Review History
First round of review
Reviewer 1

Were you able to assess all statistics in the manuscript, including the appropriateness of statistical tests used?
Yes, and I have assessed the statistics in my report.

Comments to author:
The shoot apical meristem (SAM) is responsible for the developmental pattern of plants, determining plant morphology as well as many agronomic traits. Several transcription factors are specifically expressed in SAM, and identifying the downstream genes regulated by them, constructing their regulatory networks, and understanding their functions are essential to understanding the roles of these TFs in SAM. Luo et al. analyzed HB family members specifically expressed in SAM, resolved their downstream targets by using the cut&tag technique, and predicted the binding sites specific to these TFs as well as their shared binding sites. Combined with transcriptome data from different tissues, the co-expression and TF-DNA regulatory network of these TFs were constructed. The approaches and information reported in the manuscript are valuable, I only have a few comments described as below.

1. From lines 133-183, the authors indicated their focus on 27 transcription factors (TFs) from three subfamilies: KNOX, WOX, and ZF-HD. It would be beneficial to specify the number of TFs in each subfamily and discuss the evolutionary relationships among these TFs in the main text.
2. The Language needs to be edited for clarity and accuracy. For example, lines 219-222, "Most (~80%) potential target genes were concurrently bound by more than one TF. Moreover, as the number of bound TFs increased, the number of target genes decreased, suggesting that most target genes are regulated by a few TFs rather than many". What is this statement supposed to say?
3. In line 251-251, the same words were repeated twice.
4. In Line 267, the shared binding motifs were listed as "TAAT" and "CCAA", however, in Line 193, they were listed as "ATTA" and "CCAA". Please verify the shared binding motifs for consistency.
5. Line 458, what is the PCO1274444?
6. Line 482, "We performed RNA-seq on the wild type and wox13a mutant". Which tissue was used to perform RNA-seq?
7. Line548" Notably, certain TFs can govern multiple pathways, while multiple TFs converge to regulate genes within the same pathway". How to understand the "certain TFs" and "multiple TFs" ?
Reviewer 2

Were you able to assess all statistics in the manuscript, including the appropriateness of statistical tests used?
Yes, and I have assessed the statistics in my report.
Comments to author:
The author integrates multiple transcriptome and translatome datasets across different tissues and developmental stages. Using previous expression and protein abundance data, they identify Homeobox-related proteins highly co-expressed with known regulators of development. Then, they selected several TFs candidates and performed csCUT&Tag. After quality control evaluation they keep 27 TFs for further analysis. Their analysis uncovered genes highly-targeted by Homeobox-related in maize (hub genes), differences and similarities in the regulatory landscape of each TF subfamily, and evolution variation between TF duplicates. They also integrated their predicted targets with previously published co-expression, co-translational networks, and ATAC-seq, which allows them to identify TF-target condition-specific. Finally, the author mapped their combined network of a list of height-related genes. Thus, using a luciferase reporter assay and a loss-of-function mutant, they test a few predicted interactions and TF functional prediction. Overall, the author found the work exciting and highly valuable for the field. The csCUT&Tag also appears to be an interesting alternative to chip-seq in protoplasts. However, this reviewer believes that the manuscript needs to address several issues related to the interpretation of the results and the extent of the conclusions based on the data generated (major point #7).

Major comment
1.The strategy for selecting the corresponding TFs needs to be clarified. The authors started, lines 146-148: "Focusing on the Homeobox family within the co-translation and co-expression integrated network of SAM functional genes, the results demonstrated that 7 Homeobox subfamilies can intricately engage in either co-expression or co-translation with SAM functional genes (Fig. 1B)." The first part suggested that the author selected Homeobox-related genes, but then, they talked about the enrichment of 7 in Homeobox subfamilies. The first part suggested that the author selected Homeobox-related genes, but then, they talked about the enrichment of 7 in Homeobox subfamilies. Is it not that expected if they preselected beforehand Homeobox-related?

2.In the study, the authors cloned 32 TFs previously identified by Burdo et al., 2014. About 60% of these TFs have a variant form, or isoform, identified in either the maize genome's third or newly updated fifth version. This detail is significant because the cloning of the maize TFome was done using information from the third version of the maize genome. While some clones were verified through experiments (in Burdo et al. 2014), this does not apply to all gene models. Therefore, this reviewer suggests adding a supplemental figure that would compare the sequences cloned in this study to the current isoforms listed for the fifth version of the maize genome. This comparison would be incredibly valuable to other researchers and help understand any potential discrepancies in future or past experiments involving these TFs.

3.In lines 219-223 the authors claim that "Most (~80%) potential target genes 220 were concurrently bound by more than one TF. Moreover, as the number of bound TFs increased, the number of target genes decreased, suggesting that most target genes are regulated by a few TFs rather than many". This may seem contradictory. Additionally, the histogram in Figure S5a could be enhanced by including the cumulative percentage of targets along with the number of TFs bound by targets. This might reveal a different situation, indicating that several TFs targeted numerous genes. I would also re-revisit the end of the paragraph because, with a P-value of 0.02 (Figure S5b), it is difficult to significantly increase the number of shared targets within families. Perhaps a KS test (to check for differences in distribution rather than hand averages) could help here.

4.The identification of HOT regions (section 3 of results) is relevant and interesting. But, it is important to prove that they are just not low-complexity regions on the genome, typically removed from this type of analysis. Perhaps, are they enrichment on enhancers? For instance, PMID: 31740773 and PMID: 28732548.

5.The whole section "KNOX, WOX, and ZF-HD subfamilies partially overlap in binding site specificity" is of significant relevance because it shows the regulatory potential uniqueness of each subfamily. However, the authors end the sections by saying: "Collectively, these results underscore the propensity of KNOX, WOX, ZF-HD subfamily TFs to frequently co-regulate the same loci." Again, this sounds contradictory to me—otherwise, the analysis description in Fig 3. B and C need to be clarified. Are they not based on targets bound by subfamily-only peaks?

6.Lines 404-405: The author indicates "ATAC-seq analysis unveiled 4,187-27,145 accessible chromatin regions spanning tissue stages, regulating 3,698-17,344 target genes." is it not clear to this review how an ATAC-seq peak regulates a target gene? This is an expression that the author used multiple times ("target genes regulated by SAM ATAC-seq" lines 421-422, for instance) which is particularly confusing. I guess that what they mean is that their tsCUT&TAG peaks overlap with open chromatin regions identity by ATAC-seq in other tissues, is this correct?

7.Related to the previous comment (#6). Recent evidence has shown that the protoplasting process triggers many transcriptional changes, largely driven by dramatic shifts in chromatin accessibility (PMID: 34380624). I think that it is of particular relevance. The authors need to discard, or at least clarify and discuss, the fraction of binding events that might be a by-product of the protoplasting itself.

8.Using a dual-luciferase reporter assay (Figure 6d), the author demonstrated that KNOX6 and Hb20 suppress the activity of Vt2 and that KNOX6 also activates Hb20. The method section explains that the promoters of Hb20 and Vt2 were attached to the front of the LUC gene. This raises two questions: How exactly was the promoter region defined? More crucially, why to test the binding on promoters if Figure 6d shows that KNOX6 and Hb20 mainly bind along the gene body of Vt2, not at its promoter, a pattern observed with KNOX6's interaction with Hb20 as well.

9.This review could not verify the availability of raw data and processed files (peaks and OCRs). For this reviewer, this is a significant issue that needs to be corrected to ensure reproducibility and data fairness.

Minor comment
1.Lines 120-122: the method name is presented twice.

2.Figure 1: defined "Co gene" and "co-network"

3.Lines 190-192. Authors claim a peak bias towards promoter regions. This needs to be statistically proven. Two easy options: GAT (https://gat.readthedocs.io/en/latest/contents.html) or booRanges (PMID: 37042725).

4.All supplemental tables need a better description. For instance, in lines 197 - 200, the authors described target genes enrichment of specific biological processes citing Table S6. But, that table has multiple GO descriptions with values that go from 0 - 5/6, is the log of P-value, FDR, odd ratio?

5.Lines 234-237: These lines are quite confusing. Does the author indicate that there are 3469 HOT regions targeting 2878 genes? And each HOT region has 12 or more TF bound to it?

6.Lines 241-224: what "low-complexity genes" means? Are genes with low numbers of regulatory associations? And why is it relevant?

7.Lines 316: Perhaps, what the author meant is: To test or to assay?

8.Figure 6e and 7e. What is treatment and that is control? With and without TF? Please clarify.

Reviewer 3

Were you able to assess all statistics in the manuscript, including the appropriateness of statistical tests used?
Yes, and I have assessed the statistics in my report.
Comments to author:
The manuscript provides a comprehensive analysis of the shoot apical meristem (SAM) in maize, focusing on the role of homeobox transcription factors (TFs) in regulating plant morphology and development. Utilizing a robust dataset comprising 46 transcriptome and 16 translatome datasets from the maize inbred line B73, the authors have constructed a dynamic regulome for 27 members of three SAM-related homeobox subfamilies: KNOX, WOX, and ZF-HD. This study integrates techniques such as tsCUT&Tag data combined with "machine learning models" (but not shown in Results part) to identify the targets of these TFs across various tissues and developmental stages. However, this study seems to simply compile a large amount of data without a clear experimental design.

Major Concerns:
1. The term "regulome" is more common in literature than "regulatome" and should be used consistently.

2. Lines 139-142: The rationale for choosing these 9 TFs (SAM functional genes) needs clarification. Table S1 lists gene names and descriptions but lacks references or evidence supporting their selection.

3. Lines 145-148: The co-expression and co-translation integrated networks (Nat Genet 55, 144-153 (2023)) appear complex. Are the co-expressed genes with these SAM functional genes exclusively from the 7 homeobox families? A full co-expressed subnetwork in a supplementary figure would be helpful.

4. The statistics in Fig 1C are unclear. If other TF subfamilies were tested, similar results might appear due to the inherent co-expression of genes within similar TF families. The random control used is confusing.

5. Line 149: The difference observed for DDT seems fine. Did you mean PHD?

6. Line 172: ATAC-seq measures chromatin accessibility and does not provide direct information about TFs, although TF footprints can be estimated. Clarify what is meant by "ATAC-seq of targets of TFs."

7. Fig. 2: In Fig 2D, the signal for the control experiment appears similar to tsCUT&Tag. Adjusting the range for the control experiment (e.g., [0 20]) and providing a plot similar to Fig 2C for the control experiment would be beneficial.

8. Lines 225-240: Do hub target genes exhibit higher expression levels than common genes?

9. In Fig 3A, are these motifs similar to known TF motifs? Do tsCUT&Tag experiments generate motifs similar to those from ChIP-seq experiments for the same TF?

10. Line 407: The statement "… TFs in this study are regulated by ATAC-seq" is incorrect. ATAC-seq is an experiment type, not a regulator. Revise the manuscript for such misleading descriptions.

11. Fig 5A: The tissue-specific dynamic networks are confusing. Networks constructed from different data levels may conflict. For example, an edge may be tissue-specific based on co-expression but not supported by TF-target relationships. Provide evidence for each edge and details how relationships are estimated.

12. Lines 393-397: Explain the rationale for constructing networks based on different data levels. Investigate the consistency or inconsistency of gene relationships at distinct regulatory levels.

13. In Fig 6, since the network is constructed based on multi-omic data, provide evidence at different regulatory levels for the relationships shown in Fig 6D-F.

14. Contextualize the findings by comparing them with previous studies on SAM-related TFs in maize and other plants to position this research within the broader field.

15. The manuscript's writing could be significantly improved for clarity and readability.

16. Inconsistency: The machine learning model is mentioned in the abstract but not in the results. Ensure that the use and impact of the machine learning model are clearly described and integrated into the results section.

Authors Response
Point-by-point responses to the reviewers’ comments: 
Reviewer #1: 
The shoot apical meristem (SAM) is responsible for the developmental pattern of plants, determining plant morphology as well as many agronomic traits. Several transcription factors are specifically expressed in SAM, and identifying the downstream genes regulated by them, constructing their regulatory networks, and understanding their functions are essential to understanding the roles of these TFs in SAM. Luo et al. analyzed HB family members specifically expressed in SAM, resolved their downstream targets by using the cut&tag technique, and predicted the binding sites specific to these TFs as well as their shared binding sites. Combined with transcriptome data from different tissues, the co-expression and TF-DNA regulatory network of these TFs were constructed. The approaches and information reported in the manuscript are valuable, I only have a few comments described as below.
Reply: Thank you very much for your evaluation and comments. 

1. From lines 133-183, the authors indicated their focus on 27 transcription factors (TFs) from three subfamilies: KNOX, WOX, and ZF-HD. It would be beneficial to specify the number of TFs in each subfamily and discuss the evolutionary relationships among these TFs in the main text.
Reply: Thanks for your suggestion. We added details as follows:
“A dataset comprising 27 TFs, each with at least two biological replicates, was compiled. Among them, seven members belong to the KNOX subfamily and 10 each to the WOX and ZF-HD subfamilies. We delineated the genomic relationships among these homeobox TFs through a phylogenetic analysis, finding higher phylogenetic affinity within subfamilies except for the KNOX subfamily member Ns1, which is more closely related to the WOX subfamily members (Supplemental Fig. S4).”

2. The Language needs to be edited for clarity and accuracy. For example, lines 219-222, "Most (~80%) potential target genes were concurrently bound by more than one TF. Moreover, as the number of bound TFs increased, the number of target genes decreased, suggesting that most target genes are regulated by a few TFs rather than many". What is this statement supposed to say?
Reply: Thank you for your suggestion. We rephrased these sentences in our revised manuscript as follows:
[bookmark: _Hlk169516375]“77.2% of potential target genes can be bound simultaneously by multiple TFs. As the number of binding TFs increases, the number of co-regulated target genes decreases, indicating that most TFs co-regulate a limited number of target genes (Supplemental Fig. S7A).”

3. In line 251-251, the same words were repeated twice.
Reply:  Thanks for pointing this out. We revised in our manuscript.

4. In Line 267, the shared binding motifs were listed as "TAAT" and "CCAA", however, in Line 193, they were listed as "ATTA" and "CCAA". Please verify the shared binding motifs for consistency.
Reply: Thank you for pointing this out. TAAT and ATTA are reverse complementary sequences. To clarify this, we revised both Figure 3A and the description in Line 193 to use a consistent core sequence as follow:
“Shared-peak subsets were enriched for the core motifs ATTA and CCAA. However, WOX-only and KNOX-only peaks only returned one over-represented motif, CCAA. Notably, we detected ATTA-enriched motifs in ZF-HD-only peaks (Fig. 3A).”
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5. Line 458, what is the PCO1274444?
Reply: Zm00001eb403720 is named PCO127444 on NCBI and Hb20 on MaizeGDB. To avoid confusion, we opted to consistently use Hb20 in the revised manuscript.

6. Line 482, "We performed RNA-seq on the wild type and wox13a mutant". Which tissue was used to perform RNA-seq?
Reply: Thanks for this good suggestion. The sample for RNA-seq was taken from the internode at the V6 stage, which is associated with plant height. We rephrased this sentence as follows:
[bookmark: _Hlk169181331]“We performed RNA-seq on internode samples at the V6 stage on the wild type (KN5585) and wox13a mutant, finding 490 DEGs (P < 0.05 and absolute Log2(FC) > 1) (Fig. 7C, Supplemental Table S15).’’

7. Line548" Notably, certain TFs can govern multiple pathways, while multiple TFs converge to regulate genes within the same pathway". How to understand the "certain TFs" and "multiple TFs" ?
Reply: We apologize for this confusion and have revised these statements throughout the manuscript as follows: 
"Notably, all TFs investigated here regulate at least three distinct biological pathways, and at least two or more TFs converge to control genes within the same pathway, collectively revealing a multifaceted mode of transcriptional coordination."

Reviewer #2: 
The author integrates multiple transcriptome and translatome datasets across different tissues and developmental stages. Using previous expression and protein abundance data, they identify Homeobox-related proteins highly co-expressed with known regulators of development. Then, they selected several TFs candidates and performed csCUT&Tag. After quality control evaluation they keep 27 TFs for further analysis. Their analysis uncovered genes highly-targeted by Homeobox-related in maize (hub genes), differences and similarities in the regulatory landscape of each TF subfamily, and evolution variation between TF duplicates. They also integrated their predicted targets with previously published co-expression, co-translational networks, and ATAC-seq, which allows them to identify TF-target condition-specific. Finally, the author mapped their combined network of a list of height-related genes. Thus, using a luciferase reporter assay and a loss-of-function mutant, they test a few predicted interactions and TF functional prediction. Overall, the author found the work exciting and highly valuable for the field. The tsCUT&Tag also appears to be an interesting alternative to chip-seq in protoplasts. However, this reviewer believes that the manuscript needs to address several issues related to the interpretation of the results and the extent of the conclusions based on the data generated (major point #7).
Reply: Thank you for your positive comments and constructive suggestions. In the revised manuscript, we have provided a more accurate analysis. We also reframed the rationale for choosing to study these three subfamilies, added a comparative analysis of transcription-factor protein sequences between the annotated V3 and V5 genomes, and included results from the enhancer-enrichment analysis of hub targets and hot regions. 

Major comment
1.The strategy for selecting the corresponding TFs needs to be clarified. The authors started, lines 146-148: "Focusing on the Homeobox family within the co-translation and co-expression integrated network of SAM functional genes, the results demonstrated that 7 Homeobox subfamilies can intricately engage in either co-expression or co-translation with SAM functional genes (Fig. 1B)." The first part suggested that the author selected Homeobox-related genes, but then, they talked about the enrichment of 7 in Homeobox subfamilies. The first part suggested that the author selected Homeobox-related genes, but then, they talked about the enrichment of 7 in Homeobox subfamilies. Is it not that expected if they preselected beforehand Homeobox-related?
Reply: Thank you for your comment on this. The selection criteria were as follows. We first compiled a list of known SAM functional genes then screened for genes that are co-expressed and co-translated with these genes within the network. Given the role of the homeobox gene family in SAM development, we concentrated on this family and identified subfamilies that are enriched with genes that are co-expressed and co-translated together with the known SAM functional genes.
We collated 28 SAM functional genes and obtained a direct interaction network of genes co-expressed and co-translated simultaneously with them. Focusing on the homeobox family, analysis revealed co-expressed and co-translated genes were enriched in the KNOX, ZF-HD and WOX homeobox subfamilies. For simplicity and clarity, we presented only the information related to SAM functional genes belonging to this family in the paper. We have revised the figures and descriptions accordingly.
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Fig. 1. Genes co-expressed and co-translated with known SAM functional genes are statistically significantly enriched in the KNOX, ZF-HD, and WOX subfamilies. (A) Heatmap representation of the expression levels of known SAM functional genes in the SAM, differentiated reproductive tissues, and other mature tissues. (B) Co-expression and co-translation genome networks of known SAM functional genes. MaxS: max scaling. (C) Proportion of known SAM functional genes in co-expression and co-translation networks for different homeobox subfamilies compared to random control genes (an equal random selection of genes in all co-networks). ** represents significance, ns represents no-significance.

2.In the study, the authors cloned 32 TFs previously identified by Burdo et al., 2014. About 60% of these TFs have a variant form, or isoform, identified in either the maize genome's third or newly updated fifth version. This detail is significant because the cloning of the maize TFome was done using information from the third version of the maize genome. While some clones were verified through experiments (in Burdo et al. 2014), this does not apply to all gene models. Therefore, this reviewer suggests adding a supplemental figure that would compare the sequences cloned in this study to the current isoforms listed for the fifth version of the maize genome. This comparison would be incredibly valuable to other researchers and help understand any potential discrepancies in future or past experiments involving these TFs.
[bookmark: _Hlk170393452]Reply: Thank you for this suggestion. We have now included alignments between V3 and V5 sequences for each transcription factor (Supplementary Figure S2). Twenty-three of the 27 studied TFs have identical protein sequences between V3 and V5 annotations. Zm00001eb354880, Zm00001eb058930, Zm00001eb295920 and Zm00001eb217470 have minor differences between the two versions, which might be attributable to code optimization by Burdo et al. 
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Supplemental Fig. S2. Alignment of TF V3 and V5 protein sequences for the 27 SAM TFs examined in this study. "Query" represents the V5 version, and "Sbjct" represents the V3 version.

3.In lines 219-223 the authors claim that "Most (~80%) potential target genes 220 were concurrently bound by more than one TF. Moreover, as the number of bound TFs increased, the number of target genes decreased, suggesting that most target genes are regulated by a few TFs rather than many". This may seem contradictory. Additionally, the histogram in Figure S5a could be enhanced by including the cumulative percentage of targets along with the number of TFs bound by targets. This might reveal a different situation, indicating that several TFs targeted numerous genes. I would also re-revisit the end of the paragraph because, with a P-value of 0.02 (Figure S5b), it is difficult to significantly increase the number of shared targets within families. Perhaps a KS test (to check for differences in distribution rather than hand averages) could help here.
Reply: Thank you for this helpful suggestion. We have rephrased these sentences, revised Figure S5a and added a KS test to Figure S7b.
“Genomic regions with high TF occupancy are frequently associated with important functions [1, 2]. Here, we aggregated all TF–target-gene interactions for the 27 tested TFs. 77.2% of potential target genes can be bound simultaneously by multiple TFs. As the number of binding TFs increases, the number of co-regulated target genes decreases, indicating that most TFs co-regulate a limited number of target genes (Supplemental Fig. S7A). Notably, the proportion of overlapping target genes regulated by TFs within subfamilies is statistically significantly higher than between subfamilies (P value = 0.004, KS-test) (Supplemental Fig. S7B).”
[image: ]
Supplemental Fig. S7. Characteristics of bound TFs per potential target gene. (A) Histogram showing the percentage of bound TFs per potential target gene. (B) Overlap for between-subfamily and within-subfamily TFs’ target genes. P value was calculated by KS-test.

4.The identification of HOT regions (section 3 of results) is relevant and interesting. But, it is important to prove that they are just not low-complexity regions on the genome, typically removed from this type of analysis. Perhaps, are they enrichment on enhancers? For instance, PMID: 31740773 and PMID: 28732548.
Reply: Thank you for sharing this thought. We analyzed all candidate enhancers identified by Oka et al. (PMID: 28732548) and our hot regions. 4.3% (136/3,189) of the hot regions overlap with candidate enhancers, suggesting that these are enhancer-enriched regions, which regulate 107 target genes. In contrast, the remaining 95.7% of the hot regions regulate 2,773 target genes. These findings demonstrate that approximately 4.3% of the regions and ~3% of hub targets show enhancer enrichment, while the majority of hot regions and hot genes do not show such enrichment. 
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We revised the hub-target and hot-region results section of the manuscript as follows: 
“Based on the 99th percentile values of the randomized distributions, we defined 3,168 potential target genes without enhancer enrichment, which are bound by 13 or more TFs, as hub targets (Supplemental Table S7). Complementary to hub target genes, we characterized ‘hot’ regions in the genome as regions bound by many TFs. Hot regions are distinct from hub genes in that they can be bound by many TFs at different locations. Their occupancy follows a negative exponential curve [3] (Supplemental Fig. S8B). A total of 3,053 hot regions without enhancer enrichment were identified, defined as regions bound by 12 or more TFs (Supplemental Table S7). These hot regions regulate 2,773 target genes. We observed that 2,608 (~82.3%) of 3,168 hub targets overlap with hot regions, with the remaining 17.7% of hub genes not being associated with hot regions because of the many TFs that bind to their loci target at different regions (Supplemental Fig. S8C).”

5.The whole section "KNOX, WOX, and ZF-HD subfamilies partially overlap in binding site specificity" is of significant relevance because it shows the regulatory potential uniqueness of each subfamily. However, the authors end the sections by saying: "Collectively, these results underscore the propensity of KNOX, WOX, ZF-HD subfamily TFs to frequently co-regulate the same loci." Again, this sounds contradictory to me—otherwise, the analysis description in Fig 3. B and C need to be clarified. Are they not based on targets bound by subfamily-only peaks?
Reply: Thank you for pointing this out. We have revised this section to more accurate describe it. 
“Although different TFs within the same subfamily shared more target genes (53% average) than different TFs across different subfamilies (49% average; P value = 0.004, Supplemental Fig. S7B), we observed that at least 74–89% of all target genes from one of the three TF subfamilies were also among the target genes of at least one of the other two subfamilies (Fig. 3B). This indicates that the target genes specifically regulated by each subfamily accounted for only 10.7–26.4% of the total regulated by that subfamily.”
 Therefore, we summarize that “Collectively, these results underscore the propensity of KNOX, WOX and ZF-HD subfamily TFs to frequently co-regulate the same loci.” Additionally, Fig. 3B is a Venn diagram showing the overlap of targets among the KNOX, ZF-HD and WOX subfamilies. Fig. 3C shows the functional enrichment of targets specifically regulated by each subfamily and those co-regulated by all three subfamilies, as delineated in Fig. 3B.

6.Lines 404-405: The author indicates "ATAC-seq analysis unveiled 4,187-27,145 accessible chromatin regions spanning tissue stages, regulating 3,698-17,344 target genes." is it not clear to this review how an ATAC-seq peak regulates a target gene? This is an expression that the author used multiple times ("target genes regulated by SAM ATAC-seq" lines 421-422, for instance) which is particularly confusing. I guess that what they mean is that their tsCUT&TAG peaks overlap with open chromatin regions identity by ATAC-seq in other tissues, is this correct?
Reply: Yes, thank you for pointing out this issue. We have revised the description in the manuscript as follows:
“ATAC-seq analysis unveiled 4,187–27,145 accessible-chromatin regions spanning tissue stages. Between these two datasets, 10–74% of the target genes identified by tsCUT&Tag overlap with ATAC-seq open regions in specific tissues or stages. Within accessible-chromatin regions across different tissues, each TF regulates 521–5,353 target genes (Supplemental Fig. S14, C and D).” 

7.Related to the previous comment (#6). Recent evidence has shown that the protoplasting process triggers many transcriptional changes, largely driven by dramatic shifts in chromatin accessibility (PMID: 34380624). I think that it is of particular relevance. The authors need to discard, or at least clarify and discuss, the fraction of binding events that might be a by-product of the protoplasting itself.
Reply: Thank you for your raising this point. We have previously found that protoplast isolation might affect the gene-regulatory networks of certain TFs, particularly those related to chemical stimuli [51]. Previous studies have demonstrated that integrating data from techniques like ATAC-seq and RNA-seq of specific tissues can aid in constructing the tissue regulatory landscape of TFs and enhance the accuracy of analyzing tissue dynamic networks [51]. Our study integrates ATAC-seq and RNA-seq to preserve the authentic interaction relationships within tissues as much as possible. We have added more discussion around this point in the revised manuscript.

8.Using a dual-luciferase reporter assay (Figure 6d), the author demonstrated that KNOX6 and Hb20 suppress the activity of Vt2 and that KNOX6 also activates Hb20. The method section explains that the promoters of Hb20 and Vt2 were attached to the front of the LUC gene. This raises two questions: How exactly was the promoter region defined? More crucially, why to test the binding on promoters if Figure 6d shows that KNOX6 and Hb20 mainly bind along the gene body of Vt2, not at its promoter, a pattern observed with KNOX6's interaction with Hb20 as well.
Reply: Thank you for your comment on this. We have now provided a more detailed genome-browser view of Hb20 and Vt2. The promoter region is defined as 2 kb. As shown in the IGV image below, Vt2 has binding regions in the promoter, gene body and downstream regions, while Hb20 is only bound in the promoter region. The promoter region was uniformly chosen for subsequent LUC experimental validation.
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9.This review could not verify the availability of raw data and processed files (peaks and OCRs). For this reviewer, this is a significant issue that needs to be corrected to ensure reproducibility and data fairness.
Reply: Thank you for mentioning this. The sequencing data generated in this paper and BAM files have been deposited in the Genome Sequence Archive (GSA) under accession CRA012938. Additionally, some intermediate files have been uploaded to http://zeasystemsbio.hzau.edu.cn/dataset.html for public access.

Minor comment
1.Lines 120-122: the method name is presented twice.
Reply: Thanks for pointing this out. We rephrased the sentences in our revised manuscript.

2.Figure 1: defined "Co gene" and "co-network"
Reply: Thanks for your reminder on this. “Co gene with SAM functional genes” means the genes are co-expressed/co-translated with SAM functional genes. 
“Co genes for random” means the genes are co-expressed/co-translated with randomly selected genes.
“Co network” represents the network of co-expression and co-translation. We added these details to the revised figure captions.

3.Lines 190-192. Authors claim a peak bias towards promoter regions. This needs to be statistically proven. Two easy options: GAT (https://gat.readthedocs.io/en/latest/contents.html) or booRanges (PMID: 37042725).
Reply: Thank you for this suggestion. We have added the P value to the revised manuscript, with an example of the revised phrasing as:
[bookmark: _Hlk170741820]“The genomic distribution of binding peaks showed a bias toward the promoter regions of target genes, as previous study described [4] (Fig. 2, B and C, P-value < 7.2E-10).”

4.All supplemental tables need a better description. For instance, in lines 197 - 200, the authors described target genes enrichment of specific biological processes citing Table S6. But, that table has multiple GO descriptions with values that go from 0 - 5/6, is the log of P-value, FDR, odd ratio?
Reply: Thank you for pointing this out. We have revised the description of the supplemental tables. The values in Supplemental Table 6 were calculated using -log10(FDR). We have revised the description as follows:
“We performed gene-ontology (GO) enrichment analysis on the putative target genes of using -log10(FDR) as the enrichment standard. We saw statistically significant enrichment in functions related to transport processes, growth and development, and responses to hormones and stress (-log10(FDR) > 2) (Supplemental Table S6)”
[bookmark: _Hlk170398730]“To ascertain the comprehensive functional relevance of these genes in SAM development, we first assembled 26 well-known SAM functional genes and described their mutant phenotypes (Fig. 1A, Supplemental Table S1).”

5.Lines 234-237: These lines are quite confusing. Does the author indicate that there are 3469 HOT regions targeting 2878 genes? And each HOT region has 12 or more TF bound to it?
Reply: Yes, we defined 3,469 hot regions, which are bound by 12 or more TFs. These HOT regions regulate 2,878 target genes. We have revised this phrasing:
“Hot regions are distinct from hub genes in that they can be bound by many TFs at different locations. Their occupancy follows a negative exponential curve [39] (Supplemental Fig. S8B). A total of 3,053 hot regions without enhancer enrichment were identified, defined as regions bound by 12 or more TFs (Supplemental Table S7). These hot regions regulate 2,773 target genes.”

6.Lines 241-224: what "low-complexity genes" means? Are genes with low numbers of regulatory associations? And why is it relevant?
Reply: Thank you for this comment. ‘Low-complexity genes’ refers to target genes that are bound only by a single TF. This category is defined to observe and highlight the functional complexity characteristics of hot target genes. We have defined it on line 241.

7.Lines 316: Perhaps, what the author meant is: To test or to assay?
Reply:  Revised; we meant ‘test’.

8.Figure 6e and 7e. What is treatment and that is control? With and without TF? Please clarify.
Reply: ‘Treatment’ refers to the co-transformation of the pM999 vector containing the TF effector and the p0800 vector containing the 2-kb promoter region of the target gene. ‘Control’ refers to the co-transformation of the empty pM999 vector with the p0800 vector containing the 2-kb promoter.

Reviewer #3: 
The manuscript provides a comprehensive analysis of the shoot apical meristem (SAM) in maize, focusing on the role of homeobox transcription factors (TFs) in regulating plant morphology and development. Utilizing a robust dataset comprising 46 transcriptome and 16 translatome datasets from the maize inbred line B73, the authors have constructed a dynamic regulome for 27 members of three SAM-related homeobox subfamilies: KNOX, WOX, and ZF-HD. This study integrates techniques such as tsCUT&Tag data combined with "machine learning models" (but not shown in Results part) to identify the targets of these TFs across various tissues and developmental stages. However, this study seems to simply compile a large amount of data without a clear experimental design.
Reply: Thank you for your comments. We have thoroughly revised the entire manuscript and expanded the machine-learning section. To investigate the functional differentiation of transcription factors from three subfamilies and their regulatory relationships in specific traits, we integrated multi-omics data. This revealed the functional differentiation characteristics of duplicated genes from the three subfamilies and their molecular relationships in regulating plant height functional genes. Additionally, it provides a resource for studying the regulatory mechanisms of key transcription factors in the SAM.

Major Concerns:
[bookmark: _Hlk170303382]1. The term "regulome" is more common in literature than "regulatome" and should be used consistently.
Reply: Thank you for pointing that out. We now use ‘regulome’ in the whole revised manuscript.

2. Lines 139-142: The rationale for choosing these 9 TFs (SAM functional genes) needs clarification. Table S1 lists gene names and descriptions but lacks references or evidence supporting their selection.
Reply: Thank you for this suggestion. We have improved the descriptions and references for the known SAM functional genes (Supplementary Table 1).

[image: ]

3. Lines 145-148: The co-expression and co-translation integrated networks (Nat Genet 55, 144-153 (2023)) appear complex. Are the co-expressed genes with these SAM functional genes exclusively from the 7 homeobox families? A full co-expressed subnetwork in a supplementary figure would be helpful.
Reply: Thank you for this suggestion. We generated a genome-wide network of genes co-expressed and co-translated with SAM functional genes (Supplementary Table 2). In the original manuscript, we presented the network of HB family members co-expressed and co-translated with SAM functional genes. We have now visualized the entire network (Fig. 1B).
[image: ]

4. The statistics in Fig 1C are unclear. If other TF subfamilies were tested, similar results might appear due to the inherent co-expression of genes within similar TF families. The random control used is confusing.
Reply: Thank you for raising this. For simplicity and clarity, our paper presented only the information related to SAM functional genes belonging to the homeobox family. However, as shown in the figure below, all SAM functional genes also exhibit a consistent pattern. ‘Co genes for random’ represents generating an equal number of random node genes as SAM functional genes. Genes co-expressed and co-translated with random genes belong to the homeobox family. Furthermore, we also analyzed the proportion of genes from the NF-Y and bZIP families that are co-expressed and co-translated with SAM functional genes and added random controls. These two families did not show statistically significant co-expression and co-translation with known SAM functional genes, indicating that the enrichment of the homeobox family is biologically relevant. We have revised these figures and descriptions accordingly. 
[image: 图表

描述已自动生成]
Fig. 1. Genes co-expressed and co-translated with known SAM functional genes are statistically significantly enriched in the KNOX, ZF-HD, and WOX subfamilies. (A) Heatmap representation of the expression levels of known SAM functional genes in the SAM, differentiated reproductive tissues, and other mature tissues. (B) Co-expression and co-translation genome networks of known SAM functional genes. MaxS: max scaling. (C) Proportion of known SAM functional genes in co-expression and co-translation networks for different homeobox subfamilies compared to random control genes (an equal random selection of genes in all co-networks). ** represents significance, ns represents no-significance.

5. Line 149: The difference observed for DDT seems fine. Did you mean PHD?
Reply: Yes; revised. 

6. Line 172: ATAC-seq measures chromatin accessibility and does not provide direct information about TFs, although TF footprints can be estimated. Clarify what is meant by "ATAC-seq of targets of TFs."
Reply: Thank you for pointing this out. We have revised these sentences as follows:
“We conducted tsCUT&Tag experiments by integrating regular CUT&Tag in B73  protoplasts, and ATAC-seq and RNA-seq across various tissues and stages [29] to catalog genomic binding sites for each TF.”

7. Fig. 2: In Fig 2D, the signal for the control experiment appears similar to tsCUT&Tag. Adjusting the range for the control experiment (e.g., [0 20]) and providing a plot similar to Fig 2C for the control experiment would be beneficial.
Reply:  Thank you for this suggestion. We have adjusted the range of the control in Fig. 2D to match the experimental group and included heatmaps for GFP-1 and GFP-2 near the transcription start site in Fig. 2C, using Ns1 as an example.
[image: ]

8. Lines 225-240: Do hub target genes exhibit higher expression levels than common genes?
Reply:  We did not observe that trend in our datasets. We compared the expression levels of hub targets and targets bound by only one TF across several tissues. Statistically significant differences were observed only in internode samples (P value = 0.00029), while the expression of targets in most other tissues did not show statistically significant changes, as depicted below.
[image: ]

9. In Fig 3A, are these motifs similar to known TF motifs? Do tsCUT&Tag experiments generate motifs similar to those from ChIP-seq experiments for the same TF?
Reply:  Yes, known motifs for the homeobox family in Arabidopsis show some similarity to the motifs we identified in maize.
[image: ]

10. Line 407: The statement "… TFs in this study are regulated by ATAC-seq" is incorrect. ATAC-seq is an experiment type, not a regulator. Revise the manuscript for such misleading descriptions.
Reply: We have revised these descriptions throughout.

11. Fig 5A: The tissue-specific dynamic networks are confusing. Networks constructed from different data levels may conflict. For example, an edge may be tissue-specific based on co-expression but not supported by TF-target relationships. Provide evidence for each edge and details how relationships are estimated.
Reply: Thank you for this suggestion. We have revised the network files provided in Supplementary Table 11 as illustrated below. We now include the source of the SAM tissue dynamic network, along with the weights of edges at each network level. "NA" indicates non-existence at this level of the network. The final network weight is the sum of weights across all network levels. The objective in constructing the tissue network is to further refine the tsCUT&Tag-identified regulatory relationships based on gene-expression and translation levels. The GRN generated from RNA-seq and Ribo-seq focuses on gene regulation rather than co-expression, ensuring compatibility during network integration.
 
	Gene1_ID
	Gene2_ID
	Regulatory relationship by tsCUT&Tag
	GRN by Ribo-seq
	GRN by RNA-seq

	Zm00001eb403720
	Zm00001eb092880
	0.030156392
	NA
	0.175081545

	Zm00001eb403720
	Zm00001eb272300
	0.030486298
	0.249797381
	NA

	Zm00001eb403720
	Zm00001eb037080
	0.030630237
	0.185924098
	0.122519184

	Zm00001eb149680
	Zm00001eb401590
	0.030659105
	0.170946448
	NA

	Zm00001eb234270
	Zm00001eb312630
	0.030710203
	0.17736327
	NA

	Zm00001eb403720
	Zm00001eb318630
	0.030754822
	NA
	0.122363834

	Zm00001eb403720
	Zm00001eb070790
	0.030823046
	NA
	0.084914426



12. Lines 393-397: Explain the rationale for constructing networks based on different data levels. Investigate the consistency or inconsistency of gene relationships at distinct regulatory levels.
Reply: The reason we integrated such a diverse range of data is that the methods for uncovering gene-regulatory networks are varied and complex. Therefore, toward identifying reliable TF binding sites and transcriptional regulatory relationships, it is essential to combine experimental identification with algorithmic predictions, and integrate multi-level information such as gene-expression data and chromatin accessibility. This analysis pipeline allows for cross-correction and the establishment of a more reliable GRN. We acknowledge that the regulatory relationships identified by tsCUT&Tag will have some similarities and differences compared to those predicted by algorithms. The advantage however of our multi-method approach is that it aims to identify the high-confidence regulatory relationships that consistently appear across different methods.

13. In Fig 6, since the network is constructed based on multi-omic data, provide evidence at different regulatory levels for the relationships shown in Fig 6D-F.
Reply: Thank you for your comments on this. The network in Fig. 6 exclusively represents regulatory relationships. Our main focus is on how homeobox TFs function at the regulatory level to influence known height-related genes and, consequently, plant-height traits.

14. Contextualize the findings by comparing them with previous studies on SAM-related TFs in maize and other plants to position this research within the broader field.
[bookmark: _Hlk172557881]Reply:  Thanks for your suggestion. We added comparisons between the homeobox network and previous studies on SAM-related TFs in maize in Supplementary Figure 15 and the discussion to demonstrate the feasibility of our network.
“We compared the homeobox integrated network resource with the genes influenced by known SAM functional genes in maize. Our study found that 84.3% (4758/5647) of target genes identified by FEA4 ChIP-seq were present in our homeobox integrated network (Supplemental Fig. S15A). Additionally, 41.7% of the nodes in our generated SAM dynamic network overlapped with FEA4 target genes (Supplemental Fig. S15B). Approximately 62.6% of the differentially expressed genes between the grx triple mutant and wild type were also found in the homeobox integrated network (Supplemental Fig. S15C). Similarly, about 58% of DEGs between the ub2/ub3 double mutant tassel and wild-type tassel at the V5 stage were present in the homeobox integrated network (Supplemental Fig. S15D). These findings demonstrate that the targets of known SAM functional genes are significantly overpresented in the generated homeobox integrated network, validating its biological significance. Furthermore, the homeobox integrated network includes a larger number of network nodes and potential functions, providing an invaluable resource and foundation for in-depth exploration into the multifaceted functions of homeobox TFs within the context of maize growth and development.”

[image: 图表, 气泡图

描述已自动生成]
Supplemental Fig. S15. Overlapping genes between homeobox network and known SAM functional TFs’ targets. (A) Overlapping genes between homeobox merge network and FEA4 target genes by ChIP-seq of ∼2-5mm ear. (B) Overlapping genes between homeobox SAM dynamic network and FEA4 target genes by ChIP-seq of ∼2-5mm ear. (C) Overlapping genes between homeobox merge network and differentially expressed genes between grx triple mutant and wild type. (D) Overlapping genes between homeobox merge network and differentially expressed genes between ub2/3  double mutant and wild type.

15. The manuscript's writing could be significantly improved for clarity and readability.
Reply: We have revised the readability manuscript with the assistance of a suitably qualified individual.

16. Inconsistency: The machine learning model is mentioned in the abstract but not in the results. Ensure that the use and impact of the machine learning model are clearly described and integrated into the results section.
Reply:  Thank you for pointing this out. We developed the tsCUT&Tag technique with the default bioinformatics pipeline of machine learning for the detection of target of transcription factors across different tissues or stages (https://doi.org/10.1111/jipb.13354). Yes, we agree with your idea about this that we should have clearly described in the current study. We have now clarified this in the revised manuscript at several relevant locations.

Second round of review
Reviewer 2
This reviewer appreciates the improvements and clarifications made by the authors. However, there are a few minor comments that should be addressed.

Line 90: "Homeobox TFs interacting with specific target genes within their promoter regions." This phrase needs work.

Line 138: first use of "co-network" work, add and definition, please.

Lines 181-182: The authors have introduced the term "regulated target genes" for the first time after discussing the binding sites for each transcription factor. However, it remains unclear whether these genes were identified by combining tsCUT&Tag data, co-expression, and co-translation or if they were predicted as targets based on the analysis of the colocalization between the transcription factor binding peaks and the corresponding promoter regions. This needs to be clarified: how the authors defined a target-gene and a regulated target gene?

Lines: 220-221: The authors indicate: "we defined 3,168 potential target genes without enhancer enrichment". What does "without enhancer enrichment" mean? Does it refer to the overlapping with enhancers? If that is true, the analysis should be presented before describing the results.

Lines: 227: the author indicates: "These hot regions regulate 2,773 target genes." It needs to be more accurate. Regions do not regulate genes; TF interacting with regulatory regions does. This may be a comment on the description style. Still, I think it could be more precise if the author refers to the hot areas and other cis-regulatory regions as "associated" or "linked" with the regulation of xx genes.

Reviewer 3
I am satisfied with the response. I have no further comments. Thanks.

Authors Response
Point-by-point responses to the reviewers’ comments: 
Reviewer reports:
Reviewer #2: This reviewer appreciates the improvements and clarifications made by the authors. However, there are a few minor comments that should be addressed. 
Reply: Thank you very much for your help and suggestions, which really improved the quality of our manuscript.

Line 90: "Homeobox TFs interacting with specific target genes within their promoter regions." This phrase needs work. 
Reply: We rephased it as follow:
“Homeobox TFs interact with the promoter regions of specific target genes.”

Line 138:  first use of "co-network" work, add and definition, please. 
Reply: Thanks a lot for pointing this out. We defined it when its first use in the revised manuscript as follow:
“Focusing on the homeobox family within the co-translation and co-expression integrated network (co-network) of SAM functional genes, three homeobox subfamilies are either co-expressed or co-translated alongside SAM functional genes”

Lines 181-182: The authors have introduced the term "regulated target genes" for the first time after discussing the binding sites for each transcription factor. However, it remains unclear whether these genes were identified by combining tsCUT&Tag data, co-expression, and co-translation or if they were predicted as targets based on the analysis of the colocalization between the transcription factor binding peaks and the corresponding promoter regions. This needs to be clarified: how the authors defined a target-gene and a regulated target gene?
Reply: Thank very much for your question on this. We should have clearly clarified this in our previous manuscript. The first use of “regulated target genes” after the detection of binding sites for each transcription factor by tsCUT&Tag mainly refers to the target genes detected by tsCUT&Tag experiments. We clarified this in the revised manuscript as “regulated target genes detected by tsCUT&Tag experiments”

Lines: 220-221:  The authors indicate: "we defined 3,168 potential target genes without enhancer enrichment".  What does "without enhancer enrichment" mean? Does it refer to the overlapping with enhancers? If that is true, the analysis should be presented before describing the results.
Reply: Thank very much for your question on this. It is true because these 3,168 potential target genes without enhancer enrichment were detected by the randomization experiment where we built a random TF–target-gene distribution by randomizing the relationship between TFs and their potential target genes [50]. This randomization experiment is to rule out the effect of enrichers in the hot regions.

Lines: 227: the author indicates: "These hot regions regulate 2,773 target genes." It needs to be more accurate. Regions do not regulate genes; TF interacting with regulatory regions does. This may be a comment on the description style. Still, I think it could be more precise if the author refers to the hot areas and other cis-regulatory regions as "associated" or "linked" with the regulation of xx genes. 
Reply: Thank very much for pointing this out and great suggestion on the description. Yes, the description of “These hot regions regulate 2,773 target genes.” is not accurate. We modified it as “These hot regions are linked with 2,773 target genes.” according to your suggestion. 

Reviewer #3: I am satisfied with the response. I have no further comments. Thanks.
Reply: Really appreciate your evaluation and input on our manuscript, which improved our manuscript a lot.
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528 bits(1360) 0.0  Compositional matrix adjust. 258/258(100%) 258/258(100%) 0/258(0%) ~ Query 61  KDETVRIRKLLERFGAVGDANVFTVF A ss 120
KDETVRIRKLLERFGAVGDANVF YHF QNRRSRSRRRQRQHGAAAAAAAAARASSASHSS
Query 1 IPSQ0QQQUGQQVAAGSTRRCPTPEQLMTLEDMYRGGLRTPNASQTQQI TAHLACYGRIE. 60 Sbjct 61  KDETVRIRKLLERFGAVGDANVE YWFQNRRSRSRRRGRQHQAAAAARAAAAASSASNNSS 120
AT PTG LD RCCLRTPAASQIOQLTMLACYCRTE Query 121 PAASATVGLPSGALQUPLAMGGTAACOYEQASSSSSSOSTOGSSLOLFALGAAGVPGTG 180
. g L A o ery
Sbjet 1 WPSQGQQQQGQQVAAGSTRRCPTPEQLMILEDMYRGGLRTPNASQIQQITAHLACYGRIE ~ 60 DA TR S SCSTocSLOLPALCMCYPCTC
Query 61 GRNVFYWFQNHKARDRQKMRRRLCHSHHLLSCAQYYAAAHHGHAAFLAAPPPYGHQLLS 120 Sbjct 121 PAASATVGLPSGALQYPLAMCGTAACQYEQUASSSSSSGSTGGSSLOLFALGAAGVPGTG 180
(GRNVEYWFQUHKARDRQKVRRRL CUSHHLL SCAQYY AAAAHHGHARFL AAPPPYGHQLLS
Sbhict 61 CKNVFYWFONHKARDROKMRRRLOUSHILLSCAQYY AAMINCHANFLANPPPYCHOLLS 120 Query 181 GGGIFQASCGASSPLATGLUGDVDSSGGSDDLFATSRAUCFAMSTVASASVAPSSNAH 240

GGG TFQASCCASSPLATGLHGDVDSSCOSDDLF ATSRQHGF ARASTVASASVAPSSNAKH
Query 121 PSTTSPTPAAAAAAAAAAYGYYYPATAAFAAPASRCAGNATPPSPTTQLFHYQGGGGLYP 180 Sbjet 181 GGGYFQASCGASSPLATGLUGDVDSSGGSDDLFAISRQUGF AAASTVASASVAPSSNAHH - 240
PSTISPTPAAMMAAAMAATGYYYPATAAFAAPASRCAGNATPPSPTTQLFHYQGGGGLVP Guery 241 QQYYSCESPAATITVF INGVPMEVPRGP IDLRAMFGGDVMLVHSTGVILPVNDYGILTAT 300
Shict 121 PSTTSPTPAAAMAARAAAYCIYYPATAAFAAPASRCAGNATPPSPTTQLFHYQGGGOLYP 180 i OISO AT TV O VPHEAE RGP IO RANPO ML VR TV TLPYND TG TGE
Sbict 241 QQTYSCESPAATITVE INGVPHEVPRGP IDLRAMFGRDVMLVESTGVILPWIDIGILTAT 300
Query 181 TEALGRPEYSLGKLDNFGVALDDVYVSSTSGAVYDTVGAPPVAGFEVAPPLPAAFSCRPL 240

‘TEALGRPEYSLGKLDNFGVALDDVYVSSTSGAVYDTMGAPPYAGFEVAPPLPAAFSCRPL Query 301 LQLGESTFLVARPT 314
Shjet 181 TEALGRPEYSLGKLDNFGVALDDVVVSSTSGAVVDTVGAPPVAGFEVAPPLPAAFSCRPL 240 LQLGESTFLVARPT
Sbjct 301 LQLGESTFLVARPT 314
Query 241 KTLDLFPGGLEEEQHDVA 258
KTLDLFPGGLEEEQHDVA

Shjet 241 KTLDLFPGGLEEEQHDVA 258 Zm00001eb368970
Score Expact Mathod idantites Fositves
Zm00001eb367200 590 bis(1522) 0.0, Compositonal matri adjust. 263/263(100%) 262/282(100%) 0/262(0%)
Scare Expect Hethod Tdentiies Fositves Gape Guery 1 IDWOURTKAMAMMAPDIRACGCEOLGOTVVMTIEQUEVLIKUTSTTATICEGLUM 60
MDVONRTKAAAARAAPDERAGCGEGLGGYVKVMTDEGHEVLRKQ1S  YATICEGLVEER

483 bits(1242) 0.0 Compositional matrix adjust. 235/235(100%) 235/235(100%) 0/235(0%)

Sojet SEONRTIAAAALAPBER ACCGREL GATVIVHTOEGUEVLRKAIS 4TI CROLVEIER 60

GQuery 1 MDTEAPSGRVGVKCGRNPTPEQVKVLTELFRAGLRTPSTDQIGRISAHLGARGKVESKN 60

et e R GQuery 61  VLTEHQDTIAGLRFSNLYCDPLIIPGGHKITARGRWGPTPHOLQILESTFDQGNGTPSKQ 120

VLTEHQDTIAGLRFSNLYCDPLI IPGGHK [ TARQRYQP TPMQLQILES IFDOGNGTPSKQ

Soict 1 MDTEAPSGRVGVKCGRWHP TFBQVIVLTELFRAGLRTPSTDQIGRISAHLGAFGHVESKH 60 Sbjct 61  VLTEHQDTIAGLRFSNLYCDPLIIPGGHKITARQRWQPTPMQLQILESIFDQGNGTPSKQ 120
Query 61 VRYWPORHKARERHEFHHEKRRRRGAAMASSSSPDSGSGSOSSEEDGRVAMADADLYLY 120 Query 121 KIKEITAELSQHGQISETNVINWFQNRRARSKRKQAAASLPNNAESEAEADEEPLADKKP 180
VE VI QNHK ARERHHHKKKKRRRRGAAMASSSSPDSGSGSGS SEEDGRVAAMADADLVLY KIKEITAELSQHGQI SETNVYNVFQNRR ARSKRKQAAASLPNNAESEAEADEEP LADKKP
Sbict 61  VFYWPONHKARERHEHKKKKRRRRGAAMASSSSPDSGSGSGSSEEDGRVAAMMADADLYL 120 Sbjct 121 KIKEITAELSQHGQISETNVYNWFQNRRARSKRKQAAASLPNNAESEAEADEEPLADKKP 180
ey L R ARV TCKOLATHR I VRDWEQUEEDTVERPTREAVETL 180 Query 181 KSDRPPPPPPPIQDNTKATGALSADRVSGGTRHLDTGHDQTSGVMYGCNDSGLLRSSGSS 240
VROVVE! KSDRPPPPPPPIQDNTKATGAL SADRVSGGTRHLDTGHDQTSGVMYGCNDSGLLRSSGSS
Sbjct 121 PSPGRSKSKREARRSYGGGHHRRLVTCKQLAHTHRYVRDVVEQQEEDTHERPTREAVETL 180 Sojct 181 KSDRPPPPPPPIQDNTKATGALSADRVSGGTRHLDTGHDQTSGVHTGCNDSGLLRSSGSS 240
Query 181 ELFPLKSTVDLEAEKVRRYVVRAGASEQCRDFSFFDVSGGROPPLLELRLCSFGP 235 Query 241 GQMSLYENFMSNPRIDRFPAKVESSRSFPHLOQHGEGFGUFG 282
ELFPLKSYVDLEAEKVRRYVVRAGASEQCRDF SFFDVSGGRDPPLLELRLCSFGP GQMSLYENFMSNPR IDRFPAKVESSRSFPHLQQHGEGFGIFG

Sbjet 181 ELFPLKSYVDLEARKVRRYVVRAGASEQCROFSFFDVSGGROPPLIELRLCSFGE 235 Sbjct 241 CQMSLYENFMSNPRIDRFPAKVESSRSFPHLQQHCEGRGUFG 282
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Zm00001eb067310 Zm00001eb234270

Score Expect Method Tdentities Positives. Gaps Score EpectMethod Tdentities Posiives Gaps
648 bits(1672) 0.0 Compositional matrix adjust. 320/320(100%) 320/320(100%) 0/320(0%) 358 bits(920) Ge-132 Compositional matrix adjust. 171/171(100%) 171/171(100%) 0/171(0%)
Quers 1 MAANVGAGRSAGGGGAGTGTGTAAGSGVSTAVCRPSGSRWTPTPEQIRILKELYYGCGI 60 GQuery 130 MEAVMGCVELEGSLOSLTGASPGEGTGATHSDDEDNGVDSEANMFDGNDGSDGHFGPLI 189
MAANVGACRSAGGGGAGTCTCTAAGSCGYSTAVCRP SGSRITP TPEQ IR ILKELYYGCCT MEAVHGCVELEQSL GSLTGASPGEG TGATHSDDEDNQVDSEANNFDGNDGSDGHGFGP LI
Sbjet 1 MAWNVGAGRSAGGGGAGTGTGTAAGSCGVSTAVCRPSGSRTPTPEQIRILKELYYGCGT 60 Sbjet 1  MEAVMGCVELEGSLOSLTGASPGEGTGATHSDDEDNGVDSEANMFDGNDGSDGHGFGPLY 60
Query 61  RSPNSEQIQRITAMLROHGKIEGKNVF YWFONHKARERQKRRLTNLDVNVPVAADDSAR 120 GQuery 190 LTEGERSLVERVRGELKNELKQGYKEKLVDIREEIURKRRAGKLPGDTASVLKAWWIQAHS 249
RSPNSEQIQRTTAMLROHGK [ECKNVE YW ONHKARERGKRRLTNLDVNVPVAADDSAHR LTEGERSLVERVRQELKNELKQGYKEKL VD IREE IMRKRRAGKLPGDTASVLKAWWIQAHS
Sbjet 61  RSPNSEQIQRITAMLRQHGKIEGKNVF YWFQNHKARERQKRRLTNLDVNVPVAADDSAR 120 Sbjet 61  LTEGERSLVERVRGELKNELKQGYKEKLVDIREE IMRKRRACKLPGDTASVLKAWWIQAHS 120
Query 121 LGVLSLSPSSGCSGAAPPSPTLGRYACGNGSAVMLDTSSDUGSAAAMATEACFHGDYNGY 180 Query 250 KWPYPTEDDKARLVQETGLQLKQINNWF INQRKRNWHSNPTSSCEKTKIR 300
LGVLSLSPSSGCSGAAPPSPTLGR TAGGHGSAVHLDTS SOVGSAAAMATEACFHQDTHGY WP YPTEDDKARLVQETGLQLKQINNVF INQRKRNVHSNP TSSGEKTKKKR
Sbjet 121 LGVLSLSPSSGCSGAAPPSPTLGFYACGNGSAVMLDTSSDUGSAAMATEACFHGDTNGY 180 Sbjet 121 KWPYPTEDDKARLVGETGLQLKQINNWF NQRKRNWHSNPTSSCEKTIGKR 171

Query 181 MOGASPRACSSSSSEDPMAALALAPKVTRAPETLPLFPTGGGGDDRGPPRPRASVPAGEA 240
HGGASPWACSSSSSEDPMAALAL APKVTRAPE TLPLFPTGGGGDDRQPPRPRASVPAGEA Zm00001eb130180
Sbjct 181 MGGASPRACSSSSSEDPMAALALAPKVIRAPETLPLFPTGGGGDDRGPPRPRASVPAGEA 240

o ethod Tdentiies Fositves o
Query 241 IRGGSSSSSYLPFWGAAPTPTGSATSVAIQQQHQLMQUQEQYSFYSNAQLLPGTGSQDAA 300 oo et ey it
TRCGSS8SSTLPINCAP TP TGSATSVATCQQHALHOUGEQTSF TSNAQL PGTCSDAR 611 bits(1576) 0.0 Compositional matrix adjust. 295/295(100%) 295/295(100%) 0/295(0%)
Sbjct 241 IRGGSSSSSYLPFRGAAPTPTGSATSVAIQWGHQLUGHIEQYSFYSAQLLPGTGSADAA 300
Query 1 MEDLYSIHPGISRVVGGAASEASVAGAGAGGPSPSDLTELUKAQIASHPRYPSLLSAYIE 60
Query 301 ATSLELSLSSWCSPYPAGTH 320 MEDLYSIHPGISRVVCGAASEASVAGACAGGP SP SDL TELMKAQTASHPR TPSLLSAYIE
ATSLELSLSSHCSPTPAGTH Sojet 1 MEDLYSTHPGISRVVGGAASEASVAGAGAGGPSPSDLTELMKAQIASHPRYPSLLSAVIE 60
Sbjct 301 ATSLELSLSSWCSPYPAGTH 320
Query 61  CRKVGAHPHVISLLEEVSRERRPDAGAGEIGVDPELDEFMDAYCRVLVRYKEELTRPFDE 120
CRKVGAHPHVTSLLEEVSRERRPDAGAGE GVDP ELDEFUDATCRVLVR TKEEL TRPFDE
Zm00001eb433010 Sbjet 61  CRKVGAHPHVTSLLEEVSRERRPDAGAGE IGVDPELDEFHDAYCRVLVRYKEELTRPFDE 120
Score Expect Method dantites positives Gaps Query 121 AASFLSSIQAQLSDLCSGGSSPAATATHSDDHUGSSEDEQCSGDTOVPDGQERSSHLGD 180
652 bits(1683) 0.0 _ Compositional matrix adjust. 325/325(100%) 325/325(100%) 0/325(0%) AASFLSSIOAQLSDLCSGGSSPAATATHSDDHIGSSEDEQCSGDTDVPDMGGEHSSHLGD

Sojet 121 AASFLSSIQAQLSDLCSGGSSPAATATHSDDMUGSSEDEQCSCDTDVPDMGREKSSHLGD 180
Query 1 MAANAGGGGAGGGSGSGSVAAPAVCRPSGSRWTP TPEQIRMLKELYYGCGIRSPSSEQIQ 60

MAANACGGGAGGOS0.0 SV AAF AVCRP SGSR TP TPEQ TRULKEL 17000 TRSPSSEATA. Query 181 HELKEMLLKKYSGCLSRLRSEFLKKRKKGKLPKDARTVLLEWWNTHYRVE YPTEEDKVRL 240
Sbjet 1 HAANAGGGGAGGGSGSGSVAAPAVCRP SGSRWTP TPEQIRMLKELYYGCGIRSPSSEQIQ 60 HELKEMLLKKYSGCLSRLRSER LKKRKKCKLPKDARTVLLE VN THYRIE TP TEEDKVRL

Sbjct 181 HELKEMLLKKYSGCLSRLRSEFLKKRKKGKLPKDARTVLLEWWNTHYRWP YPTEEDKVRL 240
Qury 6 ITLEGCECONTIT UK TELIIONEACUOMTISLOUSLS 120 Cory 201 AP G SOIEANBCUCESSOTTLIDTO TGP 295
Sbjet 61  RITAMLRGHGKIEGKNVF YWFQNHKARERGKRRLTSLDVNVPAAGAADATTSQLGVLSLS 120 AANTGLDPKQINNWF INORKRHWKP SEDHRF ALMEGVAGGSSGTTLYFDIGTIGR

Sbjet 241 AAMTGLDPKQINNWF INQRKRHVKP SEDMRF ALMEGVAGGSSGTTLYFDICTIC 295

Query 121 SPPSGAAPPSPTLGFTAAGNGGGSAGLLDTSSDUGSSCAAMATETCFLGDYHGVTDTGSS 180
SPPSGAAPPSPTLGF Y AAGNCCGSAGLLDTSSDIGSSCAAMATE TCFLODTMGVTDTGSS

Sbjct 121 SPPSGAAPPSPTLGFYAAGNGCGSAGLLDTSSDWGSSCAAMATETCFLADVHGVTDTGSS 180 Zm00001eb299420
Query 181 SQWPCRSSSDTIMAAAAAAARVATTRAPETLPLFPTCCODDDDDSQPPPRRHAVPVPAG 240 -
SQUP CFSSSDTINAAAAAAARVATTRAPETLP LFP TCGDDDDDDSGPPPRPRHAVPVPAG seore Expect Method dents Positves Gaps
Sbict 181 SQWPCRSSSDTIMAAAAAAARVATTRAPETLPLFPTCCODDDDDSQPPPRPRHAVPVPAG 240 723 bits(1866) 0.0 _ Compositional matrix adjust. 351/351(100%) 351/351(100%) 0/351(0%)
Query 241 ETIRGGGGSSSSTLPFUGAGAASTTAGATSSVAIQQQHQLGEQYSFYSHSTALAGTGSAD 300 Quers 1 MDQSFGNLGAGAGSSSCGSNSKAAAARVSSSSFLALPLSTASPATYGAPLALLEKAAAP 60
ETIRGGGGSSSSTLPFUGAGAASTTAGATSSVAT GQQHQL QEQYSF YSHSTAL AGTGSAD DQSFONLGAGAGS SSGOSNSKAAMARVSSSSFLQLPLSTASPAY IGAPLALLHHAAAP
Sbjct 241 ETIRGGGCSSSSTLPFUGAGAASTTAGATSSVAIGGQHQLGEQYSFYSHSTALAGTGSAD 300 Sbjct 1 MDQSFGNLGAGAGSSSGGSHSKAAAMAVSSSSFLALPLSTASPATYGAPLALLHHAAAAP 60
Query 301 VSASAAALELSLSSHCSPYPAAGSH 325 Quers 61  SSSQQHGQQQHHHHYARHGAENSAAEAEATKAK [VAHP QTSALLAAYLDCORVGAPPDVL 120
VSASAAALELSLSSHCSP TPAAGSH 55500HQQQGHHHHTARHCAENSAAEAEATKAK TVAHP QY SALLAAYLDCGKVGAPPDVL
Sbjct 301 VSASAAALELSLSSHCSPYPAAGSH 325 Sbjct 61  SSSQUHGRQQHHHHYARHCAENSAARARATKAK IVAHP QTSALLAAYLDCQKVGAPPDVL 120
Zm00001eb217470 Query 121 ERLTAMAAKLDARPPGRHEPRDPELDGFMEAYCHMLVKYREELTRP IDEAMEF LKRVEAQ 180

ERLTAMAAKLDARPPGRHEPRDPELDGFYEATCNULVK YREELTRP IDEAMEF LKRVEAQ
Sbjet 121 ERLTAMAAKLDARPPGRHEPROPELDGFMEAYCNMLVKVREELTRP IDEAEFLKRVEAQ 180

seore Expect  Method Identities e cops Query 181 LDCISGGGGSSSARLSLADGKSEGVGSSEDDMDPNGRENDPPE IDPRAEDKELKYQLLKK 240
330 bits(846) 2e-120 Compositional matrix adjust] 160/161(99%) }160/161(99%) 0/161(0%) LDCISGGGGSSSARLSLADGK SEGVGSSEDDMDPNGRENDPPE IDPRAEDKELKTQLLKK

ey | MEVERELPASIDLIGOSKGATTTIPRYLALDN ASRISSEP R L CAMRSERGSETIK 60 Sbjet 181 LDCISGGGGSSSARLSLADGKSEGVGSSEDDNDPNGRENDPPE IDPRAEDKELKYQLLKK 240

MEVEEELPASADLTGGSKQATTTTPF TLALDHTASATSSPPPAAPLPCAANSERGSE 11K Query 241 YSGYLSSLRQBFSKKKKKCKLPKEARGKLLWELKVKWP YPSETEK IALASTOLDAKG 300
Sbjct 1 MEVEBELPASADLTCGSKQATTTTPFTLALDKTASATSSPPPAAPLPCAANSERGSEITK 60 50 YLSSLRQEF SKKKKKCKLPKE ARGKLLHMELK YKVP Yo SETEK AL AESTGLDQKQ
Shict 241 VSGYLSSLRQEFSKKKKKCKLPKEARGKLLHVWELHTKWP P SETEK TALAESTOLDAKG 300
Query 61  AKIHSHPLYPAVLRAFIDCRKVGAPPE IVGRLSALADDVEMNSODKGEGRRAADPELDGF 120
AKTHSHPLYP AVLRAR IDCRKVGAPPETVCRLS AL ADDVEMNSDDK GEQRRAADPELDGF VNEGFHPQNAAAL THDGPFMADG]
Shict 61 AKIMSHPLYPAVLRAF IDCRKVGAPPEIVCRL SALADDVEMNSODKGEGRRAADPELDQF 120 B vt

uery 121 NBTYCHILVRIRGELTRP 1QEADEFFRSUEAGIDAF e | 161 Sbjct 301 INNWF INGRKRHWKP SEDHFVHMEGFHP QNAAAL YHDGPFNADGHYRLGS 351
METYCHHLVRYRGELTRP 1GEADEFFRSUEAQIDAF L D
Sbict 121 MEIVCHHLVRYRGELTRP GEADEFFRSUEAQIDAFLLDD | 161

Zm00001eb403720

Score Expect _ Hathod Tdentities Posiives Gaps
398 bits(1022) 9e-147 Compositional matrix adjust. 191/191(100%) 191/191(100%) 0/191(0%)

Query 128 MLLCSFREQLOQHVRVHAVEAVACREIEQSLDLTGVTLEEGTGATUSEEDEDEAPMLE 187
MLLCSFREQLQGHVR VHAVEAVHACRE [EQSLQDL TGVTLEEG TGATHSEEDEDE APLE
Sbjet 1 MLLCSFREQLOQHVRVHAVEAVEACREIEQSLQDLTGVTLEEGTGATMSEEDEDEAPMLE 60

GQuery 188 VGLVDUGSDGHDMMGRGPLLPTDSERSLUERVRQELK IELKQGFKSRIEDVREETLRKRR 247
‘VGLVDMGSDGHDMIGFGPLLP TDSERSLUERVRQE LK [ELKGGFKSR IEDVREELLRKRR
Sbjet 61  VGLVDMGSDGHDMMGRGPLLPTDSERSLMERVRQELK IELKQCFKSR IEDVREE ILRKRR 120

Query 248  AGKLPGDITSILKQWIQGHSKWP YPTEDDKARLVEETGLOLKQINNVE INGRERNWHNNS 307
'AGKLPCDTTSTLKQWHQQHSKWP YP TEDDKARLVEE TCLQLKQINNWF INGRKRWHNNS
Sbjet 121  AGKLPGDTTSILKQWQGHSKWP TP TEDDKARLVEETGLOLKQINNVF INGRKRNWHNNS 180

Query 308 QTSTLKSKRKR 318
QUSTLKSKRKR
Sbjet 181 QTSTIKSKRKR 191
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Gene Function Reference

Knotted1 (Kn1)

Kn1 maintains the morphogenesis of the shoot apical

meristem. KN1-mediated activation of ga2ox1 maintains a

boundary between meristem cell identity and rapidly

elongating cells of the shoot.

Vollbrecht et al.,

Development, 2000

Bolduc et al., The

Plant Cell, 2009

Gnarley1

（

Gn1

）

Gnarley1 affects cell shape and identity

Foster et al., The Plant

Cell, 1999

Rough sheath 1 (Rs1)  The identification of rs1 as a kn1-like homeobox gene.

Becraft et al.,

Genetics, 1994

ZmBLH12

blh12 blh14 (blh12/14) double mutants fail to maintain

axillary meristems, leading to a lack of tillers and ears.

Tsuda et al., The Plant

Cell, 2017

ZmBLH14

blh12 blh14 (blh12/14) double mutants fail to maintain

axillary meristems, leading to a lack of tillers and ears.

Tsuda et al., The Plant

Cell, 2017

Thick tassel dwarf1 (Td1)  Td1 functions in the inflorescence to limit meristem size.

Bommert et al.,

Development, 2005

Fasciated ear4 (Fea4)  FEA4 promotes differentiation in the meristem periphery

Pautler et al., The

Plant Cell, 2015

Compact plant2 (Ct2)

COMPACT PLANT2 functions in

 CLAVATA signalling to control shoot meristem size

Bommert et al.,

Nature, 2013

ZmGβ1

ZmGβ1 controls shoot meristem development and immune

responses

Wu et al., Proc. Natl.

Acad. Sci., 2019

Terminal ear1

（

ZmTE1

）

 ZmTE1 is responsible for maintaining organized formation of

internode meristems and rapid cell elongation.

Wang et al., Plant

Biotechnol J., 2022

ZmCNR1 ZmCNR1 affects plant organ size in maize

Guo et al., The Plant

Cell, 2010

Unbranched2 (Ub2)

Duplicate transcription factors unbranched2 and unbranched3

function together to decrease the rate of lateral primordia

initiation, thus giving the stem cells of the meristem enough

time to regenerate. Meristem maintenance and renewal are

compromised in the ub2/ub3 double mutants.

Chuck et al., Proc.

Natl. Acad. Sci., 2014

Unbranched3 (Ub3)

Duplicate transcription factors unbranched2 and unbranched3

function together to decrease the rate of lateral primordia

initiation, thus giving the stem cells of the meristem enough

time to regenerate. Meristem maintenance and renewal are

compromised in the ub2/ub3 double mutants.

Chuck et al., Proc.

Natl. Acad. Sci., 2014

Tasselsheath4 (Tsh4)

ub2/ub3/tsh4 functions together redundantly to initiate tassel

branches and repress excess tiller and leaf initiation.

Chuck et al., Proc.

Natl. Acad. Sci., 2014

Narrow sheath1 (Ns1)

The domain deletion of ns1 and ns2 corresponds to an

alteration in the organization of a specific region of the shoot

apical meristem.

Scanlon et al.,

Development, 1996

Nardmann et al.,

Development, 2004

Narrow sheath2 (Ns2)

The domain deletion of ns1 and ns2 corresponds to an

alteration in the organization of a specific region of the shoot

apical meristem.

Scanlon et al.,

Development, 1996

Nardmann et al.,

Development, 2004

Narrow odd dwarf1 (Nod1)

Nod1 coordinates organ growth, tissue patterning, and cell

differentiation.

Rosa et al., The Plant

Cell, 2017

Tassels replace upper ears1 (Tru1)

Eectopic overexpression of TRU1 inhibits axillary branch

growth and alters meristem fates

Dong et al., Proc.

Natl. Acad. Sci., 2017

Liguleless narrow (Lgn)

The dominant Lgn-R mutation affects leaf patterning and

inflorescence development

Moon et al.,

Development, 2013

Crinkly4

Mutant cr4 plants show affected floral organs, including

glumes and anthers.

Becraft et al., Science,

1996

Ramosa1 enhancer locus2 (Rel2)

Single recessive mutations in rel2 related to defects in

meristem initiation and maintenance.

Liu et al., Plant

Physiology, 2019

Asceapen1 (Asc1) The SAM size is reduced in asc1 mutants.

Brooks et al., PLoS

Genet., 2009

Fuzzy tassel (Fzt)

 Fuzzy tassel is required for the regulation of meristem

determinacy in the inflorescence in maize

Beth et al., The Plant

Cell, 2014

Male sterile converted anther1 (Msca1)

Glutaredoxins regulate maize inflorescence meristem

development

Yang et al., Nature

Plants, 2021

ZmGRX2

Glutaredoxins regulate maize inflorescence meristem

development

Yang et al., Nature

Plants, 2021

ZmGRX5

Glutaredoxins regulate maize inflorescence meristem

development

Yang et al., Nature

Plants, 2021
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Zm00001eb405500

Score Expect Method
194 bits(493) 2e-71 Compositional matrix adjust.

Ldentities Positives Gaps
98/98(100%) 98/98(100%) 0/98(0%)

Qery 1
Sbjet 1

MGPQQGRRSNGGAARSKQEEEGGAKVVRYRECQRNHAASL GGHAVDGCREFMAAGADGT 60
MGPQQGRRSNGGARARSKQEEEGGAKY VRYRECQRNHAASLGGHAVDGCREFMAAGADGT
MGPQQGRRSNGGAAARSKQEEEGGAKVVRYRECQRNHAASLGGHAVDGCREFMAAGADGT 60

AAALACAACGCHRSFHRREVEQPAADCDCDCSSTTSGA 98
AAALACAACGCHRSFHRREVEQPAADCDCDCSSTTSGA

Query 61

Shjet 61 AAALACAACGCHRSFHRREVEQPAADCDCDCSSTTSGA 98
Zm00001eb405530
Score Expect Method Identities Positives. Gaps

194 bits(492) 2e-71 Compositional matrix adjust. 98/98(100%) 98/98(100%) 0/98(0%)

Query 1 MGPQQGRRSNGGAAARSKQEEEGGAKVVRYRECQRVHAASLGGHAVDGCRERAAGADGT 60
MGPGQGRRSNGGAAARSKQEEEGGAKYVRYRECQRNHAASLGGHAVDGCREFMAAGADGT

Shjet 1 MGPQQGRRSNGGAAARSKQEEEGGAKVVRYRECQRNHAASLGGHAVDGCREFMAAGADGT 60

Query 61 AAALACAACGCHRSFHRREVEQQPAADCCDCSSTTSGA 98
AAALACAACGCHRSFHRREVEQQPAADCCDCSSTTSGA

Shict 61 AAALACAACGCHRSFHRREVEQQPAADCCDCSSTISGA 98

Zm00001eb312610

Score Expect Method Identities Positives. Gaps

182 bits(463) 2e-67 Compositional matrix adjust. 89/89(100%) 89/89(100%) 0/89(0%)

Query 1 MKRLLILQRCEPTVRFSCCSVRYGDCRRNHAASTGGHAVDGCREFTAEGEEGTSGALKCA 60
MKRLLTLQRCEPTVRFSCCSVRYGDCRRNHAASTGGHAVDGCREF TAEGEEGTSGALKCA

Sbjet 1 MKRLLILQRCEPTVRFSCCSVRYGDCRRNHAASTGGHAVDGCREFIAEGEEGTSGALKCA 60

Query 61  ACGCHRSFHRRVQVYEVAWGYGSDTSSTE 89
ACGCHRSFHRRVQVYEVAWGYGSDTSSTE

Sbjet 61 ACGCHRSFHRRVQVYEVAWGYGSDTSSTE 89

Zm00001eb216060

Score Expect Method Identities Positives Gaps
483 bits(1243) 0.0 Compositional matrix adjust. 240/240(100%) 240/240(100%) 0/240(0%)

Query 1 MDQQQHQERPWEVYRECHRNHAAKLGTYASDGCCEYTPDDGQPAAMLCAACGCHRNFHRK 60
MDOQQHQERPVEVYRECHRNHAAKL GTYASDGCCEY TPDDGQPAAMLCAACGCHRNFHRK.
Sbjct 1 MDQQGHQERPWEVYRECHRNHAAKLGTYASDGCCEYTPDDGQPAAMLCAACGCHRYFHRK 60
Query 61 AFLADMAGKHGCAHGAILPSPGASPOTGIIBATAMAGIGODACAHOSUSGORRRTRTK 120
PSPGASPGYGNHIDIATA
Shict 61 AFCAAAGNICCAGMLPSPCASPOYOUEMAL AACMCCDACAHGSCSCORRRTRTY 120
Query 121 FIDEQKERMARLAERLGVRMPKREPGRALGDDEVGRECREIGY TRQVEKVIMENHKS 180
FTDEQKERMARL AERLGVRVPKREPGRALGDDEVGRFCREIGY TRQVFKVIMNHKSGGG
Sbjet 121 FIDEQKERMARLAERLGWRMPKREPGRALGDDEVGRFCREIGY TRQVFKVIMHNHKSGGG 180
Query 181 GSQGEGASAGAAGAAQTTSSSTTRGGGGGGVVGGGGSUSTANGADVEDDEEVRGSENCH 240
(GSQGEGASAGAAGAAQTTSSSTTRGGGECGV GGGGSUSTAGADVEDDEEVRGSENCH,
Sbjct 181 GSQGEGASAGAAGAAQTTSSSTTRGGGGGGVVGGGGSMSTAMGADVEDDEEVRGSENCH 240
Zm00001eb055350
Score Expect  Method Identities Positives

Gaps
467 bits(1202) 7e-175 Compositional matrix adjust. 231/231(100%) 231/231(100%) 0/231(0%)

Query 1 MIQQQHQERPREVYRECURNHAAKLGTYASDGCCEYTPDDGAPAPMLCAACGCHRNFHRK 60
MHQQQHQERPREY YRECURNHAAKLGTYASDGCCEY TPDDGQPAPML CAACGCHRNFHRK

Sbjet 1 MHQQQHQERPREVYRECHRNHAAKLGTYASDGCCEYTPDDGAPAPMLCAACGCHRNFHRK 60

Query 61  TFLDAAAGAHGAMLPSPAGASPGYGSGTHHTATTAAGUGGDAGAHGSGGRRRTRTKFTEE | 120
TFLDAAAGAHGAMLPSPAGASPGYGSGTHRTATTAAGHGGDAGAHGSGGRRRTRTKFTEE.

Sbjct 61  TFLDAAAGAHGAVLPSPAGASPGYGSGTHHTATTAAGNGGDAGAHGSGGRRRTRTKFTEE 120

Query 121 KEQURFAERLOVRUPKREPGRAPGDDEVGRECREIVIRQVFKVWMIIKSGOOS0A 160
QKECMARFAERL GRIPKREPGRAPGDDEVGRFCRE IGVTRAVFKVMHNHKSGGGSG

Sbjct 121 QKECMARD\ERLGWKMPKREPGRAPGDDEVGRFCRElGVTm\’FKVWMW\HKSGGGSGGA 180

Query 181 GAGAGGAAQTSSSTTRGGGSGAVGGGGSNSPAICADVEDDEEVMRGSGHCM 231
GAGAGGAAQTSSSTTRGGGSGAVGGGGSMSPATCADVEDDEEVNRGSGHOM

Sbjct 181 GAGAGGAAQTSSSTTRGGGSGAVGGGGSVSPAICADVEDDEEVRGSGHN 231

Zm00001eb041290

Score Expect Method Identities Positives

Gaps
742 bits(1915) 0.0 Compositional matrix adjust. 373/373(100%) 373/373(100%) 0/373(0%)

Query 1 MEAVVDLKYLPVFPNGGVAAAKKKTRLGAAAVAGGQTGVYYRECLKNHAASLGGHALDGC 60
MEAVVDLKYLPVEPNGGYAAKKKTRLGAAAVAGGQTGVYYRECLKNHAASLGGHALDGC
Sbjct 1 MEAVVDIKVLPVFPNGGVAAAKKKTRLGAAAVAGGQTGYYYRECLKNHAASLGGHALDGC 60
Query 61  GEFNPSPEADPADPSSLRCAACGCHRNFHRRLPELSPPPPLLALPPPPPPLAPAPAPAVA 120
‘GEFMPSPEADPADPSSLRCAACGCHRNFHRRLPELSPPPPLLALPPPPPPLAPAPAPAVA
Sbjct 61  GEFMPSPEADPADPSSLRCAACGCHRNFHRRLPELSPPPPLLALPPPPPPLAPAPAPAVA 120
Query 121 SHANRDSRTURGEEAPDDRLPAAFDDDTEESDEGSDFEEDRPLTPLPAPGHVPLPPGYRG 180
‘SHAVRDSRTMRGEEAPDDRLPAAFDDDTEESDEGSDFEEDRPLTPLPAPGUVPLPPGYRQ
Sbjct 121 SHAVRDSRTVRGEEAPDDRLPAAFDDDTEESDEGSDFEEDRPLTPLPAPGUVPLPPGYRQ 180
Query 181 VAPHULLALSTSAPGAQTPAAGPRPPASLVPNPAPGAAAAAAAAAAARKRFRTKESPEQK 240
VAPIDILLALSTSAPGAQTPAAGPRPPASLVPYPAPGAAAAAAAMAARKRFRTKFSPEQK
Sbict 181 VAPHMLLALSTSAPGAQTPAAGPRPPASLVPUPAPGAAAAARAAAARKRFRTKFSPEQK 240
Query 241 QRUQALSERLGVRLQKRDEAVVDECCQETGYTHGVFKVWMENNKHNFVGGHSARRSASAS 300
QRUQALSERLGYRLQKRDEAVVDECCUEIGVTKGVFRVWMENNKINFVGGHSARRSASAS
Sbjct 241 GRUQALSERLGWRLOKRDEAVVDECCQETGVTKGVFRVIMHNNKHNFVGGHSARRSASAS 300
Query 301 AATATHHPFIDAAPVCPSSHAAPAPAAAVHLSAPAPAASPATPVLADSNINGAADYFRY 360
AATATHHPFIDAAPVCPSSHAAPAPAAAVHLSAPAPAASPATPVLADSNINGNAADYFRY
Sbict 301 AATATHHPFIDAAPVCPSSHAAPAPAAAVHLSAPAPAASPATPVLADSNINGNAADYFRY 360
Query 361 QPSTASGGSPASS 373
QPSTASGGSPASS
Sbjct 361 QPSTASGGSPASS 373
Zm00001eb149680
Seore Expect Hethod Tdentites Positives Gaps
151 bits(381) 3e-51 Compositional matrix adjust. _73/73(100%) 73/73(100%) 0/73(0%)

Query 1 MEWVDRTKASAAAAAAAADERAGGAEGLAGTVKVUTDEQMEVLRKQISIYATICEQLVEM 60

MERVDRTKASAAAAAAAADERAGGARGL AGTVKVHTDEQHEVLRKQT ST TATICEQLVEM
Sbjct 1  MEWVDRTKASAAAAAAAADERAGGARGLAGYVKVMTDEQMEVIRKQISIYATICEQLVEM 60
Query 61 HRALTEHQDTIAG 73

BRALTERQDTIAG

Sbjet 61 HRALTEHGDTIAG 73

Zm00001eb099550

score.

725 bits(1872) 0.0

Query
Sbict
Query
Sbict
Query
Sbiet
Query
Shict
Query
Shict
Query
Sbict
Query

Sbiet

1

361
361

Expect Method Identities Positives Gaps
Compositional matrix adjust. 361/361(100%) 361/361(100%) 0/361(0%)

MEAMDVKYKPYNFPNGAAFKKAKPAAVAPAGEPLYRECLKNHAASLGGHAVDGOGEFNPS 60
MEAVNDVKYKPYNFPNGAAFKKARPAAY APAGEPLYRECLKNHAASLGGHAVDGOGEFNPS
MEAMDVKYKPYNFPNGAAFKKARPAAVAPAGEPLYRECLKNHAASLGGHAVDGOGEFNPS 60

PGANPADPTSLKCAACGCHRNFHRRTVEGSPPPAPAPLALPPPPPPPPSVLHGATHRGG
PGANPADPTSLKCAACGCHRNFHRRTVEGSPPQPAPAPLALPPPPPPPPSVLIGQTHRGG
PGANPADPTSLKCAACGCHRNFHRRTVEGSPPQPAPAPLALPPPPPPPPSVLHGATHRGG 120

EDTPEDRHPGVVDADDPDSDSEGSEYDEERSVSPPPPHHVPAPVAQQPPPPSYFPAAAPH 180,
EDTPEDRHPGVVDADDPDSDSEGSE YDEERS VSPPPPHHVPAPVAQQPPPPSYFPAAAPH
EDTPEDRHPGVVDADDPDSDSEGSEYDEERSVSPPPPHHVPAPVAQQPPPPSYFPAAAPH 180

‘QIDLLSLGPGAAVAMAGRLAPAQLTPSSAPPPGGAMPRKRFRTKFTAEQKQRUQELSER ~ 240
QHMLLSLGPGAAVAAAQRLAPAQLTPSSAPPPGGAVPRKRFRTKFTAEQKQRUQELSER
QHMLESLGPGAAVAAAAGRTAPAQLTPSSAPPPGGAVPRKRFRTKFTAFQKQRUQELSER ~ 240

LGVRLOKRDEAVVDEWCRDUGY GKGVFKVWNHNNKHNFLGGHSARRSVSASSGAAALLQT 300
LGVRLQKRDEAVVDEVCRDYGY GKGVFKVWHNNKHNFLGGHSARRSVSASSGAAALLQT
LGURLQKRDEAVVDEWCRDMGY GKGVFKVWNHNNKHNFL GGHSARRSVSASSGAAALLQT 300
PONGAMPSENPSRLIPPPULTSSPI
PCANAGAAAPSFYPSRL TPPPPY
POANAGAAAPSEPSRLTFPPYLTSSPTOINGAASSSPPTVIADHIDNANGASSFAS 360
A 361

A
A 361

120

Zm00001eb312620

Score

742 bits(1916) 0.0

Expect Method Identities Positives Gaps
Compositional matrix adjust. 370/370(100%) 370/370(100%) 0/370(0%)

Query 1 MEAMDVKYKPVMFPNGAGLKKPKPAAAVALAGEPLYRECLKNHAASLGGHAVDGCGEFP 60
MEAUDVKYKPYMFPNGACLKKPKPAAAVALAGEPLYRECL KNHAASL GGHAVDGCGEFMP
Sbjet 1 MEAMDVKVKPVMFPNGAGLKKPKPAAAVALAGEPLYRECLKNHAASLGGHAVDGCGERYP 60
Guery 61 SPGAPADPTSLRCAOGCHRVEHRRTLEGSPPEAPAPLALPEPSIHGUPIRARERT 120
SPGANPADPTSLKCAACGCHRNFHRRTL PPPPSVAHGAF
Shict 61 SPONPADPISLACAACCCHHRKLECSPPPPAPAPLALPPPESHCOPIAREET 120
Query 121 EGSEYDEERSVSPPPPPHHLLPAPVAQUPPPPSYFPTAPHMY 180
SDSDSEGSENDEERSVSPPPPPHHLLPAPVAQQPPPPSYFPTAPHMY
Sbjet 121 PEDRHPGVVDADDSDSDSEGSEYDEERSVSPPPPPHHLLPAPVAGUPPPPSYFPTAPHIV 180
Query 181 LSLGSGVPGPAVAVSPAQRLAPTQLTPSSAPPHAGGAVPNPRKRFRTKFTAEQKQRUQEL 240
LSLGSGYPGPAVAVSPAQRLAPTQLTPSSAPPHAGGAMPMPRKRFRTKFTAEQKQRUGEL
Shict 181 LSLGSGVPGPAVAVSPAQRLAPTQLTPSSAPPHAGGAVPNPRKRFRTKFTAEQKQRUQEL 240
Query 241 SERLGVRLGKRDEATVDEWCRDIGVGKGVFKVIMHNNKINFLGGHSARRSASSPAPAPAR 300
‘SERLGVRLQKRDEALVDENCRDLGVGKGYEKYVMHNNKHNFLGGHSARRSASSPAPAPAA
Sbjet 241  SERLGVRLGKRDEATVDERCRDIGVGKGVFKVFVHNNKHNFLGGHSARRSASSPAPAPAL 300
Query 301 ASLQTPAAGAGAAAAPSEHPSRITPPPPVLISSPTAATGENINGAASSAPTVATDYTTDN 360
ASLQTPAAGAGAAAAPSFHPSRITPPPPVLTSSPTAATGENINGAASSAPTVATDYTTDN
Sbjct 301  ASLQTPAAGAGAAMPSFHPSRITPPPPVLTSSPTAATGFNINGAASSAPTVATOVITDN ~ 360
Query 361 ANGASSPHSA 370
ANGASSPHSA
Sbjet 361 ANGASSPHSA 370
Zm00001eb138370

Score

665 bits(1716) 0.0

Expect Method Identities Positives
Compositional matrix adjust. 331/331(100%) 331/331(100%) n/mm-/.,)

Query 1 MDLSGTQGELPMATUHAGGSPYLGLHHGHPQUHNHGANGREMSPPDVVAEEAKNRQLAVY 60
MDLSGTQGELPMATYHAGGSPYLGLHHGHPQQHNHGANGRHMSPPDVVAEEAKNRQLAVY

Sbjct 1 MDLSGTQGELPMATVHAGGSPYLGLHHGHPQQHNHGANGRHUSPPDVVAEEAKNRQLAYY 60

Query 61  PVGTGGGGGAGYRYRECLKNHAMAIGGSATDGCGEFMPAGEEGSLDALRCSACGCHRYFH 120
PVGTGGGGCACYRYRECLKNHAAATGGSATDGCGEFMPAGEEGSLDALRCSACGCHRNEH.

Sbict 61  PUGTGGGGGAGVRVRECLKNHAAATGGSATDGCGEFWPAGERGSLDALRCSACGCHRYFH 120

Query 121 RKEPPGGDGRULYGHHHHHPLSPLAAVEPHHHRGLLVAALPPAPTRUVMPLSAAMHHEQQ 180
RKEPPGGDGRQLYGHHHHHPLSPLAAVHPHKHRGLLVAALPPAPTRIVYPLSAVHHHQQ

Shict 121 RKEPPGGDGRALYGHHHHHPLSPLAAVHPHHHRGLLYAALPPAPTRUVMPLSAAVHHQY 180

Query 181 PPOGISSKSADSIDAVPGIRGCEVOQUQOMPARRRFRTIFTASQRARILFAEDACHR, 240
PPQQHHSSASADSDDAHVPGYRGGEVOQQQQAPARKRFRTKFTAEQKARVL GFAEDAC

Shict 151 PROUMSSASADSOPAIN POV RGP QOOMAFARKRFRTKETAFCKARILCFAFDACHR 210

Query 241 LOKLDEAAVQRECQEVGVKRRVLKVIMENNKHTLARRGHAGLPGDPELLGPHDGALGMPL 300
QKL DEAAVQRFCQEVGVKRRVEKVINENKHTLARRGHAGL PGDPELLGPHDGQL GMPL.

Shjct 241 LOKLDEAAVQRFCQEVGVKRRVLKVVMINNKITLARRGIAGLPGDPELLGPHDGALGMPL ~ 300

Query 301 PEPAAEPAAMAAAAAGLGVTDQAVSFGTGRH 331
PEPAAEPAAMAAAAAGLGVTDQAMSFGTGRH

Sbjct 301 PEPAAEPAMAAMAGLGVIDQAMSFGTGRH 331

Zm00001eb168120

Score Expect Method Identities positives Gaps

767 bits(1981) 0.0

Query
Shjct
Query
Sbjct
Query
Sbict
Query
Sbjct
Query
Sbict
Query
Shict
Query

Sbjct

Compositional matrix adjust. 382/382(100%) 382/382(100%) 0/382(0%)

IDLSGIGELAITIBANASPTCAGVGGVLAURGSINOUSPACTLITPAMEETE 60
DLSCTGGELATPAHANYASPYGACVGGHYLOCHRDHGSYNGOSPAPPLEPPPAKAEETE
LSGTQGELATPUHANVASPYGAGYGGHYLQUHRDHGSNNGQSPAPPLPPPPAAAEETE 98

‘SSAKKRGPAAGAGGGGGSSTVKYRECLKNHAAAIGGNATDGCGEFMPSGEEGSLEALKCS 120
‘SSAKKRGPAAGAGCGGGSSTVKYRECL KNHAAATCCNATDGCGEFPSGEEGSLEALKCS
‘SSAKKRGPAAGAGGGGGSSTVKYRECLKNIAMTGGNATDGCGEFNPSGEEGSLEALCS 158,
ACGCHRNFHRKEVDDEDDDVYGAAEGFSGLLGLGLGHGHGHRAARRLLAPAYAPHHKS 180
ACGCHRNFHRKEVDDEDDDMYGAAEGFSGLGLGLGLGHGHCHRAARRLLAP:
ACGCHRNFHRKEVDDEDDDMYCAAEGFSCLGLGLCLGHGHCHRAARRLLAPAVARPHHKS 218

(GGGGLLISGADPYAAYASARALPPAL PPPPGHAHHHHQYVMPLNWMHTSESDDMEGGRGG 240
(GGGGLLISGADPYAAYASARALPPALPPPPGHAHHHHQYVMPLNWMHTSESDDMEGGRGG
(GGGGLLISGADPYAAYASARALPPALPPPPGHAHHHQY VMPLNWHTSESDDMEGCRGG 278

CODAARGSGGSSSSRKRFRTKFTPEQKARMLEFAERVGHRLOKLDDGMVOAFCQEIGVKR 300
CODAARGSGGSSSSRKRFRTKF TPEQKARML EFAERVGHRLKLDDGHVQAFCQEIGVKR
CGDAARGSGGSSSSRKRFRTKFTPEQKARMLEFAERVGVRLQKLDDGMVQAFCQEIGVKR 338
RVLKVWHNNKHNLATKRLEASPAQEQAMAGYASPPPPPPPPQLHLPLONPAGVMPPPPP 360
RVLKVIMHNNKHNLATKRLEASPAQEQAMAGUASPPPPPPPPQLHL PLOWPAGYNPPPPP
RVLKVIENNKHNL ATKRLEASPAQEQAMAGYASPPPPPPPPQLHLPLQNPAGVNPPPPP 308
PPOAGSSCHRGGPGSPLPLKLE 382

PPOAGSSCHRGGPG





