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This paper explores the process of neurulation in 
zebrafish and looks further into the genes to deter-
mine which are correlated with the development of 
neural tube defects (NTDs).  We will be working with 
3,187 transcripts of RNA and running them through 
a program called the Database for Annotation, Visu-
alization and Integrated Discovery (DAVID).  This 
program will group the transcripts into pathways 
and provide visualization.  We will be looking at 
three developmental stages important to neurulation, 
shield stage, 7-somite stage, and tailbud stage. The 
hope is after running the transcripts through DAVID, 
we will find common pathways associated among 
the three stages.  I hypothesize there will be common 
pathways found between the three developmental 
stages after DAVID analysis is complete.  After 
final analysis was run through DAVID, there were 
two common pathways, the RIG-i-like Receptors 
pathway and the Metabolism pathway, between the 
shield and 7-somite stages. There were no common 
pathways associated with the tailbud stage.  This 
supported my original hypothesis that there would 
be common pathways between the three stages.  
Further research is needed to see if these pathways 
truly do have a correlation with neurulation.

Introduction
For this experiment, I am working with Dr. Jenni-

fer Liang as my mentor for the McNair program. We 
will be working with a program known as DAVID to 
visualize pathways found in zebrafish, to determine 
which genes can be associated with NTDs.  We can 
use this to determine which genes are linked with 
gene-disease associations, convert gene identifiers 
from one type to another, and it will list interact-
ing proteins as well as highlight protein functional 
domains and motifs (Huang, Sherman, & Lempicki, 
Bioinformatics enrichment tools: paths toward the 
comprehensive functional analysis of large gene 
lists, 2009).  From using this program, we predict 
new commonalities and sets of pathways to appear 
since Lexi Kindt’s experiments in 2018. We will 
be continuing Lexi Kindt and colleagues’ experi-
ment from the “Identification of Transcripts Poten-
tially Involved in Neural Tube Closure Using RNA 
Sequencing” paper (Kindt, et al., 2008), but we 
will be looking into common pathways between 
the three developmental stages. 

Neurulation

Neurulation is a folding process in vertebrate 
embryos that forms the neural plate into the neural 
tube (Figure 1).  This closed neural tube eventu-
ally goes on to become the brain and spinal cord 
of the central nervous system. The central nervous 
system is responsible for bodily functions, move-
ment, speech, memory and many other important 
functions. The neurulation process is very import-
ant because the folding process of the neural plate 
into the neural tube can greatly affect the brain and 
spinal cord.  This folding process is essential during 
development and if there are abnormalities, this 
results in NTDs. 

Neural Tube Defects 
Abnormal maturation during neurulation results 

in an NTD. These NTD’s occur during the embry-
onic stages of development, typically within the first 
month and a half of pregnancy in humans.  This can 
result in the neural tube not closing properly, and 
causing a birth defect such as spina bifida, where 
the spinal cord fails to develop or close properly. 
Spina bifida is one of the most common types of 
human birth defects, occurring in approximately 1 
in every 1,000 births (Figure 2) (Ashley-Koch, Alli-
son; Gregory, Simon, n.d.).

RNA Sequencing
RNA sequencing is a technique that can exam-
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ine the quantity and sequences of RNA in a sample 
using next generation sequencing (NGS).  RNA 
sequencing analyzes the transcriptome (total cellu-
lar content of RNA’s) of gene expression patterns 
encoded within our RNA (Mackenzie, 2018).  RNA 
sequencing can provide detailed information about 
gene expression, including the types and number 
of RNA molecules, and the presence of alterna-
tively processed RNA molecules. “Understanding 
the transcriptome is essential for interpreting the 
functional elements of the genome and revealing 
the molecular constituents of cells and tissues, and 
also for understanding development and disease” 
(Wang, Gerstein, & Snyder, 2009).For this project 
the RNA sequencing was already done by Kindt and 
colleagues (Kindt, et al., 2008), we are working with 
those transcripts. 

Methodology 
Using Kindt’s previous research, we had over 

3,000 transcripts of RNA to work with for this 
experiment (Kindt, et al., 2008).  With DAVID, we 
can look further into the pathways that are similar 
between the three different stages of development 
(shield stage, tailbud stage, and 7-somite stage).  
RNA sequencing data from these three stages was 
analyzed for my research project. Figure 3 shows 
a layout of my experimental design. First, we ran 
the 3,187 transcripts through the DAVID program.  
After the analysis was complete, we compared each 
stage to find any similar pathways among them. 

Kindt and colleagues worked with wild-type 
strain Zebrafish Danio rerio (ZDR) fish embryos 
throughout this experiment.  These embryos 
were obtained by natural spawning of 2-10 adult 
fish, which was performed in the Liang Lab at the 
University of Minnesota Duluth.  Once embryos 
were obtained, they were treated with pronase 
(Section 4.2 (Kindt, et al., 2008)). This helps to 
remove the chorion (outmost membrane around the 
embryos) before inhibitor treatment SB505124 is 
given.  Kindt and colleagues then compared the tran-
scriptome of zebrafish embryos at different stages 

of development. To make the comparison of the 
two groups, the inhibitor drug SB505124 was used.  
SB505124 is used to block function of Nodal and 
Activin receptors, the Activin receptor-like kinases 
(ALKs) 4,5, and 7, by binding to their ATP binding 
site (DaCosta Byfield, Major, J. Laping, & Roberts, 
2003) at different stages of development. 

Kindt’s previous experiment found that embryos 
treated with SB505124 done at the beginning of 
sphere stage (4.0 hours post fertilization, hpf) 
resulted in an open neural tube (Kindt, et al., 2008).  
While treatment given at the beginning of the 30% 
epiboly stage (4.7 hpf) resulted in a closed ante-
rior neural tube (Kindt, et al., 2008).  To determine 
which transcripts may be involved in different 
steps of neurulation both open neural tube (ONT) 
embryos and closed neural tube (CNT) embryos 
were snap frozen at three stages.

 The transcripts were frozen at important 
developmental stages of neurulation.  These steps 
are the shield stage (6.0 hpf), when neuroectoderm 
induction initiates,  tailbud stage (10.0hpf), when 
the neural plate starts to fold, and 7 somite stage 
(~12.0 hpf), when the closed neural rod is formed in 
the forebrain (Grinblat, Gamse, Patel, & Sive, 1998).  
A total of six experimental conditions were ran, 
there will be 3 conditions for each group (ONT & 
CNT).  The three stages that each will be snap frozen 
at is 6, 10 and 12 hpf respectively. There will be an 
additional three replicates (60-80 embryos each) 
done for each condition sequenced, for a total of 18 
sequences will be ran (Kindt, et al., 2008). Figure 4 
shows a layout of Kindt’s experiment as well. Once 
replicates were finished, RNA was sequenced using 
the Qiagen RNeasy Mini Kit.  RNA was then sent to 
the University of Minnesota Biomedical Genomics 
Center for sequencing (Kindt, et al., 2008).

Once sequencing and a statistical analysis were 
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complete, Kindt and colleagues were able to isolate 
mRNAs, or transcripts, that met all necessary crite-
ria (refer to sections 4.5-4.6 of (Kindt, et al., 2008)).  
Table 1 shows the exact number of transcriptomes 
ran for each developmental stage.  These transcripts 
will be run through the DAVID program and we 
will further investigate the pathways that may be 
connected among transcripts. 

Results
From the few runs through DAVID, there were 

two similar pathways among two of the three differ-
ent stages used.  Figure 5 shows a Venn diagram of 
how many pathways were produced for each stage 
and the common pathways between them.  There 
was a total of 34 pathways found for all three devel-
opmental stages (Table 2). The Metabolic pathways 
and the RIG – I- like receptor signaling pathway 
(Figure 6) were the common pathways found 
between the shield stage and the 7-somite stage. 
There were no common pathways associated with 
the tailbud stage. 
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Conclusion
This supports my original hypothesis that there 

would be a common pathway between the three 
developmental stages. Further research is required 
to determine if there is a correlation between 
specific genes and neural tube defects in zebrafish 
and humans.  
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