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Identification of insect brain neuropils aided with the application of 3D

printer technology
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ZHAO Xin-Cheng" ( College of Plant Protection, Henan Agricultural University, Zhengzhou 450002,
China)

Abstract: [ Aim] This study aims to identify the neuropil structure of the brain of male adult of Heliothis
virescens, to reconstruct and print the three-dimensional brain models, and to use the established 3D
printing protocol to print the brain models of Drosophila melanogaster, Apis mellifera and Schistocerca
gregaria. [ Methods] Immunohistochemical staining with a synaptic protein antibody was used to label the
neuropil structures of H. wvirescens brain. The brain images were obtained by using a confocal laser
scanning microscope, and the three-dimensional brain models were created by using imaging software and
printed by using a 3D printer. [ Results] The brain of male adult of H. wvirescens and its main neuropils
including gnathal ganglion, antennal lobes, optic lobes, anterior optic tubercle, central body, and
mushroom bodies were identified, and the digitalized three-dimensional brain models were created. For
the first time, the three-dimensional brain models of male adult of H. virescens were printed by using a 3D
printer and the digitalized models were transformed to the physical and solid models. Based on both

digital and printed brain models of H. virescens and other three insects (D. melanogaster, A. mellifera
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and S. gregaria) , the brain neuropils for the gustatory center, olfactory center, visual center, and the

center for memory and learning were compared between these insect species. [ Conclusion] The printed

brain models offer a new form of brain visualization. The physical and solid insect brain models can be

printed in desired size and be handled in hands for the visualization from any angles. The printed brain

models facilitate the identification of neuropils and their spatial relationships, and the comparison for the

equivalent structures in different insect species.

Key words: Insect; brain; neuropil; antennal lobe; optic lobe; mushroom body; gnathal ganglion;

three-dimensional model; 3D printing
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Fig. 1 Confocal images of the brain of male adult of Heliothis virescens and digitalized three-dimensional models
A =D WETEEASTE 3 B 10 I 2 735118 Confocal images of a brain at different depths from anterior to posterior; E — G JIij 5 5% fk = 4 f 7§Y
Digitalized three-dimensional brain models; E; [ETW Frontal view; F: J5 W Posterior view; G: 75 1M Dorsal view. AL: fili i’ Antennal lobe;
AOTU: Ri#L4575 Anterior optic tubercle; CA: #EIE/AJE Mushroom body calyx; CB: i #t{Ak Central body; ES: fri¥ Esophagus; GNG: it £
Gnathal ganglion; LO: #l/NH Lobula; LOB: ¥EJE{Anf Mushroom body lobe; LOP: #{/NiH#y Lobula plate; ME: #%& Medulla; PE. ¥ JE {&4H
Mushroom body pedunculus. J5{if Directions: a: Fij[i] Anterior; d: 5[] Dorsal; 1; fl[fj Lateral; p: Ji5[i] Posterior; v: H§ [ Ventral.
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Fig. 2 3D printed models of the brain structures of male adult of Heliothis virescens

A 3D FTER K IE W Frontal view of the 3D printed brain model; B: 3D FTE[Jfitj J5 1 Wi Posterior view of the 3D printed brain model; C; 3D $TEIEEJE
A TR Lateral view of the 3D printed mushroom body; D: 3D $TEREFE{ATS i WL Dorsal view of the 3D printed mushroom body; E: TEEH ¥ 3D T
E AR R ( JCA M) i 180 W Frontal view of a vertical section of the 3D printed brain model without optic lobes; F; I E ] 3D FTENiA &L ( TTMM) 5
T W Posterior view of a vertical section of the 3D printed brain model without optic lobes; G T E ] 3D FTEIRFR I (JCH M) #L 1 A vertical section
of the 3D printed brain model without optic lobes; H —J; AN[RIEEEE K1) 3D FTE[ i Y ( JoA ) #1f Horizontal sections of the 3D printed brain
model without optic lobes at different depths. AL: fili f ' Antennal lobe; AOTU: Hijfl4% 45 Anterior optic tubercle; CA: I {& 5 Mushroom body
calyx; CB: H14u{4& Central body; ES: 12i¥ Esophagus; GNG: 12 %5 Gnathal ganglion; LO: /N1 Lobula; LOB: ¥ {AMH Mushroom body lobe;
LOP; #/NHAR Lobula plate; ME: #if& Medulla; PE: ¥ {44 Mushroom body pedunculus.
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Table 1 Sizes of insect brain models
B Al = R 3D fTENRERY
B Digitalized three-dimensional model 3D printed model MO
Magnification
Inseet species Kum)  FiCum)  SGam)  Kem) FiCem)  Sem)
Length Height Width Length Height Width
WRZER Wk Heliothis virescens 1312 699 609 15.7 7.7 7.4 ~100
PR TR (2% ) Drosophila melanogaster (a half brain) 324 278 161 16.6 16.2 8.8 ~500
VG % W Apis mellifera 1 861 874 472 15.3 6.2 4.5 ~90
VOB Schistocerca gregaria 2 886 1225 699 14.5 6.3 3.5 ~50

2.3 ZEERWE. A EENEERNERR 3D FTED
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_DRMe

AOTU

C2 DRMe DRMe { B
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B SRAFSCAR RN [ % 1; BUFpiAl & 3 (AL, A2,
Bl, B2, C1, C2); SZARHRAIE 3( A3, A4, B3, B4,
C3, C4) ], ZHhE A SRy (il 7 A FL AN ]
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C4
L/ ME ‘\ ME
Mt o ‘\ME
\ 7N CA\
‘ ‘ ¥ O 9\,

'\AOTU

SN

I3 R P55 B MO B R A — 4EBURURN 3D $TE LR

Fig. 3 Digitalized three-dimensional and 3D printed brain models of Drosophila melanogaster,

Apts mellifera and Schistocerca gregaria

Al BRI SRR AL I A B R T W Frontal view of the digitalized three-dimensional brain model of D. melanogaster; A2 HJi b8 AL it R i
T W, Posterior view of the digitalized three-dimensional brain model of D. melanogaster; A3 MAJE Sk 3D F7 E[ i A5 % 57 i W Frontal view of the 3D
printed brain model of D. melanogaster; A4 . MJE Y 3D FTEN kiR A J5 1WA Posterior view of the 3D printed brain model of D. melanogaster; Bl ; P4
7 5 W B AL IS R 7 1 W Frontal view of the digitalized three-dimensional brain model of A. mellifera; B2 P4 J7 % 1 K 74k ik 45 B Ji= 1t S0
Posterior view of the digitalized three-dimensional brain model of A. mellifera; B3 ; V477 % % 3D FTE[ it %Y {7 i W Frontal view of the 3D printed brain
model of A. mellifera; B4 . Vi 5% W 3D FTEN iR J5 1 W Posterior view of the 3D printed brain model of A. mellifera; C1; ¥ BTk kAR A Hi
T W Frontal view of the digitalized three-dimensional brain model of S. gregaria; C2; ¥b 508 574k fxi#5 AU Ji5 i Wi Posterior view of the digitalized
three-dimensional brain model of S. gregaria; C3; YHiRME 3D T E[J i 5 %Y Fij 1 W Frontal view of the 3D printed brain model of S. gregaria; C4 . ¥hik
W2 3D FTENikiAE AU J5 18 WL Posterior view of the 3D printed brain model of S. gregaria. AL: filif "l Antennal lobe; AOTU: Hijf{ %57 Anterior optic
tubercle; CA: #IE{KTE Mushroom body calyx; CB: H14u{& Central body; DRMe: ¥ Z4LH& Dorsal rim area of the medulla; ES: i Esophagus;
GNG: it 447 Gnathal ganglion; LA. £ 15)2 Lamina; LO: /N Lobula; LOB: #EE{&n Mushroom body lobe; LOP: #fl/NH-# Lobula
plate; LOX: #/NH & A14 Lobula complex; ME: #i## Medulla; PE: /&A% Mushroom body pedunculus. J7{i Directions: a: Hij[f] Anterior; d:
1] Dorsal; 1. 1A Lateral; m: PY{ll] Medial; p: J5 ] Posterior; v: i Ventral.
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i, HEYA Bs#R v LATE 3D ATERHLH AT ER
o, 3 U XS FATT 1 B 2y RO ARRE HAT
BIFRIPE R

I 250 B P SR TR G e ) i R S A 2
SR A R T A A A SO 28 IR RS T
i1 R M 22 2% 1% i 2 ok (Kurylas et al., 2008) . E
H AR 2 A S R A R S5 2R H
DRI FAIL R v AN A o R s 229 (R Rl 5 5 7T e
PR B R TE L AN AR G o AR 2 1R T R R i Sy i i
KOG, RERAEEY, B ERA, B EEMEER
FREIN R BEIE BT RIS 2 T RS, PEr
LSRRIl e G e LN NN =27/ I oy
AR e Ay A R E A, B
TEHOHL, il BB A 28 3% FRAKC, Bk AN SR 28715 43 85
M 300 [ 4% E 0y SR 2% RO &)y o 35 i ML 2 1 2
407 s B M A0 A 2290t 03 B (U N U 5, 2014,
WSS, 2016a) o AR ZE T B HOM IR 58 A,
F 4% F SN ZRE N SR 2 RE AT R AR, 40l 4
WA ab BB ST SR TR A A B R 1 1E B
(Tyrer and Gregory et al., 1982 ; Rehder, 1989 ; Ito et
al., 2014 Tang et al., 2014) , AS[6) B B3 A9 S 48
TESFARRL, X n] RE 5 AN ] B LAY A BB 10
ABATARRA o ANad, AR A Y B S b 2
W oR LB E 4 b R AR AR A, BT AN R

A 250 SR SR | 7 7 e R /D T L ) fh £
I R 88 T A 45 5 5 i 45 4 22 ] U A7 A R 1Y
2250 MR B UK A RE A SR A, £ T Ak B
B HUB Ak A AR AR B CROBT A, 2015) o Il ZF
PRI R R B MR, 2 AR T 1 2 TR S B A
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BUNFIZF 87, T LA 2513 1 ik £ ARG OR
b E BB ) 16% , T BB IE SR 06 | 7 7 i
VDB LR 9% £eAi (Wei et al., 2010) , GlHH,
B fh f 0 B 2R AR Bk 1 LR YR ER B IK
K H R 1 AR 32 M 1 58 RS2 ph 280, BV ST
TAREZAR 1A EF LK™ R G 5 14 B AR L )
(Couto et al., 2005) , Fr LA/ 32 R P 5 fir £ -4
LRI B RN B RS . AN FZERE A A 1
SR B RS2 SRR R A BN 45 BT DA 2 247 4
EREVEE /MBS, LRI R 29 A 60 Fh =
PRAZAK,50 ZA 21 4E 3k, 1 79 7 i HA 163 1~F
Rz K, 160 43 A £ 4k B3k ( Galizia et al., 1999;
Laissue et al., 1999 ; Vosshall et al., 2000; Robertson
and Wanner, 2006 ) . MM 25 B Hfil £ 55 K&
(RPEAR B2 A2 AR, 6 I 9 70 A PE fih £ 1 A LA B
RGP 28 2T 2 3R 2 PEAS B = 80 (Berg et al.,
1998 ; Wang et al., 2011) , HE AN AR 25 75 866 1 fioh #3 f-
BAY R Z 20 4e K, 1 MEPE R BEA (Kvello et
al., 2009 ) . fH 2, W6 A0 fil Ff ik H A 1000 ~
3 000/ NEFHERR, T fil /1 HAT 140 AR ZZ 4K, 3 w]
FIE L P GE AL Sl £ P X8 AR 1) i A ML ) LA S 1
S5HAME 2 FTE 2 F (Ignell et al., 2001; Wang et
al., 2015) .

PRI Sy B e g g v K, 67 57 A RS RN Y
o6 B JEAR I B 555 B (Borst, 2009) o HHZFR
e | R SR TGy e R D T 1 S MR AR AR, A
N A AR AR . B S R A ey
JZ OLHE AN RO N AR S A 2 (H ] R
(A5 R 2H R AT 22 5, 0 25 1 gl R S A R i
ARSI T PG 7 28 08 0 0 15 W AT R/ i AR
£y A AN T R S S s R Bl YR P
(Borst, 2009 ) , {EH 275 i | PRI R i b P8 B 2,
(AL 55 P4 7 8 0 RN P A ) e AR 25 e, A ] 2
S, M ANTEAE o YOI B RN i 220 2 A 2H
(Kurylas et al., 2008 ) , 3 i W] et (1) 4050 475 S5 Ak 34
FIRETE N A2 % VDI E HA A R B 3T R )
PEo VBISALEER) N 5 i B R ok, ]k
MR RIROGAE S, ViE € 17 5T ( Homberg et
al., 2011) o KAESH Dineutus sublineatus 24 I F
PSR RISk T F T B S, el 43
S8 LT WSy, 52 IR 43 ZAE X (Lin and
Strausfeld, 2013)

BOEAR Ay B Ha il (927 2] thRix, F2 ORI 5 IRBE
R R S Sl SN A B R G e L TR 14

(Menzel, 2001) , BIARGAE IR AR A, 3
B SR N PR A Kenyon #2858 K 5 A [R] B it
DCBARIR R B8 A AR 22T . Kenyon Fifi25
JUE NI AR S A 1) RN B S R i 52 ) g
G, VY7 B AT 340 000 4> Kenyon 25T, 2
Hi A G 2801 33% , T BT AR R 24 5 2 A~ fing
{AFLY 25% ( Fahrbach, 2006; Wei et al., 2010) , T
I A B A EA 4 000 4~ Kenyon #2250, 2 4
FIT A A2 T 0. 4% , B5TE AR AR BN o Fig (4 FR 1)
5% f= 47 ( Sjoholm et al., 2005; Wei et al., 2010;
Heinze and Reppert, 2012; FEEkIEZE 2016) , 7
WAL R B AR TR, AR B EA PR 43
Too VU 2E I e R . PRIE R R S AR
HA 5 000 4~ Kenyon 2550, 24 i T 4 i i 25 T 1)
5% , Vo ) g5, I DAR Wi Y 2 S g D R
( Fahrbach, 2006; Chiang et al., 2011) , ELHE
J& Kenyon fZT0R 98 5% ARl 2508 U2 fi Bk &
(M7 38 H o O s FAMINE 2 #853. PE
B ) v ek R A Sk P SEE A R 4 ( collar ) | R
(lib) A1 ¥8 ( basal ring) 3 %43 ( Fahrbach, 2006)
B SR i R S W =il L R S W G R d
AR SR i 1) FOE A e B A G SR 2
53 AP 5 4B 422 1 Ly fill G 7E — & (Rein et al.,
2002 ; Kvello et al., 2009), Kenyon #2251 i) %l 58
TESRIE A4 , il 5 1 5T AR A A iy 73 SOE
FIE AR Y EE 5 o FKSF-HE B (Fahrbach, 2006)
VU7 S e T B 6 BT y I, BRI SR K- i rhid
HA y i (Fahrbach, 2006 ) , ifij 638 H B 4y, Q4 2F
IR 3 JEIRE 4 i RS- AR LA y it (R
et al., 2007 ; Heinze and Reppert, 2012 ; [ Fk 36 %5
2016) . 7ES5H H B furp, SRR hif BAA Y i
Y 5 (Rg et al., 2007 ; Heinze and Reppert, 2012;
WrEkaEas, 2016) o BIF 58 3R U] RSB 08 1) BE K o
HF B A ST I AR AL, Ty B 67 5 SRR AZ
(Dubnau and Chiang, 2013) . B Hi 247> 5004858 fih
(AT SR AT DG, 5 i 1) T 9 B B U AR RS A28 T 2%
K754k ( Groh et al., 20125 Li et al., 2017) , HiT
ST B, B 5T IR 2% 2T B A5 R 9T, L P ) 2 i BB
FRIN L B ) SR EE RS I 22 (Li et al., 2017)
B A 2 e B AT R RN A B Bl A ik 28 K
(Chapman, 1998) , A[E YR AL, A BN, A A7 5K
W T REAN ], Ok 7 () SR R G AN SR AR ] Herp
R A8 RIS DL SN ) S 22 ] 1Y) 3% 5 B R
I B U A AT 2 BRI 1 BE R 58, T LABRSE
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