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Printing:
Improving Gene Model Accuracy for Genes Involved in Capsule 

Formation of Fungal Pathogen Cryptococcus neoformans

Introduction

Purpose

GenSAS Background

Methods
• The GenSAS annotation platform has been populated with the 

genome sequence, original sequence, and transcriptome (RNA 

sequencing data) from three experiments: seven clinical 

isolates and one reference strain (E. McClelland, personal 

communication), an estrogen and reference strain (J. Tucker, 

submitted), and an experiment with scytovirin and hormone-

treated strain (R. Mcfeeters, personal communication).

• The new PASA algorithm has been used to improve their 

genome coordinates (Table 1) found on gene information 

databases, such as FungiDB.

• The transcriptome data, consisting of the three experiments, 

was used for reannotation and to compare with the C. 

neoformans var. grubii H99 genomic reference data present in 

GenSAS.

• Using these data, a super-transcript model was created for 

each of the genes using newly predicted computational models 

provided by PASA and analysis of specific sequencing 

transcriptome data to identify accurate exon borders, intron 

borders, alternative splicing, and approximate transcription 

starts and stops (Figure 2).
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• Based on the transcriptome data, the nine genes required 
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translation pathways for each of those genes in order to 

improve the accuracy of the gene models present within 

GenSAS.

Further research is needed:

• This genomic evidence can then reconstruct RNA and protein 

in silico using ExPASy, a bioinformatics tool.

• SMART and pfam protein databases can be used to search 

for protein domains in new isoforms allowing for functional 

predictions.
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• Cryptococcus neoformans is a fungal pathogen that is virulent in 

humans (1, 14) and can be acquired in the environment through 

inhalation of soil contaminated with bird feces (12).

• There are three variants of C. neoformans: grubii, gatti, and 

neoformans, with grubii being the most pathogenic to humans 

(14).

• C. neoformans can cause Cryptococcal meningitis, resulting in 

death if left untreated (5, 14, 15). Immunocompromised 

individuals are predominately affected by C. neoformans (1, 5, 14, 

15).

• Capsule formation is one of the phenotypic factors that 

contributes to C. neoformans’ virulence (11, 14). The large 

capsule is composed of polysaccharides and protects C. 

neoformans from its environment (17).

• At least nine genes are responsible for capsule formation in C. 

neoformans (Table 1) (3, 4, 5, 6, 8, 10, 11, 13, 16, 18).

• Despite growing knowledge about the biology of this pathogenic 

fungus, few genomic-level resources, other than a sequenced 

genome and a computationally predicted gene set, are currently 

available.
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Results

The objective of this experiment is:

• To reannotate and improve the accuracy of the virulence-causing 

genes pertaining to C. neoformans’ capsule in the genome as 

viewed by the Apollo workspace in the GenSAS gene annotation 

system using evidence and improved computational gene 

models.

• The Genome Sequence Annotation Server (GenSAS) is a 

computational genome annotation platform that supports 

structural and functional genomic annotation along with manual 

genomic curation (9).

• GenSAS utilizes Apollo, which generates computationally-

predicted genomic sequences based on data uploaded to the 

program (7), allowing for researchers to view and edit the 

genomic sequences in the GenSAS workspace.

Figure 1. Overview of GenSAS with view of Apollo platform. Shown 

is Apollo through the GenSAS platform. At the top in blue, the gene 

model is in the Apollo workspace, which is in yellow, allowing for 

genomic editing. The pink model is generated using the Program of 

Assemble Spliced Alignments (PASA) algorithm that predicts gene 

structure. The dark and light green lines beneath the gene model 

represents data uploaded to GenSAS, with dark green representing 

exon data and light green representing intron data.

Table 1. Capsule Virulence Genes and Genomic Coordinates. Listed in the 

table are the nine genes that were the focus of this study. The coordinates listed 

are the chromosome and nucleotide region where each gene is located.

Genes CNAG Identification Coordinates Source

CAP64 CNAG_02885 Chromosome 3, 

530,546..532,814(-)

FungiDB

CAP59 CNAG_00721 Chromosome 1, 

1,878,927..1,881,469(+)

FungiDB

CAP10 CNAG_07554 Chromosome 3, 

1,190,190..1,192,419(-)

FungiDB

CAP60 CNAG_00600 Chromosome 1, 

1,544,106..1,546,340(-)

FungiDB

CMT1 CNAG_03158 Chromosome 8, 

1:211,670..214,236(+)

FungiDB

CAS1 CNAG_07937 Chromosome 13, 

452,065..455,631(-)

FungiDB

CAS3 CNAG_03644 Chromosome 2, 

1:423,088..425,925(+)

FungiDB

CAC1 CNAG_03202 Chromosome 8, 

329,991..338,255(-)

FungiDB

PKA1 CNAG_00396 Chromosome 1, 

1,039,957..1,042,941(-)

FungiDB

Figure 2. Examples of Areas Requiring Reannotation. (a) Exon skipping. 

The blue line represents an exon while light green area underneath represents 

the intron evidence suggesting that the exon is not translated. (b) Intron 

retention. The light blue portion of the blue line represents the intron and the 

dark green exon evidence present underneath blue line suggest the retention 

(c) Exon Size (Shortening). The intron represented by the light blue portion of 

the blue line has dark green exon evidence present  underneath the blue line 

that suggests the left half of the intron is retained and translated as an exon. 

(d) Untranslated Region. This region is present at the beginning and end of the 

gene (blue line). In some instances, dark green exon evidence is present to 

support the shortening of the untranslated region.

• Reannotation of gene models was conducted using 

through analysis of transcriptome data. Some genes 

required multiple transcripts to be created in response to 

the provided transcriptome data (Figure 3).

• Based on the transcripts that were created, super-

transcripts were made to represent a combination of each 

of the transcript models (Figure 4). These models 

represent all possible combinations of exons that would be 

translated based on the transcriptome data.

Figure 3. Transcript Reannotations of the CMT1 Gene. The first gene model 

is the original model proposed by the PASA algorithm. The second gene model is 

the transcript model created through reannotation based on transcriptome data. 

The reannotation of the transcript shows the retention of intron 2, indicated by 

the red box.

Figure 4. Super-Transcript Model of the CMT1 Gene. The blue rectangles 

represent the exons that are translated. The blue hashed line area in exon e2b is 

an area that is translated or untranslated. The gray area is the untranslated 

region of the gene.
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