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Abstract

This study aimed to observe the genetic involvement in the neurite (including axons
and dendrites) outgrowth guidance in Drosophila mushroom bodies by using two
genetic manipulation techniques, i.e. RNA interference (RNAI) and gene
overexpression. The genes that were chosen in this study for RNAI treatment included
dally, octp2r, sifr, and frazzled whereas the overexpression targeted the frazzled gene.
We adopted the GAL4-UAS system to detect the expression of green fluorescence
protein so that the neurite outgrowth patterns could be observed. The knockdown of
dally and octf2r genes by RNAI of PPL1-a'2a2 cells in the mushroom bodies, the
neurons showed a feature of lost innervation and ectopic innervation in comparison to

wild-types. When RNAI was targeted at sifr gene by using two separate interference



sequences, two features were observed respectively: the resemblance of wild type and
lost innervation, suggesting different RNAI sequences resulted in dissimilar results.
Regarding frazzled gene, the RNAI knockdown caused loss of innervation of axons to
the mushroom body a2 zone. When we further examined the impact of
overexpression of frazzled gene on neurite outgrowth guidance, we also observed an
abnormal pattern of neurite outgrowth compared to wild type neurons. In summary,
by applying the genetic techniques, we found that alterations in gene expression might
cause an aberrant pattern of neurite outgrowth and innervation in Drosophila
mushroom bodies. Our data lent support to previous evidence that Frazzled protein
may function in vivo as a component to mediate guidance. These observations suggest
the genes play an important role in the different phenotypes of neurite outgrowth and
neuronal development of Drosophila brain. Future studies on the gene effect on
behavior are needed. In addition, the mechanisms could give insight into the

understanding the relevant human neurodevelopment.
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(—) RNA T4& (RNA interference)

RNA interference - 4% 5 RNAI - Fo0E By RNA T8 > & f5 —fEEZAl
> KPS A AT mMRNA P31 B RS & (double-stranded RNA,
dsRNA) - 557 mRNA [ iR (gene silencing) B 52 - IE(#{EFI(E
TR e ZE N i o 5 2 S PHBRE > 2RI NFRIR AT — {1 o7 T-1% 71 [Setten,
R. L. etal 2019] - E45 T4HREEBLAEE mRNA debiSlm ERIVZERE - 2R
RNA 7% » @rE&Ef Dicer [2Zf1 RISC ( RNA induced silencing complex ) - %%k
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H RSB RS2 5 o ] e AR (R T - S8R GALA-UAS %
M AR E H A AR - EERAHREES T - SRV AR R ER N R LUB R
IR - GAL4-UAS & H A F s ke S EL R IR AY 248 [Rodriguez, A. V. et al.
2012] - JFERYME 5 - fi S ZRiE CALA 4SS F] UAS ARSI L - [FiEE
g UAS NIFARIVRI - GALA 1 E B Y — sk A
(transcription factor) » "] LR #E#5 kAT - WIFEERF i LA GAL4 EEHHY
GAL4 ELN'E ARG - T8 T GAL4 ELARY FfE DNA 51 » 3 GAL4 GEAE
SR AR A [EIHY S ARt P R B R AR o I R PTE AR YRR R A SRR - FE Ry
GAL4 5% (GALA4 line) - [fif UAS HAllig—fRFsIRAAFFY] > & GAL4 1 UAS
e i%g o LIRS UAS NpERIVRI - thsiR skt tEn - b
JeE A A i A R AR E St (Green Fluorescent Protein » 4§53
GFP) - IEBHtZRFLI: GFP HYHACHHRR - FRFIHIH A AR GALS BE{E
UAS-mCD8::GFP (Um8g) - RNA & F BRI - T n] LUA B IR
R A 22 55 Bh 38 AR Sk e S EH AR AL AR -
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fra ~ octp2r - sifr ~ dally F[X ; ZELREE R EEEELA frazzled - 3 1 & RNA

RN A8 R R AR R -

% 1~ RNA BB TR 2 AR MR (UmBg : UAS-mCD8::GFP)

RNA B R 4Rk ER AR R T SRR
a2 i 9 N
Um8g; MBO058B 22l |  sifr-RNAI(2) FE 0% UAS-fra /5
ISR AES I 20

Um8g; MB058B /\ Hliifh

Um8g; MBO058B /\ i

Um8g; MB296C & 22

fra-RNAI /5t
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octB2r-RNAI /5 iids
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sifr-RNAi 7\ S0

Um8g; MB399C & 21k
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() 28hf * 405k 2

2~ ZIEEEM
EAZ 2.5cm 151 9.5cm HEE AL T Chamber
TREFE (25°C) )= I A
=R 4K N1 AK FEHH
235, /N 15uL JKAE




(=) BK:

H e AT RS RS PBS ~ Formaldehyde ~ PBST ~ NGS ~ mounting

solution ~ —4KHiEEAR ~

R 3 BEBRNHIE

CHGURRARS o EMAVEEIRCE T AR 3 s ¢

wRTE
B

FoE T

4% Formaldehyde in PBS

DL 1:2:1 FYEEBIE & 16% Formaldehyde - 2xPBS ~ ddH20

2xPBS Ll 1:4 AYEEE & 10xPBS ~ ddH20
1xPBS DL 1:9 HIEEMIE & 10xPBS ~ ddH20
PBST DL 4:1:35 FYEEEIEZ 10xPBS ~ 20% Triton X-100 ~ ddH20

5% NGS in PBST

DL 1:19 AYEEMITE & 100% NGS ~ PBST

Mounting solution

— 4R b DL 1:1:1:100 f9EEETE 4 chicken o« GFP ~ mouse o« Fasll
mouse « Trio ~ 5% NGS in PBST
AR DL 1:400 #JEEEE A Donkey o chicken-488 ~ Goat «

mouse-Cy3 ~ 5% NGS in PBST
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EhaH] RNA 2Rk S NEIE SIS
UAS-fra x Um8g; MB058B UAS-fra x Um8g; MB296C
Um8g; MBO058B x fra-RNAI UAS-fra x Um8g; MB091C
Um8g; MBO058B x octs2r-RNAI UAS-fra x Um8g; MB093C
Um8g; MBO058B x sifr-RNAI UAS-fra x Um8g; MB399C
Um8g; MBO058B x sifr-RNAI(2) UAS-fra x Um8g; MB027B
Um8g; MB058B x dally-RNAi
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HUPHEPURRAYARAE - B EFIRAE KB EEEMSE - 200 T
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SRt ERENE - REREEAE I /KBE 25 PBS I5KHY chamber # > A BERE 3 —{i#l/]\
Ry - WIlE] 8 Ry @i AR -
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10 ~ PPL1-0'202 #4847 FCE [Aso, Y., et al. 2014]

1. Um8g; MBO058B x fra-RNAI

FRIRIE 11 Hy a B2 b > [E b _EH C15EHERR AISAIE AR frazzled 45
PPL1-0202 fHEELIHEAYERZERT R K MEHBRAETGIRAS 02 EAY(HEESIRL -

2. Um8g; MBO058B x octf2r-RNAI

FREE 11 69 a B c > [@ ¢ b1 BsaTHR iSRG R octp2r 8
PPL1-0/202 FHACYHAEAYERZE R R R IE LR EGIRAS 02 ERAYIHAESIRD - S99
£ ol SREE SR -

3. Um8g; MB058B x sifr-RNAI Eii Um8g; MB058B x sifr-RNAI(2)

fREZME 11/ a~ dEde - [& d_EH @FETEHTEH PPLL-0/202 (HEELHAEAYHE2E
REFEFRAS o2 AR IC HAA B HESTRCE] ol - TME e fEEGIREE o2 I
02 BRI ST FC H A ERRT -

WA EIRER sifr THEELA - FifE RNA FHEER YIS A4S R AR E -
G T HERTA [E] RNA TR AR5 rTRE e HAE A (R R BRI - I8 RE
S SINp R A
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4. Um8g; MB058B x dally-RNAI

PRIZHE 11§y a B2 f - [ f B @R fI SRS RN dally 48 > PPL1-
o202 THECAREHYRIZSAFEEINEG o2 T 02 EAYHEESTRCEMT - SMAETE ol
SEPR S ST -

a. Wild type PPL1-0'202 ( MB058B ) b. Um8g; MB058B x fra-RNAi

(n=4)

c. Um8g; MB058B x octf2r-RNAI d. Um8g; MBO058B x sifr-RNAi

(n=3) (n=3)

e. Um8g; MBO058B x sifr-RNAI(2) f. Um8g; MB058B x dally-RNAI

(n=3) (n=3)
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11 ~ BHEANF#E1% PPL1-0/202 FHALAREAE SIS A IS S RCHYEE (L (n
SRR

FHEIR B E PPLL-0202 AHARPIRY LAV EELA > HFIRVERZEEEA T ¢

1. dally ~ octfp2r ENAERERRIRR > PPL1-0202 AR E 57 5] 2350 W S i
FATIHSR I © SRR AHEZRC (lost innervation) 81 B4 i 7 (ectopic
innervation) ;

2. sifr FARFERTEAE RNA BRI » RIS 2 &5 - —2 A1 wild
type HyHIEE SZRCAUREARIL ~ 55— RITZE R B HESRE -

3. frazzled ZNFEH T2 1% - HHHZE AR AV B R — 1 02 R R
&SI e » AFAURE ER a2 - P DATREERERA T frazzled BR[N] » HEfTIEEERR

A E b -
(=) RN EFRIRGRETEN frazzled s SR MBS B HURKH

1. UAS-fra x Um8g; MB296B ( PPL1-y2 ol FI£E4HAH)
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4018 12 FioR PPL1-y2 o'l 2T DAN WHEAHH » EBSelE i B s Sk
B 2 K o/1 (& - $%F MB296B BE( Um8g 1 UAS-fra 1EILATRHATZRIR - 18
52 PPL1-y2 oL YA E B R B S i -

12 ~ PPL1-y2 o1 #4K4RBE7 i@ [Aso, Y., et al. 2014]

fRIZME 13y a~ bl c - & b Ay PPL1-y2 ol 1HEEHAR A IR B H R
B o [ME ¢ §r - PPL1-y2 ol fHECAHARAYEIZE A LR H SACE] o2 fl 02 & - 1
S A VU {EEERANE b > AR AE —4HA0lE o o (CRIEBEZRIA frazzled AIREYS

PPL1-y2 o'l THELAHAEA 2 22 TR

a. Wild type PPL1-y2 o'l b. UAS-fra x Um8g; c. UAS-fra x Um8g;

(MB296B ) MB296B (n=4/5) MB296B (n=1/5)

13 + FEA frazzled HBFrZeH S SRS PPL1-y2 o'l FHCATRIS IR/ 20



2. UAS-fra x Um8g; MB091C ( MBON-a"2 fHZE4HAE )

401 14 Fif 7T MBON-o'2 2 MBON HHAGATIRY » FUZe e L RO s laik
By o2 & - F A MB09LC BE(H Um8g F1 UAS-fra {F ILAHRRMRII 2SI » 122
MBON-a'2 HEE AT E SR B ST -

14 ~ MBON-0'2 ¥i484HHE 7 it [Aso, Y., et al. 2014]

RIEE 157y a Bl b > /£ MBON-o'2 #i8 [ 3RIR frazzled FL[N - 1HAKAHAE

AR S EFRIA -

a. Wild type MBON-0/2 (MB091C ) b. UAS-fra x Um8g; MB091C (n=5)

15 + FEA frazzled i [ 225 SIS MBON-o'2 MERAINE B S
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3. UAS-fra x Um8g; MB093C ( MBON-a3 fHZEATAME )

4018 16 Fi77% MBON-o3 27 MBON Hai4if » HisiZefeis Z s IRk
#4119 o3 & - I MB09SC HE(f: UmBg I UAS-fra /£ JLATARILI = - 122
MBON:- a3 MK AR SR B SRR 3 -

(s ¥

(g

-
-

\ v

16 ~ MBON-a3 fH28F fid[E [Aso, Y., etal. 2014]

FREEME 17 #ya Ed b - B b 5 OFTHHE AISATE A frazzled £ MBON- a3

AR - B R SRR EHIAAG 02 Fl ol [ -

a. Wild type MBON- a3 (MB093C ) b. UAS-fra x Um8g; MB093C

(n=6)

17 ~ F[A frazzled #B[ERIFESRMEREG MBON- o3 1L SHIE
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4. UAS-fra x Um8g; MB399C ( MBON-B2p"2a FI4Z4fH )

&l 18 Fre MBON-B2f/2a /&7 MBON #fiE4IAt - FofZEfE i S o 1
IRAZY B2 Jz p2a l& - Fif MB399C Bi(# Um8g 1 UAS-fra {ELLATAEHEAYRIR -
#i{2< MBON-B2p'2a tI&L4HHE A7 2 IR AG SCRCHICCE -

18 ~ MBON-B2p2a (4L 4NHE 7 A E [Aso, Y., et al. 2014]

FRIRIE 19 /Yy a B2 b - FlE b _E A Tk IS AIATE R frazzled 12
MBON-B2B2a {HAEAEZRIA » G B H SRR o'l ~ B~ BT IE -

a. Wild type MBON-B2B2a (MB399C ) | b. UAS-frax Um8g; MB399C (n=5)

19 ~ LA frazzled i 5 FRF 5 SLERK 145 MBON-B2p"2a 2 B2 2
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5. UAS-fra x Um8g; MB027B ( {#14€ MBON-o'3ap 1 MBON-0/3m )

& 20 Fifx MBON-a/3ap 1 MBON-o/3m ‘i MBON fHLE4HAR - LS
ZEEHCZ FCREIRAGHY o3 [ - FH] MBO27B BE(#H Um8g Al UAS-fra ££ 1t Ry fEif
REEAYZRIR - #1122 MBON-o/3ap 1 MBON-o/3m &K 4G E B IR RS 7 By ek

e

P

»X T R

y e b\ \
74

'd °

20 ~ MBON-a'3ap 1 MBON-a'3m tHZE4HHE S & [Aso, Y., et al. 2014]

FRIRIE 21 Hy a F1 b - HalE b _E A IR P SRS frazzled £ MBON-
o3 HINEHEFIR - (SR A S22 -

21 Y ¢ ATREN R IRAGAE 2 B AL - s BHIER SRS - BERHHE
B HHCEEH o f of FEAYBRS > HIRERE MEBRE] BB oK v I - EBR
ANE RSSO AR GAREERT - BARNBKEEAMNE » BIRE a4
RAVEH e - AR IS - A HT—EEEES > g gaHELE
FHEERE - BERINGEEHESAVAME e 4 288 gl m 2 H A

FLE IR R R -

ANEERRAT - AR(EGERNE b o RE—HAE ¢ HENE ¢ ZEERAE
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a. Wild-type MBON-a'3 b. UAS-fra x Um8g; c. UAS-fra x Um8g;

(MB027B ) MB027B (n=5/6) MB027B (n=1/6)

21 ~ EA frazzled i85 F3H SRS HHAE MBON-a'3ap il MBON-0/3m %5

Fr

BRI FIRFE 2 T 3T B SR RS - T RE DR - el AT fefedise
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sifr o (I AIIRME GALA-UAS 247 » AR & idCliisk m e EEH YR
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> PP 22 AR R (R AT AR il oo B (A B S s 8 BFE R R
OPCHL R ST - Herf o dally ~ ociB2r BXNAERFEERSLE » PPL1-0/202
ARG B 0 2 B R A SR S« SR RS C B L S T sifr LA
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BhZEH I & W A R4S S (growth cone attachment) » 2R 24V H
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