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 Overview 
 
 Previously, Bio 434W students worked to finish the sequence of fosmid clones 
from the dot chromosome of Drosophila grimshawi and a euchromatic region of 
Drosophila mojavensis.  Currently, these students are working to annotate the genes, 
repetitive elements, and synteny of these assemblies.  This paper presents the work done 
to annotate contig 8 (previously known as DGA15M06 during the finishing process) from 
the D. grimshawi dot chromosome. 
 
 Through the annotation process detailed in this paper, it was discovered that this 
region contains part of the Ank and CG33978 genes, and all of the CG32000 and CG4038 
genes (Figs. 1 and 2).  The Ank gene is fairly well conserved and has six isoforms (all of 
which are identical in coding sequence) consisting of nine exons; however, the first exon 
is not present in my project and exists in a neighboring project.  The CG33978 gene is 
very poorly conserved and only has a single isoform consisting of ten exons; as with Ank, 
part of the gene is missing—my project ends in the middle of the seventh exon, leaving 
the rest of the exons in a neighboring contig.  However, a multiple alignment of this gene 
with that from other Drosophila species revealed that regions do have high levels of 
conservation.  The CG32000 gene is fairly well conserved, but four of the eight isoforms 
do not seem to exist in D. grimshawi due to a deletion of the region including the final 
exon of the other four isoforms.  Lastly, the CG4038 is well conserved and has only one 
isoform, but appears to have differing splicing from the D. melanogaster gene. 
 
 The region is not very repetitive; RepeatMasker (RepeatMasker Home Page) only 
masked 2.34% of bases and found no repetitive elements longer than 150 base pairs (bp).  
Analysis of the synteny of the genes in contig 8 with their orthologs in D. melanogaster 
showed that synteny is not well conserved; there is evidence for two inversions and the 
translocation of a gene onto the dot chromosome in D. grimshawi. 
 
 
Name Accession 

Number 
Position in 
contig 8 

Number of 
isoforms 

Comments 

Ank Dmel CG1651 2764-11308 6 1st exon beyond contig 
boundaries 

CG33978 Dmel CG33978 26841-41539 1 Final 3 exons beyond 
contig boundaries 

CG32000 Dmel CG32000 14757-24340 4 4 isoforms do not exist in 
D. grimshawi due to 
deletion of exon 17_920 

CG4038 Dmel CG4038 41-831 1 Altered splicing from D. 
melanogaster 

Figure 1.  Table of features present in contig 8. 
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Figure 2.  Final annotated map including all features of contig 8. 
 
 
 GENSCAN Predictions 
 
 The GENSCAN gene prediction algorithm proposed seven features for contig 8 
(Fig. 3).  The first corresponded with CG4038, the second with Ank, the third and fourth 
with CG32000, and the sixth and seventh correspond to CG33978.  The predicted protein 
sequence of feature five best matches a D. melanogaster protein whose gene is on 
chromosome two.  Since it is rare for a gene to jump to the dot chromosome (although 
not unheard of), the match is very weak, and there is no possible gene model in the 
region, the fifth feature is most likely a false positive. 
 

 
Figure 3.  GENSCAN gene predictions for contig 8. 
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Genes 
 
 Using the UCSC Genome Browser Mirror at Washington University in St. Louis 
(Genome Browser), contig 8 was first assessed by comparing the sequence to known 
reference genes from Drosophila melanogaster (Fig. 4).  From this comparison, it was 
likely that CG33978, CG4038, and either Ank or Ank2 were all at least partially in contig 
8. 
 

 
Figure 4.  Initial genome browser assembly of contig 8 showing reference sequence genes 
from D. melanogaster as well as gene-finder predictions. 
 
 Furthermore, a BLASTX search of contig 8 against known D. melanogaster 
proteins using FlyBase (Flybase) further confirmed the presence of CG33978 and either 
Ank or Ank2, as well as suggesting the presence of CG32000 (Fig. 5). 
 

 
Figure 5.  BLASTX search using FlyBase revealing many possible genes in contig 8.  
Ank has a lower E value than Ank2, meaning that Ank is a better match. 

Ank 

Ank2 
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Annotation of Ank 
 

Before the Ank or Ank2 gene could be annotated, it was vital that I clearly 
establish which of the two genes the feature represents.  Both reference genes matched to 
the region because they are closely related and therefore have similar sequences, but only 
one of the genes can be in this region.  The genome browser and BLASTX search were 
not enough evidence by themselves to distinguish whether this feature represents Ank or 
Ank2; however, Ank is found on the dot chromosome in D. melanogaster and Ank2 is 
found on chromosome 3 in D. melanogaster and it is rare for genes to translocate to the 
dot chromosome, so this is most likely Ank and not Ank2.  Also, Ank is found near 
CG32000 in D. melanogaster (Fig. 6), which is a possible gene in contig 8, so Ank seems 
to conserve synteny.  With this evidence as well as the fact that Ank is a slightly better 
match to contig 8 (Fig. 5), it is clear that this feature represents the Ank gene. 
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Figure 6. Map showing that Ank is located in the dot chromosome near CG32000 in D. 
melanogaster, suggesting that Ank is indeed present in contig 8. 
 
 The Ank gene (coding for the protein ankyrin) has six different isoforms, all of 
which use the exact same set of nine coding exons, sometimes referred to as coding 
sequences (CDS’s) (Fig. 7).  The different isoforms are classified by their differing 5’ 
untranslated regions (UTR’s).  Since the isoforms have identical sequences, they can all 
be annotated with a single gene model.  To construct a gene model, each of the exons was 
compared to contig 8 using a National Center for Biotechnology Information (NCBI) 
BLASTX search (BLAST: Basic Local Alignment Search Tool) of the nucleotide 
sequence of contig 8 against the amino acid sequence of the individual exons of Ank (see 
for example Fig. 8).  The first exon (11_899) did not align with contig 8; it is present in a 
neighboring project. 
 
a) 
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b) 

 
Figure 7.  a) CDS usage map showing that all six isoforms are comprised of the same 
nine coding exons (Gene Record Finder).  b) Differing 5’ UTR’s of the six isoforms. 
 

 
Figure 8.  BLASTX results from aligning exon 10_899 of Ank to the query sequence, 
contig 8.  Exon 10_899 spans from 2764 bp to 2871 bp in contig 8. 
 
 After determining the location of each exon in contig 8 using the results of this 
BLASTX search, the end of each alignment was analyzed for possible splice sites (Fig. 
9).  By viewing the bases before and after the exon, I determined possible splice donor 
sites (GT) and splice acceptor sites (AG); these sites must come before (for donors) or 
after (for acceptors) the first stop codon in the frame in which the exon aligned, since any 
stop codons in the exons would curtail the protein product.  To determine which splice 
sites to include in the gene model, the phases of the donors of each exon were compared 
to the phases of the acceptors flanking the subsequent exon.  The phase is the number of 
bases between the splice site and a complete codon in the exon.  The phases of the 
corresponding donor and acceptor site must equal three (or zero if both phases are zero) 
so that, once the intron is spliced out, the “extra” bases of each exon combine to create a 
complete three base codon and the reading frame of the subsequent exon is conserved.  
For example, as is demonstrated in Figure 9, the only donor for exon 10_899 is after base 
2871 and the only acceptor for the subsequent exon (9_899) is before base 3289.  Both of 
these sites have a phase of zero, so they correspond correctly.  Therefore, it can be 
determined that exon 10_899 ends at base 2871 and exon 9_899 begins at base 3289. 
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Figure 9.  Genome browser views of the end of exon 10_899 (top) and beginning of exon 
9_899 in contig 8.  As can be seen in the top image, the only possible donor site before a 
stop codon in frame +1 is the GT after base 2871, which is phase 0.  In the bottom image, 
the only possible acceptor site between a stop codon and the beginning of exon 9_899 in 
frame +1 is the AG before base 3289, which is also phase 0. 
 
 This process was repeated for each exon of Ank present in contig 8 to construct a 
gene model for the Ank gene in D. grimshawi.  Two ends of exons had to be treated 
differently: the beginning of the first exon in contig 8 and the end if the final exon of the 
gene.  Since the first exon of Ank is outside the boundaries of this project, the phase of 
the donor site could not be determined.  Therefore, there is no method to determine the 
correct phase for the acceptor of the first exon present in contig 8.  However, upon 
analysis of the region, it was clear that there was only one possible acceptor between the 
exon and a stop codon, so there is no ambiguity in the acceptor site.  The end of the last 
exon of Ank is different because Ank must end in a stop codon.  Therefore, instead of 
looking for a GT donor site, the gene ends with the first possible stop codon, which was 
found after base 11308. 
 
 Using the method described, a gene model was created for Ank: 
 
Unannotated Exon 11_899, 2764-2871, 3289-4402, 5569-5672, 5737-6684, 7968-8295, 
8373-8469, 8804-9028, 9643-11308 
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with the first annotated exon beginning in phase zero and a stop codon at bases 11309-
11311.  This gene model was then verified by the Genomics Education Partnership’s 
Gene Model Checker (Gene Model Checker) to see if this gene model was possible.  The 
gene checker approved this gene model, so this model is the model presented as the 
putative ortholog of the D. melanogaster Ank gene in D. grimshawi.
 
 The Ank gene seems to be highly conserved between D. melanogaster and D. 
grimshawi despite their evolutionary distance; many of the exons matched with 100% 
conservation and all exons matched with high conservation.  Also, the dot plot between 
Ank-PB in D. melanogaster and the gene model proposed is very linear in nature, 
suggesting high levels of conservation (Fig. 10).  This suggests that the Ank gene is under 
strong functional constraint.  According to an article by Massaro et al (2009), ankyrin has 
an important role synaptic microtubule cytoskeleton and the loss of ankyrin causes the 
degradation of the neuromuscular junction.  This vital function explains the strong 
conservation seen in the Ank gene. 
 

 
Figure 10.  Dot plot of gene model against D. melanogaster Ank-PB.  The plot is very 
linear, showing high levels of conservation.  The first exon of D. grimshawi Ank is not 
represented, as shown by the negative intercept. 
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Annotation of CG33978 
 

Since CG33978 was a significant hit to contig 8 both as a reference gene in the 
genome browser and as a match in the FlyBase BLASTX search, it seemed to be a very 
strong candidate for a potential gene in contig 8.  The fact that CG33978 is also on the 
dot chromosome of D. melanogaster lends more strength to CG33978 as a potential gene 
in contig 8.  CG33978 only has one isoform consisting of ten exons (Fig. 11). 
 

 
Figure 11.  Table of the exons of CG33978 including their position, length, and phase in 
D. melanogaster. 
 
 The annotation of this gene began much like the annotation of Ank, with an exon-
by-exon BLASTX of the CG33978 exons against contig 8.  The results of these searches 
revealed surprising results; although the entire protein matched to the region with a very 
low E score, most of the individual exons did not have any significant matches.  This 
suggests that many of the exons of CG33978 are not highly conserved.  Since there were 
no significant matches, there was no information about the location of many of these 
exons.  In order to narrow down the possible location of these exons, I annotated the 
exons that did have significant matches, exons 4_900, 6_900, and 7_900, in the same 
manner as the exons of Ank were annotated.  The only exception was that exon 7_900 
aligned to the end of contig 8 at base 41539 with several amino acids remaining in the 
exon, suggesting that the exon extends beyond the arbitrary contig end.  These results of 
the annotation of these exons (including their splice sites) revealed that exon 4_900 is 
from 31854-37640, exon 6_900 is from 40128-40452, and exon 7_900 is from 41465 to 
beyond the end of contig 8 at base 41539. 
 
 The location of the remaining exons can be determined in relation to these exons.  
Since exon 7_900 is at the end of the contig, exons 8_900, 9_900, and 10_900 must be 
beyond exon 7_900, so those exons are not present in contig 8.  Exon 5_900 must be in 
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between exons 4_900 and 6_900, so it must be somewhere from 37640 to 40128.  Exons 
1_900, 2_900, and 3_900 must be before exon 4_900, so they must be before base 31854.  
By using this information and ClustalW (Align Sequences Using ClustalW2), it was 
possible to force an alignment between most of the remaining exons and contig 8.  
ClustalW compares two sequences and aligns them the best way possible, which allows 
one to align highly diverged sequences that BLAST would not align. 
 
 To align exon 5_900 to contig 8, a ClustalW alignment search was run comparing 
both the DNA sequence from 37640-40128 with the nucleotide sequence of the exon 
(Fig. 12) and the translated protein sequence of the same DNA region with the amino 
acid sequence of the exon (Fig. 13).  Both of these alignments aligned exon 5_900 to the 
same open reading frame (ORF) in contig 8, with the nucleotide sequence aligning to  
bases 38458-38577 and the amino acid sequence aligning to bases 38455-38601.  The 
region in which these two alignments differ did not contain any putative splice sites, so 
this ambiguity did not affect the gene model.  Therefore, it was possible to annotate exon 
5_900 as being located from 38453-38624 after locating the splice sites.  Exon 3_900 
was located in a similar manner.  DNA sequence from 25000-31863 was used for 
locating exon 3_900, which was determined to be at 29557-29613. 
 

 
Figure 12.  Results of a ClustalW alignment of DNA (gap) from contig 8 region 37640-
40128 with the nucleotide sequence of exon 5_900 of CG33978 (AA).  The alignment 
corresponds to bases 38458-38577 in contig 8. 
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Figure 13. Results of a ClustalW alignment of DNA (gap) translated using EMBOSS 
tools (EMBOSS Explorer) from contig 8 region 37640-40128 with the amino acid 
sequence of exon 5_900 of CG33978 (AA).  The alignment corresponds to bases 38455-
38601 in contig 8. 
 
 Using similar methods, exons 1_900 and 2_900 were annotated to be at 21532-
21690 and 22180-22390 respectively.  However, after annotation of CG32000 (described 
in the next section of this paper), it became clear that these exons must be after base 
24340 since it is not likely for these exons to be in the middle of an exon of another gene, 
if they were not in D. melanogaster.  However, in the allowed region, no alignment could 
be made for either exon.  Interestingly, the NSCAN gene prediction algorithm predicted 
two upstream exons of CG33978 in the allowed region, with the 2_900 donor splice 
phase consistent with the 3_900 acceptor site (Fig. 14).  Using this gene prediction would 
conserve gene structure, so these exons were annotated in the region specified by the 
gene prediction. 
 

 
Figure 14.  Genome browser view demonstrating two predicted exons of CG33978 by 
NSCAN that were used for annotation exons 1_900 and 2_900. 
 
 Having completed the annotation of the individual exons of CG33978, it was 
possible to construct a gene model: 
 
26841-26952, 27056-27105, 29557-29613, 31854-37640, 38453-38624, 40128-40452, 
41465- beyond the end of contig 8 at base 41539, Unannotated Exon 8_900, 
Unannotated Exon 9_900, Unannotated Exon 10_900 
 
with a start codon located at 21532-21535, exon 7_900 continuing beyond the end of the 
contig, and the remaining exons being outside contig 8.  This gene model was verified 
using the Gene Model Checker, which revealed no problems with this model (Fig. 15).  
Therefore, this model is the model presented as the ortholog of the D. melanogaster 
CG33978 gene in D. grimshawi. 
 
 Due to the fact that many of the exons did not match well to the sequence, it 
appears that CG33978 is a quickly evolving gene and has diverged a great deal in D. 
grimshawi and D. melanogaster.  Also, the dot plot of the gene model against CG33978 
from D. melanogaster shows little conservation (Fig. 15).  However, some regions of the 
gene (exons 4_900, 6_900, and 7_900) appear to be much better conserved, suggesting 
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that these regions are under higher functional constraint and are therefore more important 
to protein function. 

 
Figure 15. Dot plot of the gene model against CG33978 from D. melanogaster.  There is 
a slight linear trend in the middle due to the fairly well conserved exons, but the 
beginning is not well conserved.  The linear trend does not continue to the last half of the 
gene since only the first part of CG33978 is in contig 8. 
 
 To investigate this interesting lack of conservation, a multiple alignment of the 
orthologous proteins from D. melanogaster, D. mojavensis, D. willistoni, and the 
proposed gene model from D. grimshawi was performed using ClustalW.  Only two 
regions showed any amount of conservation (Fig. 16); these regions are most likely the 
functional regions of the protein.  In fact, the D. mojavensis protein only consists of these 
regions, showing that these regions are the only domains of the protein conserved in D. 
mojavensis. 
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a)
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b)

 
Figure 16.  a) Highly conserved region of CG33978 identified using multiple alignment.  
b) Somewhat conserved region of CG33978.  These conserved regions were the only 
regions where the ClustalW alignment resulted in similar sequences.  Also, the D. 
mojavensis (which is evolutionarily the closest of the compared species to D. grimshawi) 
ortholog only consists of these regions.  This suggests that these are the functional 
regions of the gene. 
 
Annotation of CG32000 
 
 The CG32000 gene did not show as a match as a reference sequence in the 
genome browser, but it was an extremely significant match to contig 8 in the FlyBase 
BLASTX search (Fig. 5).  The CG32000 gene in D. melanogaster has 8 isoforms 
consisting of various combinations of twelve unique coding sequences (Fig. 17). 
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a) 
 5 7 10 12 12_921 13 14 15 16 17 19 20 
PG  X  X  X X X X  X X 
PH X   X  X X X X  X X 
PD X   X  X X X X X   
PE  X  X  X X X X X   
PC     X X X X X X   
PB   X X  X X X X  X X 
PA   X X  X X X X  X X 
PF   X X  X X X X X   
b) 

 
Figure 17.  a) Table showing CDS’s of different isoforms of CG32000.  X’s represent 
CDS’s present in that isoform.  All CDS’s end in 920 (removed for the sake of clarity) 
except for 12_921.  b) Chart of the unique CDS’s of CG32000 including their size and 
position in D. melanogaster. 
 
 Creating the gene model for this gene worked similarly to both the Ank and 
CG33978 genes, with a few differences caused by the fact that the isoforms are not 
identical with respect to the CDS’s.  After finding exon 5_920, it was obvious that exon 
7_920 must be in the same region, but starting with a different start codon since exons 
5_920 and 7_920 have the same end location in D. melanogaster (Fig. 17) even though 
the best match (although weak) for exon 7_920 was elsewhere; this conserves gene 
structure and length, which is important when constructing a gene model since it is rare 
for such changes to occur.  Exon 10_920 did not match to any ORF’s in contig 8, 
probably because it is so small (only eight amino acids); however, the SNAP gene 
predictor predicted a small starting exon that correlates with the position where exon 
10_920 should be (Fig. 18).  Lastly, exon 17_920 is known to be between exon 16_920 
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and exon 19_920 in D. melanogaster, but there is no alignment for exon 17_920 in this 
region.  However, the region between exons 16_920 and 19_920 is only 68 bp in D. 
grimshawi, which is much too small a region to find a 75 bp exon.  Therefore it is likely 
that exon 17_920 was deleted from D. grimshawi.  This means that all isoforms including 
this exon (RD, RE, RC, and RF) do not exist in D. grimshawi. 
 

 
Figure 18.  Genome Browser view of the SNAP gene prediction that was used to annotate 
exon 10_920 of CG32000. 
 
 Using this information about exons 7_920, 10_920, and 17_920, and by 
annotating the rest of the exons as described in the section describing the Ank gene, a 
gene model was created for each isoform (Fig. 19).  This gene is relatively conserved, as 
can be seen by the dot plot of the gene model against the D. melanogaster gene for 
CG32000-PH (Fig. 20). 
 
RG 15066-15147, 17936-18224, 18923-19011, 19067-19428, 19504-20007, 20763-

20963, 21031-22798, 23682-24340 
RH 14757-15147, 17936-18224, 18923-19011, 19067-19428, 19504-20007, 20763-

20963, 21031-22798, 23682-24340 
RD Does not exist in D. grimshawi 
RE Does not exist in D. grimshawi 
RC Does not exist in D. grimshawi 
RB 17686-17710, 17936-18224, 18923-19011, 19067-19428, 19504-20007, 20763-

20963, 21031-22798, 23682-24340 
RA 17686-17710, 17936-18224, 18923-19011, 19067-19428, 19504-20007, 20763-

20963, 21031-22798, 23682-24340 
RF Does not exist in D. grimshawi 
Figure 19.  Table of the gene models for different isoforms. 
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Figure 20.  Dot plot of the gene model against the D. melanogaster gene for CG32000-
PH.  The plot is relatively linear, showing conservation of the gene between the two 
species.  The region of poor linearity around 1001 amino acids reflects a poorly 
conserved region in the middle of exon 19_920; this region is small in comparison to the 
size of exon 19_920 in the other species.  Although the isoforms are identified starting 
with an R in this paper, the isoforms are identified with a P in the Gene Model Checker 
(thus the change to CG32000-PH). 
 
Annotation of CG4038 
 
 CG4038 matched to contig 8 as a reference sequence gene in the GEP genome 
browser (Fig. 4).  There is only one isoform, consisting of three CDS’s, in D. 
melanogaster (Fig. 21).  Interestingly, this gene is on chromosome two of D. 
melanogaster, and contig 8 is part of the dot chromosome assembly of D. grimshawi.  
Therefore, if contig 8 does indeed include the gene, it demonstrates an example of a gene 
moving onto the fourth chromosome, which is rare in fly species. 
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Figure 21.  CDS chart for CG4038 in D. melanogaster. 
 
 

The annotation of this gene proceeded as described above, with an exon-by-exon 
BLASTX of the CDS’s to contig 8.  This revealed that exons 1_459 and 2_459 aligned to 
regions with only six base pairs between them, which is too small to make an intron.  
This suggests that these two exons are merged into a single exon in D. grimshawi  Also, 
exon 1_459 contained two stop codons in the frame in which it aligned.  However, by 
using FlyBase data for the genomic region of CG4038 in D. melanogaster, a BLAT of 
the sequence for the intron in D. grimshawi was performed, which revealed that the 
intron spans the stop codons; interestingly this intron is in the middle of D. melanogaster 
exon 1_459 (Fig. 22).  This proposed intron also matched exactly to numerous gene 
predictions. Using this information, a gene model was created: 

 
831-792, 731-204, 141-41 
 
where the gene is in the reverse strand and the start codon is at 831-829. 
 

 
Figure 22.  BLAT search of the intron of D. grimshawi CC4038.  The proposed splicing 
avoids the stop codons in frame -2 (the frame in which the protein aligns) and matches 
exactly to several of the gene predictions. 
 
 To compare the differences in splicing, a multiple alignment between the gene 
orthologs in D. melanogaster, D. virilis, D. willistoni, and the gene model proposed for 
D. grimshawi was created using ClustalW (Fig. 23).  The dot plot of the gene model 
against the D. melanogaster gene also shows high conservation (Fig. 24), suggesting that 
the protein encoded by this gene has an important function. 
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Figure 23.  ClustalW of CG3048 orthologs in multiple Drosophila species with the intron 
of D. grimshawi marked by an arrow.  The protein seems to be highly conserved despite 
the loss of an intron between exons 1_459 and 2_459 and the insertion of an intron in the 
middle of exon 1_459, since both the region before and the region after show high 
conservation. 
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Figure 24.  Dot plot of the gene model against the D. melanogaster gene CG4038.  The 
dot plot is extremely linear, especially in the middle of the gene, showing high 
conservation.  The beginning and end of the protein contains poly-G stretches, which 
caused the unusual pattern in the corners of the dot plot. 
 
Repeats 
 
 RepeatMasker was run on the sequence prior to the beginning of the annotation 
process.  The results showed that only 2.34% of the bases were marked as repetitive and 
masked.  There were ten masked repetitive elements, none of which were greater than 
150 bp (Fig. 25). 
 
a)
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b) 

 
Figure 25.  a) RepeatMasker output showing the ten repetitive elements.  None of these 
elements are long enough to include in the final annotation map.  b) Table summarizing 
results of RepeatMasker. 
 
 
Synteny 
 
 The synteny in contig 8 is not well conserved.  As is demonstrated by Figure 26, 
the CG4038 was found on chromosome 2R in D. melanogaster, but has been inserted in 
an intron of Ank in D, grimshawi.  The CG32000 gene is reversed in orientation with 
respect to Ank and CG33978 in D. melanogaster, but not in D. grimshawi.  Also, a 16kb 
region of the D. melanogaster dot chromosome between CG32000 and CG33978 is not 
between the genes in D. grimshawi.  This suggests that an inversion event moved this 
region (including the genes CG32006 and CG31997) away from CG32000 while 
reversing the orientation of CG33978.  This implies that an inversion event also reversed 
the orientation of Ank.  Therefore, it appears that there has been two inversions and one 
translocation since the divergence of D. melanogaster and D. grimshawi. 
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a) 

 
b) 

 
c) 

 
Figure 26.  a) Map comparing synteny between D. grimshawi contig 8 and D. 
melanogaster. b) FlyBase map of D. melanogaster dot chromosome containing most of 
the genes in contig 8. c) Genome Browser view of contig 8 with genes shown as a BLAT 
search (Ank extends beyond left end of contig to it’s starting exon). 
 
Conclusion 
 
 Contig 8 from the dot chromosome of D. grimshawi contains four genes with 
orthologs in D. melanogaster: Ank, CG33978, CG32000, CG4038.  Ank is well 
conserved, but CG33978 and CG4038 show less conservation and CG4038 has a 
different gene structure.  The region is not very repetitive, which is surprising for a 
Drosophila dot chromosome since the dot chromosome in other species is about 30% 
repetitive.  The synteny of the genes in this region is not well conserved, with evidence 
for two insertions and a translocation from chromosome 2R.  In the end, gene models 
have been constructed for all of the genes found in contig 8. 
 
 
Special thank you to Dr. Elgin and Dr. Shaffer for making this course possible.  Thank 
you to Gabe Haller, Wilson Leung, Jeanette Wong, and Aaditya Khatri for their 
assistance.  Additional figures, BLAST outputs, and ClustalW outputs can be provided 
upon request.  Annotation files from Gene Checker have been submitted to Wilson 
Leung. 
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