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Aphids

* Ovoid shaped, soft body small insects
 Stylet-like mouthparts

* 4 nymphal stages

* 4700 species, some crop pests

e Symbiosis

* Complex life cycles

» Several polyphenisms

Courtesy of V. Martinez |8 Courtesy of A. Salazar



Cyclical parthenogenesis

Cyclical parthenogenesis Telescoping of  Apomixis: asexual

generations reproduction in which

‘ ... Females produce diploid
: (2n) eggs by a modified
meiosis with a single
division.

granddaughters




Aphid life cycle

ANHOLOCYCLIC APHIDS Parthenogenic XX

Modified from Cortés, 2010



Aphid central nervous system
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Aphid neurosecretory system

Modified from Steel, 1977
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Biological rhythms
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Circadian clock

Zeitgeber Input Core Output
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Circadian clock: input

Zeitgeber Input Core Output
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Circadian clock: core

Zeitgeber Input Core Output
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Localization of circadian clock

Bugs (Heteroptera)
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Circadian clok output
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Circadian clock: output in insects
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Circadian clock in aphids

Two cry2 genes
found in A. pisum y
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Seasonal rhythms and photoperiodism

Photoperiodism: the use of changes in the day
length on an annual basis to regulate seasonal

behavioural or physiological processes.
(Dunlap et al., 2004)




Photoperiodic calendar

External Cues Input Core Output
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Photoperiodic calendar in mammals
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Photoperiodic calendar: core
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Photoperiodic calendar output in insects
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Photoperiodic calendar in aphids
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Circadian clock input in A. pisum
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Circadian clock input in A. pisum
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Quantification of expression: circadian analysis
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Quantification of expression: circadian analysis
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Differential patterns of expression of circadian clock genes between photoperiods

have been observed in holocyclic but not in anholocyclic aphids.




Quantification: photoperiodic analysis

HOLOCYCLIC ANHOLOCYCLIC
YR2 GR

Long Day Long Day
(16L:8D) (16L:8D)

Q Q

¥ ¥:

YR2 GR

Short Day Short Day
(12L:12D) (12L:12D)

Q

w
1

mn
1

—_
1

Photoperiod

LD
B so

s
L

=~
w
1

Mean Relative Expression
(4% ] L=]
[ [

g
EEIEN

A
o
1

The genes that constitute the negative feedback loop of the circadian clock

(per, tim, Clk and cyc) increase their expression in SD only in holocyclic aphids.




Localization of clock neurons in the aphid brain

Period is expressed in three groups of neurons: DN, LN and LaN.
Within the LN cluster there two subgroups: the dLN and the vLN.



Localization of clock neurons in the aphid brain

timeless

Timeless is also expressed in two groups of neurons: DN and LN.
The DN consists of two subgroups: |-DN and s-DN.
The LN cluster there two subgroups: the dLN and the VvLN.



Localization of clock neurons in the aphid brain

period + timeless

e period
@ timeless
pegod
% fimeless

The aphid brain contains three groups of neurons expressing period and timeless:

the DN cluster (I-DN and s-DN), the LN cluster (dLN and vLN) and the LaN.



Consistency between localization and quantification
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Period and timeless transcripts are localised at ZT15 when the peak of expression occurs,

and are not detected at ZT21 when their expression is at minimum levels.




Are clock neurons controlling group | of NSC?

pars
lateralis

. j j j i irgi in (N |
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The photoperiodic calendar was suggested to reside in the pars lateralis of protocerebrum.

We localised clock neurons in this region.




Pigment Dispersing Factor/Hormone

PDF detection with two antibodies

D. melanogaster

Two antibodies against Drosophila and crustacean PDF/PDH, widely used
to detect PDF in arthropods, failed to detect PDF in the pea aphid brain.




Localization of melatonin in aphid CNSs
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No evident differences in melatonin distribution were observed between

the holocyclic and anholocyclic strains reared under LD and SD conditions.




Melatonin dynamics through development

Melatonin is restricted within the neuron soma until L3.
From L3 on, melatonin is mobilised into the dendrites reaching
contralateral regions of ganglia and the protocerebrum.




Melatonin quantification
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Only in aphids in which the seasonal response was induced (i.e. YR2 SD)

there was a significant increase in melatonin content.




Pea aphid AANATSs: identification
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Four aphid AANAT genes were identified that grouped with typical insect AANAT.

All Four encoded proteins with GNAT domain.




Pea aphid AANATSs: quantification
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Higher expression in SD respect to LD
specific of holocyclic aphids
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No circadian expression, although there seems
to be a rhythmic pattern in AANAT3



Pea aphid AANATSs: localization

AANATZ2 and AANAT3 transcripts were localised in the aphid ganglia.
However, none of them colocalised with melatonin.



Prothoracicotropic Hormone (PTTH
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An aphid candidate Ptth gene was identified

with Features typical of other insect PTTH.
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Localization of PTTH

L3 aphids

L3 holocyclic (YR2) aphid

ZT18

No differences in localisation of Ptth transcripts between holocyclic and anholocyclic aphids.
No evidence of a circadian rhythm in expression of Ptth.
Ptth is still expressed in the brain in adult aphids.



Localization of PTTH

dorsal

Ptth neurons
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Combined in situ hybridisation with per, tim and Ptth probes
Revealed the detailed position of clock neurons and Ptth neurons.




Localization of PTTH

NSC group li

Disruption of normal
moulting process

Steel, 1978

PTTH is expressed in the so called NSC group Il.

Consequently, an essential function of PTTH in the aphid photoperiodic response is discarded.
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