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Abstract:

The research hypothesis for our experiment is that genes that share cis-regulatory
elements also share a biological function. We have hundreds of cis-regulatory
elements (short DNA motifs) in our model genetic organism, maize (Zea mays),
but none of them are assigned a biological function. To test our hypothesis, we
carried out the following steps: (1) intersected the DNA motif family with genes to
make a list of genes for each motif and (2) used the gene list to conduct a Gene
Ontology (GO) analysis with the AgriGO database. Gene ontologies, such as
"development” or "disease response” indicate genetic pathways or biological
functions. This research is important because the motifs may identify genes that
respond to similar signals and environmental cues. Specifically, we first chose a
motif family with at least 1000 locations (mode of actions peaks of motifs). We
obtained the genomic locations for these motifs as BED files. We used the
bioinformatics program, DeepTools Intersect, to generate a list of genes with each
motif family. From this preliminary GO analysis, we saw that many of the
motif-specific genes were enriched for certain pathways. For instance, for the
genes intersecting DNA motif family "dym63", we observed enrichment for GO
categories:. PROCESS cellular response to stimulus (GO:0051716, p-value
2.40E-45), PROCESS reproductive process (G0O:0022414, p-value 1.30E-40), and
PROCESS organelle organization (GO: 0006996, p-value 3.20E-35). This
indicates that dym63 regulates genes In these pathways. Among them,
reproductive process is consistent with the motifs having originated from
developing earshoot, a reproductive tissue. Some GO categories appear to be
detected too frequently. We are developing an independent test for significance to
identify what might be false positives from the GO analysis. The results of this
study will help us understand which gene motifs regulate which biological
pathways. Knowing this can inform genetic strategies for crop improvement.
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Intersection Procedure:

Collected two source/input BED files:

DNA motif locations
om001.bed-om140.bed and dym01.bed-dym75.bed

Gene list Shell Script Code URL
ZmB73v5 Genes300.bed =

ListUniqueGeneIDsPerMoMo.sh (which does the following):
a. Intersect the genes with the motifs

b. convert the intersected genes output to gene names only
c. Removed duplicated gene names

d. Make a gene list file for the input motif

(e.9.dym63_interset_geneIDs_namesOnly unique_1200.txt)
[*1200 indicates that 1200 genes were on the list]

N

2. Output from # 1 is the input we put into AgriGo:
a. Input Gene Lists into AgriGo [Figure 2]
b. Copy results table back to Google Sheet to log the "hits”
[Figure 3]

Introduction:

e (Genes often contain cis-acting motifs in their regulatory regions that play a
crucial role in coordinating gene expression.

e These motifs serve as binding sites for transcription factors, which regulate
gene activity in response to various signals.

e (Genes involved in shared biological pathways and processes frequently share
common motifs, suggesting a functional relationship.

Challenges and Limitations:

e Technical challenges:
o Converting file formats can be manual and time-consuming, increasing the
risk of errors.
e Biological limitations:
o While motif databases exist, they do not always provide direct evidence of
functional relationships between genes sharing motifs.

This research lays the groundwork for future studies on cis-regulatory factors in
gene expression, enhancing our understanding of genetic regulation in maize and
other plant species.

Figure 1: Flowchart of the Bioinformatic intersections to generate gene lists from motifs
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9 )4 ( ) list of gene/probe names, and enrichment GO terms will be found out after

statistical test from pre_calculated background or customized one.

Parametric Analysis of Gene Set Enrichment (PAGE)

Cross comparison of SEA (SEACOMPARE)
Customized comparison

Reduce + Visual Gene Ontology (REVIGO)

<allowed ID types in Arabidopsis>

z TAIR genome locus (TAIR10_2017): AT4G140320

7 SeleCt the Species:® locus 1D {Gramene Release 50): AT1G25560

TAIR genome locus (TAIR10): AT4G14020

@ S ited s arabidopsis genome locus (TAIRS): AT2G104320

~ Supported species arabidopsis genemodel (TAIRS): ATS5G34376.1

() Customized annotation locus ID {PLAZAZ.0): AT1G57350

' 7 = vl Entry identifier (Uniprot 2016): F41395

€a mays | gene 1D (Phytozome v11): AT4G39000

TAIR alias name (TAIR): ACL2

Query list[ ath ][ osa ][ sit ][ zma ] Affymetrix ATH1 Genome Array (blast): 257178_at

Affymetrix 8K Genome Array (blast): 16858_at
Operon Array Version 3 (blast): A002661_01

;:ggggizgggg;ig Agilent-012600 Microarray (blast): A_84_P142853

Zm00001eb001060 OAR27K array(Yale Universit‘y)‘ (blast): 2243045

Zm00001eb001220 GenBank'protein 1D (compute): AAN125320.1

Zm00001eb001270 DDBJ ID (compute): BAH15520.1

e S EMBL ID (compute): CAW74985.1

Zm00001eb001710 Swiss-Prot ID (E’BI GOA): P45424

Zm00001eb002420 TrEMBL-Prot ID (EBI GOA): Q1PFGS

Zm00001eb004180
Zm00001eb004150 No your ID? Try BLAST4ID
Zm00001eb004250 v
Zm00001eb004300

Zoaoonod - bansa40

For each species, suggested backgrounds are provided. These
backgrounds are all pre_computated, and are available to download. To
those species without a relatively completed GO profile, backgrounds from
near organisms are used as suggestion. If you don't like these
backgrounds, then you may submit your customized with/without GO
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3. Select reference:
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Figure 2: Displays the inputs of AgriGo. Utilizing a singular enrichment analysis, with
Zea mays as our species, we input the output from #1 into the query list and used
maize genome ID (version 5a) and our background. After running through AgriGo, we

obtained a table [Figure 2] of the results.

Number in Number

GO term Ontology Description input list in BG/Ref p-value FDR

G0O:0009987 P cellular process 742 12319 1.80E-58

G0O:0051716 P cellular response to stimulus 78 204 2.40E-45

G0:0042221 P response to chemical stimulus 104 445 1.60E-43

G0:0022414 P reproductive process 53 79 1.30E-40

G0:0044237 P cellular metabolic process 591 9649 3.30E-40
Cellular component

G0:0016043 P organization 131 869 1.30E-36

GO:000699 P organelle organization 92 440 3.20E-35
negative regulation of

G0O:0048519 P biological process 35 39 2.80E-30
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Figure 3: Displays the table we received on AgriGo of shared biological functions between the

motifs and gene list. It is sorted by GO term and p-value. Due to our false positives, the range of

interest for us included any GO term that had a p-value above 30.
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Figure 4 and 5: Significance chart of significance diagrams (from AgriGO) and significance chart of dym63
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Conclusions and Future Directions:

Completed:
e Generated 215 Genelists
o tested ~20 with AgriGo with motifs that had over 1,000 genes.
e obtained enriched GO terms for dym63 and several others.

Conclusions:
e different motif families were associated with different lists of genes
e GO analysis revealed a lot of shared enriched ontologies

Future Directions:
e Test for detection of "false positives" from the GO enrichment
o False positives are common to every gene list
o We will mine all the GO output tables for uncommon GO terms
e |dentify other GO enrichment analysis website for maize
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Resources:

e hitp://www.genomaize.org/ genome browser with motif locations and genes

e hiips://www.maizegdb.org/ maize genome data repository

e hiips://vou.com/?chatMode=default combination of LLMs used to build shell scripts
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