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Progress in Research of Insect orthodenticle Gene®

ZHAO Yang, HE Zhengbo™, CHEN Bin & SI Fengling
(Institute of Entomology and Molecular Biology, Chongqing Engineering Research Center of Bioactive Substances, Chongqing Key Laboratory of Animal Biology,

College of Life Sciences, Chongqing Normal University, Chongqing 400047, China)
Abstract The embryogenesis of insect is controlled by a series of genes, which are turned on or off according to a precise
time and spatial sequence to regulate the growth and differentiation of embryonic cells. Among these genes, orthodenticle
(otd) is a gap gene which encodesa homeobox transcription factor and plays a key role in embryogenesis of insect. In some
insects without bicoid gene, otd partially substitutes for bicoid function and establishes the polarity of anterior-posterior axis in
early embryogenesis. In the cephalic segmentation in insects, the pair-rule genes do not play function, but gap genes, like ozd,
directly activate the expression of segment polarity genes. Furthermore, otd gene also involves in the process of developments
of eyes and nervous system. otd possibly originates from those genes that regulate the photoreception, brain development and
circadian rhythms in metazoan organisms, and then gradually differentiates with the phylogenetic evolution of insects, so
the function of otd shows diversities in different insect groups. In this paper, the otd gene is reviewed, including its structure,

function and evolution. Fig 1, Ref 62
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vis) " BEH 41 ( Danio rerio) ">, 7 i £t (Oryzias latipes) .

LR XY (Gallus gallus) M9 K@ ERIEIN (Strongylocentrotus
purpuratus) V5 642250 34y, FH AR 2 3 PR HUZ
VL& Totd/otx BN . otd/otx B NAES YR G HT G ek L 1Ry
TE I AL FIPE 28 R G0 K B A5 5 R 45 HZAEAR S 7 A& 3¢
W Hord 55 R 25 1) . ) g it Ak 55 O Tl A BT 9% 3 J8 64T

1 B Hotd 451

MR R b ord N T XYL (AR Y TRI~8ASIX IS, £ & A 44 Fh
T3 T, mRNA4 K3 809 bp, JFilt i AE (ORF)
{31 F645~2 793 bpZ [, 4% X Il M &7 K =5 CAG/ATH & ¥
35 otd @ IEFR T A — A~ B 601~ 5 5 iR 21 L 11 [ U 57 U 45
¥4, (Homeodomain) , Spaired. gshBSH4 M gsbBSHg KA
FWR 5 K38 37 ) 0 B 5 ) U5 S TR0 45 R 31 565 50
A G LR N DA i 2 W 45 G 7 5 (KS0) |, S5~ 2 SE R 17
FAL BB 45 R, Sotd—HRE, bicoiddk NAW 4t — 4~ &
K5O [ U5 5 8 45 44) $ul, (14 5 S 5, BB WG ord Ml bicoid B A AHA
PEIDNAZE & Fe ks,

AU Hotd B W RIRFE A : otdIFotd2. otd] mRNA
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211 959 bp, ORF{i.T125~1 240 bpZ [ii]; otd2 ) mRNAJF 5
41 708 bp, ORF{F223~1 128 bpZ Ifi]; otdl5 M b
otdW [FNEYER R, otd2 5B HES W 1 orx RN RPERL 7. XTotdl
Flotd2/Z IETR T 5 BT R W, otdIFlotd2#5 %A — 1~ H 60
A G TR AL R R S T S5 A 35, FE otd 11 55 5067 5 Ak Al
R R AR R 45 A A otd 24 B B SR R I A b S A
SSIWSPASIFI PR SF &5 13, 5 B HESh W) ox i PR SF 25 ¥4 381 17
G| — 5160, T A 0 4 4/ N ord B A WA TEIVR JE X . otd IRl otd2.
otd]l mRNAZK:1 138 bp, ORF{ii T-1~1 008 bpZ [a], 574l
B EE W otd 1L KT BV AH AR (17%) , T R 06 0 4 4 /N0
otd2(mRNAJT- 51 i A i 16 81,

2 otdENTER WA B T DIHE

e O — 2 AG B & B B — 1> 2 4 ) R 52— R 5
LR R 4, X b B R TE & i A, R [E] L 2S A0 I
ok oG AT, KRG A0 G AR K AL AT IR . otd 2R IR &
BHCEER N Z—, SR AR IREB 8 % R TIE K IR
VIR R G R T 5H K.
2.1 otdBEFE SHEBRE R HI1ER

A J5 il ( Anterioposterior axis, A-Pill) FYIE Rl 2 B d IR
Jit A B R R T R O R Y 22— 0021 B B U I D b Y
W R D BB P Ay R PR e 22231, HLr PR S IE 3 R R
J B[R] IR AE 3 R bicoidde 52 T 1T #B 2 Ge itk I TE .24, bicoid
mRNATE 5% 40 M % 5%, SR )5 38 3 i 5 (8] B 5 42 21 o0 R
AN B AT IX, 32 K5 5 bicoid FF R B, T& A FH 1T 1 5 14 ¥R
FERG R, AR & T O TR AL 4 E 1 Bicoid & 111
W BERS), bicoid ) 58 A8 T 3R i i 2k Sk MG #S , 8 /R 76 1T Ui

A
Dvosophila wild type

Drosophila ord mutant
Drosophila mat+zyg kb mutant

Dvasophila bod mutant
Nagonia wild tvne
Nasonia otd ] nRN AL
Nasonia ht pRNAI
Nasonia otd]+hb pRNAI
C Tribolivm wild type
Tribolium otd! pRNAI

Tribedium kb pRNAI

Tribolium otad ] +hb pRNAI

A5 W 1B 4 1) o 2 M AR, IR bicoidE JAE W R AR iR &
BB ETEEEN, Hbicoid ) 218 dE Ak 1 2 v g it B
W, R mER R A, e R AU bicoid ¥ IR %L
(R 2629 JRAAE A bicoid PR HUHL, IR iR 0 2 0 & F A =X
SEUAIE e 7 B R s A% 2 53 T A 2 i 5 4 22 B
TEWA bicoidW B ML, otdB X T bicoid PB4 DI RER 30, £
bicoid5< 75 11 HAJE R rh, S 8 10 A T 3L R hunchbackg
853 0 B AR B IR AL, (RN GESE TS ST BT R, L
W hunchback WA 357 bicoidfF) T fg 3032331,

PRNE IR ord AF Bicoid £ 111 T Y OIS T 2R 36, i 7 B
TR s T IR R E R, RG220
BRGS0 A 3 B E T R R, AN RV B i otd 1]
DR 42 3508 43 TR s 356 PR 7 A 1k i PRI 11 3 TR 0439, B 25 T i
WRETE I, otd3% ik M SkFR I IR Sk X 72 i ] 89 1L, FFIT 4R 1
I LA R ) P 4 DX I e 3R 0371, PRI SR W otz AR AR
TR A 1155 B 2 0837 REAR & T hunchback3E R B 58 48 ffi
SUHR R R ~20 T A TR B, IR TR AT/ABPIAN IR Y A
A A B8, X R W PRIE S M otd Al hunchback3 R 58 78 B 52 1)
AT 5 bicoid 978 R AT AL (FE1-A) .

NS Eotd I R BEAIE, BEAK ord 1) mRNAA] 53
AEONN. B 5 PR HIRT, IR BGTTH 0 otd IFT Ui 3R 3811 J5 # otd 1
S DA R TR AR, TR B T 1 i A v AR B2 9. Schroder 4§
Fiparental RNAi (pRNAI) J5 il ord IFEFI 3235, %A
S ER (FE1-C) B, X 5 R b bicoid % [ 55 58 48 4 A 29—
. (R AR B i otd I hunchback, Sk . 19 R385 2
THECARREIE K (EI1-C) , X Fh R 85 B R Wi bicoid 5t 42 %
AR 26 RUAR AR L ([&11-A) 2439 5B otd IR hunchbacktE 77

K1 D. melanogaster. N. vitripennisFIT. castaneum{FJotd M hb3k F T i LU 45
Fig. 1 Comparison of otd and hb gene functions in D. melanogaster, N. vitripennis and T. castaneum
hb: hunchback; otd: orthodenticle; bed: bicoid; Lr: Labral; Oc: Ocular; Ic: Intercalary; Mx: Maxillary; Md: Mandibular; Lb: Labial; T1~T3: Thoracic 1~3;

A1~A10: Abdominal segments 1~10.

A: Fiord, hbFbicoid R 5 AN ; B: Nasonia otd, hbHotd/hbI3EFpRNAKE L, C: Tribolium otd . hbFlotd/hbFE P pRN A
A: Comparison of Drosophila otd, hb and bcd gene mutant in phenotypes; B: Comparison of Nasonia otd and hb pRNAIi phenotypes; C: Comparison of

Tribolium otd and hb pRNAI phenotypes
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BHARER T bicoid kIR FY Dy HE R+ 3,

T W A A AN TR IR IR R RS R SR T
otd IT AR L 52 ™ 40, 5 RIS AR 2R otd] mRNASY
S0 A T T O O A /N B ) WSS A, 2RSS, otd TR
IR I L R G A WOV 43 008 BRI IS T S W B B i
HB A Otd 2 11 LAV i A6 AR A 1) 0 T T S AR R AT A 3
ik, Wempty spiracles. giantFflhunchback. pRNAif il otd 111y
Pk, AT A LE NI LIRS A Bk (E1-B) , [ flHil otd ]
Hhunchback®) 221k, 3k B FITLASRTH A BE 15 423 % 2k,
b B Al 10 otd 1R hunchback 22 R () i 2™ 8 ([F1-B) ,
Ut BH otd IF hunchbackE 1 1 40 4E 4 /N rh A0 T bicoidiy
:[j]ﬁg[&é‘o].

2.2 otdBEE5LESTS

F HU S AR Pl T S R A i, TSk 0 15 Sk iy i R
FATAE, ST AL RS BT R ST R T R . ) A R
WR R 2B Bt 57 e B S 5 55005 43 1 P LB — ., i
TSR SR — AR B 23 HLBLES 4~ M D b K 14 431
prs i puR e 5SS S IO A SN I N 1 Y P R
PRI P19 B0 8 4 52 R A 12 171, - A 356 DR R i) i 3 PRI 7y 3 38
() B3 356 R 0 o JU 6 00 2 1 T LA TR A X3, [ Bt 358 PR
TR T Ui 0 45 SE TR 2 58, R i ) 0 1 B A A 1) XK, 3
FEAE FE 7R T IR IR R A . S SR 2847, HiE R
O I R E R A AR BR BOE. (A2 TR Sk R
R, X 4 BE MR AS AR A, BRIk Dt Sk 31 o 2l (] i
PRI 5 B 451, 3k (1 (] B 35 PRl 2 B 4 otd . empty spiracles .
buttonheadsloppy paired=5, X $6 0] Bk PR 2 78 ISk X 3 4
FERIRMA TIER, I B B AR AR P S R (1 3 ke 40471,

PR SR Sk R BT K R A bicoid/ERI T, @i
PG R B L R R 23K, U otd. empty spiracles. buttonhead
Flisloppy paired 5 HEH, WATT IR JE S AT TR J 2 34-44. 46,481,
Gao%§ Hotd’% s s A 5 129 7.6 kb Be R JG 2l T g flf
lacZAR i Hk PR 7 DR 2R g R JI6 Sk A st ik rh 32 i, P 29186
bp) BE & A Bicoid 45 5 AL s, IEW] Totd Abicoidft HEFEA
ISR AT A 5 B6- 4950, Bicoid 5 #E 3L K A 3 T 2= Mg
TR 55 P E T L R ) R FR BE 52, i T bicoid E FR BRI
I & T8 7K =, DAL I 7 Sk 30 D B vp 2R 3k 1 S R N i & A IR
Bicoidz# M1 i) 8l 1144, Gao s ik 52 B 5L 48 o i1 34T 1
TSk P54 5 118 T #8075 B2 5 V4 % 1) Bicoid, T HLotd £ S
[#) 22 3K Bk 32 bicoid FE R W VR #5241, I8 32 taillessFl huckebeinFk
A I 0,

BE R W ord AL I, LT RN fish 1 7T S TSk A YT Gk
KRBTSR TRNAGTT I 400 il AR F0LA i 1) S 950 ) B (M oedl 1
empty spiraclesFlbuttonhead?5 J A3 15, buttonhead T
P )5 % S 3B R R B WK, T otd 140 )5 Al 4 Ak
HB (AL G T S AR ) 25 200 331, T Wi i 4 4 /N e i Otd B
T LAl J3E Aefs B 40 8 1) T 2 R T A S I 1 R 35, Wlempty
spiracles. giantfhunchback?:, pRNA i otd 1% 5 AL TT
AP S AT A AR 1 401,

otd X UL E B R IXIEE - E &0 E 8, &
AR S R do, SR SR AR R AL A —FE. B, XF

otd 5 B W3 FRART (TR WA SR B T BRI L L SRS R
RO 0 B <5/ N e A /DB L AR RS oL PR, i — 2D LU O[]
A AN [F]HE A AT IE R B AR AR B HLord (1 3R 355 RN
e, X TR B AR I8l S H A B A i

23 oldERERBMELE

Ukl 25 R 88 (CNS) J2 F i A pf 2 ALk,
T — R AR IR G A I JZ 20 B P Rl b 22 40 B & N
At 545 ord %} B AU IR SR SMIR R 1 kB R A AN, 1
Wlotd5 CNSHTE I 43 A AT G453,

HHT, otdXf B BUM 4 R 40 & & MRF 5T £ 2 R 7E R R
W, Amelia%s & Blotd 78 )5 i FlUS i 2 3k 5 BRotd s, A
LB 1 S 0 D) I e DR R — AT B PR B P 5 CNSIY R B Al
B KR, Witailless. empty spiracles. buttonhead?s# . Chang
SR B CNSH IR 4r FE I R 6 R« singleminded—
rhomboid. S (spi/Egfr) . spitz— Draf — pointed— otd, [F]i
pointed —argos, H:FargosiB BEM il otd ¥ 3 35, Wt —HF
S T otdRETECNS Y e X 38 I &8 ) 43 22 S0 )2 20 it vh 3
RS0 5 gk % MR R MR otd 5 AR R A 5T, K B otd 575 1A
ISR AR LR e, 5 CNSHYRR E Bl 28 T I k%
(] B 5 SO/ INIR TE VR TR e, 2 3T NG 0% R I ph 8 R
ok, HotdiB 21k (Overexpression) #EF7 1814 ¥R % ( Genetic
rescue) , AE % {5 25 A JU I 1) A RN ot 22 R 1 38— 7
EE/‘JIV}'{E[Z,Q}&S&SN.

24 otdBRSERAMRRE

Vandendries% W 5% A& H2E 15 SR Wi o rdl 1) 58 78 1R 1 81
B 43 HA R A e O, HL B TR Y Bk K IR 5 o rd 1 0 5 A5 B

(Hypomorphic allele) ocellilessA )& 123557, Ha g 5L i i, HL Y
SR 1R 298004~ /INHR 20 B, B A>/N B h 204 248 i 4 1, 2
FE8A MR Z AR, 0 IRI~RS; Mo RI~SROMEAT (F5 4K
ST MR BT SR I LA P R 2T 4 ) MR — AN Y, 1
AN PUIATE Hl 2 FHRTFARSHY AL, Rt /INIR S8 32 45 FR P 08
SrE N (1) HRI~ROT LA ABAS A8, 2H R i 28 i 1) 358 4
M, DRE R ZEE ARG Bhs (2) HRTFIRSH LN L5 44,
UIRESE A BEAR RO B(, FF H R7FIRSBAEML /31 76 40 M A I,
1E30% (AL BE AT UV-rh3 (FERTHY) Fiblue-rh5 (TER8HT) ,
T0%M FL I I H A U V-rhd (FER7R) Fligreen-rh6 (fER8H) ,
R 10 158 5 ot 14) 2 38 7 S — R 9 e BEE R ST 19 [ 9 DX SR 455 o

(Homeodomain binding sites) , OTD & [ 5 BE % 18 1<t H: [ I
BRSSO TR R /NIR A 0 rn3 A RS R 35, IR TE AT X
S A7 A A T A1 ) DI SR SZ % e R 61 e 3R 50, i Hootd
X IRRAZ 25 (14 J5 101 53 A 38 R 2 DG B AR P 581,

3 B Hord Ky iE{L

& otd T HES) W) o ox A 42 AR 1 & 7 3o 7 B A AR
PE, BN ord5 B HURY B AR | ARSI A, R I A p
LRGRE A KO, o 5HHES I TR ZE AL A5 HI
P28 T A ML Y 43 A A B GBI ord Floex IR, TE R 29642
~8ACAEHT, BEATE TS A3 itz . ik 8 eI
8 R PR e A P B, B P b R Lo d R HE
¥ otx6,
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RanadeZ X} K fR 7 (Long-germ) A% iR 47 (Short-
germ) B BUETE F AR5 i R B, AAPRACAERT, A XU#
H B s i A ok e g A 4 /e (M) TR E ) |, B3R
i S e T RS L L, (Hord 46 P IR & I R ke
PRI TR0, P SR 6 P ord @ 1 AT B L R, T g 0 4 4
INEE R ot d B T REAAR RN LR s 53 Ak, AR R ORI ¥
Fotd W JE T BRAARZON L H . B B AR b4, P2
ord Wy [AlIE KL K, DB & A A0 N A8 4L, T — 1 ord B
G 101-621; M L od 5% A5 T 5 W A TR 2 ) A 617> Jk PRI iy 3
kS, HASRE ARG RE A, Hh371EERE
BT, 244 B F A B 1A, A 194 (2471/3) B
PRAF T 5 5 ord Rl IE 5, 33X 26 B PR R AL 5 5 ord e SRR TR
DS AL AL BB, KN L kb, BB #iEA I RE T
SReton, B L LGS SR 0 ord RAF KA R R R ik 2 k5
IR B ST S AR L,

4 W5

otdjE B HUEF I — N H Z I RE RN, EAEIEH H
QU z Aok, JUHOEAE B R R A A R ). H AT, R
otd 3 KA M T REBT TS B NI A 19 L X3 H L BTG
FI Y PRI SR ISR 1 T o A <6 /) e 0 32 ) A 40
A HS, M E R Hlord 2k R T RE M R BEIE. 7ECLWFFE AR
T, ordfyFR KB INREI R I —E i 2 5. Pk, ik —
LT F G KT ML A R B R 8 otd B [N, R T otd 2 K A

L IR R i AR A S R
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