Evolutionary Path of a Non-canonical Start Codon in the Drosophila Fmr1 Gene
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Non-canonical start codons are understood to be an alternative mechanism To find evidence for Fmrl 1soforms that utilize non-canonical start codons, we utilized Spaln and BLAT alignments based on D. melanogaster Fmrl to
for gene expression, allowing for the diversification of protein 1soforms. identify potential homology in protein coding sequence upstream of the standard start codon. /f this local homology was present, we then...
SNA 1. Examined transcription of those regions of homology by comparing to RNA seq data
P T T Y T Y vy 2. Examined other positional evidence (presence of in-frame CTG sequence upstream of this homology, predicted splice junctions, presence of nested
l genes) that would indicate if expression of these regions occurs
Transcribed RNA (a) Drosophila ananassae Fmr1: Too many nested genes disrupting (b) Drosophila virilis Fmr1: Lacks splice site or RNA seq data
homology upstream of standard start codon supporting expression of homology upstream of standard start codon
{ . X . >-< g X . X . >-< - G >-< S X S Nw_ozzssjfcs;l; 1,508,000 1,509,000  1,510,000] 1,511,000  1,512,000| 5k1b,i513,000| 1,514,000 1,515,000  1,516,000]  1,517,000| 1,i51[::>r:oeliseq11,s19‘oool 1,520,000 1,521,000  1,522,000|
Nw 0225875521} $
l Scale 2 kbl | DanaRefSeq? —_— L e |y , LU LU [ LY
NC_057927 | 6,565,000| 6,570,000| 6,575,000 6,580,000 6,585,000] ea;?fjfaiugils 6,505,000 6,600,000 6,605,000) 6,610,000 6,615,000 EJSES T JE:EZ EEEEE_E D. busckii .
Translated Protein Translated Protein X B e G i ;| —HE
Sequence with Non- Sequence with riseqGenes  mm-EE——m  m——— i BEEd e S + i Expected splice sites H ] I Eim. i D. virilis @)
. . Spaln Alignment of D. melanogaster Proteins “ n 1 Apll | 1N F 1 i
Canonical Start Codon Canonical Start Codon e PO CAHTPA e HEl T\.wiIVv.‘-P;«;}iAU rHnlvAas tcepaérsgﬁPB}. cherPl | i — that are not present || [ — I i - .
Fmr1-PE 'I—‘ll'IHI CAHT-PB}" ‘‘‘‘‘‘ —II CG5255-PA|I CG4053-PB.‘| C|16l'—PO% -I—-—‘l I’I{ i-“ JONCO0T34252 T()ImblnedSphceJuncnorlsu'rffrcmigsﬁagwsiagesanguTrIJscscl»ﬁ:famanlM JUNco0034292 M D. na VOjoa 8
_MM_ M Fmri-PF T N e | | cas246.PA [ 061747508 B cherPM i i e TR * duvcoosezss -4 JUJKEJ‘VNMJgf'ii?;;;?‘6!?;4I mg%g%im%l JUf"‘?ﬂﬂ‘f‘ﬂz‘“HJUNCOoj]3‘:*2‘3?('!‘"!42‘?’4F“* D. mojavensis .
eor ! - Pl covssen e | - e el Uity Lol - Bjavens:
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The Fmrl gene encodes a protein, FMRP, known to play a role in behavior e 1 ARMRRERD T N -""mm
and the development of neural anatomy and has a well studied ortholog in L D. ananassae @
the model species Drosophila melanogaster. Previous research has found (c) Drosophila ficusphila: CUG start codon supported by high quality RNA seq _: D. bipectinata ~ $§
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*  We annotated the Fmrl ortholog in D. annassae, D. eugracilis, D.
busckii, and D. virilis, utilizing RNA seq data, splice junction data, and et Figure 4. Phylogenetic tree of
Drosophila species with annotated Fmrl

ortholog indicating evidence supportive
of non-canonical start codon presence.

localized homology searching (Figure 2). j High quality
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We used the same evidence tracks to search for evidence of the non-

canonical start site in the PG and PH 1soforms of the Fmr/ gene 1n Figure 3. Evidence tracks viewed within a genome browser that either contradict (a, b) or support (c) the usage of a non-canonical start codon within isoforms of FmrI
these four species as well as previously annotated orthologs in ten orthologs. RNA seq data, splice junction data, and prediction tracks were all used as evidence for the determination of non-AUG start codon usage.

other species.

* After annotating four species within the Drosophila genus, no evidence for a non-canonical start codon was present in D. virilis, D. busckii, D. ananassae. One

1. Examine 2. Find genomic 3. Examine genomic species, D. eugracilis showed conservation of the stretch of amino acids before the standard start codon as seen by the SPALN alignments and high-quality RNA -
genomic neighborhood of FmrI in neighborhood n Seq data consistent with a non-canonical start codon within the PG and PH isoforms.

neighborhood [} target species by searching E} target species to check

of Fmrl in D. melanogaster protein for synteny « The investigation into previous annotations indicated the utilization of the non-canonical start codon within two other species, D. ficusphila and D. simulans.
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Our results show that expression from non-canonical start codon in Fmyrl 1S more This project is associated with the Genomics Education Partnership (GEP) Pathways Project, designed to train
. . . . . undergraduates in gene annotation then annotate genes the Insulin Signaling Pathway in Drosophila species.
likely conserved 1n species more closely related to D. melanogaster and 1s less likely

conserved 1n distanﬂy related Speciesj indicating 1tS likely recent evolution as a gene Special thanks to the UWT Biomedical Science students who completed previous annotations on the Fmrl gene.
Your work inspired us to look further into this topic.
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Figure 2. Flowchart detailing workflow of gene annotations through the Pathways
Project by the Genomics Education Partnership (GEP).
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