgYbhUh]cb+

OY \UjY UXXYX Zifh\Yf hYlh UbX gidd`YaYbhg Ug XYhU]`YX VY`ck+ OY ]bW`iXY U

WcffYWh]cb*hfUW_YX jYfg]cb cZ cif aUbigWf]dh+

Reviewer 1

OY UfY [fUhYZi` Zcf U`` h\Y gi[[Ygh]cbg UbX WcaaYbhg Zfca JYj]YkYf .+ :XXfYgg]b[

h\YgY fYaUf_g \Ug) kY VY`]YjY) fYbXYfYX cif aUbigWf]dh acfY UWWYgg]V`Y hc

fYgYUfW\Yfg ]bhYfYghYX ]b h\Y W]g*fY[i`Uhcfm `UbXgWUdY cZ d`Ubh [YbYg) dfcj]XYX U

ghfcb[Yf ^igh]Z]WUh]cb Zcf h\Y W\cgYb acXY` ]bdihg) UbX Yb\UbWYX h\Y XcWiaYbhUh]cb

cZ aYh\cXg) h\YfYVm ]adfcj]b[ h\Y fYdfcXiW]V]`]hm cZ h\Y ghiXm+

1. The choice of 1000nt upstream and 500nt downstream of the transcription

start site (TSS), and 500nt upstream and 1000nt downstream of the

transcription termination site (TTS) seems too subjective. The author should

either cite relevant publications to support the choice, or provide

comprehensive analysis about the reference genomes to support this choice.

Response7 OY U[fYY) kY X]Xbsh Yld`U]b h\]g ]ggiY ]b h\Y aUbigWf]dh Ybci[\+ OY

UXXYX UXX]h]cbU` Yld`UbUh]cbg ]b h\Y fYgi`hg gYWh]cb [ll. 97-100 and ll. 142-149] UbX

FUhYf]U`g UbX FYh\cXg [ll. 706-709]+ L\Y W\c]WY cZ h\Y gYeiYbWY fUb[Y kUg VUgYX

Vch\ cb df]cf `]hYfUhifY UbX cif ckb hYgh]b[ cZ h\Y acXY` dYfZcfaUbWY Zcf X]ZZYfYbh

`Yb[h\g+ K]a]`Uf`m) hc h\Y dfYj]cig ghiXm cZ OUg\Vifb Yh U` &/-.6' h\]g fUb[Y kUg

giZZ]W]Ybh Zcf h\Y giWWYggZi` UggcW]Uh]cb cZ [YbY Z`Ub_]b[ fY[]cbg hc [YbY YldfYgg]cb

]b Z. mays+ :g ]b OUg\Vifb Yh U` &/-.6' kY gUk bc g][b]Z]WUbh ]adfcjYaYbh ]b acXY`

UWWifUWm Zcf dfcachYfg UbX hYfa]bUhcfg YlhYbXYX id hc 0--- bh (Supplementary

Figure 1)+ <cbWYfb]b[ h\Y `]hYfUhifY giddcfh) h\Y Yad]f]WU` Ygh]aUh]cb cZ h\Y YZZYWh]jY

dfcachYf `Yb[h\ ]b :fUV]Xcdg]g &Dcf_iW Yh U` /-.1' VUgYX cb KGI ZfYeiYbWm UWfcgg

016 UWWYgg]cbg cZ h\Y .+.-. [YbcaYg Wc``YWh]cb \]bhYX Uh UjYfU[Y `Yb[h\ cZ 2--bh

idghfYUa cZ h\Y LKK (Revision Figure 1)S hU_Yb Zfca Dcf_iv Yh U`+ /-.1T+ :`gc) h\Y

`cWUh]cb cZ Y`YaYbhg cZ h\Y WcfY dfcachYf) giW\ Ug e.g., L:L:*) @<* )<<::L*VclYg

&fYj]YkYX e.g+) ]b ;fcc_g Yh U` /-/0' dfcj]XYg \]bhg h\Uh h\]g 2--bh idghfYUa fY[]cb

WUb VY [YbYfU`]gYX UWfcgg d`Ubh gdYW]Yg) XYgd]hY `Uf[Y X]ZZYfYbWYg ]b h\Y [YbcaY

UbX ]bhYf[Yb]W fY[]cbg g]nY+ L\YgY Z]bX]b[g Wcbj]bWYX ig h\Uh h\Y W\cgYb fUb[Y ]g U

gUZY Ygh]aUhY YbWcadUgg]b[ h\Y WcbgYfjYX [YbY fY[i`Uhcfm fY[]cbg UbX VY]b[

X]fYWh`m WcadUfUV`Y k]h\ dfYj]cig ghiX]Yg+ OY ]bW`iXYX fYgdYWh]jY fYZYfYbWYg ]b h\Y

fYj]gYX aUbigWf]dh [ll. 97-100]. L\Y `Yb[h\ cZ h\Y MLJ fY[]cbg kUg VUgYX cb `Yb[h\

X]ghf]Vih]cb cZ UbbchUhYX MLJg &gYY fYgdcbgY hc WcaaYbh "/'+



OUg\Vifb C=) FY^]U*@iYffU FD) JUaghY]b @) DfYa`]b[ D:) NU``ifi J) ;iW_`Yf >K)

OUb[ A+ >jc`ih]cbUf]`m ]bZcfaYX XYYd `YUfb]b[ aYh\cXg Zcf dfYX]Wh]b[ fY`Uh]jY

hfUbgWf]dh UVibXUbWY Zfca =G: gYeiYbWY+ IfcW GUh` :WUX KW] M K :+ /-.6 FUf

.68..3&./'7221/*2216+ Xc]7 .-+.-40,dbUg+.5.122...3+ >diV /-.6 FUf 3+ IFB=7

0-51//448 IF<B=7 IF<310..24+

IUi`U Dcf_iv) Ccg A+F+ KW\]ddYfg) =]f_ OU`h\Yf) <\UfUWhYf]nUh]cb UbX BXYbh]Z]WUh]cb

cZ W]g*JY[i`Uhcfm >`YaYbhg ]b :fUV]Xcdg]g ;UgYX cb K]b[`Y*GiW`Ych]XY

Ic`macfd\]ga BbZcfaUh]cb ) Plant Physiology) Nc`iaY .31) BggiY .) CUbiUfm /-.1)

IU[Yg .5.p/--) \hhdg7,,Xc]+cf[,.-+..-1,dd+..0+//64.3

>a]`m @+ ;fcc_g >ghYZUb]U >`cff]U[U QUb[ E]i CUaYg J+ =iXi]h @ic`]Ub[ QiUb

<\ib[*Ci] LgU] @YfU`X :+ Lig_Ub L\caUg @+ JUbbYm P]Uc\Ub QUb[ Oig\Yb[ E]i+

I`Ubh IfcachYfg UbX LYfa]bUhcfg Zcf A][\*IfYW]g]cb ;]cYb[]bYYf]b[+ ;]c=Yg][b JYg+

28/-/07--.0+ =HB7.-+01.00,VXf+--.0

Revision Figure 1. &?][ifY / cZ Dcf_iv Yh U`+ /-.1' * :jYfU[Y KGI XYbg]hm dfcZ]`Y

fY`Uh]jY hc h\Y LKK+ KGI XYbg]h]Yg &k]bXck g]nY cZ /2 bh' kYfY WcadihYX Zcf U``

]bhYf[Yb]W fY[]cbg &V`UW_ gc`]X `]bY' Zcf WUgY . &?][+ .') KGIg cb`m &Wc``]bYUf

cf]YbhUh]cb cZ bY][\Vcif]b[ [YbYg) k\YfY h\Y [YbYg \UjY h\Y gUaY cf]YbhUh]cb8 XUf_

[fUm gc`]X `]bY') UbX WUgY 0) KGIg cb`m) ]b k\]W\ [YbYg UfY cf]YbhYX \YUX*hc*\YUX

&`][\h [fUm gc`]X `]bY'+ : `c[]gh]W WifjY k]h\ Z&l' 9 : (&; / :',&. ( < 0 Yld&/ =l'')

k\YfY : 9 -+-.6) ; 9 -+-.2) < 9 -+//0) UbX = 9 / -+--65) kUg Z]hhYX hc h\Y U``*KGIg

XUhU gYh &V`UW_ XUg\YX `]bY'+

2. In my opinion, the above lengths of promoter, 5’UTR, 3’UTR and terminator

are not necessarily optimal. I strongly suggest that the authors perform a

length optimization and get the optimal length with the data-driven strategy.



Another important issue is that the optimal length is not necessarily the same

for all four plant species, because the genome size is quite different. The

authors should comprehensively discuss it.

L\]g ]g U jYfm [ccX gi[[Ygh]cb+ Bb ZUWh) kY dYfZcfaYX Ub ]b]h]U` `Yb[h\ cdh]a]nUh]cb

Vih X]Xb%h fYdcfh ]h ]b Zi`` ]b h\Y ]b]h]U` giVa]gg]cb+ Bb h\Y fYj]gYX jYfg]cb kY YlhYbXYX

h\Uh hYgh UbX fYdcfhYX ]b h\Y aU]b hYlh UbX Kidd`YaYbhU` ?][ifYg+ OY X]j]XYX h\Y

WcaaYbh UbX cif fYgdcbgY ]bhc hkc dUfhg7

“I strongly suggest that the authors perform a length optimization and get the

optimal length with the data-driven strategy. “

Response7 Bb h\Y fYj]gYX jYfg]cb cZ h\Y aUbigWf]dh) kY dfcj]XYX fYgi`hg cZ h\Y

WcadfY\Ybg]jY hYgh]b[ cZ X]ZZYfYbh [Ybca]W fUb[Yg hU_Yb Ug ]bdihg Zcf h\Y UbU`mg]g

(FUhYf]U`g $ FYh\cXg gYWh]cb [ll. 704-719] (Supplementary Figure 1)+ OY hYghYX

h\Y dYfZcfaUbWY cZ h\Y acXY` cb U`` Zcif gdYW]Yg YlhYbX]b[ h\Y g]nYg cZ h\Y dfcachYf

UbX hYfa]bUhcf k\]`Y _YYd]b[ h\Y MLJ fY[]cbg cZ WcbghUbh 2-- bh `Yb[h\+ OY

cVgYfjYX bc g][b]Z]WUbh ]adfcjYaYbh cZ h\Y dYfZcfaUbWY k]h\ ]bWfYUg]b[ g]nY cZ h\Y

]bdih gYeiYbWY+ KYWcbX`m) kY dYfZcfaYX U g]a]`Uf hYgh cb h\Y MLJ fY[]cbg k\]`Y

_YYd]b[ h\Y dfcachYf UbX hYfa]bUhcf gYeiYbWYg Uh U WcbghUbh .--- bh `Yb[h\+

K]a]`Uf`m) fYgi`hg X]gd`UmYX bc g][b]Z]WUbh ]adfcjYaYbh cZ h\Y dYfZcfaUbWY+

“(...) the optimal length is not necessarily the same for all four plant species,

because the genome size is quite different. The authors should

comprehensively discuss it.”

Response7 L\]g ]g ]bXYYX U jYfm ]adcfhUbh ]ggiY+ Lc UXXfYgg ]h kY dfcj]XYX

Ygh]aUhYg cZ acXY` dYfZcfaUbWY Zcf X]ZZYfYbh `Yb[h\g cZ h\Y ]bdih gYeiYbWYg

(Supplementary Figure 1) UbX UXXYX U fYgdYWh]jY dUfU[fUd\ hc h\Y FUhYf]U`g UbX

FYh\cXg gYWh]cb [ll. 704-719]+ OY U`gc WcadUfYX h\Y X]ghf]Vih]cb cZ h\Y `Yb[h\ cZ h\Y

UbbchUhYX MLJg VYhkYYb h\Y Zcif gdYW]Yg UbX \][\`][\hYX h\Y dYfWYbhU[Y cZ h\Y

UbbchUhYX MLJg Zi``m WcjYfYX Vm h\Y gY`YWhYX biW`Ych]XY fUb[Y [ll. 172-175]

(Supplementary Figure 2)+ O\]`Y h\Y dYfWYbhU[Y cZ h\Y WcjYfYX MLJsg jUf]YX

fYaUf_UV`m) ]bWfYUg]b[ h\Y ]bdih MLJ fUb[Y VYmcbX 2--Vd X]X bch hfUbg`UhY hc

]adfcjYaYbh cZ acXY` dYfZcfaUbWY+ L\ig) kY WcbW`iXYX h\Uh acgh dfYX]Wh]jY

ZYUhifYg `cWUhY k]h\]b h\Y gY`YWhYX fUb[Y Zcf U`` gdYW]Yg cZ ]bhYfYgh+ :h h\Y gUaY h]aY)

kY g\ckYX h\Uh h\Y `Yb[h\ cZ h\Y MLJ fY[]cbg ]g ]bXYYX dfYX]Wh]jY hckUfXg [YbY

YldfYgg]cb+ Hif fYgi`hg cb hfU]b]b[ h\Y fUbXca ZcfYgh &J?' W`Ugg]Z]Yf cb hYb

eiUbh]hUh]jY ZYUhifYg cZ fY[i`Uhcfm gYeiYbWYg ]bX]WUhYX \][\ ]adcfhUbWY cZ 0sMLJ

`Yb[h\ &acjYX ]b h\Y fYj]gYX jYfg]cb cZ h\Y aUbigWf]dh hc h\Y Supplementary

Materials, Supplementary Data 1 and Supplementary Figure 4'+ :XX]h]cbU``m) h\Y

X]gWfYdUbWm cZ dYfZcfaUbWY VYhkYYb h\Y J?*KKJ acXY`g UbX J?*FKJ acXY`g

ghfcb[`m ]bX]WUhY h\Y ]adcfhUbWY cZ gdYW]Yg*gdYW]Z]W ]adcfhUbWY (Supplementary



Figure 4)+ OY UXXYX X]gWigg]cb cZ h\YgY fYgi`hg U`gc ]b h\Y aU]b hYlh [ll. 578-583].

3. For large genomes, such as maize, there are many distal CREs that are

dozens of Kb away from TSS. However, the current model cannot cover distal

CREs, making the prediction accuracy limited.

Response7 OY U[fYY h\Uh ]XYbh]Z]WUh]cb cZ fY[i`Uh]cb fY`UhYX hc YldfYgg]cb ]bXiWYX

Vm d\mhc\cfacbY*]bhYfUWh]b[ <J>g cf acXi`UhYX Vm Yb\UbWYfg kci`X fYei]fY aiW\

`Uf[Yf fUb[Yg) k\]W\ kci`X `]_Y`m X]ZZYf VYhkYYb h\Y gdYW]Yg cZ ]bhYfYgh+ L\]g kci`X

U`gc fYei]fY X]ZZYfYbh acXY` UfW\]hYWhifY UbX hfU]b]b[ ghfUhY[m &Y+[+) >bZcfaYf acXY`8

:jgYW Yh U`+ /-/.'+ Bb ZUWh) Ug U fYgdcbgY hc U fY`UhYX fYeiYgh cZ fYj]YkYf /) kY

hfU]bYX UXX]h]cbU` acXY`g cb [YbY YldfYgg]cb ]b fcch h]ggiYg+ OY cVgYfjYX h\Uh

acXY`g kYfY bch UV`Y hc WUdhifY h]ggiY*gdYW]Z]W]hm cZ h\Y YldfYgg]cb cZ " 2# [YbYg

X]ZZYfYbh]U``m W`Ugg]Z]YX ]b fcchg UbX g\cchg cZ h\Y fYgdYWh]jY gdYW]Yg) k\]`Y dYfZcfaYX

YeiU``m kY`` Zcf h\Y WcbgYfjYX cbYg (Supplementary Figure 5)+ L\]g ]bX]WUhYX h\Uh

h\Y fY[i`Uh]cb ]g Xf]jYb Vm UXX]h]cbU` ZUWhcfg) e.g., h\cgY `cWUhYX cihg]XY cZ h\Y hU_Yb

Z`Ub_]b[ fY[]cb+ JY[i`Uhcfm YZZYWhg fYgi`h]b[ Zfca `cb[ fUb[Y ]bhYfUWh]cb &in trans)

Wci`X bch VY WUdhifYX+ :h h\Y gUaY h]aY \ckYjYf) hU_]b[ h\Y dfcl]aU` Z`Ub_]b[

fY[]cbg YbUV`Y UW\]Yj]b[ \][\ UbX WcadUfUV`Y dYfZcfaUbWY UWfcgg X]ZZYfYbh h]ggiYg

JG:*gYe dfcZ]`Yg+

Hif UbU`mg]g ]bX]WUhYX h\Uh h\Y gY`YWhYX fY[]cb7 U' dfcj]XYg h\Y gUaY

dYfZcfaUbWY Ug `Uf[Yf Z`Ub_]b[ fUb[Yg (Supplemental Figure 2) k\]`Y _YYd]b[ h\Y

acXY`g g]ad`Yf UbX h\ig acfY ]bhYfdfYhUV`Y) V' ]bW`iXYg h\Y 2-- bh a]b]aia _bckb

hc WcbhU]b aU^cf]hm cZ d`Ubh dfcachYfg Y`YaYbhg [ll. 100-102]) UbX W' UggifYg h\Uh

]bhYf[Yb]W fY[]cbg UfY WcjYfYX) k\]W\ ]g YgdYW]U``m fY`YjUbh ]b Arabidopsis thaliana

k]h\ Ub UjYfU[Y ]bhYf[Yb]W gYeiYbWY `Yb[h\ cZ .246 &gYY hUV`Y VY`ck'+ L\YgY dc]bhg

UfY giddcfhYX Vm X]ghf]Vih]cb cZ h\Y ]adcfhUbWY gWcfYg) Ug kY`` (Figure 3). L\Y

]adcfhUbWY gWcfYg 2-- bh cihg]XY cZ h\Y [YbY VcibXUf]Yg UfY aUf[]bU`+

Bb giaaUfm) kY YldYWh U jUf]UbWY UbX q]adYfZYWhr acXY` dYfZcfaUbWY h\Uh

WUbbch Zi``m fYZ`YWh [YbY fY[i`Uh]cb+ L\]g ]g aU]b`m XiY hc in trans fY[i`Uhcfm

]bhYfUWh]cbg) k]h\ Y+[+) X]ghU` Yb\UbW]b[ cf g]`YbW]b[ <J>g UbX ch\Yfg aUm ]bW`iXY

e.g., jUf]Uh]cb ]b hfUbg*[YbY fY[i`Uhcfm bYhkcf_) Yd][YbYh]W YZZYWhg UbX bc]gY+

BbW`iX]b[ acfY dchYbh]U` fY[]cbg) k\YfY giW\ Y`YaYbhg aUm VY `cWUhYX) XcYg

\ckYjYf) k\Yh\Yf ]adfcjY dYfZcfaUbWY UbX Wcad`]WUhYg ]bhYfdfYhUV]`]hm+ OY UXXYX U

WcaaYbh cb h\]g ]ggiY ]b h\Y X]gWigg]cb gYWh]cb [ll. 555-566].

Z]`Y LchU`
bW=G:
gYeiYbWY
&Vd'

LchU`
[YbY
gYeiYbW
Y
&Vd'

LchU` B@K
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&Vd'

Average_igs
_size
(bp)
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4. In the middle of the manuscript, the authors introduced a random forest

model with manual genomic features. Although the RF model has comparable

prediction accuracy with the deep learning model, I think this section should

be removed because it has not brought novel insights and it has no obvious

connections with other sections in the whole manuscript.

Response7 L\Y gYWh]cb \Ug VYYb acjYX hc UbX fYkf]hhYb ]b Kidd`YaYbhU` FUhYf]U`g

UXXfYgg]b[ WcaaYbh "/+

5. The author should specify the output of the deep learning model. In the

abstract, the author wrote ‘link gene sequence data with mRNA copy number

for the plant species, however after I carefully checked the details in ‘Material

and Methods’, I found that the output is just the maximal TPM of RNA-seq

analysis. Therefore, ‘mRNA copy number’ is not appropriate, and I suggest

that the authors rename it.

Response7 OY fYd`UWYX qaJG: Wcdm biaVYfr k]h\ qeiUbh]hUh]jY [YbY YldfYgg]cbr

Vch\ ]b h\Y UVghfUWh [l. 23] UbX ]b h\Y X]gWigg]cb gYWh]cb [ll. 521-523].

6. Data availability. The authors should provide all the data and codes during

training, testing and model applications for other researchers repeating their

results.

Response7 OY ]adfcjYX UbbchUh]cb cZ h\Y WcXY &@]hAiV

\hhdg7,,[]h\iV+Wca,G:F`UV,=YYd<J>' UbX dfcj]XYX Zi``m dfcWYggYX fYUX Wcibh ]bdih

XUhU (Supplementary table 1'+

Reviewer 2

OY UddfYW]UhY U`` h\Y gi[[Ygh]cbg Zfca JYj]YkYf /+ ;m UXXfYgg]b[ h\YgY fYaUf_g)

h\Y gWcdY cZ cif ghiXm \Ug VYYb VfcUXYbYX hc ]bW`iXY Vch\ `YUZ UbX fcch h]ggiYg)

U``ck]b[ ig hc XY`jY ]bhc UbX X]gWigg h]ggiY*gdYW]Z]W [YbY fY[i`Uh]cb+ L\]g YldUbg]cb



hc[Yh\Yf k]h\ UXX]h]cbU` ghUh]gh]Wg \Ug U`gc Yb\UbWYX h\Y ih]`]hm cZ h\Y ]XYbh]Z]YX

fY[i`Uhcfm ach]Zg UbX) kY \cdY) ]adfcjYX h\Y W`Uf]hm cZ h\Y aUbigWf]dh+

1. One of the major findings of this study is the significance of UTR regions in

determining mRNA abundance, which aligns with the previous research

conducted by Washburn et al. (2019) using multiple tissues from different

developmental stages in maize. While the current study expands upon this

finding by incorporating four plant species, it would be valuable to explore the

importance and limitations of DNA sequence in the context of

tissue-specificity. One possible approach to achieve this would be to conduct

additional analyses that investigate the model's performance separately for

tissue-specific genes versus non-specific genes. Furthermore, comparing the

importance of genetic features in determining the expression levels would

provide valuable insights into the role of DNA sequence in tissue-specific gene

regulation.

Response7 Lc UXXfYgg h\]g ]ggiY) kY dYfZcfaYX U bYk UbU`mg]g cZ fcch [YbY

YldfYgg]cb ]b U`` Zcif gdYW]Yg Zcf h\Y fYj]gYX aUbigWf]dh+ OY hfU]bYX UbX hYghYX h\Y

fcch acXY` ]b h\Y gUaY kUm Ug kY X]X Zcf h\Y `YUZ gUad`Yg UbX WcadUfYX h\Y acXY`

dYfZcfaUbWY gYdUfUhY`m Zcf h]ggiY*gdYW]Z]W [YbYg &XYZ]bYX Ug [YbYg W`Ugg]Z]YX

X]ZZYfYbh]U``m ]b `YUZ UbX fcch gUad`Yg UWWcfX]b[ hc h\Y ghfUhY[m igYX ]b h\Y ghiXm8

(Figure 2)8 (Supplementary Table 2] [ll. 155-161 and 177-184]. ?cf h\Y 1/4 &A.

thaliana') 24/ &S. lycopersicum') 360 &S. bicolor' UbX 3/0 &Z. mays' =>@g) h\Y fYgi`h

]bX]WUhYg h\Uh cif acXY` XcYg bch WUdhifY fY[i`Uh]cb fY`UhYX hc h]ggiY*gdYW]Z]W]hm)

dfcj]X]b[ h\Y UWWifUW]Yg W`cgY hc -+2 Zcf h\Y h]ggiY*gdYW]Z]W [YbYg Zcf U`` Zcif gdYW]Yg

(Supplementary Figure 4). L\]g ]g `Uf[Y`m XYhYfa]bYX Vm h\Y ZUWh h\Uh

cf[Ub*gdYW]Z]W]hm kUg bch h\Y cV^YWh]jY cZ h\Y acXY` hfU]b]b[+ <cbg]XYf]b[ h\Y `ck

Wcbhf]Vih]cb cZ cf[Ub*gdYW]Z]W [YbYg hc h\Y hchU` dcc` cZ `UVY``YX [YbYg h\Y]f

Wcbhf]Vih]cb ]g a]bcf &VYhkYYb 1# [YbYg ]b A. thaliana UbX 3# ]b Z. mays'+ :h h\Y

gUaY h]aY) h\Y `ck dfYX]Wh]cb UWWifUWm Zcf fcch* UbX `YUZ* gdYW]Z]W [YbYg ]bX]WUhYX

h\Uh h]ggiY*gdYW]Z]W [YbY fY[i`Uh]cb ]g ]bXYYX U WcbZcibX]b[ jUf]UV`Y UbX ]g bch

WUdhifYX Vm h\Y acXY`+ : XYX]WUhYX ghfUhY[m) ]bW`iX]b[ [ccX eiU`]hm ghUbXUfX]gYX

h]ggiY*gdYW]Z]W YldfYgg]cb XUhU) dfcVUV`m `Uf[Yf [YbY Z`Ub_]b[ fY[]cbg) hfU]b]b[ VUgYX

cb Zc`X*W\Ub[Yg UbX ai`h]W`Ugg W`Ugg]Z]WUh]cb acXY` kci`X VY `]_Y`m fYei]fYX hc

UXXfYgg h\Y h]ggiY*gdYW]Z]W]hm+

2. The authors employed DeepLIFT saliency scores and TF-MoDISco to identify

expression-predictive motifs (EPMs), which is an interesting approach.

However, the current presentation of the observations and corresponding

figures (L227-229, Figure 5a) lacks context and clarity. There is a need for a

deeper exploration of these findings to provide a more comprehensive

understanding. Furthermore, it would be beneficial to provide more details

regarding the application of EPMs in predicting gene expression. Specifically,

starting from L270 and Figure 5, it is unclear how the predictions were



performed, what controls were used, and what statistical analyses were

conducted to support the claim of robust performance. Additional information

and analyses would strengthen the interpretation of the results and enhance

the overall rigor of the study.

Response: Lc UXXfYgg h\]g dc]bh kY \UjY YX]hYX hYlh ]b h\Y fYgi`hg UbX X]gWigg]cb

gYWh]cb) Figure 4) Supplementary Table 3 UbX UXXYX U bYk Supplementary Table

4 and Supplementary material 1 hc h\Y aUbigWf]dh+ L\Y fYj]YkYf%g WcaaYbh

WcbWYfbg WcbhYlh UbX W`Uf]hm cZ cif Z]bX]b[g cih`]bYX ]b h\Y gYWh]cb cZ ll. 226-245 UbX

Figure 4a) bUaY`m) Z]bX]b[ UbX ig]b[ YldfYgg]cb dfYX]Wh]jY ach]Zg &>IFg'+ OY

UXXfYggYX h\]g dc]bh Vm U acfY XYhU]`YX Yld`UbUh]cb UbX XYd]Wh]cb cZ YlYad`Uf]`m

W\cgYb >IF+ OY XYgWf]VY \ck h\Y ]adcfhUbWY gWcfYg UfY h\Y XYW]X]b[ aYhf]W Zcf h\Y

acXY`g UbX \ck >IFg UfY U [YbYfU`]gUh]cb &U[[fY[Uh]cb cZ gYe`Yhg' cZ h\YgY+

:WWcfX]b[`m) kY UXXYX h\Y gia) a]b]aia UbX aUl]aia Wcbhf]Vih]cb gWcfY cZ YUW\

cZ h\Y 2// W\UfUWhYf]nYX >IFg ]b Supplementary Table 3+ Bb Ub idXUhYX jYfg]cb cZ

Figure 4 kY \UjY UXXYX dUbY` &U' g\ck]b[ h\Y Ygh]aUhYX Wcbhf]Vih]cb gWcfYg Zcf A.

thaliana [YbY :L.@-.32-+ O]h\]b h\]g [YbY idghfYUa fY[]cb) kY Wci`X Z]bX

Yda:fh\*K-.6*d-a-6+ JY[]cbg h\Uh aUhW\ Yda:fh\*K-.6*d-a-6 \UjY dcg]h]jY

Wcbhf]Vih]cb gWcfYg+ AcdYZi``m) h\]g YlUad`Y []jYg W`YUfYf WcbhYlh) \ck ]adcfhUbWY

gWcfYg UfY WU`Wi`UhYX &U`gc g\ckb ]b Figure 3' UbX Udd`]YX hc >IFg+ <cbgYeiYbh`m)

>IFg UfY [YbYfU`]nYX igYX ZYUhifYg Vm h\Y acXY`g WfiW]U` hc dfYX]Wh]cb UbX Zifh\Yf

UbU`mgYg) Y+[+) Wfcgg*gdYW]Yg WcadUf]gcb+

Lc ibXYf`]bY fY`YjUbWY UbX ]bhYfdfYhUV]`]hm cZ >IFg) kY fYXiWYX h\Y biaVYf cZ

g\ckb cf XYgWf]VYX YlUad`Yg+ OY bck ZcWig cb Yda:fh\*K-.6*d-a-6 cZ h\Y <L(

hmdY W`ighYf cjYf h\Y c`XYf cbYg X]gd`UmYX ]b c`X Figure 4+ OY W\ccgY

Yda:fh\*K-.6*d-a-6 VYWUigY ]h \Ug h\Y \][\Ygh gia ]adcfhUbWY gWcfY aYUgifYX

]b h\]g ghiXm) g\ckg \][\ Ybf]W\aYbh k]h\]b ]hg UggcW]UhYX YldfYgg]cb W`Ugg)

ibXYfgWcf]b[ [ccX dfYX]Wh]jY dYfZcfaUbWY UbX aUhW\Yg h\Y kY`` W\UfUWhYf]nYX L?;K

cZ ZUWhcf ;I2+ BbhfcXiW]b[ h\]g WUgY bck YUf`m ]b h\Y fYgi`h gYWh]cb) ]b `]bY k]h\

fYgdYWh]jY W\Ub[Yg hc Figure 4 g\ci`X dfcj]XY acfY W`Uf]hm UbX WcbhYlh [ll. 236-245,

262-265 and 321-328]+ Bb UXX]h]cb) kY UXXYX Supplementary data 2 hc aU_Y cif

bcaYbW`UhifY dfcdcgU` UbX W`ighYf]b[ >IFg acfY UWWYgg]V`Y+ L\]g Z]`Y WcbhU]bg Ub

U`][baYbh cZ U`` WcbgYbgig gYeiYbWYg cZ >IFg cZ h\Y `YUZ KKJ UbX FKJ acXY`g+

Lc UXXfYgg h\Y fYj]YkYfsg WcaaYbh fY[UfX]b[ ghUh]gh]WU` UbU`mgYg giddcfh]b[ h\Y

dfYX]Wh]jY dYfZcfaUbWY cZ >IFg kY \UjY WcbXiWhYX U gdYW]Z]YX UbU`mg]g+ OY

]bhfcXiWYX U bYk gYWh]cb hc h\Y fYgi`hg UbX cb h\Uh difdcgY7 “The EPMs of

metacluster 0 of A. thaliana SSR and MSR leaf model are predictors for high

levels of gene expression ” [ll. 329-365]. OY U`gc aUXY Wcad`YaYbhUfm

ghUhYaYbhg ]b X]gWigg]cb [ll. 621-630]. OY Zifh\Yf W\Ub[YX h\Y gYWh]cb q>IF

W\UfUWhYf]nUh]cb UbX WcadUf]gcbr [line 755-780] ]b h\Y FUhYf]U` UbX FYh\cXg

UWWcfX]b[`m [line 764-785].



;YZcfY kY XYgWf]VYX h\Uh >IFg ZcibX k]h\ h\Y acXY`g cWWif ]b fYghf]WhYX fUb[Yg ]b

W`cgY dfcl]a]hm hc h\Y [YbY VcibXUf]Yg (Supplementary Table 3)+ :WWcfX]b[`m) kY

h\Yb YlYad`Uf]`m aUddYX >IFg cZ A. thaliana KKJ UbX FKJ `YUZ acXY` hc h\Y]f

dcg]h]cbU` dfYZYffYX fUb[Yg k]h\]b A. thaliana [YbcaY) fYgdYWh]jY`m UbX WU`Wi`UhYX

h\Y]f Ybf]W\aYbh k]h\]b h\Y aYUgifYX UbX dfYX]WhYX W`UggYg) Ug kY``

(Supplementary Table 4). ?cf h\]g WU`Wi`Uh]cb kY igYX U Zcfai`U dfcdcgYX Vm KaYh

UbX Wc``YU[iYg &/-/0' h\Uh YeiU``m aYUgifYX h\Y cWWiffYbWY cZ U X]gh]bWh gYeiYbWY

ach]Z k]h\]b U XYZ]bYX YldfYgg]cb W`Ugg &KaYh Yh U`+ /-/0'+ OY ZcibX h\Uh) acgh

bchUV`m) A. thaliana >IFg cZ h\Y KKJ UbX FKJ `YUZ acXY` UggcW]UhYX k]h\

aYhUW`ighYf -) WUb VY igYX Ug dfYX]Whcfg Zcf \][\ [YbY YldfYgg]cb W`UggYg+ L\]g)

\ckYjYf) ]g bch h\Y WUgY Zcf >IFg cZ aYhUW`ighYf .) fYgdYWh]jY`m+ AYfY) Ybf]W\aYbh

gWcfYg ]bX]WUhY h\Uh h\YgY >IFg UfY YeiU``m X]ghf]VihYX hc Vch\ YldfYgg]cb W`UggYg+

:WWcfX]b[`m) kY kYU_YbYX cif dfYj]cig kcfX]b[ fY[UfX]b[ h\Y >IFg dfYX]Wh]jY

dYfZcfaUbWY qfcVighbYggr+ BbghYUX) kY bck X]fYWh`m fYZYf hc h\Y Ybf]W\aYbh gWcfY cf

gia ]adcfhUbWY gWcfY cZ Ub >IF k\Yb kY X]gWigg ]hg ]bhYfdfYhUV]`]hm) gYY bYk

gYWh]cb [ll. 236-245, 262-265 and 321-328]+

=iY hc h\Y W\Ub[Yg aUXY ]b Figure 4 h\Y fYZYfYbWYg Zcf h\Y dUbY`g \UX VYYb

W\Ub[YX UWWcfX]b[`m h\fci[\cih h\Y aUbigWf]dh+

KaYh) =+) HdXYVYYW_) A+ $ NUbXYdcY`Y) D+ IfYX]Wh]b[ hfUbgWf]dh]cbU` fYgdcbgYg hc \YUh UbX

Xfci[\h ghfYgg Zfca [Ybca]W ZYUhifYg ig]b[ U aUW\]bY `YUfb]b[ UddfcUW\ ]b f]WY+ Front.

Plant Sci. 14, ././-40 &/-/0'+

3. One application of the CNN models and EPMs was demonstrated by

predicting and identifying differential gene expression among 14 sub-species

and varieties of tomato, as described starting from L284 and shown in Figure

6. However, it is important to note that the manuscript primarily focuses on

presenting a few exemplary genes, which restricts the overall outcome and

generalizability of the findings. To strengthen the impact of CNN models and

EPMs, it would be beneficial to present a more extensive set of genes in the

results.

Response: Lc UXXfYgg h\Y fYj]YkYfg WcaaYbh kY W`Uf]Z]YX UbX [YbYfU`]nYX cif

ghfUhY[m) \ck hc ]XYbh]Zm [YbY jUf]Ubhg k]h\ X]ZZYfYbh]U` [YbY YldfYgg]cb UbX

UggcW]UhYX >IFg+ ?cf h\]g) kY YX]hYX hYlh ]b h\Y fYgi`hg UbX X]gWigg]cb gYWh]cb)

YX]hYX Figure 5 UbX UXXYX bYk Supplementary Table 5) Supplementary Table 6

UbX Supplementary Data 3 hc h\Y aUbigWf]dh+

Lc W`Uf]Zm \ck kY ZcibX WUbX]XUhY [YbYg Zfca h\Y Z]ZhYYb hcaUhc [YbchmdYg kY

UXXYX U gaU`` gYWh]cb ]b h\Y fYgi`hg [ll. 388-399]. AYfY kY XYgWf]VY U ghfUhY[m h\Uh

Z]`hYfYX Zcf h\Y ]bhYfgYWh]cbg cZ [YbYg VYhkYYb h\Y XUhUgYh cZ :`cb[Y Yh U` /-/. UbX

IY`Y_Y Yh U` /-/0+ :`cb[Y UbX Wc``YU[iYg &/-/.' XYhYWhYX ghfiWhifU` jUf]Uh]cb k]h\]b

2 _V ]b Z`Ub_]b[ [YbYg fY[]cbg UbX `]b_YX h\YgY k]h\ `c[ Zc`X W\Ub[Yg ]b

[YbY*YldfYgg]cb UWfcgg h\Y .2 X]ZZYfYbh [YbchmdYg+ Bb cif aUbigWf]dh kY dfYX]WhYX

[YbY YldfYgg]cb W`UggYg+ Bb hchU`) kY ]XYbh]Z]YX Ub ]bhYfgYWh]cb cZ [YbYg k]h\ `c[ Zc`X



W\Ub[Yg UbX KNg UbX dfYX]WhYX X]ZZYfYbh]U` [YbY YldfYgg]cb cZ 052 WUgYg (Figure

5b). ?fca h\]g dcc`) kY UXXYX Z]jY acfY YlUad`Yg hc h\Y bYk Supplementary Data

3 VYg]XYg h\Y hkc YlUad`Yg U`fYUXm g\ckb ]b bck Figure 5d-i. Lc ibXYf`]bY h\Y

acXY`%g gYbg]h]j]hm hckUfXg aihUh]cb Uacb[ [YbchmdYg) kY ]bjYgh][UhYX h\Y acfY

[YbYfU` fY`Uh]cb VYhkYYb h\Y cWWiffYbWY cZ >IFg UbX dfYX]Wh]cb cZ [YbY YldfYgg]cb

W`UggYg+ OY W`Ugg]Z]YX [YbYg Ug \cac[YbYcig`m UbX X]ZZYfYbh]U``m YldfYggYX UbX

aYUgifYX h\Y cWWiffYbWYg cZ >IFg Uacb[ h\YgY (Figure 5c)+ JY[]cbg h\Uh aUhW\

>IFg Uacb[ [YbYg k]h\ \cac[Ybcig [YbY YldfYgg]cb UfY UVcih h\fYY h]aYg acfY

cZhYb WcbgYfjYX h\Ub ]b [YbYg k]h\ X]ZZYfYbh]U``m [YbY YldfYgg]cb+ JY[]cbg h\Uh

aUhW\ >IFg ]b [YbYg k]h\ X]ZZYfYbh]U` YldfYgg]cb UfY UVcih hkc h]aYg acfY cZhYb

aihUhYX+ =iY hc h\Y W\Ub[Yg aUXY ]b Figure 5 h\Y fYZYfYbWYg Zcf dUbY`g \UX VYYb

W\Ub[YX UWWcfX]b[`m+

I`YUgY Z]bX U bcjY` gYWh]cb UXXYX hc qBbjYgh][Uh]cb cZ Z`Ub_]b[ [YbY gYeiYbWYg cZ

Kc`Ubia `mWcdYfg]Wia giV*jUf]Ubhgr [line 793-808]+

:`cb[Y) F+) OUb[) P+) ;Ybc]h) F+) Kcm_) K+) IYfY]fU) E+) R\Ub[) E+) KifYg\) A+)

JUaU_f]g\bUb) K+) FUiaig) ?+) <]fYb) =+) EYjm) Q+) AUfY`) L+ A+) K\U`Yj*KW\`cggYf) @+)

:agY``Ya) R+) JUn]ZUfX) A+) <U]WYXc) :+ E+) L]YaUb) =+ F+) D`YY) A+) D]fgW\Y) F+) :[UbYncj)

K+) J\m_Yf JUbU``c*;YbUj]XYn) L+) EYaacb) R+ A+) D]a) C+) JcV]hU]``Y) @+) DfUaYf) F+)

@ccXk]b) K+) J]W\UfX FW<caV]Y) O+) Aihhcb) K+) NUb >W_) C+) @]``]g) C+) >g\YX) Q+) KYX`UnYW_)

?+ C+) jUb XYf DbUUd) >+) KW\Uhn) F+ <+ $ E]ddaUb) R+ ;+ FU^cf BadUWhg cZ O]XYgdfYUX

KhfiWhifU` NUf]Uh]cb cb @YbY >ldfYgg]cb UbX <fcd BadfcjYaYbh ]b LcaUhc+ Cell 182,

.12p.3.+Y/0 IfYdf]bh Uh \hhdg7,,Xc]+cf[,.-+.-.3,^+WY``+/-/-+-2+-/. &/-/-'

Bb h\]g aUbigWf]dh) kY UfY YU[Yf hc \][\`][\h h\Y dchYbh]U` cZ XYYd `YUfb]b[ acXY`g Zcf

XY`j]b[ ]bhc [YbY jUf]Ubhg Uh h\Y biW`Ych]XY `YjY` UbX ]XYbh]Zm]b[ h\Y]f ]adUWh+ O\]`Y

kY fYWc[b]nY h\Y jU`iY cZ ig]b[ ]bX]j]XiU` >IFg Ug dfYX]Whcfg Zcf [YbY YldfYgg]cb

`YjY`g (Supplementary Table 4) UbX h\Y gia Wcbhf]Vih]cb gWcfYg cZ >IFg Ug dUfh]U`

]bhYfdfYhUV`Y hcc`g (Supplementary Table 3)) h\Ym fYdfYgYbh cb`m U `]a]hYX ZUWYh cZ

h\Y ]bhf]WUhY gU`]YbWm aUdg &YlYad`Uf]`m g\ckb ]b Figure 4a' UggcW]UhYX k]h\

]bX]j]XiU` [YbYg+ :`h\ci[\ h\YgY Wf]hYf]U U]X ]b ibXYfghUbX]b[ acXY` dfYX]Wh]cbg hc

gcaY YlhYbh) XYYd `YUfb]b[ acXY`g cZZYf U acfY \c`]gh]W UbU`mg]g cZ h\Y [YbYg) `]_Y`m

ig]b[ WcbhYlhiU` ZYUhifYg) hcc+

?cf ]bghUbWY) ZYUhifYg giW\ Ug MLJ `Yb[h\) k\]W\ UfY ]XYbh]Z]YX Vm cif JUbXca

?cfYgh &J?' UbU`mgYg &Supplementary material text 1 and Supplementary Figure

3') Wci`X dchYbh]U``m VY ]bhY[fUhYX ]bhc cif <cbjc`ih]cbU` GYifU` GYhkcf_ &<GG'

acXY`g Vih UfY bch YbWcadUggYX k]h\]b h\Y >IFg+ L\YfYZcfY) hc WcadfY\Ybg]jY`m

UXXfYgg h\Y fYj]YkYfg% dc]bh UbX UW\]YjY cif `cb[*hYfa fYgYUfW\ [cU`g) ]bXYYX) kY

fYWc[b]nY h\Y bYYX Zcf U X]gh]bWh YldYf]aYbhU` gYhid+ L\Y XUhU kY igYX Zfca :`cb[Y

Yh U`+) /-/.) h\ci[\ jU`iUV`Y) aUm bch VY giZZ]W]Ybh Zcf h\]g UddfcUW\) dUfh]Wi`Uf`m XiY

hc X]ZZYfYbWYg VYhkYYb `c[ Zc`X W\Ub[Yg ]b [YbY YldfYgg]cb UbX aYUgifYX cf

dfYX]WhYX W\Ub[Yg ]b XYZ]bYX YldfYgg]cb W`UggYg+



Bb WcbW`ig]cb) kY UddfYW]UhY h\Y fYj]YkYfg% jU`iUV`Y ]bdih UbX UW_bck`YX[Y h\Uh

h\Y]f gi[[Ygh]cbg \UjY gdUf_YX U XYYdYf Yld`cfUh]cb cZ cif fYgYUfW\+ OY UfY

Wcaa]hhYX hc difgi]b[ U acfY WcadfY\Ybg]jY UddfcUW\ hc ibWcjYf h\Y ]bhf]WUhY

WcbbYWh]cbg VYhkYYb [YbYh]W jUf]Ubhg UbX [YbY YldfYgg]cb Vm ig]b[ XYYd `YUfb]b[

UbX Yld`cfUh]cb cZ >IFg ]b h\Y ZihifY+

4. The clarity of the manuscript could be improved by addressing several

aspects, such as the presentation of figures, figure legends, and the overall

flow of the manuscript. I will provide a few examples, although these may not

cover all possible cases:

4.1 It is unclear from the manuscript whether Figure 1b is a conceptual

visualisation or based on real data. To clarify this, it is important to provide

additional information and make it clear to the readers. If Figure 1b is based on

real data, the authors should specify the source of the data and provide the

corresponding plots for the four species mentioned as Supplementary

Figures.

Response: Bb [YbYfU`) kY kYbh h\cfci[\`m h\fci[\ h\Y aUbigWf]dh UbX hf]YX hc

cdh]a]nY W`Uf]hm ]b hYlh Zcf h\Y cjYfU`` Z`ck UbX dfYgYbhUh]cb cZ Z][ifYg+ Bb dUfh]Wi`Uf)

kY UXXfYggYX h\Y UZcfYaYbh]cbYX fYaUf_ Vm UXX]b[ acfY XYhU]`YX XYgWf]dh]cbg cZ

?][ifYg 1, 2 and 3. KYY Zcf ?][ifY . [ll. 833-853], Zcf ?][ifY / [ll. 861-880] UbX

?][ifY 0 [line 882-394]. L\Y hYlh Zcf ?][ifY .V bck fYUXg: qGenes were assigned into

low (dark orange), medium (blue) and high (red) expression classes based on the upper and

lower quartile of the logMaxTPM distributions (orange, blue and red) exemplarily shown for

A. thaliana here. Histograms for transcript profiles of K+ `mWcdYfg]Wia) K+ V]Wc`cf) and R+

aUmg UfY g\ckb ]b Supplementary figure 1. The threshold values for leaf transcript profiles

of :+ h\U`]UbU) K+ `mWcdYfg]Wia) K+ V]Wc`cf) and R+ aUmg were 0.529, 0.000, 0.151, and 0.431

for the lower and 1.635, 1.217, 1.391, and 1.793 for the higher quartile, respectively

(Supplementary Table 1).”

“

4.2 Figure 1c may not be clear to general biologists without prior knowledge of

CNN models. It would be helpful to provide additional explanation or context

within the figure or in the main text to aid their understanding.

Response: OY UXXYX h\Y Yld`UbUh]cb cZ h\Y acXY` UfW\]hYWhifY UbX h\Y ZibWh]cb cZ

YUW\ cZ ]hg Y`YaYbhg hc h\Y fYgi`hg gYWh]cb [ll. 109-122].

4.3 The legends for Figures 1-4 should be revised to provide sufficient

information for readers to interpret and draw conclusions from the figures.

These are just a few specific examples, and I recommend reviewing the entire



manuscript to identify areas where the presentation can be improved for better

clarity and comprehension.

Response: OY fYj]gYX Vch\ h\Y `Y[YbXg UbX h\Y Z][ifYg Zcf ]adfcjYX W`Uf]hm+ KYY

XYhU]`YX WcaaYbh cb h\]g Zcf fYj]YkYfg . dc]bh 1+

4.4 The section "Expression predictive motifs (EPMs) exhibit sequence and

positional conservation" would be better placed immediately after the section

"Identification and characterization of predictive sequence features." The

current placement of the Random Forest section interrupts the flow of the

discussion on EPMs.

Response: L\Ub_ mci Zcf dc]bh]b[ h\]g cih+ OY acjYX h\Y JUbXca ?cfYgh gYWh]cb

&Ug gi[[YghYX Vm JYj]YkYf .) Ug kY``' hc h\Y Kidd`YaYbhUfm FUhYf]U`g

(Supplementary Data 1 and Supplementary figure 4)+

1. L109-114 : The CNN model used in this work is based on the pseudogene

model with some modifications, as mentioned in the manuscript. However, it is

noted that the specific details regarding these modifications and the rationale

behind them are not explicitly described in the Materials and Methods section.

It would be beneficial to include any limitations or challenges observed with

the original pseudogene model and how the modifications were designed to

address those issues. This will provide a clearer understanding of the specific

changes made to the pseudogene model and how these changes improve its

performance or adapt it to the current study's objectives.

Response: OY \UjY UXXYX h\Y YlhYbXYX Yld`UbUh]cb cZ h\Y acXY` UfW\]hYWhifY ]b

h\Y fYgi`hg gYWh]cb UbX WcaaYbhYX cb h\Y W\Ub[Yg ]b fYgdYWh hc h\Y igY igYX ]b

OUg\Vifb Yh U`+ &/-.6' ghiXm [ll. 117-122].'+ GchUV`m) kY X]Xb%h W\Ub[Y h\Y

dgYiXc[YbY acXY`) Vih h\Y acXY` UfW\]hYWhifY+ :g ]bX]WUhYX) W\Ub[Yg aUXY

WcbWYfbYX ig]b[ .= Wcbjc`ih]cbU` `UmYfg ]bghYUX cZ h\Y /= Wcbjc`ih]cbU` `UmYfg k]h\

U aUl dcc`]b[ `UmYf+ L\Y W\Ub[Y ]g U aU^cf g]ad`]Z]WUh]cb cZ h\Y acXY` UbX h\ig

fYXiWh]cb cZ h\Y dUfUaYhYf gdUWY k]h\cih `cgg ]b dYfZcfaUbWY+ KiW\ acXY` ghfiWhifY

\Ug VYYb h\Y W\c]WY cZ fYWYbh ghiX]Yg kcf_]b[ cb [Ybca]W gYeiYbWYg &Y+[+)

>bZcfaYf) :jgYW Yh U` /-/.'+ L\Y acXY` cZ OUg\Vifb UbX Wc``YU[iYg ]g acfY

fYa]b]gWYbh cZ h\Uh W`Ugg]WU``m igYX Zcf h\Y 0 W\UbbY`g cZ Ub J@; ]aU[Y+ O\]`Y h\]g

a][\h VY gi]hUV`Y Zcf ]bhY[fUh]cb cZ ai`h]*acXU` XUhU) kY Xcb%h \UjY ai`h]d`Y W\UbbY`g

]b h\Y ]bdih gYeiYbWY XUhU) UbX h\YfYZcfY XYW]XYX Zcf U g]ad`Yf acXY`+

:jgYW) u+) :[UfkU`) N+) N]gYbh]b) =+ Yh U`+ >ZZYWh]jY [YbY YldfYgg]cb dfYX]Wh]cb Zfca
gYeiYbWY Vm ]bhY[fUh]b[ `cb[*fUb[Y ]bhYfUWh]cbg+ GUh FYh\cXg .5) ..63p./-0 &/-/.'+
\hhdg7,,Xc]+cf[,.-+.-05,g1.26/*-/.*-./2/*l



:jgYW) u+) OY]`Yfh) F+) K\f]_iaUf) :+ Yh U`+ ;UgY*fYgc`ih]cb acXY`g cZ hfUbgWf]dh]cb*ZUWhcf

V]bX]b[ fYjYU` gcZh ach]Z gmbhUl+ GUh @YbYh 20) 021p033 &/-/.'+

\hhdg7,,Xc]+cf[,.-+.-05,g1.255*-/.*--45/*3

2. L124-126: To prevent overfitting, the authors have taken measures to avoid

including homologs in the training and validation sets. However, it is not

explicitly mentioned in the manuscript how genes from the same family were

handled in terms of overfitting. Considering that the authors are aware of the

potential effect of gene families on overfitting, it would be valuable to provide

additional information on how this issue was addressed.

Response: OY \UjY fYkcfXYX UbX YldUbXYX h\Y aYbh]cbYX ZfU[aYbh Zcf W`Uf]hm+ OY

dfYjYbh cjYfYgh]aUh]cb cZ h\Y acXY` dYfZcfaUbWY XiY hc Yjc`ih]cbUfm fY`UhYXbYgg Vm

ca]hh]b[ [YbYg ]b h\Y jU`]XUh]cb gYh h\Uh \UjY \cac`c[g ]b h\Y hfU]b]b[ gYh ghUhYX ]b

h\Y fYgi`hg gYWh]cb [ll. 130-134] UbX FUhYf]U`g UbX FYh\cXg [ll. 720-726].

3. Figure 3a: In agreement with the findings of Washburn et al. (2019), the

current study also observed that the saliency scores, or contribution scores,

are highest within the gene body, specifically between the transcription start

site (TSS) and transcription termination site (TTS). A discussion of this

observation would be valuable in the manuscript. It could involve exploring the

potential reasons and implications behind the observation. Does this suggest

that the DNA sequences within this region play a crucial role in determining

mRNA abundance?

Response: OY U[fYY h\Uh kY X]Xb%h \][\`][\h h\]g Z]bX]b[ Ybci[\+ OY UXXYX

fYgdYWh]jY WcaaYbhg ]b h\Y X]gWigg]cb gYWh]cb [ll. 530-532].

4. L195-204: The authors determined 10 generic features to train Random

Forest classifiers; however, the rationale behind the selection of these specific

features was not provided in the manuscript. Providing a clear explanation of

why these specific features were chosen will not only enhance the

transparency of the study but also allow readers to better understand the

underlying biological reasoning and potential implications of the selected

features.

Response: OY UXXYX Ub YlhYbXYX Yld`UbUh]cb cZ h\Y W\c]WY cZ h\Y gY`YWhYX

ZYUhifYg UbX dfcj]XYX fYgdYWh]jY W]hUh]cbg+ Lc UXXfYgg h\Y fYeiYgh cZ JYj]YkYf . kY

acjYX h\Y JUbXca ?cfYgh W`Ugg]Z]Yf gYWh]cb hc Kidd`YaYbhUfm FUhYf]U`g+

5. L383-407 (Figure 7d): To improve clarity in this paragraph, it would be

beneficial to provide specific gene IDs within the context. For instance, in the

sentence "Remarkably, six of these were predicted correctly to be highly

expressed and no false positives were recorded, resulting in a prediction



precision of 1 for the high expression," I recommend specifying which six

genes were referred to. If space is a constraint, the information could be

provided through indices or labels on the Figure panel. This will enhance the

reader's understanding and provide a more comprehensive analysis of the

results.

Response: OY UXXYX fYgdYWh]jY Kc`mW UbX KcdYb B=g hc h\Y dUfU[fUd\ [ll.

474-515].



Reviewer #1 (Remarks to the Author):

The authors have addressed all the problems that I raised.

Reviewer #2 (Remarks to the Author):

In the revised manuscript, the authors have thoughtfully addressed the concerns I previously 

raised, leading to an overall improvement in the quality of the manuscript. Their explanations 

regarding the data source and analysis pipelines have provided valuable insights into a couple of 

critical questions.

First, I observed that the genome sequence for Arabidopsis was obtained from the Ensembl Plant 

database (v52), presumably for Col-0. However, not all of the leaf transcriptome datasets used 

were generated using Col-0. For example, SRX1734407 includes samples from the ecotype 

Tuescha-9. It remains unclear why the authors opted to use the Col-0 genome sequence to predict 

the expression levels of Tuescha-9.

Second, the comprehensive source data has drawn my attention to the fact that, for each species, 

the transcriptome datasets are sourced from a single SRP study. This raises the importance of 

exploring model performance within species, utilizing datasets generated from leaves in various 

SRP projects. It is reasonable to expect that the model should demonstrate robustness against 

technical variations stemming from factors such as leaf age, different handlers, and growth 

conditions.

Thirdly, I was unable to locate the figure legends for all of the supplementary figures. The 

information provided in the manuscript is not sufficient for me to comprehensively assess the 

supplementary figures.

Additional minor issues are presented as follows:

m1. (L106-108)

The author's use of quantiles to classify gene expression is not explicitly clear regarding whether 

they considered the root and shoot together or separately. Based on the figures, my interpretation 

leans towards the combination of root and shoot data. However, I have concerns that this 

approach might lead to the exclusion of root- or shoot-specific genes.

m2. (L126-127)

The model performs optimally on genes with expression levels below the lower quantile or above 

the upper quantile. However, it's not specified if this corresponds to the 25% or 75% quantile. 

Given that low expression is a common filter in many analyses, it would be more relevant to the 

scientific community if a similar filter were also first applied. Additionally, it would be informative 

to explore the nature of these genes through enrichment analysis to determine if they are 

associated with specific functional terms.

Furthermore, it seems that Figure 2a may not align with the context being discussed. The 

statement regarding dividing the data into more classes and training a regression model resulting 

in considerably lower accuracies (Figure 2a) doesn't appear to be in sync with the preceding 

discussion.

m3. (L135-137)

As the model performance shows no significant difference with input sequences ranging from 500 

to 3000 nt of the promoter and terminator, it suggests that the core regulatory elements are likely 

located within the 500 bp range. Therefore, it would be valuable for the authors to conduct 

downstream analyses using 500 bp as input sequences and subsequently compare and discuss the 

results in relation to those obtained using 3000 bp input sequences.

Additionally, I encountered difficulty in locating the legends for ALL the Supplementary Figures, 

which hindered my ability to interpret the statistics presented in Figure S2. Clarifying the legends 

for all Supplementary Figures would be greatly appreciated.



m4. (L437-445) The general applicability of the MSR models is examined using the cultivated S. 

lycopersicum and its wild-type relative S. pennellii. The accuracies were only calcuated for MSR 

models, I think shuffled-sequence controls are needed as negative controls.



Reviewer #2 (Remarks to the Author):

In the revised manuscript, the authors have thoughtfully addressed the concerns I previously

raised, leading to an overall improvement in the quality of the manuscript. Their explanations

regarding the data source and analysis pipelines have provided valuable insights into a

couple of critical questions.

Thank you very much for the constructive feedback on our manuscript. We are especially

thankful for the major comment 1. By addressing it we avoided an inconsistency in the input

data and slightly improved the performance of the models. We made corrections, and have

added further text and supplements as detailed below.

Major comment 1: First, I observed that the genome sequence for Arabidopsis was

obtained from the Ensembl Plant database (v52), presumably for Col-0. However, not all of

the leaf transcriptome datasets used were generated using Col-0. For example,

SRX1734407 includes samples from the ecotype Tuescha-9. It remains unclear why the

authors opted to use the Col-0 genome sequence to predict the expression levels of

Tuescha-9.

Response: Thank you very much for pointing out this critical issue. Indeed, some of the

training RNA-seq data for leaf samples used accessions mismatched the reference genome

used for mapping. This mistake has been corrected, and expectedly the model performance

proved stable. We observed a slight improvement in model accuracy (e.g. Arabidopsis

thaliana accleaf accuracy increased from 83.79% to 85.59%) likely reflecting the improved

sequence-to-expression concordance. The increased performance was observed also for

the MSR models. Respectively, feature selection resulted in very similar saliency score

profiles and provided 260, instead of 261 EPMs, with 79,27% and 99,43% matching the

previous ones with PCC-similarity larger than 95% and 90%, The changes have been

introduced across the manuscript text and figures, most importantly: lines 158-163, 182-189,

224-226, 508-512, 525, Figures 2, 3, 4, 5, 6

Major comment 2: Second, the comprehensive source data has drawn my attention to the

fact that, for each species, the transcriptome datasets are sourced from a single SRP study.

This raises the importance of exploring model performance within species, utilising datasets

generated from leaves in various SRP projects. It is reasonable to expect that the model

should demonstrate robustness against technical variations stemming from factors such as

leaf age, different handlers, and growth conditions.

Response: This is a valid point, while showing the performance of our models across

different species, tissues and accessions, indeed we didn't provide the comparison between

individual studies that might be related to batch effects. We have now addressed this

concern by adding Supplementary Figure 6. In this figure, control experiments for leaves

with identical genomes and transcriptome data were compared to different experiments

where [1] new models were trained and [2] models were cross-validated/tested. For training,

we used the classification of logMaxTPMs from PRJNA237342 and PRJNA237342, which

comes from alternative leaf transcriptome preparations in A. thaliana, similar to the control

experiments shown within this study.

Changes in the manuscript can be found at line 168:



"RNAseq profiles for the same species and condition can differ due to technical and

experimental variations. Accordingly, we exemplarily trained and cross evaluated leaf SSR

models from multiple comparable RNAseq experiments of A. thaliana. These achieved high

test performances supporting our methods reproducibility (Supplementary Figure 6)".

Major comment 3: Thirdly, I was unable to locate the figure legends for all of the

supplementary figures. The information provided in the manuscript is not sufficient for me to

comprehensively assess the supplementary figures.

Response: We are not sure about the reason for this, as we provided all legends in the

electronic submission system. To be sure all the captions are available, in the revised

manuscript we provide the Supplementary Figures caption text together with each

Supplementary Figure.

Additional minor issues are presented as follows:

Minor comment 1 (L106-108): The author's use of quantiles to classify gene expression is

not explicitly clear regarding whether they considered the root and shoot together or

separately. Based on the figures, my interpretation leans towards the combination of root

and shoot data. However, I have concerns that this approach might lead to the exclusion of

root- or shoot-specific genes.

Response: The RNAseq profile data of the separate tissues (root/leaf) has been passed into

the training pipeline individually. This indeed might not have been clearly stated. We edited

the sentence in line 108.

Minor comment 2 (L126-127): The model performs optimally on genes with expression

levels below the lower quantile or above the upper quantile. However, it's not specified if this

corresponds to the 25% or 75% quantile. Given that low expression is a common filter in

many analyses, it would be more relevant to the scientific community if a similar filter were

also first applied. Additionally, it would be informative to explore the nature of these genes

through enrichment analysis to determine if they are associated with specific functional

terms.

Furthermore, it seems that Figure 2a may not align with the context being discussed. The

statement regarding dividing the data into more classes and training a regression model

resulting in considerably lower accuracies (Figure 2a) doesn't appear to be in sync with the

preceding discussion.

Response: Indeed, in the manuscript we refer to a lower and upper quartile, referring to the

25% lowest expressed genes and 25% of the highest expressed genes. For clarity, we

added this information (lines 108-109) to the revised version of the manuscript.

We agree that most RNA-seq data applies a minimal gene expression filter before

the data analysis, and this is what the community might be familiar with. In our study

however we avoided such filtering because it requires setting a threshold that is dependent

on the sensitivity of the analysis (size of the library and genome, quality of the genome

annotation etc), being individual for every study. Therefore the distinction between low- and

non-expressed genes would be difficult to address appropriately. Instead, in the revised

version of the manuscript we provide a new Supplementary figure 5 with the distributions



of predictions for each consecutive 5% percentiles, showing that the model performs

similarly for low- and non-expressed genes. We hope this addresses the issue.

In order to address the relationship between gene function and prediction accuracy,

in the revised version of the manuscript, we performed de-novo Mercator4 functional

annotation for all genomes of interest (new Supplementary Data 4) and provided accuracy

estimates for each individual functional category (new Supplementary Table 3). We added

the respective results (lines 881-883) and methods (lines 183-189) to the revised version of

the manuscript.

Minor comment 3 (L135-137): As the model performance shows no significant difference

with input sequences ranging from 500 to 3000 nt of the promoter and terminator, it suggests

that the core regulatory elements are likely located within the 500 bp range. Therefore, it

would be valuable for the authors to conduct downstream analyses using 500 bp as input

sequences and subsequently compare and discuss the results in relation to those obtained

using 3000 bp input sequences. Additionally, I encountered difficulty in locating the legends

for ALL the Supplementary Figures, which hindered my ability to interpret the statistics

presented in Figure S2. Clarifying the legends for all Supplementary Figures would be

greatly appreciated.

Response: In order to address this issue we performed DeepLIFT analysis for models with

different promoter/terminator and UTR regions length and compared the resulting saliency

maps (new Supplementary Figure 8). As for the model performance, the minimum of 500

nt range has been established for the promoter/terminator regions and UTRs, below which

the performance has dropped. Consistently with the model performance, the downstream

analysis of ranges up to 3000 bp indicated change of the saliency map only for ranges below

500 bp. Extension of the promoter/terminator range beyond that did not affect the saliency

map. In the revised manuscript we address this issue in lines 240-244 and Supplementary

Figure 8.

Minor comment 4 (L437-445): The general applicability of the MSR models is examined

using the cultivated S. lycopersicum and its wild-type relative S. pennellii. The accuracies

were only calculated for MSR models, I think shuffled-sequence controls are needed as

negative controls.

Response: In the revised version of the manuscript we provide violin plots for shuffled

sequences in the modified Figure 6, and we added the accuracies for shuffled controls to

the respective results section (lines 491-492 and 497).



Reviewer #2 (Remarks to the Author):

It is gratifying to observe the positive impact of my previous comments on enhancing the 

manuscript's quality. I appreciate the authors for incorporating datasets from consistent ecotypes 

and including additional datasets for testing. I acknowledge that introducing new comments at this 

stage may not be anticipated, and I regret not addressing this critical point earlier.

Throughout the manuscript, the authors have used accuracy as the metric to evaluate model 

performance. Accuracy assesses the correct classification of observations using the formula 

(TP+TN)/(TP+TN+FP+FN). However, accuracy is not suitable for imbalanced problems, as 

achieving a high score is possible by simply classifying all observations as the majority class.

In this study, gene expression was categorized into low (less than 25% percentile), medium 

(between 25% and 75%), and high (above 75%), representing an imbalanced dataset. For 

imbalanced datasets, the F1 score, which combines precision and recall into a single metric by 

calculating the harmonic mean between them, would be a more appropriate measure.

I regret not highlighting this aspect in my previous feedback. I strongly believe that using the 

proper metric is crucial to substantiate the reported findings in this manuscript.



Reviewer #2 (Remarks to the Author):

It is gratifying to observe the positive impact of my previous comments on enhancing the

manuscript's quality. I appreciate the authors for incorporating datasets from consistent

ecotypes and including additional datasets for testing. I acknowledge that introducing new

comments at this stage may not be anticipated, and I regret not addressing this critical point

earlier.

Throughout the manuscript, the authors have used accuracy as the metric to evaluate model

performance. Accuracy assesses the correct classification of observations using the formula

(TP+TN)/(TP+TN+FP+FN). However, accuracy is not suitable for imbalanced problems, as

achieving a high score is possible by simply classifying all observations as the majority

class.

In this study, gene expression was categorised into low (less than 25% percentile), medium

(between 25% and 75%), and high (above 75%), representing an imbalanced dataset. For

imbalanced datasets, the F1 score, which combines precision and recall into a single metric

by calculating the harmonic mean between them, would be a more appropriate measure.

I regret not highlighting this aspect in my previous feedback. I strongly believe that using the

proper metric is crucial to substantiate the reported findings in this manuscript.

Response to Reviewer #2

We acknowledge that the F1 measure is more suitable for imbalanced datasets. However, in

our study, we actually balanced the training datasets by randomly down-sampling the

majority class without replacement, hence our use of accuracy. In the attached revised

version of the manuscript we added the F1 macro, F1 micro and F1 weighted scores

computed using the scikit-learn to the Supplementary Table 2 (as additional sheets). We

also added respective F1 scores to the Supplementary Table 3 for individual MapMan bins.

Estimated F1 scores are congruent with the prior estimated model accuracy values.

We referenced the F1 scores in the results section (lines 163-164):

“(...) performance of all models and controls with F1 scores provided in Supplementary Table

2.”

We modified the Material and Methods subsection Producing nonhomologous training and

validation sets for clarity in terms of balancing the training datasets (lines 735-746):

“To mitigate imbalance during chromosome-wise cross-validation during training, we

randomly downsampled the sequences of the majority class without replacement.

Consequently, accuracy (Acc) is utilised as the performance measure throughout the

manuscript. The respective F1 scores are provided in supplementary table 2 and 3 for

comparison, applicable for unbalanced sampling.”

In addition, we made minor changes in the following section to match continuity (see ll. 747)



Reviewer #2 (Remarks to the Author):

The authors have addressed the concerns that I raised.


