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Hox genes and insect wing modification
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Abstract Since 1978 characterization of the homeotic bithorax mutations of Drosophila has led E.B. Lewis
to presage the growth of work on comparative developmental genetics which focuses mainly on Hox genes and
afterward greatly adds to our understanding of the genetic basis of morphological evolution. Here we reviewed
the latest progress in the origin of insect wing and work on developmental genetics underlying wing
modification. According to fossil records primary insects bear appendages including wings on all thoracic
and abdominal segments while modern insects evolve to bear only two pairs of wings on T2 and T3 due to
Hox suppression to wing development in other segments. Of the ten arthropod Hox genes known Ubx has
hindwing identity and regulates its targets to make the fore- and hind-wing different in morphology. We
especially compared Hox expression pattern of insects with most modified wings in three orders Coleoptera
forewing to elytra ~ Diptera hindwing to haltere and Strepsiptera forewing to haltere . Recent studies
show that function of Ubx in beetle hindwings represents a previously unknown mode of wing diversification in
insects. However more study on Strepsiptera is necessary.
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1 David and Kaufman 2005
Fig. 1 Some of the wing modifications of insects and the phylogeny After David and Kaufman 2005
Wheeler 2001 . . Insecta Pterygota Palaeoptera
Neoptera Holometabola Halteria Zygentoma Palaeodictyoptera Ephemeroptera
Orthoptera Heteroptera Coleoptera Diptera Strepsiptera. PL Paranotal lobe FW
Forewing HW Hindwing NF Nymphal forewing NH Nymphal hindwing FP Forewing pad HP
Hindwing pad T Tegmina EE Elytra HE Hemelytra HA Haltere G Gills.
2.2 Hox
Hox
Hox
2 the second thoracic segment T2 3
the third thoracic segment T3 Gompel et al. 2005
1 the first thoracic segment TI1 1~9
the first to ninth abdominal segment A 1~9
Hox A/P Anterior/Posterior
Kukalové-Peck
1983 David and Kaufman 2005 Hox Anp-C  BX-C
3 2 1 A/P Anip-C lab labial pb proboscipedia
Kukalova-Peck 1983 Carroll Dfd Deformed  Scr Sex combs reduced Antp

1995 Hox Antennapedia  BX-C Ubx Ulirabithorax — abd-A
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abdominal-A Abd-B Abdominal-B
lab pb David and Kaufman 2005
Ubx T3 T3
Dfd Ser Morata 2001 Ubx
Levine 2002  Warren 1994
Hox Antp Prects coenia
Ubx Precis coenia Ubx
hingwing disc T3
abd-A forewing disc T2
Abd-B Hughes and Kaufman
2002 Ubx
Hox Antp Weatherbee et al. 1999 T3
Hox haltere disc Ubx
Ser Tl Precis coenia
Lewis 1978 Morata 2001 T2
Thermobia
Porcellio scaber Weatherbee et al. 1999  Precis coenia
Hox Ubx  abd-A Ubx
abd-A
snail abd-A Ubx
Carroll et al. 1995 Prects coenia
Oncopeltus fasciatus abd-A Weatherbee et al. 1999
T3 Ubx Tomoyasu et al .
pigmentation abd-A 2005 Ubx
Angelini et al. 2005
RNAI Ubx  abd-A T2 - 2.3
A8 10 20 elytron disc
Tomoyasu et al. 2005 3
T2 T3
Tomoyasu et al . 1
2005
1
Table 1 Comparison of most modified wings in three orders
Hox input
Groups Wing modification ME MW Ground-plan*
Drosophila HW-HA Hox-free T2 Ubx T3 FW-ME
Strepsiptera FW-HA 3 ™ FW-HA
Tribolium FW-EE Ubx T3 Hox-free T2 FW-EE
x Ground-plan of wing see the following text. ME Membranous wing MW Modified wing 1 See Fig. 1

for other abbreviations. HW-HA
Unknown.

2.3.1

Meaning hindwing modifies to haltere and the rest may be deduced by analogy *

Ubx
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