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ABSTRACT

Distal-less (DII) protein is the first genetic signal for limb formation to occur in the developing zy-
gote in insects. The function seems to be different across various organisms, like the DII in butter-
flies are not only involved in limb formation but also take part in eyespot and wing pattern forma-
tion. Hence, the study of the sequence variation of the DIl protein of different insects might help us
in better understanding of its evolutionary divergence and in turn its function in different insects.
The sequence of DIl protein were retrieved from the NCBI database and was used to study its rela-
tionships among other insects species using MEGA 4.0 and analysis of the physicochemical proper-
ties was done using a computational tool called PROT-PROP. The DII protein in the insects showed
variations (31-94% identity) in their sequences when BLAST was performed, but the homeobox do-
main exhibiting helix-turn-helix (HTH) was found to be conserved. Presence of motifs with identical
amino acid sequence and presence of regions with poly-amino acids might be the reason for the
differences in the role of DIl in different insects. In the phylogenetic tree, insects belonging to the
same order were found to cluster together and exhibit genetic relatedness.

Key words: Distal-less; homeobox domain; motif; poly-amino acids phylogeny; PROT-PROP; sig-
nature sequence.

INTRODUCTION

A family of transcription factors of Hox
gene are major regulators of animal develop-
ment.* The homeobox domain which is now
known to be well-conserved in many other
animals, including vertebrates was first identi-
fied in a number of Drosophila homeotic and
segmentation proteins.? The homeodomain-
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containing transcriptional regulators are en-
coded by Hox genes that operate differential
genetic programs along the anterior-posterior
axis of animal bodies.® This domain binds
DNA through a helix-turn-helix (HTH) struc-
ture which is characterized by two alpha-
helices makes intimate contacts with the
DNA and are joined by a short turn.* This
family of homeobox transcription factors
known as Distal-less (DII/DIx) are known for
being involved in limb formation in many in-
sects and vertebrates.® Antennae, la-
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bium, legs and wings originate from imaginal
discs (the small sacs of epithelial cells that
grow and develop during the larval stage).®
DIx homeobox genes which is mammalian
derived are homologs of the Drosophila Distal-
less (DIl) gene. The DIx/DIlI gene family ap-
pears to be of ancient origin which play essen-
tial role in appendage development in all spe-
cies in which it has been identified.” When DIl
gene switches on at a certain stage during the
growth of insect larva, it causes some of its
cells to organize into legs. Stumps formation
was observed when DIl was switched off.?
During embryogenesis, Hox proteins are ex-
pressed largely in the abdominal segments,
where they can suppress thoracic leg develop-
ment.® Gain and loss of transcriptional activa-
tion and repression functions in Hox proteins
can be a plausible mechanism to diversify
morphology during animal evolution.*®

Proteins were the first molecular sequences
to be used for phylogenetic inference.'* Pro-
teins constantly change shape and form to
perform their biological roles. Since amino
acid residues play an important role in stabil-
ity and function, they are likely to be evolu-
tionarily conserved in a protein family.*? The
hydrophobic core is found to contain residues
important for stability.*® Functional residues
are found to be close together in protein-
rotein interfaces.' In order to know the struc-
ture and function that are evolutionarily con-
served, it is important to understand about the
amino acids composition and physicochemi-
cal features of protein.*?

Our present work aims to study the diver-
sity of DIl protein of some insects and under-
stand their genetic relatedness through phy-
logeny. Pattern of variation of the DIl protein
among insects were studied in detail using
PROT-PROP and various web-based tools
and phylogenetic analysis was performed us-
ing MEGA 4.0.

MATERIALS AND METHODS

Sequence retrieval and local sequence align-

ment

The sequence of DIl protein was retrieved
from the NCBI (http://www.
nchi.nlm.nih.gov) in FASTA format.
BLAST?® was performed for the Bicyclus any-
nana DIl protein sequence retrieved from
NCBI to identify closely related sequences of
DIl protein in different organisms. The DII
protein sequences for the 9 different insects
included in the study are as follows:
AF404825_1 [B. anynana]; ABD97849.1]
[Tetranychus urticae]; AAB24059.1]
[Drosophila melanogaster]; NP_001124509.1]
[Apis mellifera]; AAG39634.1]AF317551 1
[Tribolium castaneum]; BAE78537.1]
[Harmonia axyridis]; AF404110_1 homeotic
transcription factor dIl [Junonia coenia];
BAGO06741.1] homeotic protein [Athalia
rosae]; XP_002423032.1] Homeotic protein,
putative [Pediculus humanus corporis]. Multiple
sequence alignment of all these sequences was
carried out using ClustalW from EMBL-EBI
to find out the sequence similarity and con-
served regions.

Phylogenetic analysis

Phylogenetic analysis of DIl protein se-
quence through neighbour-joining (NJ) with
bootstrapping was carried out using Mega 4.0
software, prior to which the multiple se-
quence alignment of the sequences were also
analyzed using ClustalX from MEGA 4.0.%
Phylogenetic tree was constructed by the soft-
ware showing the relationship among the se-
quences. The tree gives different clusters
showing their relationship with each other.
The sequences which lie in the same cluster
are closely related. Bootstrap support was es-
timated using 1000 replicates.’

Analysis of physicochemical properties of the
protein sequences

DIl sequences were analysed with PROT-
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Figure 1. Arthropods used in the study. 1: Bicyclus anynana 2: Junonia coenia (Lepidoptera), 3: Tetranychus
urticae (Arachnida), 4. Athalia rosae (Hymenoptera), 5: Tribolium casteneum 6: Harmonia axyridis (Coleoptera), 7:
Pediculus humanus corporis (Phthiraptera), 8: Drosophila melanogaster (Diptera), 9: Apis mellifera (Hymenoptera).

PROP that characterizes physico-chemical
properties of a protein in a single-window ap-
plication. Other significant features of this
software includes finding the subcellular loca-
tion (intra or extra) of a protein, calculation
of numerical values for hydrophobicity, hy-
drophilicity, composition of small and large
amino acids, net hydrophobic content in
terms of low/high, and Navie’s algorithm to
calculate theoretical pl.'® Web-based tools like
PSIPRED", Scansite?® were used for secon-

dary structure and motif analysis respectively.
RESULTS AND DISCUSSION
Sequence retrieval

B. anynana DII protein sequence was re-
trieved from the NCBI in FASTA format.

The sequence of the protein is the follow-
ing:
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Figure 4. Phylogenetic tree built using NJ method of MEGA 4.0.
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Figure 2. CLUSTAL 2.1 multiple sequence alignment of DIl protein sequences of nine insects and Poly-G regions.

Figure 3. The amino acid differences in the homeobox region of other insects (1) and Tetranychus urticae (2). The
helix-turn-helix region is also specified.
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B. . D. melano T. - A. P.
Parameters J. coenia H. axyridis . A. rosae
anynana gaster casteneum mellifera humanus
SULPHUR 2% 2% 3% 2% 3% 3% 2% 2% 0%
amino acids Cystine: 3 Cystine: 2 Cystine: 2 Cystine: 4 Cystine:2 Cystine: 2 Cystine: 1 Cystine: 0 Cystine: 1
Methionine: Methionine: Methionine: Methionine: Methionine: Methionine: Methionine: Methionine: Methionine:
6 7 10 5 6 10 10 10 1
BASIC  13% 13% 12% 19% 15% 14% 13% 13% 12%
Amino Lysine: 17 Lysine: 17 Lysine:l5  Lysine: 13 Lysine: 13 Lysine: 13  Lysine: 13  Lysine: 15 Lysine: 12
Acids  Arginine:12 Arginine:14 Arginine:11 Arginine:31 Arginine:12 Arginine:11 Arginine:11 ArgininelOHArgininell
Histidine:21 Histidine:21 Histidine:16 Histidine:16 Histidine:10 Histidine:28 Histidine:28 istidine:25 Histidine: 9
ACIDIC  17% 19% 16% 16% 17% 14% 14% 20% 33%
Amino  Aspartic Aspartic Aspartic Aspartic Aspartic Aspartic Aspartic Aspartic Aspartic
Acids  Acid:12 Acid: 14 Acid: 10 Acid: 8 Acid: 4 Acid: 5 Acid: 6 Acid: 8 Acid: 2
Glutamic  Glutamic  Glutamic  Glutamic  Glutamic  Glutamic  Glutamic  Glutamic  Glutamic
Acid: 7 Acid: 9 Acid: 7 Acid: 11 Acid: 6 Acid: 9 Acid 9 Acid 8 Acid: 10
Asparagine: Asparagine: Asparagine: Asparagine: Asparagine: Asparagine: Asparagine: Asparagine: Asparagine:

T. urticae

12 16 14 15 13 12 13 39 17
Glutamine; Glutamine: Glutamine; Glutamine; Glutamine: Glutamine; Glutamine: Glutamine: Glutamine:
30 33 24 16 16 27 27 22 55

Aminoacid A24, R12, A23, R14, A21, R11, A23 R31, A1l6, R12, A23 R11, A22, R11, A15 R10, A13, R11,
residues N 12, D12,N 16, D N 14, D10,N 15 D8, N 13, D4, N 12, D5 N 13, D6, N 39, D8, N 17, D2,
C3, E7, Q14 C2 E C2 E7, QC4EL1l, C2 E6 QC2E9 QC1E9 QCO E8 Q C1, E10,
30, G40, H9, Q33, G 24, G36, HQ 16, G30, 16, G29, H27, G64, H27, G69, H22, G40, HQ55, G 28,
21,15 L 42, H21,1 16,17, L HI16, 16, L 10,13, L 28 I3, L 28 13 L 2519 L H9 I7 L
23, K17, M4, L27, K 19, K15 M22, K13, M19, K13, M26, K13, M28, K13, M25, K15 M14, K12, M
6, F7, P49,17, M7, F 10, F8 P 5 F10, P 6, F6, P23,10, F6, P 10, F6, P 10, F7, P 1, F3, P18,
S36, T18, 9, P48, S 50, S31, T 25 S29, T S24, T11, 48 S37, T 51, S39, T 45 S37, T S§21, T1],
W7, Y15 39, T19, 18 W5, Y 29 W2, Y W1 Y9 V17, W3, Y 14 W4, Y 29, W5 Y W2 Y3 V
V14 W6, Y16, 14, V9 9, V8 3 13, V7 15, V10 13, V15 10
V11

Figure 5. Types of amino acids and residues present in the DIl protein of arthropods using PROT-PROP software.

A.mellifera (ReleleleleeN NN GUINKPRT 1 YSSLQLQQLNRRFQRTQYLALPERAELAASLGLTQT Qo4
A.rosae (ReleleleleleSMNNETEIINKPRT 1 YSSLQLQQLNRRFQRTQYLALPERAELAASLGLTQT Qv

A.mellifera VK IWFQNRRSKY KKM [0 Y:Yo]0 c — GGGGGGQHG--SLLAGGTALPGGPSPQP 250
A.rosae K IWFQNRRSKY KKM [0V e 0 c GGGGGGQHG--SLLAGGTALPGGPSPQP 260
B.anynana PGLR---—— VNSRS CUIRKPRT 1 YSSLQLQQLNRRFQRTQY LALPERAELAASLGLTQTQIENE]
J.coenia PGLR-———- WNERE OIS KPRT 1YSSLQLQQOLNRRFQRTQYLALPERAELAASLGLTQTQENES
B.anynana AN AT K AAQVG - — -~ AVPPGLGLPPGSPPNNNQLLHGGGGSSSGSQHSP 229
J.coenia NS MK AAQVG - - -~ GAPPGLG-PPASPPNNNQLLHGGGGSSSGSQHSP 228

Figure 6. HTH conserved region is highlighted in black and occurrence of long stretches of poly- amino acids are
highlighted in grey (Apis mellifera and Athalia rosae; Bicyclus anynana and Junonia coenia).
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Figure 7. Motif scan graphic results of B. anynana.
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Figure 8. Physicochemical analysis of Distal-less pro-
tein using PROT-PROP software. 1: B. anynana & 2: J.
coenia (Lepidoptera), 3: D. melanogaster (Diptera), 4
T. urticae (Arachnida), 5: H. axyridis (Coleoptera), 6: A.
mellifera (Hymenoptera), 7: A. rosae (Hymenoptera) 8:
P. humanus corporis (Phthiraptera), 9: T. casteneum.

>AF404825_1 distal-less [B. anynana]

MTTQELDHQHHHLGGSQTPHDISNSTNSTPTNVSSK-
SAFIELQQHGYGPFKGGYQHPHHFGSPGGQQNPHEASGFPSP
RSLGYPFPPMHQNTYGYHIGSYAPQCASPPKDEKCGLSDDPG
LRVNGKGKKMRKPRTIYSSLQLQQLNRRFQRTQYLALPERAEL
AASLGLTQTQVKIWFQNRRSKYKKMMKAAQVGAVPPGLGLP
PGSPPNNNQLLHGGGGSSSGSQHSPSGYAGGPAQAHSPTPS
STPVSELSPGLSPTATPWDVKQPPQPSWDVKVGYPTAGRSPD
GTSCDVKPPHQQSWDPRVGYGAPPGPWDMKGAHAHALHH
QGAPQPHPPYVPQYSWYQADANPGLLTVWPAV

BLAST was performed using the above
sequence and after observing the result, DIl
protein sequences of nine insects were se-

lected for further analysis (Fig. 1). BLAST
result shows ~31-94 % identity among the DlI
sequences of various insects. A multiple se-
qguence alignment using ClustalW was per-
formed for all the 9 selected sequences. The
conserved signature sequences which include
the homeobox region have been highlighted
in grey (Fig. 2). The region highlighted in
dark grey is the HTH motif observed using
PSIPRED. It is through this motif where Hox
genes bind to DNA. However, slight differ-
ences were observed in the homeobox regions
of T. urticae as compared to the sequences of
the other insects (Fig. 3). From the motif
scanner results obtained from Scansite, it was
found that the homeobox domain of DIl con-
sists of 57 amino acids with a HTH region in
all the insects included in our study.

Phylogenetic analysis

The NJ method is frequently used because
of its demonstrated accuracy for smaller data
sets and its computational speed.*® Phyloge-
netic analysis of DII protein sequence through
NJ with bootstrapping was carried out using
Mega 4.0 software. It was found that species
belonging to same order were clustered to-
gether (Fig. 4). The two lepidopteran species
of butterflies B. anynana and J. coenia are clus-
tered together. The dipteran, D. melanogaster,
is placed at a different node. T. castaneum and
H. axyridis, coleopterans are clustered to-
gether. The hymenopteran A. mellifera and A.
rosae are also clustered together. P. humanus
corporis a phthirapteran is found to lie at a dif-
ferent node. T. urticae an arachnid, order
trombidiformes which is an outgroup is found
to lie at an isolated node.

Physicochemical analysis of Distal-less protein
using PROT-PROP

The percentage occurrence of each amino
acid of the DIl sequence of each insect as well
as the individual sequence details are clearly
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generated by the PROT-PROP tool. Tran-
scription factors are found to contain numer-
ous repeats of serine, glycine, proline and
alanine.?? In our analysis, the same kind of
amino acids are found to be quite prevalent
(Fig. 5). Amino acid residues are likely to be
evolutionarily conserved in a protein family
because they play an important role in stabil-
ity and function. Understanding about the
amino acids composition and physicochemi-
cal features of protein are essential for know-
ing the structure and function that are evolu-
tionarily conserved.*?

Among insects falling in the same clade,
sequences seems to exhibit replication slip-
page in which a codon becomes repeated nu-
merous times and causes the occurrence of
“coding tandem repeats” creating long
stretches of the same amino acid. An example
of such a repeat is the polyalanine sequence of
the (ultrabithorax) Ubx protein of insects.?
Occurrence of Poly-G is observed in all the
DIl sequences of the insects studied (Fig. 2 &
6). Poly-N and Poly-S are also observed in
some sequences. These repeats are capable of
changing the function of a protein.?

B. anynana and J. coenia (lepidopteran) are
observed to have glycine(G) and serine(S)
poly-amino acids regions. Hence the similar-
ity in the poly-amino acids regions might con-
tribute to the similarity of the functions of DII
in these two Nymphalid butterflies and also in
their morphological characters as DIl is in-
volved in limb as well as eye-spot formation
in both the butterflies. Since the poly-amino
acids regions vary in different insects, it might
imply the difference in the function of DIl
seen in different insects. Drosophila DIl takes
part in appendage and sense organ develop-
ment? and in butterflies DIl reflect the poten-
tial for pattern formation in the wing.* How-
ever, it is also found that the poly-amino acids
sometimes belong to region of a motif and is
found to be conserved between two closely
related species. This may also be the reason
for the exhibition of similar function of a pro-
tein between two closely related species.

From the Scansite result obtained, these motif
regions were found to belong mostly to differ-
ent kinase groups which are believed to be
involved in signal transducing events (Fig. 7).

Binding is an important way the activity of
transcription factors are regulated and the in-
teraction and binding of transcription factors
with one another can be affected by chains of
amino acids. Polyglutamine can increase the
rate of transcription in the genes that it regu-
lates, while polyalanine can reduce it thereby
displaying a situation of modulating activity
between the two competing components.?® In
our analysis, poly-Q and poly-A regions were
observed in the all the sequences, more im-
portantly in the HTH region which might be
playing an important role in the modulation
of activity during transcription. By observa-
tion, comparatively total of poly-Q and poly-
A is highest in T. urticae which clearly shows
the fact that it is an outgroup, belonging to
the class arachnida. This variation in total
poly-Q + poly-A in the different DIl se-
qguences might affect its interaction and bind-
ing with other transcription factors and causes
functional and morphological differences. Ac-
cording to Fondon and Garner?®” repeat length
variations in transcription factors correlate
with the evolution of specific morphologies in
dogs. This can be similar in insects as well.

Cuticle phenotypic variation is observed
when DIl expression is altered.?® Hence, DIl
might be related with the variability of cuticle
phenotypes. Cysteine and methionine are
found to be rare in insect cuticular proteins®
and alanine, glycine and proline are found to
be in high content.*® This was also observed
in the insects under study from PROT-PROP
analysis (Fig. 8). Intensive study of the phys-
icochemical properties of proteins and their
interactions with other homeodomain might
be helpful for future protein-protein interac-
tive studies.
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