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SUMMARY 

The success of the genomic sequencing programs allows the discovery of additional 

family members of genes encoding known functions. This is the case of the Troponin C 

gene repertoire in Drosophila melanogaster. We have found two new Troponin C 

genes, DmTpnC41F and DmTpnC25D, increasing to five the total number of Troponin 

C genes identified in this species. The comparative characterization of the five Troponin 

C genes in D. melanogaster demonstrates considerable variation in gene structure and 

expression pattern. Expression of one gene, DmTpnC41F, has a more restricted tissue 

specificity than the rest of the TpnC genes and, with the chromosomically linked 

DmTpnC41C, is expressed specifically in the adult thorax. The new gene, DmTpnC25D 

is expressed during development more broadly than the rest. In adults, it is highly 

expressed in the adult head. Finally, the other two genes, DmTpnC47D and 

DmTpnC73F, show a high embryonic/larval expression and in adults are expressed 

almost exclusively in the abdomens. The functional adaptive changes that may have 

evolved during the expansion of this gene family are briefly discussed in terms of the 

expression patterns, gene and protein structures leading to a simpler, more systematic 

nomenclature of the gene family. 

 

Abbreviations: Tpn (Troponin), Dm (Drosophila melanogaster), IFM (Indirect Flight 

Muscles), TDT (Tergal Depressor of the Trochanter muscle), PCR (Polymerase Chain 

Reaction) 
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Troponin C (TpnC), one of three troponin polypeptides in the muscle thin 

filament, is a key controlling element of muscle contraction. Its calcium binding 

capability has been established and well studied in vertebrates (Filatov et al, 1999). In 

contrast much less information is available concerning the function of invertebrate 

TpnCs. In Drosophila melanogaster, three genes (DmTpnC41C, DmTpnC47D and 

DmTpnC73F) coding for Troponin C were identified (Fyrberg et al, 1994). It was 

remarkable that within the small D. melanogaster genome, a multigene family encoded 

TpnC, since the majority of the main structural muscle components are encoded by 

single genes (for a review see Bernstein et al, 1993). The identification of a family of 

TpnC genes raised the possibility that each isoform could play a distinct role in muscle 

development and function. The observation that one of the three TpnC genes 

(DmTpnC41C) is specifically expressed at the adult stage supported this argument 

(Fyrberg et al, 1994). Doubts remained about whether the whole repertoire of TpnC 

genes in D. melanogaster had been identified. The sequence database entry (AF047329) 

for a TpnC gene in D. silvestris (Davis et al, 1998) suggested that additional TpnC 

genes might reside in the D. melanogaster genome. This turned out to be accurate. In 

this article we identify and characterise two new TpnC genes DmTpnC25D and 

DmTpnC41F, the latter, recently independently identified (Qiu et al, 2003, AJ512938). 

It is then clearly necessary to study the expression and additional properties of the TpnC 

genes in more detail to understand the functions of individual isoforms, bringing them 

in line with the existing knowledge in the other two Troponin complex partners genes 

(TpnT, Benoist et al, 1998 and TpnI, Barbas et al, 1993). 

 

To identify the D. melanogaster TpnC gene homologue of the gene found in D. 

silvestris, BLAST analyses were performed using it as query on the BDGP server. The 
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results showed a novel TpnC gene with a higher similarity to the D. silvestris one than 

the three previously identified TpnCs (Fyrberg et al, 1994). At that time the 

corresponding open reading frame, CG12408 had not yet been annotated in the 

Drosophila database. The gene shares enough features within its structure with the other 

three TpnC genes to consider it as a member of TpnC gene family of D. melanogaster, 

so CG12408 has been renamed DmTpnC41F (AY283602) in accordance with the 

previous nomenclature of the TpnC genes according to chromosomal localization. 

Interestingly, the two adult genes, DmTpnC41C and the new DmTpnC41F map near the 

centromere of chromosome 2. The complete cDNA sequence was derived from RT-

PCR and RACE analyses. Comparing this sequence to the fly genomic sequence 

(BDGP databases, Adams et al, 2000) the exon-intron structure of DmTpnC41F was 

established. It differs from the previously known Drosophila TpnC genes in that the 

first short exon and most of the second exon are untranslated, except for the initial 

methionine codon. 

In searching for the complete TpnC complement in the Drosophila genome, an 

additional fly gene, CG6514, was identified. The corresponding open reading frame has 

not yet been identified as a TpnC homologue in the most recent annotations of the 

Drosophila genome database (Celniker et al, 2002, Misra et al, 2003). In accordance 

with the previous nomenclature, CG6514 is renamed DmTpnC25D (AY283601). Figure 

1 shows its structure based upon comparisons of our cDNA sequences with the 

Drosophila genome sequence. DmTpnC25D is more compact than the other DmTpnCs, 

but shares the common TpnC sequence features including the presence of four EF-

hands in one exon, the second one, which is separated by small introns from the mostly 

untranslated first and third exons. In the 5’ untranslated sequence, the region 

corresponding to the minimal promoter in base of the high sequence conservation 
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between D. melanogaster and D. pseudoobscura appears underlined. It extends to 

around 60 base pairs including some motifs potentially involved in transcription 

initiation that appear in boxes. A similar high degree of sequence conservation appears 

in the 3’ untranslated region where some of the transcription termination motifs are also 

marked (Figure 1). 

To confirm that the new genes encode TpnC isoforms, we compared the coding 

sequences of all five genes, including the distribution of the different types of variation 

detected. The aligned sequences (Figure 2) show a high level of conservation in terms 

of the number and chemical properties of amino acids, especially in the case of 

DmTpnC73F and 47D. The distinction between equivalent and non-equivalent amino 

acids highlights the conservation of the fourth EF-hand in all TpnC genes. These data 

strongly suggest that we have indeed identified a new TpnC gene. Silent changes are 

uniformly distributed across the sequences and at the 5’ and 3´ ends some nucleotide 

triplets have been deleted or inserted in the genes. Interestingly, the DmTpnC41F 

protein has also an additional amino acid in the centre of the sequence separating the 

two globular double EF-hands domains of the dumbbell structure. This is an uncommon 

characteristic in Troponin Cs, but it is shared with its Anopheles paralogous genes 

(unpublished results). 

As already mentioned, the carboxy-terminal EF hands is the part of the sequence 

more highly conserved at the amino acid level. There are five positions within the 

functional core of the EF hands that use the side chains of their amino acids to bind 

calcium ions (Nakayama and Kretsinger, 1993). Therefore, the acidic amino acids 

present in these positions in the four EF hands motives of each isoform were counted 

(figure 2). DmTpnC41C gene presents a 2-4-2-4 acidic amino acids distribution along 

the four EF hands motives. DmTpnC41F presents a 4-2-2-4 acidic amino acids 
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distribution. DmTpnC47D and DmTpnC73F present 1-4-1-4 acidic amino acids. 

DmTpnC25D presents a 1-2-2-4 pattern. Thus, three genes (DmTpnC41C, 

DmTpnC47D and DmTpnC73F) share the binding capabilities of the 2nd and 4th EF-

hands, while DmTpnC41F and DmTpnC25D change it, 41F interchanging the calcium 

binding capability of the two N-terminal EF hands and 25D losing the binding 

capability of the two amino terminal EF-hands, once more an intermediate property. 

We repeated the comparison between cDNA and genomic sequences with all 

Drosophila TpnC genes to define sharply the start and the finish of the transcripts and 

the positions of their introns (Figure 3). In contrast to the high intron conservation 

described in chordate TpnCs (Yuasa and Takagi, 2001), comparisons show that intron 

positions are little conserved within the Drosophila TpnC genes. In fact, using the 

extent of conservation in several intron positions it is possible to define three TpnC 

gene groups in Drosophila. Group I containing intron 2.13/1, group III maintaining 

intron 1.01/1 and group II lacking both 1.01 or 2.13/1 introns (see the legend of Figure 3 

for an explanation of the intron nomenclature).  

In figure 4 we present a comparison of the transcription starts of the five genes. 

The variety in the number and positions of these transcription starts of the DmTpnC41C 

gene are remarkable. The RACE analyses of the five TpnC genes at two different steps 

of the development larval and pupal stages gave similar results. It may be relevant in 

this respect that Díaz-Castillo (unpublished results) has found that the closely linked 

DmTpnC41C and DmTpnC41F genes are located in the heterochromatin. They occupy 

larger chromosomal regions than the other two genes, a well-known feature of other 

genes located in or close to heterochromatin rich regions (Tulin et al, 2002). 

The expression profiles of the five TpnC genes during Drosophila development 

were determined by RT-PCR (Figure 5A). They support their classification into three 
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groups based on intron and sequence conservation grounds. As seen in the Figure, group 

I genes (DmTpnC47D and 73F) are expressed in the embryo during the period of larval 

myogenesis in agreement with earlier Northern blot analyses of Fyrberg et al (1994) and 

the more recent RT-PCR data of Qiu et al (2003). The new group III gene, 

DmTpnC41F, shows a Northern blot expression profile (Figure 5B) almost identical to 

that also published earlier for the DmTpnC41C gene. DmTpnC41F is expressed only 

during pupal development and in the imagoes. Actually, its highest level of expression 

occurs during myogenesis of the adult muscles. The group II gene, DmTpnC25D, has a 

different pattern of expression (Figure 5B), sharing features of the other two groups. 

Thus, the different TpnC genes show unique group-specific expression patterns during 

Drosophila development.  

More detailed RT-PCR analysis of different adult body parts (Figure 5C) 

confirmed that DmTpnC41F gene is expressed only in the thorax; more specifically, in 

the IFM and in the tergal depressor of trochanter muscle. The DmTpnC41C gene is 

expressed in all parts of the imago; the DmTpnC47D gene is only weakly expressed in 

the adult abdomens and gene DmTpnC73F is expressed mainly there. DmTpnC25D in 

addition to its larval expression is strongly expressed in adult heads and also, but 

weakly, in the main thorax muscles. 

In situ hybridisation analyses (Figure 6) showed that DmTpnC73F was the only 

gene whose expression at high levels was detectable in the developing embryo. It was 

first detected at stage 12 in the precursors of the visceral muscles (Figure 6A) and in 

skeletal myoblasts by embryonic stage 13 (Figure 6B). At the end of embryogenesis, 

DmTpnC73F is expressed in all embryonic muscle lineages: skeletal, visceral, and the 

cardiac muscle of the dorsal vessel (Figure 6C-E). DmTpnC73F expression was also 

detected at high levels in the skeletal muscles of the adult abdomen and was observed at 
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lower levels in a subset of muscles in the head (Figure 6G, H). Although expression of 

DmTpnC47D was also shown by RT-PCR and Northern (Fyrberg et al, 1994) to occur 

at embryonic and adult stages, we were unable to detect transcripts in the in situ’s for 

this gene, may be due in part to the low levels of expression of DmTpnC47D. In situ 

hybridisation experiments with DmTpnC25D did not detect transcripts either. 

In situ hybridisations of the type III TpnC genes, DmTpnC41C and 

DmTpnC41F, showed striking variations in the expression levels of these genes in 

different muscle types. DmTpnC41C transcripts were detected at high levels only in the 

tubular muscles of the head and thorax, including the TDT and muscles of the leg 

(Figure 6 I, J). Transcripts of this gene were not detected by in situ hybridisation in 

IFMs, nor in abdominal muscles, although the RT-PCR data presented above indicates 

that DmTpnC41C is broadly expressed in the adult. It has to be remembered that the 

RT-PCR technique allows a more sensitive detection of transcripts but the in situ data 

give a better indication of the relative level of expression in the different muscles. 

Similar results were obtained for DmTpnC41F expression, which is heavily 

expressed in the IFM musculature, but was much less detectable in the TDTs and 

muscles of the head and abdomen (Figure 6 K, L). Qiu et al (2003) has also found that 

the corresponding orthologous gene in Lethocerus indicus is also IFM specific. We 

conclude that DmTpnC41F expression in non-fibrillar muscles (TDT) must be 

considerably lower than that observed for fibrillar (IFM) muscle types. 

In this letter we have identified and characterized in detail the troponin C gene 

family in D. melanogaster. Five genes constitute the complete TpnC repertoire. Our 

analysis has significantly advanced our knowledge of the gene structures and temporal-

spatial expression patterns. The TpnC genes are dispersed within the genome, show 

variant gene structures, and different patterns of expression throughout development. 
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All the available information (intron position conservation, gene expression pattern, EF-

hands properties, etc) supports the classification of the five genes into three groups 

leading to a simpler, more systematic nomenclature independent of the gene 

chromosomal localization (see Table I). A more comprehensive analysis which will be 

presented elsewhere, shows that this grouping is applicable to other insects. Table I 

summarizes all the TpnC gene expression data (RT-PCR spatio-temporal profiles, 

Northern blots and in situ hybridations). They are also supported by unpublished results 

obtained in D. subobscura and D. virilis. DmTpnC73F, TpnC Ia, shows a general, wide 

expression pattern, with a maximum level in abdominal hypodermal muscles. 

DmTpnC47D, TpnC Ib, is mainly expressed at the larval stage of development. On the 

other hand, DmTpnC41C, TpnC IIIa and DmTpnC41F, TpnC IIIb, are almost 

exclusively expressed in adults. Expression of Drosophila TpnC IIIb is largely restricted 

to the thoracic muscles that power and control flight, with maximum expression levels 

in IFMs. The fifth gene, DmTpnC25D (TpnC II) has a mixed pattern of expression. It is 

readily expressed in adults, mostly in heads, but also shows a broad pattern of 

expression as Drosophila TpnC Ia does.  

The high variability in gene structure and expression patterns that we observe for 

TpnC genes suggests that their origin has not been via a recent gene duplication, but 

represents the result of an ancient evolutionary series of events which have been 

retained by selective forces. What is the functional significance of retaining a large 

number of TpnC genes in invertebrate genomes with variant patterns of expression? A 

common argument is that this variation allows for fine-tuning of tissue-specific 

functions, and it has been clearly demonstrated on a number of occasions that there is 

functional non-equivalence between isoforms of structural muscle proteins (see for 

examples Wells et al, 1996 and Fyrberg et al, 1998). This hypothesis is consistent with 
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our observations that the D. melanogaster TpnC genes show large variation in gene 

expression patterns during development. We have previously argued that such a 

conservation in expression pattern provides supporting evidence for the presence of 

functionally distinct isoforms within a gene family (Lovato et al, 2001). A further 

prediction of the model that different TpnC genes exist to provide tissue-specific 

functions is that mutations in these genes should have tissue-specific phenotypes. It is 

interesting that the muscle actin gene repertoire has also reached a high copy number of 

four in both D. melanogaster and D. virilis. Two of the D. melanogaster genes, Act57B 

and Act87E have a similar expression pattern as the type I Troponin C genes, 

DmTpnCIa and DmTpnCIb, while the Act79B and Act88F genes (and their D. virilis 

paralogous) are expressed only as adult type III genes (Fyrberg et al, 1983, Lovato et al, 

2001) Furthermore, the specific expression of Act79B in tubular muscles and Act88F in 

fibrillar muscles is also reflected by the enrichments of TpnCIIIa and TpnCIIIb in 

tubular and fibrillar muscles respectively. 

In summary, the variation that followed genetic duplication events in the 

evolutionary line of insects has allowed the accumulation of expression profile changes 

of the new genes as changes in the structure and function of their protein products. Once 

the phenotypic consequences of these changes become clear, we may understand the 

logic behind this variation. 

 

MATERIALS AND METHODS 

Expression profiles of the five TpnC genes of Drosophila melanogaster 

 D. melanogaster Oregon R was used as a wild-type strain. Whole animals were 

collected at different developmental stages, and adult body parts (head, thorax and 

abdomen) were dissected in cold acetone at –70ºC . Specific muscles (IFM or TDT) 
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were recovered from animals pre-treated for at least 1 week in dehydrating acetone 

solution which facilitates the fibre isolation. RNA was extracted using TRIZOL 

Reagent® (Gibco). Reverse transcription was performed using oligo-dT (1µg) upon 

total RNA (2µg). Specific probes were designed for each gene, based on known D. 

melanogaster sequences and PCR were carried out upon products of reverse 

transcription (30-35 amplification cycles of 94 ºC/30 sec, 55º-60ºC/45 sec, 72 ºC/45 

seconds) and the RT-PCR products were cloned for sequencing. 

The complete cDNAs sequence of the five TpnC genes were obtained using 

RLM-RACE (Ambion) to identify the exact beginnings and endings of transcription and 

the number of times the transcription starts or ends in these positions.  

 

Northern Blot Analysis  

Northern blotting of staged total RNA samples was performed using standard 

procedures (Sambrook et al, 1989). Fractionated RNAs were transferred to Hybond N+ 

(Amersham) and hybridised with radioactively labelled probes for each gene. To ensure 

that equivalent amounts of RNA were present in samples for each developmental 

timepoint, blots were also hybridised with a probe directed against the unique 3' UTR of 

the Act5C cytoplasmic actin gene (Fyrberg et al, 1983). 

 

In Situ Hybridisation protocols  

In situ hybridisation to detect embryonic patterns of gene expression was 

performed as described by O'Neill and Bier (1994) upon embryos aged 0-18hrs after 

egg laying. In situ hybridisation for adult muscles was performed as described by 

Lovato et al (2001) upon cryosections of pharate adult pupae. 
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Sequence manipulation 

The genomic sequences of the five TpnC genes were obtained from FlyBase 

(Adams et al, 2000), as well as Fyrberg´s located transcripts (1994). DmTpn25D and 

DmTpn41F complete transcripts were submitted to the Genbank. All their accession 

numbers (gen/transcript) are: DmTpnC25D: (FBgn0031692/AY283601) , 

DmTpnC41C: (FBgn0013348/NM078895); DmTpnC41F: (FBgn0033027/AY283602); 

DmTpnC47D: (FBgn0010423/NM057620); DmTpnC73F: (FBgn0010424/NM079398). 

The cDNA and genomic sequences of the five TpnC genes were compared using Gene 

Jockey II (Biosoft) or Bioedit (Hall, 1999), and oligonucleotide probes were designed 

using Oligo 4.0 (National Biosciences, Inc.). 
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FIGURE LEGENDS 

Figure 1. Genomic structure of the gene DmTpnC25D. In bold, the coding region; in 

regular characters, the transcribed non translated region; in gray italics, introns and 5’ 

and 3’ non-transcribed sequences. The four EF-hand cores, defined putative promoter 

(TATA box and Initiation consensus sequences) and termination (polyadenylation 

signal, termination CA sequence and GU-rich downstream element, Zhao et al, 1999) 

motives appear boxed. The sequences conserved over 90% in D. pseudoobscura 

ortologous gene appear underlined. Numbering on the left is for DNA sequence (+1 

indicates the transcription start) and on the right indicates the amino acids in the 

translated product. 

 

Figure 2. Multiple alignment of the five TpnC gene products of Drosophila 

melanogaster. Amino acid conservation/identity (•), silent variation (•) (cDNA), 

equivalent variation (X) and non-equivalent variation (X) in relation to TpnC73F 

isoform (except in the four * positions in which TpnC25D is used). EF-Hand domains 

(with the helixes surrounding the loop regions) are marked with boxes. Addition of an E 

or V amino acid in the central helix region is indicated by an arrow. Key acidic 

aminoacid in core EF-hand sequences are in the 1st, 3rd, 9th, 11th and 12th positions. 
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Figure 3. Exonic structures of the five TpnC codifying genes of Drosophila 

melanogaster. 5’ ends on the left side of the figure. Encoding regions shaded in grey. 

Broken lines indicate exon conservation. On the right, we show intron position 

conservation among the five genes (grey dots), in the same group of genes (black dots) 

or the gene-specific introns (white dots). Introns are defined by several numbers 

following Nakayama and Kretsinger annotation (Nakayama and Kretsinger, 1993). The 

first number indicates the EF hand sequentially numbered from N to C terminus. The 

second number (following the period) show the number of the residue within the EF 

hand. The third number (following the slash) indicates its phase: 0 means the intron lies 

between codons, 1 means between first and second nucleotides and 2 means in between 

the second and the third. 

 

Figure 4. 5’ UTR of the five genes TpnC-enconding genes in Drosophila 

melanogaster. Methionine initial codon (ATG) and consensus start of transcription 

sequences are in bold. The digits indicate the number of detected cDNAs found with an 

start at the immediately below position. Except in the case of the DmTpnC41C UTR, a 

unique transcription initiation point is found for the rest of the genes. 

 

Figure 5. Temporal Expression profiles of the five TpnC genes of Drosophila 

melanogaster and in different parts of the imago. A) RT-PCR analysis during 

development B) Northern blot during development for the recently described genes 

(TpnC41F and TpnC25D). E, embryos; P, pupae; A, adults. Numbers indicate hours of 

development at each stage except for the larvae in the right side, were 1, 2 and 3 

correspond to first, second and third instars. C) RT-PCR analysis in adult bodyparts 
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(Head, IFMs, TDT and Abdomen). No bands were detected in the absence of 

retrotranscription (data not shown). As an additional test of their purity, the same RNA 

samples allowed the identification of IFM vs TDT specific Troponin T isoforms 

(unpublished results). Both adult group III isoforms (upper) are strongly expressed in 

IFM and TDT fibres but 41F is thorax specific and 41C appears in head and abdomen 

also. TpnC25D has a mainly head-specific expression but is expressed in IFMs and 

TDT as well according with its intermediate group II affiliation. Instead, 47D is 

expressed only and weakly in abdomen but 73F has some expression in IFMs in 

addition to its abdominal group I characteristic expression. 

 

Figure 6. Tissue-specific expression patterns of D. melanogaster TpnC genes. 

LEFT: A-F, Expression of TpnC73F during embryogenesis. A: Expression is first 

detected in precursors of the visceral muscles (vm) at stage 12. B: Expression is 

subsequently detected in skeletal myoblasts (sm) by late stage 13, and continuing in 

skeletal muscles at stage 16 (C). D: ventral view showing visceral muscle expression at 

stage 16. E: dorsal view showing expression in the dorsal vessel (dv) at stage 16. F: 

stage 21 embryo hybridized with a TpnC73F sense probe shows an specific expression. 

All embryos are oriented with anterior to the left and dorsal side uppermost unless 

otherwise indicated. Bar, 100µm. RIGHT: G-L, expression of various TpnC genes in 

cryosections of pharate adults. G: TpnC73F expression was predominantly detected in 

the supercontractile skeletal muscles of the abdomen (SCM) and in muscles of the head 

(HM, inset). H: no specific hybridization was detected with a TpnC73F sense probe. I: 

TpnC41C transcripts were detected at high levels only in the tubular muscles of the 

thorax, including the tubular depressor of the trochanter muscle (TDT). J: no specific 

hybridization was detected with a TpnC41C sense probe. K: TpnC41F transcripts were 
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detected at high levels only in the fibrillar indirect flight muscles (IFM). All sections are 

oriented with anterior to the left and dorsal side uppermost. Bar, 250µm. 

 

 
Gene name 

Alternative 
name based 
on sub type 

 
Larvae 

 
Pupae 

Imagoes 
Heads 

 
IFM 

 
TDT 

Imagoes 
Abdomens 

TpnC 73F TpnC Ia + + + +/- +/- +++ 
TpnC 47D TpnC Ib ++ + - - - + 
TpnC 25D TpnC II + + ++ + + + 
TpnC 41C TpnC IIIa - ++ + + +++ + 
TpnC 41F TpnC IIIb - ++ - +++ + - 

 

Table I. Summary of spatio-temporal expression profiles of Troponin C genes in 

different muscle types. Expression results are compiled here, from – for no expression 

to +++ for high expression levels in the different muscles types of Drosophila. A 

simpler, more general, alternative designation for the genes in the family is introduced 

in the table. Genes are named first by its type (I, II or III) followed by a letter if more 

than one gene exits in the same group. This nomenclature is applicable to Diptera and 

probably to at least all insects (unpublished results). 



 

 

FIGURE 1 

-100 CTCCTCTGCCGACGAGGTGTACAACGCTGCGTATGAGTGACGCTTCCACTAAGCGAAATTTGTTGTTTATAAATAATGATCTTGGCCAGG 
 
 -10 CGATCGGTTTAGTGCGCGCCCGCAGGCCAACGCAGTTGGAACGCATTGGAGATTGGAATACTCGCTCGCTCGCAAATTGTCGTTTGGCCA 
 
  80 ACAGATACAAAATGGTATCTATCGGGTGTTGTTTTTGCATTTCTCTGGGCGGGTGGATATTGTGCAATCGATTATGATGTGATCGGGCTA 
                  M                 1 
 
 170 ATTTTTGGTAACCGCAGGAGGACGACGAGAAAATGGACATCATGCGCAAGGCATTCCAAATGTTCGACACACAAAAGACGGGCTTCATTG 

                  E  D  D  E  K  M  D  I  M  R  K  A  F  Q  M  F  D  T  Q  K  T  G  F  I     25 
 
 260 AGACGCTGCGTCTGAAGACGATCCTCAACAGCATGGGTCAGATGTTCGACGATAGCGAACTGCAGGCTCTGATCGACGACAACGATCCGG 

E  T  L  R  L  K  T  I  L  N  S  M  G  Q  M  F  D  D  S  E  L  Q  A  L  I  D  D  N  D  P     55 
 
 350 AGGACACCGGCAAGGTTAACTTCGACGGCTTCTGCAGCATCGCTGCCCATTTCCTGGAAGAGGAGGATGCCGAGGCCATCCAGAAGGAGC 
  E  D  T  G  K  V  N  F  D  G  F  C  S  I  A  A  H  F  L  E  E  E  D  A  E  A  I  Q  K  E     85 
 
 440 TGAAAGAGGCCTTTCGTCTGTACGATCGCGAGGGAAATGGTTACATCACCACCTCAACGCTGAAGGAAATTCTCGCCGCCCTCGACGACA 
  L  K  E  A  F  R  L  Y  D  R  E  G  N  G  Y  I  T  T  S  T  L  K  E  I  L  A  A  L  D  D    115 
 
 530 AGCTCTCCTCCAGCGATCTGGACGGCATCATCGCTGAGATTGACACTGATGGATCCGGTACCGTGGACTTTGATGGTAAGTATTCCCTTG 
  K  L  S  S  S  D  L  D  G  I  I  A  E  I  D  T  D  G  S  G  T  V  D  F  D      140 
 
 620 TAATTAACAAATATGTGATGCTGACTAATTGCCATTTTCGATCACAGAATTCATGGAGATGATGGCGGGCGAGTAGAAAAACCACGAACG 
                                                 E  F  M  E  M  M  A  G  E  •     149 
 
 710 CTGATAAAACCAACAGAAAATCGAGCTTTTGGGTTTAATTATAATTTTTTATTATTTTTAAATAAATTAACTAACCGCTTTAATACAAAA 
 
 800 CTTTAGTTCTTGTGGTCTGCGAGCAGTAATAATGAAACAGAAAAAAAACTGAAAGATACATATCCATCTAGTTCATATAGTTTACTTGTT 



 

 

FIGURE 2 

 
 
  

 

TpnC73F  MSSVDEDLTP EQIAVLQKAF NSFDHQKTGS IPTEMVADIL RLMGQPFDKK ILEELIEEVD EDKSGRLEFG EFVQLAAKFI 80 
TpnC47D  •DNI•••••• •••••••••• •••••••••• •••••••••• ••••••••RQ ••D••MH••• •••••••••E •••••••••• 80 
TpnC41C  ••---DE••K ••T•L•RN•• •A••PE•N•Y •N•A••GT•• SML•HQL•DA T•ADI•A••• ••G••QI••E ••TT•••R•L 77 
TpnC41F  •--A•GEYDK ••LRS•RN•• KA•••DGA•• •EHAD•SS•• EIL••KLEPP AVKA••K••• KGTT•K•D•S Q•CK•••R•I 78 
TpnC25D  •---ED•--- •KMDIMR••• QM••T••••F •E•LRLKT•• NS•••M••DS E•QA••DDN• PEDT•KVN•D G•CSI••H•L 74 
                                                                                    * 
                       *             *                                          * 
TpnC73F  -VEEDAEAMQ KELAEAFRLY DKQGNGFIPT TCLKEILKEL DDQLTEQELD IMIEEIDSDG SGTVD•DEFM EMMTG-E 155 
TpnC47D  -••••D•••• •DVR•••••• •••••••••• S••••••••• •••••••••• •••••••••• •••••••••• •••••-• 155 
TpnC41C  -••••••R•M A••••••••• ••E•••••T• GV•R•••R•• ••K••NDD•• M••••••••• •••••••••• •V•••GD 153 
TpnC41F  •••••VG•L• N•••••••V• ••E•K••LTV AT•RG••H•• ••K•SN•D•• MI•••••A•• •••••••••• QV•••-- 153 
TpnC25D  E-••••••I• •••K•••••• •RE•••Y•T• ST•••••AA• ••K•SSSD•• GI•A•••T•• •••••F•••• •••A•-• 149 
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FIGURE 4 

DmTpnC41C 5’ UTR         2             1                     2      1 9      2           2        8  
TAAGTCTAAAATGTTCCTGAATGTTGAGATGCATCCACAGAAGACACATAGCCCATATGTGTTTTAATCGCGTCAAT 

ACCAAGTTTATTTCTCGTCTTCAATTGTTTATTTAGCTTTTAATTAACGGAGTGTTCAATTTTTTAATATTAGAGATTAATCCAAAGAGCTAAAAAAATG 
    1    5             8   3              2                               1     1     1 
 
 
DmTpnC41F 5’ UTR 
                       8 

AAAGCTTGGTGATAATTGAAAGGTTTTCCTAAACCTTAGCGGTGTAATTTGATTTAACAAAAAAAAACTCTTTAAAATG 
 
 
DmTpnC25D 5’ UTR 
       1 

TTAGTCGCGCCCGCAGGCCAACGCAGTTGGAACGCATTGGAGATTGGAATACTCGCTCGCTCGCAAATTGTCGTTTGGCCAACAGATACAAAATG 
 
 
DmTpnC47D 5’ UTR 
                                               3 9                                                   

TCAGTCGTTAGCGGTGATCGATCTGGTGAACAACTAGCACAGGATTTAAAATG 
 
 
DmTpnC73F 5’ UTR 
    5                                                                                   1            

GCAGTTGGAACGAATACTCCGTGACGATCGCTTCGCAAGATTAGGCTGATCAGACAGATCCCATTGGCAAAGATATACCCAAAAGTAGCAGCAACATG 
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