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Mating preference in Drosophila

» The influencing factors and basic overview of mating preference—Zhu Peiwen
» Study on courtship preference in male flies—Wang Lin

> The mate choice in female flies—Chen Jie




The Influencing factors and basic overview of mating preference
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Preference among people
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Preference among people
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Neural correlates of evidence accumulation during

value-based decisions revealed via simultaneous
EEG-fMRI

M. Andrea Pisauro’, Elsa Fouragnan'2, Chris Retzler'? & Marios G. Philiastides’

EEG-informed fMRI
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(M. Andrea Pisauro, Marios G. Philiastides,
et al. Nature Communications, 2017)
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Mate preference, which is the attraction of an animal to another with particular
phenotypic characteristics, underlies mate choice and is a condition-dependent trait,
meaning that discrimination between potential mates depends upon the internal
physiology of the choosing animal.

1 Condition of female Male effects
* Availability
N +~— | *Density
Mutation load - « Monopolization
Parasites Mate sampling rules
Diet * Number of males sampled
* Absolute versus relative
¢ Threshold
Social dominance
Age > Preference —— | Mating decision
Predators -
\k Preference function ///
* Form
Seasonality * Strength
Physical environment
Self-referential effects
Context of mating decision Environmental effects
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Current Biology

(Cotton, Pomiankowski, et al.
Current Biology, 2006)



Experimental constraints on mate preferences decrease offspring viability and fitness of mated pairs
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The Compensation Hypothesis
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Species”’

Size?

Age’

Diet?
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virilis—novamexicana—americana—texana
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2. Age

Copulation percentage of 7-day
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2. Age
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3. Body size

S

A percentage females mated

(large—small)

20

10 7

non-depleted

all days

depleted

Average Courtship arousal time (mins)

(Phillip G Byrne, William R
Rice. Proc Biol Sci, 2006)
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Single matings ?

—_— ‘Competition/choice’ assays ———

Second male behind a barrier,
no direct male-male competition,
choice possible ¢

Cc

No barriers,

direct male-male
competition,
(choice possible” |

1 54% (19/35)

61% (27/44)

‘|‘ T 619% (23/38)
1 J_ 73% (29/40)
64% (21/33) T 66% (23/35)
T J. I 30% (12/40)
l 70% (28/40)
T
1
Small Large | Small Large | Small vs Large
Small Large barrier barrier barrier barrier
Small Large | Large Small
p=0.002 p=0.029 p=0.011 p=0.036

(Santosh Jagadeeshan, Rama

S Singh. PLoS One, 2015)



4. Diet

WT D. melanogaster (OR)
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4. Diet

Table 1. The role of bacteria in diet-induced mating preference of D. melanogaster

Experiment Fly treatment* Matings Sll, mean + SEM P value'

1 Starch-grown x CMY-grown 18 0.27 + 0.02 <0.0001

2 Experiment 1 after antibiotics 10 0.01 + 0.03 0.4483

3 Experiment 2 after infection with homologous bacteria® 4 0.22 + 0.03 0.0024

4 Experiment 3 with Lactobacillus replacing homologous 4 0.16 + 0.06 0.0392
bacteria in starch-bred flies

5 Experiment 3 with Lactobacillus plantarum replacing homologous 5 0.19 + 0.05 0.0004
bacteria in starch-bred flies

6 Infection control (no added bacteria) 4 —-0.04 + 0.08 0.4052

(Gil Sharon, Eugene
Rosenberg. PNAS, 2010)




5. Chemical

Compound#

1(£)-11-Octadecen-1-yl ac. (cVA)

3 (Z)-10-Heneicosene 4 rac-2-Tridecyl ac.
5(Z)-10-Heptadecen-2-one 6 2-Heptadecanone
7 2-Pentadecanone 8 rac-2-Pentadecyl ac.

9 2-Tridecanone 10 1-Pentadecene

11 rac-(Z)-10-Heptadecen-2-yl ac.
15 (2)-11-Hexadecen-1-yl ac.
) 16 rac-2-Heptadecyl ac.
18 (Z)-11-Eicosen-1-yl ac.
19 All-trans-Geranylgeraniol 20Famesyl ac.
22 (E)-B-Famesene 24 rac-2-Heptyl butanoate
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5. Chemical
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6. Housing experience

Table II. Courtship and Mating Under Female ‘Choice’ Conditions in Flies Subjected to Differential Posteclosion Housing

(L éI;}Gl [1.%));1)
33/99 T S " - e !
Mean courtship latency (min) 0-81 4 0-24 089 + 0-28 1-11 + 068 1-2]1 + 0-54
No. of initial approaches 28 24 0-40 @ 11 4.08**
Mean latency (min) [5-4 + 132 74 + 1-53 44+ 089 43+ 160 |
No. of matings 16 @ 5-48% 10 13:09+*
*#*p<001; *P <005

Table IIL, Courtship and Mating Under Male ‘Choice’ Conditions in Fiies Subjected to Differential Posteclosion Housing

[GJ('E)GI Ilf ‘11()31
33/99 1 = " 1 - ~
Mean courtship latency (min) 1-5 + 0-31 13 4+ 0-16 073 £ 0-16 0-57 + 0-12
No. of initial approaches 20 26 0-40 26 23 0-40
Mean mating latency (min) | 67 + 0-95 37 + 1-38 4-4 + 041 48 + 083 |
No. of matings @ 14 5-48° @ 12 g-77%*
s+p 2 001; *P <005

(L B Ellis, S Kessler.
Animal Behaviors, 1975)



7. Wing color

Smooth effect of variable edf F statistics P value
Hue 2.522 5.828 0.003
Saturation 1.000 12.491 0.001
Brightness 1.000 0.678 0.417

Residual attractiveness

25 30 35 40 200 300 400 60 65 70 75
Saturation Hue Brighthess

(Natsu Katayama, Erik I.
Svensson. PNAS, 2014)



summary

Lower offspring viability when individuals are constrained to breed with individuals
they do not prefer.
The Compensation Hypothesis——parents increase reproductive effort in offspring
to make up for lowered offspring viability.
Species——derived species & ¢Pancestral species & &)
ancestral species § ¢ derived species & @
Age——females 7 older males
males > younger females @
Body size——males 7 large females @
females % large males
Diet——females in cornmeal-molasses-yeast(CMY) @ males in CMY
females in starch @ males in starch
Chemical——females ¢ males with male-specific compounds @
males ¥ females lacking cuticular hydrocarbon @
females % male lacking cuticular hydrocarbon &)
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Three elements of attractiveness

* Body size: Males prefer to mate with large females.
(Seema Sisodia et al. 2004)

aphrodisiac: 7,11-HD, 7,11-ND, ML

* Pheromone {

anti-aphrodisiac: cVA

* Female receptivity: Males prefer to mate with more receptive female.
(Devin Arbuthnott et al.2016)



The Influence of pheromones on courtship preference
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Dietary yeast affects female attractiveness in flies
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Courtship index (%)

Gustatory perception mediates male courtship preference
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Insulin-like signaling acts on female oenocytes to modulate
female attractiveness
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Dietary yeast and dilp signaling interact to affect CHC expression
and sexual attractiveness
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ARTICLE

https://doi.org/10.1038/s41586-018-0322-9

Evolution of a central neural circuit
underlies Drosophila mate preferences

Laura F. Seeholzer!, Max Seppo', David L. Stern? & Vanessa Ruta'*



Pheromone regulation of D. simulans courtship
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Conserved pheromonal tuning of ppk23* neuron
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Divergent responses in central circuits
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Differential propagation of ascending pheromone signals to P1 neurons.

VAB3 stimulation
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Mate choice in fruit flies is rational and adaptive
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Male D. melanogaster display transitive mate choice.
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Males with impaired signal detection make similar mate choices.

Canton-S mating preference

Canton-S mating preference
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Male mating preferences coincide with female receptivity and
offspring production

Female productivity difference O

Time to courtship difference
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Conserved function of CH503 as an anti-aphrodisiac
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Evolution of CH503 expression and the behavioral response to CH503
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The Interest of each male Is to father all the
offspring, and the interest of each female Is to
maximize paternal quality

—— PAUL I. WARD



Mating decisions in Drosphila
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Which type of males that females bias mating with?

* Body size?

Wing interference patterns ?
* Symmetry ?
* Inbreeding male ?

* Mate Copying?



Body size
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Body size
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Wing interference patterns

Drosophila

———— | M

human

Hawkes MF et al

. Proc Biol Sci. 2019



Wing interference patterns

0
0
o
= o .
0 &
¥ ‘
- @ °® ® 0
(&) o _® o ¢
e e @
= ® . ) Py
RAL_702 s T
‘B @
- ®
= o ‘
(]
o
o
| | | | | | | | | | |
25 30 35 40 200 300 400 60 65 70 75
Saturation Hue Brightness

Katayama, Natsu et al. Proc Natl Acad Sci U S A. 2014



Symmetry
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Sym m etry Winner male

Loser male
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Inbreeding
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Inbreeding

{ s B, |
{ ¥e) | 71:;%5 |
Fo ?J RJ R

Inbred \ Outbred } Inbred

Outbred

Outbred males preference

>

Number of
males chosen

o

Number of
males chosen

@

Number of
males chosen

[ Inbred males
Irene Line Bl Outbred males
50

:g 30 33
20
10

0

* X

64
i

66
I

Jon Line

70
60 52
50 +—44 3
40
30
20
10
0

Rose Line

70
60 +—52
50
40
30
20
10

0

5

Inbred Outbred
females females

McKee, Amberle A et al. Journal of insect behavior vol.2014



T
M~ @0 wn < ™ o~ - o

(%) seuoz uonoeiye ul
sajewa} Jojoadsoud Jo asuepuapny

Mate Copying

49cm

Good condition Poor condition

males

males

—

I
<
-

T
™~
-

T T T T
o 0 © <
-

N ©

(%) seuoz uonoeye ui

A

v

\14cm

Posttest

Pretest

so|ewa} Jojoadsoud Jo asuepuapy

5

1
N

Mery, Frédeéric et al. Current biology 2009.



Mate Copying
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Mate Copying

A

ANIMAL CULTURE

Cultural flies: Conformist social
learning in fruitflies predicts
long-lasting mate-choice traditions

Etienne Danchin'*t, Sabine Nobel**, Arnaud Pocheville®*, Anne-Cecile Dagaeff”,
Léa Demay’, Mathilde Alphand’, Sarah Ranty-Roby', Lara van Renssen"?,
Magdalena Monier’, Eva Gazagne®, Mélanie Allain"®, Guillaume Isabel®
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Mate Copying
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Cryptic female choice (CFC)

Cryptic female choice (CFC) represents postmating intersexual
selection arising from female-driven mechanisms at or after mating
that bias sperm use and impact male paternity share.



Cryptic female choice (CFC)

Female control of:

Time of insemination

Ejaculate size

Sperm ejection@

Sperm neutralization

Sperm storage

Sperm dumping?

Sperm activation

Attraction to the egg

Fertilization




ARTICLE

OPEN
Female copulation song is modulated by

seminal fluid

Peter Kerwin', Jiasheng Yuan' & Anne C. von Philipsborn
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Kerwin P, Yuan J, von Philipsborn AC. Nat Commun. 2020



Female copulation song depends on seminal fluid transfer
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Female copulation song influences remating
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Female copulation song acts as signal in postcopulatory mate choice

Is copulation song a signal?

How is signaling stimulated?

Who is the receiver?

How does the receiver respond?

What information does the signal convey?
How does it benefit the female?
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response --._benefit
/ \*
signal
sender
releasing
stimulus

Response to signal:
Changes in male
seminal fluid
allocation?

-

Signal receiver:
“— Copulating male?

Changed seminal fluid
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remating? /
Female benefit:
Indirect mate choice

via modulation of remating?
Receipt of optimal ejaculate?

Signal: copulation song?

Signal content:
Female fithess?
Female sensitivity to
seminal fluid?
Quality/quantity of
ejaculate transfer?

. o

Signal releaser:
Seminal fluid?

Kerwin P, von Philipsborn AC. Bioessays. 2020
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