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Visual System and Opsin in Insect
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(1. Yangtze University, Jingzhou 434025, China; 2. State Key Laboratory for Biology of Plant Diseases and Insect Pests/Institute of
Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: Insects have a well-developed and sensitive visual system, and opsin is a basic component of animal
vision, and its structure largely determines the sensitivity of visual pigments to light of different wavelengths. The
duplication and differentiation of opsin genes are the main mechanisms for the production of new light pigment
sensitivity. Throughout the evolution of animals, many instances of opsin gene duplication and loss have occurred,
forming the sensitivity of the various animal visual systems we observe today. In recent years, extensive and
in-depth research has been carried out on visual proteins. This article describes the types of photoreceptors, the color
vision system of insects, the classification of visual proteins, the phenomenon of co-expression of visual proteins,
the duplication and deletion of visual protein genes, and the mechanism and research status of the physiological
functions of visual proteins.

Key words: photoreceptor; opsin; vision system; molecular evolution
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Fig.1 Schematic representation of photoreceptor anatomy for the butterfly Pieris rapae, the hawkmoth Deilephila elpenor, the beetle

Rynchophorus ferrugineus, and the honeybee Apis mellifera™
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Fig. 2 Spectral sensitivity of insect photoreceptors and the typical number of photoreceptors (right side)!"!
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e OGN (Re) BEN, WORIGECZ AN . Je2klid folR & (corenea) b N JFBE AN DG SZ 2% MM SOVL LURAR S 20 0, W58 40
I3 F ISR AL P B R AT (R AL S AL (M %) IR AR IR T 5 =24k G & H (Ga @) WIRUE, &E AWIEBEIRE C (PLCP)
JEAK A% PIP2 HEA InsP3 FIMELS A 1f) DAG. X 1% T8 TRP M TRPL S50E (T, i 530 Ca® 7M1 Na' i FIUE N . SRS UE— DA 35
fi e

Note: After light enters the retina, a photon triggers the isomerization of retinal within the rhodopsin molecule, which leads to the conformational change of
rhodopsin (R) to metarhodopsin (M*). This triggers the activation of a heterotrimeric G-protein (Ga q) that activates the phospholipase C f (PLCP) and
hydrolyses PIP2 into InsP3 and the membrane-bound DAG. This ultimately leads to the opening of TRP and TRPL channels, which leads to the entrance of
Ca” ions and Na” ions. Then the visual information is processed further.

3 RgkSTEE"

Fig.3 Schematic diagram of Drosophila phototransduction

Re

Colour

Motion

i PEEAHT R7 R RS DLIEZ AT RIEHE (Me) , JFHIESHEN . WiRBiiM4 st Dm8 MZMMLIC Tms #i2 R7 ME K Fif. R1I~R6 JLEKRZ
PRI (La) b, RS HEIRN. FARMLIE L1~L3 W RI~R6 #Z2UUE &, A5 RAE] Tm9 2548 medulla #1285, Tm9 XS]/t (Lod
AVNHAR (LoP) HRIZ Z) UK T4 il T5 #2875,

Note: Diagram of the two parallel pathways in Drosophila vision from the retina (Re) to the optic lobe. The inner R7 and R8 photoreceptors project to the
medulla (Me) and are mostly involved in color vision. Both the distal medula neuron Dm8 and the transmedulla neuron TmS5 are downstream of the R7 pathway.
R1—R6 photoreceptors project to the lamina (La) are mostly involved in motion detection. The lamina neurones L1—L3 receive information from R1 —R6 and
then synapse to the transmedulla neurones like Tm9, which in turn synapse to the motion-sensitive T4 and T5 neurones in the lobula (Lo) and lobula plate
(LoP).

4 R|\BUSKPFAAMEE (Re) B HAENSFITREHTEE""

Fig. 4 Color vision and motion vision are two nearly independent pathways in Drosophila vision'"!
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4 MEABEREINR
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wild type

yellow pale
5 RIBESIRA ommatidia TE (HEMNER) HREES

Fig. 5 Schematic diagram of the two ommatidia subtypes (yellow and pale) of the Drosophila compound eye'!

Rh3 Rh4
A: R7 K, EMEMIX 4 R7 &4 Rh3 o Rh4; 5 R7 AMI{ 54 Rh3, 5 Rh3 i Rhd (HEEZARIC) R7 level, in the ventral area, R7 only contains Rh3
or Rh4. Dorsal R7 cells only contain Rh3, or Rh3 plus Rh4 (marked with a dashed line)

B: "X EIGEAIRLE . K2 HS 0 yR7 41331k Rh3 A1 Rhd, T lE00 yR7 40110 %% RhaP Detailed view of the mid-dorsal region. The most dorsal
[78]

yR7 cells co-express Rh3 and Rh4, while more ventral yR7 cells only express Rh4
6 RIBLHARPEY RT AL FRIE rh3 F rhd (A F1B) BT BEREIKFYI R FMK Rh3 (FE) MR (L8 , ENETED
Fig. 6 R7 cells in the dorsal eye of Drosophila co-expressing rh3 and rh4 (A and B) were stained into Rh3 (cyan) and Rh4 (red) by optical

sections of the control eye, back side to top
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I T4 o 52 B0 [R5 WA A 25 X LR (1 SR BOAR IR e B, B4 MBS R ST 5,

S DR B AT LA 2R BAT BT I AR D) 2 S Re I FE IR, S AR A N PR () — A S ) b R0 R EE R ok
U, AP REM AR (1) 6T DNA M6, HEZ4] DNA FIERIRR, M4 5 o all i & 7T
RSl (2) F&F RNA (], mRNA FIVERR (FRMISRE SRR, nIAEBD & P4 R Ao,
EARMEE, Foold LW M UV HEH, SRR RgMhZfl, wisd ., sHE . A, i
S R ELRH {070, i H R EAE LW MR A DNA R RNA #1770, 485 Apolygus lucorum
Meyer-Diir /EREAREFE A4 T LW WA A B B MLE AR W& TR, LW i B S & 5L T DNA
ST,
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FERBE ERAT A% . BRI LW ML FIEEAEE T DNA IR HE, LW A LW2 240 Tomaife ik £
T3, UL SCHAE [A] SO 2 [RITR LE A (dn/ds) ORAITR . XSS EE AR 7 IR A1 I ik ker, IR T3
HALEE PRI ThRErE LW MR Al 5T DNA 13T, B MEA EK. HATXLes 1A )
TEATIEEXLE AR (B 7D .

(A) (B)

Gene duplication Sequence divergence
——
— - - N
(© - (D) . .

Pseudogenization Expression divergence

I

<

]
I

E Gene conversion
—-——
—

A: FERIS B4 B LA A 2K R Gene duplication creates new opsin genes; B: J741 & B A8 ¥ 1457 Sequence divergence changes opsin properties;
C: RFERLL 2 B2 g ML 3 [H] Pseudogenization removes functional opsin genes; D: 11528 {1k it 45 W 8 (4 5L R 3% Regulatory changes modify opsin
gene expression; E: #fi 43 FE R FE40 7 4 B (1) 5848 41 &5 Partial gene conversion creates new mutation combinations

B7 NEEERFECE™

Fig. 7 Evolution of opsin gene
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FILLAE 2 AR TGRS o B AT BN B 68 HH A [R5 28 28 1) RS2 4 2 TR AR BAE YOS o St 2 AR B AR
Wi, T CA) AR R ANE RIS ) FILT (2 A IR BAT A ST RS e S RBUR 2 1 48 8 Mo 3 A8 Ak T
FH T VA 6 i B 245 48 Ak (1 S B 2 5000, SR LR AT 3 e 0 i AP0, LB AT N B2 AR R R A
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