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Insect wings are great resources for studying morphological diversities in

nature as well as in fossil records. Among them, variation in wing venation

is one of the most characteristic features of insect species. Venation is there-

fore, undeniably a key factor of species-specific functional traits of the wings;

however, the mechanism underlying wing vein formation among insects

largely remains unexplored. Our knowledge of the genetic basis of wing

development is solely restricted to Drosophila melanogaster. A critical step

in wing vein development in Drosophila is the activation of the decapentaple-

gic (Dpp)/bone morphogenetic protein (BMP) signalling pathway during

pupal stages. A key mechanism is the directional transport of Dpp from

the longitudinal veins into the posterior crossvein by BMP-binding proteins,

resulting in redistribution of Dpp that reflects wing vein patterns. Recent

works on the sawfly Athalia rosae, of the order Hymenoptera, also suggested

that the Dpp transport system is required to specify fore- and hindwing vein

patterns. Given that Dpp redistribution via transport is likely to be a key

mechanism for establishing wing vein patterns, this raises the interesting

possibility that distinct wing vein patterns are generated, based on where

Dpp is transported. Experimental evidence in Drosophila suggests that the

direction of Dpp transport is regulated by prepatterned positional infor-

mation. These observations lead to the postulation that Dpp generates

diversified insect wing vein patterns through species-specific positional

information of its directional transport. Extension of these observations in

some winged insects will provide further insights into the mechanisms

underlying diversified wing venation among insects.
1. Introduction: morphological diversities of insects’
wing venation

Insects are the most successful and diversified animal group, counting more than

two million species. They invade every conceivable ecological niche and domi-

nate on land. Acquisition of flight enabled insects to exploit new habitats and

escape from unfavourable environments. It is accepted that wings arose once in

the insect lineage, as evidenced by the winged group (Pterygota) being monophy-

letic [1–5]. The winged insects consist of Paleoptera (the basal winged groups,

Ephemeroptera and Odonata) and Neoptera. The latter is divided into Polyneop-

tera (e.g. Orthoptera, Blattodea), Paraneoptera (e.g. Hemiptera, Thysanoptera)

and Oligoneoptera (¼Holometabola). Wings are repeatedly lost and gained

during insect evolution, while their fundamental characteristics, formed of two

epidermal layers, sclerotized, supported by veins and articulated at meso- and

metathorax, are conserved on their reappearance. This leads to the concept that

the key set of genes governing wing development (the wing gene network) are

conserved, and turning on and off these genes by alteration of the regulatory path-

way resulted in the presence and absence of wings [6,7]. Many molecular

investigations of wing development therefore aim to elucidate the origin of

wings: what structure is the serial homologue of the wing? How are wings

formed? What are the underlying mechanisms regulating the wing gene network?
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Figure 1. Venation patterns of winged insects (Pterygote). (a) Schematic of
the basic vein system shared by winged insects. The nomenclature is based
on the Comstock and Needham system with modifications (modified from
[18] with permission by John Wiley & Sons Ltd). C, costa; Sc, subcosta; R,
radius; M, media; Cu, cubitus; A, annal; j, jugal veins. (b – j ) Forewings
(top) and hindwings (bottom) with venation patterns of the species repre-
senting each group. (b) Sympetrum infuscatum (Odonata), (c) Gryllus
bimaculatus (Orthoptera) male and (d ) female, (e) Cryptotympana facialis
(Hemiptera), ( f ) Athalia rosae (Hymenoptera), (g) Massicus raddei (Coleop-
tera), (h) Bombyx mori (Lepidoptera), (i) Chrysoperla carnea (Neuroptera),
( j ) D. melanogaster (Diptera).
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These concepts have been substantiated in a dipteran Drosophila
melanogaster and a lepidopteran butterfly, Precis coenia [8,9].

Moreover, recent gene functional analyses of beetles (Coleop-

tera) and the milkweed bug (Hemiptera) demonstrated that

serially homologous structures of wings in thoracic and abdomi-

nal segments are promoted or inhibited to differentiate into

wings depending on the regulation of Hox genes and the wing

gene network [10–14]. This scenario might be applied to basal

winged species, the mayfly Ephoron eophilum (Ephemeroptera)

and even to non-winged species, the bristletails Pedetontus
unimaculatus (Apterygota, Archaeognatha) [15].

On the other hand, insect wings are subjected to consider-

able variations in shape, size, marking and vein patterns

reflecting their specific functional differences. Venation pat-

terns are the most characteristic structures of wings because

of aerodynamic importance associated with specific flight

system and of specialized functional purposes, and there

are marked differences between forewings and hindwings

in a species [4,16,17] (figure 1). Venation patterns are used

as an index for the identification of species and for under-

standing the evolutionary relationships of groups [19,20].

Venation is therefore one of the key traits when considering

how diversified morphology is acquired in the insect lineage.

Insect wing veins are composed of longitudinal veins and

crossveins. The longitudinal veins are heavily sclerotized,

providing conduits for nerves, the tracheae and circulating

haemolymph, running alternately on the crests (convexes)

or in the troughs (concaves) of wings. Their patterns are basi-

cally shared among extant winged insects and named after

the Comstock and Needham system with some modifications

based on comparative studies of extinct and extant insects

[1,16,21–23]. The principal six longitudinal veins are costa,

subcosta, radius, media, cubitus and annal from anterior to

posterior of the wing (figure 1a). The numbers of these longi-

tudinal veins often increase by branching or decrease by

fusion and loss, although the basic pattern of longitudinal

veins is consistent within groups such as orders and families.

By contrast, the patterns of crossveins are more variable than

longitudinal veins, with species characteristics, and are used

as landmarks in morphometric analysis [24,25]. The cross-

veins are generally devoid of a trachea and connect the

longitudinal veins to act together as rigid structural supports

for the two-layered wing membranes. The primitive winged

groups generally have a large number of crossveins, whereas

the numbers of crossveins tend to be reduced in more derived

groups. An example of rich crossveins is the wings of dragon-

flies (Odonata) (figure 1b). Irregular networks of crossveins,

termed archedictyon, provide strong support for their power

flight. One of the most derived groups, the cyclorrhaphan

Diptera represented by D. melanogaster, generally has two

crossveins (figure 1j): the anterior (radial-medial) crossvein

(ACV) and the posterior (medial-cubital) crossvein (PCV),

and the PCV is lost in some species group [26,27].

Wings with specialized function recruit unique venation

systems. Some orthopteran species have sound-producing fore-

wings, and the arrangement of veins bordering the specialized

areas to amplify sounds, termed mirror and harp, are specifically

modified (figure 1c,d) [28]. The forewings of Coleoptera trans-

form to elytra for protection of the hindwings and abdomen,

and crossveins are generally unrecognized (figure 1g); how-

ever, the net-winged beetles retain elytra veins composed of

straight longitudinal veins and connecting crossveins to form

a characteristic lattice-work appearance [29,30].
The molecular mechanisms of wing venation have

been investigated intensively and solely in D. melanogaster
[27,31–34]. Formation of the vein patterns is unlikely to

occur merely by turning on or off the gene regulatory net-

works. The long-range signalling of secreted growth factors

is critical for wing vein patterning [32]. Recent findings have

advanced the understanding of how the directional transport

of signalling molecules contributes to wing vein patterns in

Drosophila [35,36] and imply that the mechanism is used for

establishing complicated wing venation in other insects [37].
2. Lessons from wing vein development
in Drosophila

(a) Wing vein development in larval wing imaginal disc
The development of the Drosophila wing is a classic model for

understanding the genetic control of tissue size, shape and pat-

terning. The pattern of Drosophila wing veins is relatively simple

when compared with other insects, consisting of four main

longitudinal veins (L2–L5) and two crossveins (figure 1j)
[26,32]. In Drosophila, the development of the wing during

larval stages occurs inside the body in an epithelial monolayer

called the wing imaginal disc. Systematic studies of wing

phenotypes led to a model of vein patterning involving the
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Figure 2. Wing vein development in Drosophila. (a) Schematic diagram of wing vein development of the third-instar wing imaginal disc. Positions of longitudinal
veins (L2 – L5, red) are identified as pro-veins. Wing pouch is circled (grey). Anterior (A) – posterior (P) boundary (dashed line). (b) Schematic diagram of wing vein
development in the pupal wing. Top: dpp mRNA (light blue) is expressed in longitudinal veins but not in crossveins during early pupal stages. Bottom: Dpp/BMP
distribution (green) is detected at all wing vein primorida including longitudinal veins and crossveins. L2 – L5, ACV and PCV denote longitudinal veins 2 – 5, anterior
and posterior crossveins, respectively. (c) Schematic model of facilitated transport of Dpp/BMP ligands from the longitudinal veins into PCV. A Dpp : Gbb heterodimer
(green, blue) forms a complex with transporter BMP-binding proteins (red) such as Sog and Cv and moves by facilitated transport mechanism. A Dpp : Gbb hetero-
dimer is released from the ligand – transporter complex by Tlr (yellow) and binds to the receptor for signalling.
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sequential action of the transcriptional readouts of hedgehog

(Hh), decapentaplegic (Dpp)/bone morphogenetic protein

(BMP), epidermal growth factor (EGF) and Notch. The first sub-

divisions are made with reference to compartment boundaries

of the signalling molecules Hh and Dpp/BMP in the wing ima-

ginal disc. During the third-instar larval stages, Hh signal is

detected at the anterior part of the anterior/posterior boundary

in a short-range manner. Positional information about L3 and

L4 is provided by Hh signalling [38]. Dpp is expressed between

L3 and L4 in response to Hh signalling in the wing imaginal

disc and Dpp/BMP forms a long-range morphogen gradient

that organizes both patterning and growth of the wing imagi-

nal discs [27,39]. Approaches of functional green fluorescent

protein (GFP)-tagged Dpp visualized in the wing imaginal

discs provide direct evidence that Dpp/BMP ligands move in

the extracellular space to form a gradient of ligand distribution

[40,41]. Long-range Dpp/BMP signalling provides positional

information about L2 and L5 (figure 2a) [38,42]. Following the

subdivision of the wing blade of the imaginal disc into pro-

veins and interveins, wing vein development is characterized

by the deployment of Notch and EGF signalling pathways

at the borders and centre, respectively, of each pro-vein.

The activities of these pathways are closely related, and they

contribute to restrict (Notch) and maintain (EGF) the vein fate.
(b) Wing vein development in the pupal wing
The next stage in vein formation occurs in the pupal stage.

During the prepupal period, the folded monolayered epi-

thelium of the wing disc is converted into a bilayered wing.

Around 18 h after pupariation (AP), dorsal and ventral epi-

thelial cells become closely appose by extending from the

basal surfaces of intervein cells. The wing veins emerge pro-

gressively as regions that do not extend basal processes and

remain as open spaces [43,44]. The critical aspect of this

step is the activation of dpp expression in each vein primordia,

because signalling mediated by Dpp/BMP is sufficient and

necessary for vein differentiation [45]. Unlike larval wing

disc development, Dpp/BMP functions as a wing vein deter-

minant. During 18–26 h AP, dpp is only expressed in the

longitudinal veins; however, Dpp/BMP signalling is detected

in all wing vein cells (figure 2b). These findings suggest that

long-range Dpp/BMP signalling is required for crossvein

development [46]. Visualizing functional GFP-Dpp in the
pupal wing has demonstrated that GFP-Dpp is moved from

longitudinal veins into PCVs. In contrast to signalling

towards PCVs, the majority of ligands appear to be immobi-

lized in the longitudinal veins of the pupal wing to maintain

short-range signalling [36]. Thus, both short-range signalling

in longitudinal veins and long-range signalling towards

crossveins are required for wing vein formation. How are

short-range signalling in longitudinal veins and long-range

signalling towards PCVs regulated in the pupal wing? The

mobility of BMP ligands is tightly restricted in longitudinal

veins by BMP type I receptor Thickveins (Tkv) and a positive

feedback mechanism to maintain short-range signalling. This

mechanism is designated as ‘active retention of ligands’ and

is critical for maintaining vein width [36].

The existence of a class of genes dedicated to the formation

of crossveins in Drosophila implies a clear developmental separ-

ation between crossveins and longitudinal veins and allows

for independent variations in these structures during evolution.

For example, mutations found at the crossveinless (cv) locus lead

to a complete loss of both ACV and PCV while longitudinal

veins remain unaffected [47,48]. The cv gene has been shown

to encode a secreted BMP-binding protein [49,50]. Furthermore,

several mutants encoding secreted proteins have been identified

as components that are required for crossvein development.

These include two BMP-type ligands, Dpp and Glass bottom

boat (Gbb); a protease, Tolloid-related (Tlr) and two BMP-bind-

ing proteins, Short gastrulation (Sog) and Cv [49–52]. Further

studies showed that PCV formation needs a facilitated transport

mechanism of Dpp/BMP ligands, in which Dpp : Gbb heterodi-

mer produced in the longitudinal veins is moved into the PCV

region by a Sog/Cv complex, and Dpp and Gbb are probably

freed from the Sog/Cv complex via the activity of Tlr to bind

to the receptors for signalling (figure 2c).

Furthermore, another extracellular protein, Crossveinless-2

(Cv-2), is required for PCV development to sustain short-

range Dpp/BMP signalling [53,54]. The cv-2 expression in the

PCV region is regulated by Dpp/BMP signalling and Cv-2 is

a part of the positive feedback mechanism that plays a critical

role in PCV formation. Likewise, several mutant alleles have

been shown to be required for PCV formation. The detached
(det) encoding Drosophila Dystrophin is required for maintaining

Dpp/BMP signalling in the PCV region [55]. crossveinless-d
(cv-d) encodes a vitellogenin-like lipoprotein. Cv-D is secreted

from haemocytes and regulates Dpp/BMP signalling in the
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PCV region by modulating Dpp/BMP movement as part of a

lipid–BMP–lipoprotein complex [56].

(c) Positional information of crossvein development
Assuming that Dpp/BMP ligand transport is primarily respon-

sible for developing crossveins, the direction of ligand transport

appears to be critical to where crossveins are being formed.

Thus, understanding how positional information about direc-

tional transport is established appears to be important for

understanding the diversity of crossveins. Although our knowl-

edge about the positional information of directional transport is

far from complete, recent studies demonstrated two experi-

mental evidences. First, studies of the sog expression provide

evidence that the direction of ligand transport is at least

partially manifested by sog transcription [36,46] (figure 3a).

During 18–20 h AP, sog expression is repressed in the future

PCV region in a Dpp/BMP signalling-independent manner

and, thereafter, sog expression in the PCV region is downregu-

lated in a Dpp/BMP signalling-dependent manner. Thus,

initial sog transcription reflects prepatterned positional infor-

mation about Dpp/BMP transport. Second, it has been shown

that PCV morphogenesis highlighted by lumen formation

and loss of b-integrin accumulation on the basal side occurs

prior to the induction of Dpp/BMP signalling in the PCV

region during 18–20 h AP. Thereafter, Dpp/BMP signalling

is required for maintaining wing vein morphogenesis [35].

PCV morphogenesis and Dpp/BMP signalling towards the

PCV region are coordinated through the signalling pathway

of the Rho-type GTPases. One of the crossveinless mutant alleles,

crossveinless-c (cv-c), encodes Rho GTPase-activating protein

(RhoGAP) [57] and Cv-C appears to be the key molecule coup-

ling Dpp/BMP transport and wing vein morphogenesis. Cv-C

is induced at PCV primordial cells by Dpp/BMP signalling and

mediates PCV morphogenesis cell-autonomously by inactivat-

ing Rho-type small GTPases, including Cdc42, Rac1, Rac2

and Rho1. Cv-C is also required non-cell-autonomously for

Dpp/BMP transport into the PCV region. The cellular distri-

bution of integrins appears to be the key for regulation of

extracellular Dpp/BMP movement, because b-integrin distri-

bution is downregulated on the basal side of PCV epithelial

cells by Cv-C and provides an optimal extracellular environ-

ment for guiding Dpp/BMP transport. Dpp/BMP ligands

then preferentially accumulate on the basal side of the PCV

region. These findings indicate the presence of a feed-forward

loop that coordinates Dpp transport and PCV morphogenesis.

These mechanisms not only play a significant role in achieving

precise tissue morphogenesis and tissue homoeostasis, but also

may be used for producing variations of crossveins. In fact, ecto-

pic crossvein formations are often observed in weak mutant

alleles of Cdc42 [35,58]. In this case, loss of Cdc42 causes ectopic

Dpp/BMP transport in the intervein regions during early pupal

stages, resulting in ectopic wing vein formation [35]. Thus,

modulation of Rho-type GTPases has an instructive role in

producing variations of crossveins.
3. Transport mechanism of decapentaplegic/
bone morphogenetic protein ligand in a
developing field

Directional transport of Dpp/BMP ligands by BMP-binding

proteins widely operates during early embryogenesis in various
species. In Drosophila, Dpp/BMP is known to function as a

morphogen for dorsal–ventral patterning of the early embryo.

Previous genetic analysis has revealed that seven zygotic

genes are required for proper dorsal cell fate determination

in Drosophila embryos [59]. Among them, five genes encode

secreted proteins including two BMP-type ligands, Dpp and

Screw (Scw); one protease, Tolloid (Tld) and two BMP-binding

proteins, Sog and Twisted gastrulation (Tsg). Intriguingly,

a gradient of Dpp/BMP signalling is achieved by a similar

mechanism to directional transport of Dpp into the PCV

region of the pupal wing. Dpp : Scw heterodimer, which is a

primary ligand of morphogen, is moved by a Sog/Tsg complex

from lateral to the dorsal midline. Tld cleaves and inactivates

Sog in a Dpp : Scw-dependent manner to allow ligands to

bind to the receptors for signalling [60]. The reverse gradient

formed by Sog appears to provide directionality of Dpp/BMP

transport (figure 3).

The regulation of Dpp/BMP signalling by BMP-binding

proteins is widely observed in the animal kingdom. Animals

ranging from Cnidaria to all phyla of Bilateria have highly

conserved signalling pathways connecting Dpp/BMP and

Sog (or Chordin) for dorsoventral axis formation in early

embryos [61–67]. In fact, similar transport mechanisms of

Dpp/BMP ligands have been reported in Xenopus and the

beetle Tribolium castaneum (Coleoptera) embryos [64,65].

These findings suggest that the transport mechanism of

Dpp/BMP ligands by transporter (BMP-binding proteins) is

evolutionarily conserved. Assuming similarities of transport

mechanism between early embryogenesis and PCV for-

mation, we hypothesize that gene sets involved in the

transport mechanism have been co-opted and contribute to

crossvein formation in Drosophila. It remains interesting to

address how the Dpp/BMP transport mechanism is used

for wing venation among insects.
4. Wing vein development in the hymenopteran
sawfly

It has been unexplored to what extent the Dpp/BMP transport

mechanism is conserved among insects and whether the mech-

anisms described in Drosophila could be applied to other

insects. Functional analysis of factors involved in the Dpp/

BMP transport mechanism revealed that the mechanism is

used and required to establish wing venation in the sawfly,

Athalia rosae (Hymenoptera) [37]. Sawflies are primitive mem-

bers of Hymenoptera that is placed in the most basal group of

Holometabola [5,68]. The sawfly has complicated vein patterns

(figure 1f ), as do other species in the order [69]. The wings

develop from wing primordia, as in many holometabolous

species that evaginate in a very early prepupal stage. The longi-

tudinal veins are first formed similarly in the forewing and

hindwing, and then the distinctive patterns of crossveins in

the forewing and hindwing are established [37].

Dpp/BMP signalling plays a critical role in sawfly venation,

as demonstrated that the accumulation of phosphorylated

Mother against dpp (pMad), a transcription factor that med-

iates Dpp/BMP signalling, is detected in future vein regions,

and knockdown of the sawfly dpp gene transcript results in inhi-

bition of localized accumulation of pMad, leading to disruption

of vein formation. Intriguingly, the sawfly dpp gene is expressed

ubiquitously in the prepupal wings, unlike the expression pat-

tern of Drosophila dpp, which is restricted to longitudinal veins.
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The sawfly Tsg/Cv, a homologue of BMP-binding protein, is

capable of binding Dpp in vivo and in vitro and functions as

the transporter of Dpp. The sawfly Tsg/Cv is required for for-

mation of both longitudinal veins and crossveins as loss of

the tsg/cv transcript affects all wing veins. In the case of

the sawfly, ubiquitous Dpp is probably redistributed by the

Tsg/Cv transporter to localize Dpp/BMP ligand precisely in

future vein regions (both longitudinal veins and crossveins) to

establish complicated venation patterns (figures 3c and 4).

These data challenge the view that the patterns of longitudinal

veins are defined primarily by genes that are targets of morpho-

gen gradients. Rather, the transport mechanism of BMP ligands

may play a primary role in wing vein patterning in general in

insects. Other cofactors involved in Dpp transport; e.g. Sog,

Tld, remain to be identified in sawfly. Functional analysis

and expression of these components in wing development

would promote our knowledge for the mechanism involved.

Involvement of the transport mechanism in specifying wing

venation in basal (Hymenoptera) and derived (Diptera) species

also suggests that the mechanism is used among Holometabola

at least.
Dpp protein

Figure 4. The Dpp transport mechanism is key for sawfly vein development.
Dpp produced by ubiquitously expressed transcripts in both fore- and hindw-
ing (top) is moved by the facilitated transport directed by the prepattern
information (middle) and redistributed to the positions that reflect distinctive
adult fore- and hindwing vein patterns (bottom).
5. Insights into diversified wing venation
among insects

Evolutionarily conserved signalling pathways are repeate-

dly used in a variety of developmental contexts as genetic

toolkits. Nevertheless, the shape, size and pattern of homolo-

gous organs vary even among closely related species. How

conserved signalling systems give rise to diversified morpho-

logies is a fundamental question in biology. Insect wings that

arose once in the insect lineage and diversified markedly to

acquire specific functions, are excellent resources for studying

diversified morphogenesis. Although the molecular mechan-

isms of wing vein development have been relatively well

studied in Drosophila, it has been argued that development

of Drosophila is highly derived and different from that of

other insects in many cases. In many holometabolans, wing
development is initiated by evagination of the primordia in

the last larval stage or later [70]. Therefore, conditions in Droso-
phila development do not always represent characteristics of

insects and how the mechanisms found in Drosophila are

widely used for wing vein patterning among insects remains

to be addressed. Recent observations in Drosophila and the
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sawfly Athalia provide novel insights into evolutionary con-

served mechanisms underlying diversified wing venation

among insects. First, Dpp/BMP signalling appears to have a

conserved role in wing vein development among insects.

Dpp/BMP signal reflects wing vein patterns in both Drosophila
and the sawfly during pupal stages. Functional analysis of dpp
suggests that Dpp/BMP signalling is required for wing vena-

tion not only in Drosophila but also in the sawfly [37,45].

These experimental data suggest that Dpp/BMP signalling

may have a conserved instructive role in wing vein develop-

ment among insects. Second, transcriptional regulation of dpp
expression during wing vein development may not provide

spatial information about wing vein patterns. In Drosophila,

dpp expression is tightly restricted to the primordia of the longi-

tudinal veins during early pupal stages. A cis-regulatory

domain called the shortvein (shv) region is responsible for dpp
expression in the pupal wing [71,72]. The dpp expression pro-

vides spatial information about longitudinal veins in

Drosophila. By contrast, dpp is ubiquitously expressed in the

sawfly wing; thus, transcription of dpp for wing venation is

regulated temporally but not spatially [37]. In coleopteran T.
castaneum, dpp is expressed only at the distal tips of the hindw-

ing, which shows relatively simple vein patterns [10]. These

findings suggest that transcription of dpp does not always pro-

vide spatial information about wing venation even though the

Dpp/BMP signal may play a conserved role in wing vein devel-

opment among insects. How the cis-regulatory domain in the

dpp has been changed and its spatial information has been

acquired in wing vein development during evolution remain

to be addressed. As Dpp/BMP is a key player in many develop-

ing tissues, repeated changes in dpp expression seem more likely
to interfere with existing Dpp/BMP functions and lead to

severe developmental defects.

Therefore, the option of altering Dpp/BMP distribution

appears to be less intrusive to adapt to changes in the environ-

ment. Although we have to wait for functional analysis in some

winged insects, directional transport of Dpp/BMP by BMP-

binding proteins may be primarily responsible for redistributing

ligands. What is the key mechanism for producing diverse wing

vein patterns? Experimental evidence in Drosophila suggests that

prepatterned information instructing the direction of ligand

transport is crucial for the position of wing veins through altering

Dpp/BMP distribution. Although our understanding of prepat-

tern factors is far from complete, spatial control of prepattern

factors might be a tool to modify the distribution of signalling

molecules. As the deep homology of the Dpp/BMP transport

mechanism has been proposed during embryogenesis, the

gene sets of the transport mechanism might have been

co-opted to wing vein development in primary insects.

To explain how diversity among species is produced by

conserved systems, it has been proposed that changes in the

gene regulatory network are a major source of novelty [73].

By contrast, less is known about how post-transcriptional

mechanisms bring about morphological variations. Further

studies of winged insects will provide further insights into

how post-transcriptional regulation of secreted growth factors

provides the mechanism by which a conserved signalling

pathway can generate morphological diversity.
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