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What is Nuptial gift giving (NGG) ?
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Nuptial gift giving in D. subobscura

c Obligatory nuptial gift

Courtship behavior
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No Drosophila species other than D. subobscura exhibits any similar behavior



Key questions

e Why only D. subobscura?
e Does NGG improve male fithess?

e What neural mechanisms are responsible for this unique behavior?



Mosaic analysis

. A Stochastic neuron labeling in D. subobscura
Focused on fruitless (fru) gene fru~-Gald, hs-flp, UAS>stop>TRPA1::Myc

Anterior

I pSP1+pMP5 pSP2-1

Mosaic system: fruse-GAL4, UAS>STOP> dTrpA1::Myc, and hs—flp

Random activation of small sets of fru neurons

Observe behavior — regurgitation—positive and negative

fruso-GAL4 positive neurons without expression of FLP

hs-promoter Flippase ~ UAS dTrpA1

fruso-GAL4 positive neurons with expression of FLP
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Expression of FLP

hs-promoter Flippase

Stochastic neuron labeling




Candidate neurons
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Insulin neurons promote NGG

& vs. @ in D. subobscura

Thermal activation Optogenetic silencing Insulin mutant

D. subobscura g

dilp2SOPA-GAL4>UAS-dTipA1::Myc C - ik D * E e
ns ns ns Hekk * ns *
14 . 104 ns ns ok 6
e 12 £ g =
> > 24
2 2 64 2
2 2 4] . 2,
2 ° 5] -
2 2 = 2
04
dilp2soPA-GAL4  + - + + - + dilp2soPA-GAL4 + -  +  + @ RS v
K 0§
UAS-dTipA1 - + + = + + UAS-GIACRT - + + + \§\§b N N
n 34 28 22 32 37T 36 All-trans retinal  + + - +
' " - . ' n 26 17 20 20 n 20 18 18
Pl neurons resemble D. melanogaster insulin—like peptide A B ) C
producing cells (IPCs) = = —_ =
1I:‘:I T.i‘l.-l‘r-l'ﬁ.:‘:‘:.. "T.IJ T 1 ,r 1I]l] ‘F;“;‘“L-‘:;__ -":‘:I wr—i'!.”:l:'. L]
; : L wl | T - 7 E w4 £ w T =+
Are IPCs involved in NGG? foT 4 [T § ol §o > 4
2w - ! £ ‘ £
. E 20 ¢ E 20 E an
IPCs specifically promote NGG, not general . | N ‘
. i G al o - + + - dln Sl g o+ & & “ﬁ;ﬁ ) X
COurtShlp LAS-dTiA T v " UAS-GUCRT -+ . &£ o F
f M ¥ m|m 7 W w3 o ¥ n m e,
18 28 C f SR




Whether NGG affect male fitness or not?

S'#1 vs.8'#2 vs.Q
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Merge

Insulin neurons are recruited to the courtship circuit
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Courtship initiator P1 neurons modulate IPC activities
FruM expression — IPC dendrites connect with upstream neurons — a novel neural circuit = NGG behavior ?
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* In D. melanogaster, P1 neurons trigger courtship

* In D. subobscura, possible P1 — |[PC connections

» Functional synaptic connections exist between fru circuit and IPCs 10



dilp2-GAL4>UAS-GFP

Courtship initiator P1 neurons modulate IPC activities

D. melanogaster

Apical dendrites

Control
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Overexpression of FruBM in IPCs

— dendrite outgrowth

Axon terminals
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FruBM IPCs form contacts with P1 neurons
Stimulation of P1 — excitatory postsynaptic
potentials (EPSPs) in IPCs

FruBM IPC males regurgitate during courtship



Motor pathways for NGG
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Insulin neurons modulate motor outputs

Nerve intact
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_____

m9 shows spontaneous volleys of
EPSPs (partial extension of the
proboscis)

IPC activation or insulin
application suppressed m9 EPSPs
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Insulin neurons modulate motor outputs

Control:
+>CsChrimson
LED has no influence

Proboscis extension response

Test:

+>CsChrimson (control) dlip2>CsChrimson

LED on — IPCS activated — spasms

D. subobscura, males extend the proboscis anteriorly for NGG and downward for feeding



Crop movement
(A pixel)

IPC activity induces crop constriction
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IPC terminals also on the
crop

IPC activation reduces crop
movement and size

May promote regurgitation
by raising pressure
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Take home message

e In nature,NGG is unique to D.
subobscura

e FruM expression recruits |IPCs
into the fru circuit

e P1 neurons trigger NGG initiation,

L-pSG motoneurons drive its
execution

e NGG enhances male fitness

Drosophila subobscura Drosophila melanogaster
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