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Summary (in Japanese)

EWIRR % REREE IS LT 2R E (REV) 25 L TV a2, b oRE
TBRIERO A TRIE SN DO TR BREERICS U TR ET 5, Ziud TR
B RTAME ) TR, R ZRBREE ISR B O LR LIRS b o TWnWh EEZ BN
TW5, T, BRI & 2 I L A5 00 B CIR A 0 T HEI 70 38 26 B 2 iR
32 2 & T, REASHIGHKISICZHEEE L0 LIcb A =X A58 L L5 LT
LENREE > TE D, AELHX TR, FPAERRO= RO ST 77T L8y
Acyrthosiphon pisum @ [#Z ) & TEREZA (B MR A4 | 2 E T VICEY OBREE
(KA 72 B AT O WTHIFEZ AT o T2, T RO BT T AT 7T A UIEFEHOZAL
RGN U CHR AR B A A & A ONETEATE A UIR 2 5 TR A AT 2175, KUEDMT
W72 5 BTN CILH AR X0 B AICIETE L, AISIXRIR - 2 H IS & L
THMWAEHEEZTVIITHAT 5, o, AL =—7 RBLAE > T D, JRERX A
(HL A EFEHHAR) (FBRBERAFMN AT E S5 Z A (wing polyphenism) %, A4 A | Li&
RIFEIC & 0 BRI E & 5 % (genetic wing polymorphism) 2 7~d, & 51T, BREEA
PEAEFEAZAT 9 A A AT M BRI (monomorphic wingless) Té 5,

KRIED BN e TEREZEA % 1 © REVU RN IIEF TN B xS ThH 203, £ D%A
ZDOWTHFET B 70T EFREZ HRICHEE T2 EBFETHD, TZT, F 1
BT, FAEEMOFEEREREMLL, HROREBELF N, ZNIZL->TIE T
W C&E Do T AEFERICHOWT T AIRE & 22 o 7,

sa— B L, RUY 7 Aty NEROIZH b b3 AR M CHIEE RS 2 5
AFEOWLHIL, ZRIDOHEAL - HEFFEROMITEIE LB THh 5, £ 2T H2ELEHES3
ETIMZAIER L, FAEEICB Y 2 RAEGE OFEE - Btk L AT P E 2 A
L7ce ZORER., A RITHEWH - SE@RILIRATG 2 Fr-> TR0 . MAmE (SBESH
HE)) CIRHEN FL— FA 7o TWD 2 ENn ol (F28E), —F, MEAZAD
TR IR 2 R 7T AR TIIEEF RN IRAN G & 0 L E D= R F— 2B~ &
BEL WD Z LR anTz, £, REERFNLALR 2 RIIREA X TILRROR
BRI BE D & T T TR S 4L, B~ LFEAET 5 2 & PNRIE S5 & RIS IRHE
THIEPALNERoT, — T, BHBROIIAE A R LRI T2 TR S
Nighote (53 5), FUIEENIEAWMIR TR S LB ICIRHMET 26113882 < O FEATHIZET
WA SN TVDA, THHIEFRAE EORIF AR SRR 2 IEEISHI L7 n e A2 LB
frsh Tz, LML, A—0BaERE AT DI04 A X L@ RHTBFIEDTER S 7
WEND, BEARFEAE A A TR LN DBFILDTERK « i 7 7 A NFEAER RS L0 I
BISHNZAETTWD LB RE, © LA, JREA XTI, L& ZAFPRIIERSE 5 &



Summary (in Japanese)

LTHBFEZIEA L TR E, BREICS U CREIC KRB 2 20 & 5 R AR AL -
MEFFSNTWDHEZEZBND (FI3F), H22EELFEIETIE, /u—VEL NI TT7 7
LY DOREIER T2 Z & T, B LI iUEZ R 5 & 5 — RAEBR 72 58 AR 3 58 28
70T T LD RN E L XA T WD, LW T H A L RBT HICE ST,

04 B L5 BCITBIMSANIE H LT 21T o 72, AVEATE & B8 5H 0O W5 ORI A
ETEDAMMEALL., 77T LY OEILBIRE X2 DA ) N—=2a rTHD .
BEICE > TANOTHORBAE L [FELS T DHE NMER S Z LT, At
ATENEL LT B 25, FRCAAEHRICIE, ZHEE R =— 7 20 e+
Bo 77T Dy OWRERRIZA AT T XORTHY , 2 KD X Yetafk o/ (B4
AR) N XYtalhz LR UDFRTE WA A BAATECHENT 5, DF0, FRIZRDHHE
ZRAEINTIE, BABE T X Py 1 AR THREND Z 82D, TTTLVNIO
£ O N O S T ARTE L 2 M85 T L R 2 B R T 572010, AL

TIIATEDBIELTL O R AT, B oA AE TS 2 A Tk (OF 4 ) &
STEMFNTE B 5 8) Z2MASDE T Lz, 313, A AOWHIRAEREZE
HNCBIZE U, A RIT732 2 B 38 AR TN CIIAE Y IR (WA R H YY) (S fR D R 45
WAET, EFICRERBE (L% ZiRHTsZ 2oLz (F4E), 2FD, 4
AVIMBIR & —FEC X G a R 2\ U, XREERE S E TN LELRTET, 2
DA APEHBFOYLAETHIE, BEROBIRD D EA AN Sh - E&ICAE T ThE
72, BERORIRN CTHEZARAIIDER S T D BICFROBAEMGBRESND L5
ZBHND, FIT, AFROFELRLT . BT A ZPEH A2 HIE LTV B4 73 AE AR 487 &)
2T D72, IR THRELL TV 5B T OMEN RN (hZ A2 U 7 h— LfiflhT)

ZATo7- (55 #F), ARMOEERE 1ZEAK 30~40um OBU/NEE TH LD, L—P—F ¥
TFxy—~AraFAks v a(LCM) TIEMIZH ORI HEE L 7=, TofR, &
BLize A N VBETOEWIT & RMFERINER - EE LB R 72 BRIEKT
BRI T E L TV D 2 ERRB I, EX R R OFHBER Iy -
2T 4 v 7 IR AERNCRLS B o TV D alREMEN R < . AESEUC LD X Pt b
TEVRXT 4 v IR Lo TSN T D EEBERENT, £/, 777403
DAEYHANBEB LT ESSEEE G NE N2 LRI DR ST, AifgEic &
> CEEBEG PTG FOBENT 7T Ly OBMERAFRN 2 X2 DML > T
D LR R I T,

JERE - MR - M - 0 F LoV TEMINCRIT 21TV 77T AV ORBRILAICE T S
Bz T2 LT, ARSI RFU T BIEORICERTE 2B TS, K
A ST DAV RN & B 72 5 TR SR OdifE & 72 D Z EHIFFL TV D,
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Chapter |
Establishment of the induction systems of sexual morphs using the

strains producing different male wing morphs in Acyrthosiphon pisum

Abstract

To observe and compare the developmental processes of different aphid phenotypes, i.e.
viviparous females, oviparous females and males, the establishment of rearing system
that constantly provides nymphs that are destined to these morphs is required. However,
it is difficult to identify the developmental fates at the nymphal stage. In this chapter,
therefore, optimal photoperiodic and temperature conditions producing viviparous
females, oviparous females and male were elucidated to establish the reliable induction
systems of these morphs. Successfully, these morphs were obtained at a high certainty
level when nymphs produced under a long day condition (16L/8D, 20 °C) were
transferred to a short day condition (8L/16D, 15 °C) at the first instar and reared
thereafter to produce wingless female progenies, which were continuously reared under
s short day condition (15 °C). In addition, laboratory strains producing different wing
morphs (winged and wingless) were established from Sapporo populations of A. pisum.
Furthermore, fundatrices were successfully obtained by exposing fertilized eggs to a
low temperature (4 °C) for 50 days. The development of these reliable induction
systems with strains producing different morphs provides us with an opportunity to

analyze the morph-specific developmental regulations in this aphid species.
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Chapter 11
Male-specific flight-apparatus development in Acyrthosiphon pisum:

Comparison with female wing polyphenism

Abstract

Wing polymorphisms observed in many Insecta are important topics in developmental
biology and ecology; these polymorphisms are a consequence of tradeoffs between
flight and other abilities. The pea aphid, Acyrthosiphon pisum, possesses 2 types of
wing polymorphisms: one is a genetic wing polymorphism occurring in males and the
other is an environmental wing polyphenism seen in viviparous females. Although
genetic and environmental cues for the 2 wing polymorphisms have been studied,
differences in their developmental regulation have not been elucidated. In particular,
there is little knowledge regarding the developmental processes in male wing
polymorphism. Therefore, in this chapter, the development of flight apparatuses and
external morphologies were compared among 3 male wing morphs (winged, wingless,
and intermediate). These male developmental processes were subsequently compared
with those of female wing morphs. Developmental differences between the male and
female polymorphisms were identified in flight muscle development and degeneration
but not in wing bud development. Furthermore, the nymphal periods of wingless and
intermediate males were significantly shorter than that of winged males, indicating the
adaptive significance of male winglessness. Overall, this study indicates that the male
and female wing polymorphisms are based on different regulatory systems for flight
apparatus development, which are probably the result of different adaptations under

different selection pressures.
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Chapter 111
Two developmental switch points for the wing polymorphisms in the

pea aphid Acyrthosiphon pisum

Abstract

In many insect taxa, wing polymorphism is known to be a consequence of tradeoffs
between flight and other life-history traits. The pea aphid Acyrthosiphon pisum exhibit
various morphs with or without wings associated with their complex life cycle including
wing polyphenism in viviparous females, genetic wing polymorphism in males, and a
monomorphic wingless phenotype in oviparous females and fundatrices. While wing
differentiation has been investigated in some detail in viviparous females and males,
these processes have not yet been elucidated in monomorphic morphs. The ontological
development of the flight apparatus, including wings and flight muscles, was therefore
carefully examined in oviparous females and fundatrices and compared with other
morphs. The extensive histological examinations showed that, flight-apparatus
primordia were not at all produced throughout their postembryonic development in
oviparous females and fundatrices, suggesting that during the embryonic stages the
primordia are degenerated or not developed. In contrast, in viviparous females and
males, the differentiation points to winged or wingless morphs occurred at the early
postembryonic instars (first or second instar). Based on the above observations together
with previous studies, | propose that there are two developmental switch points
(embryonic and postembryonic) for the flight-apparatus development in A. pisum. Since
there are multiple developmental trajectories for four wingless phenotypes (wingless

viviparous females, oviparous females, fandatrices, wingless males), it is suggested that
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the developmental pathways leading to various morphs were evolutionarily acquired
independently under selective pressures specific to each morph. Especially in viviparous
females, the delay of determination is thought to contribute to the condition-dependent

expressions of alternative phenotypes, i.e. phenotypic plasticity.
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Chapter IV
The male production employed X-chromosome reduction by

asymmetric maturation division in Acyrthosiphon pisum

Abstract

Acyrthosiphon pisum shows thelytokous and viviparous reproduction from spring to fall
as well as other temperate aphid species. In response to short day lengths and low
temperatures in autumn, it produces males and oviparous females that perform sexual
reproduction. Although both males and oviparous females are produced
parthenogenetically from viviparous females, males have only one X chromosome
whereas females have two. It is known that the reduction of one X chromosome from
male-destined oocytes occurs at the maturation division. However, despite some models
have been proposed, the process and mechanisms of X-chromosome specific reduction
in male-destined oocytes are still poorly understood. To address this issue, chromosomal
behaviors at the maturation division were observed in presumptive male oocytes by
confocal microscopy. As the result, the polar body nucleus was larger than the nucleus
of presumptive male oocytes. This contrasts with previous observations on presumptive
female oocytes, in which the polar body nucleus was smaller than the oocyte nucleus.
This suggests that the polar body released from the presumptive male oocyte has the X
chromosomes excluded from the oocyte. Thus, one X-chromosome might be lost by an

asymmetric maturation division in the male-destined oocyte.
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Chapter V
Transcriptomics by LCM RNA-seq on the reproductive polyphenism

in Acyrthosiphon pisum

Abstract

Most aphids show reproductive polyphenism, that is, they alternate their reproductive
modes from parthenogenesis to sexual reproduction in response to short photoperiods.
Parthenogenetic oocytes can develop into various morphs, including viviparous and
oviparous females and males, depending on the maternal physiological states that are
affected by surrounding environments. Based on my previous observations,
modification of oocytes in germarium is thought to be important for the fate
determination. Therefore, to provide a basis for the analysis of the regulatory
mechanisms determining developmental fates of parthenogenetic oocytes depending on
maternal conditions, transcriptomic analysis of the germaria was carried out in
Acyrthosiphon pisum. As the results, in germaria in which males are produced with
X-chromosome reduction, many genes were highly expressed in comparison with the
other categories producing females. Furthermore, histone genes and aphid-specific
duplicated (ASD) genes were identified as candidates for the fate determination based
on the Gene-Ontology-based enrichment analysis and differential expression analysis.
Alignment analyses and peptide second structural analyses implied that the ASD genes
have a potential to affect the epigenetic modifications. Thus, gene duplication and
epigenetic regulation is suggested to enable aphids to acquire the drastic polyphenism.
These discoveries in this analysis will provide a platform for analyzing the

developmental regulation in the context of aphid plasticity.



