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The evolutionary history of the sex—determining gene,

doublesex, in Insecta

x & RAE LR
B TR B
Bk HsE
HEEW T HIB Bz
HIF HIA
BRI Bz
gk HE R
FOR RS R A2 SR BBk 2k 7 R

e




(B 3)
HLt®/XDOEER

K 4 Chikami, Yasuhiko

i H
The evolutionary history of the sex-determining gene, doublesex, in Insecta
BRBEICE T 2R EBIZ T doublesex DL

Alternative splicing is a pervasive mechanism of processing pre-mRNAs among
Eukaryotes and underpins the pleiotropic natures of genes due to the functional
differences among splicing isoforms. In the last 30 years, there has been evidence of
neo-functionalization of splicing isoforms. How did splicing isoforms acquire new
functions? This question has been debated since the discovery of mRNA splicing. There
are several hypotheses on the neo-functionalization of isoforms. However, it is still
unclear what the preadaptive state was before the neo-functionalization and what
changes in genomic space led to the new role of the isoform since there are few
examples to trace the evolutionary process of isoform function. Here, I focus on
doublesex (dsx) gene as a case to consider this problem.

dsx encodes a transcriptional factor essential for sex determination and sex
differentiation in Arthropoda. In Holometabola such as Drosophila melanogaster, dsx
undergoes sex-specific splicing producing either male- or female-specific isoforms. The
sex-specific isoforms serve sex-antagonistic roles and promote either male or female
differentiation. In contrast, recently, it has been reported from some hemimetabolan
species that dsx possesses the sex-specific isoforms required only for male
differentiation but not for female differentiation. This functional difference suggests
the neo-functionalization of genes via alternative splicing. Therefore, dsx would
provide an example to examine the hypothesis on the neo-functionalization of isoforms.
Hence, in this thesis, the subject is to infer the evolutionary history of dsx in Insecta.

Central questions are: does the sex-specific splicing of dsx have a single origin, did the



female-specific isoform of dsx come into use for female differentiation, and, if so, what
changes are linked to the neo-functionalization.

Over the last decade, some studies have proposed several hypotheses on the
functionalizing process of dsx. However, its functional evolution has still been
ambiguous because of a gap between studied taxa due to the absence of information on
the closely related outgroups of winged insects. To fill the gap, I add knowledge of
Zygentoma, an apterygote taxon that is the sister clade of winged insects, to the
evolutionary study of dsx. 1 used the firebrat, Thermobia domestica, a species of
Zygentoma.

First, I found that 7. domestica has two dsx copies and sex-specific isoforms in one
of them. Molecular phylogenetic analysis revealed that gene duplication of dsx occurred
before the emergence of the common ancestor of Zygentoma and winged insects and
that the copy with the isoforms is the ortholog of dsx of winged insects. This result
supports that dsx of 7. domestica is under the sex-specific splicing control and that its
splicing control has a single origin in insect evolution. This finding emphasizes the
utility of 7. domestica for examining dsx evolution since this species would retain the
ancestral state of winged insects in terms of the coexistence of the gene copy number
and splicing control.

Then, I investigated the roles of dsx of T. domestica by the nymphal RNAi system
and revealed that dsx is required for male morphogenesis during post-embryonic
development but is not essential for differentiating female traits. This result and
previous information on winged insects indicate that the function in female morphology
occurred in the common ancestor of Holometabola except for Hymenoptera, i.e.,
Aparaglossata. Thus, my result strongly supports the earlier argument that dsx was
necessary only for male differentiation when the isoforms appeared and later became
responsible for female differentiation. I also uncovered that dsx has sex-antagonistic

roles in the female-specific expression of vitellogenin homologs. These results show



that dsx in females came into use separately among morphogenesis and other biological
processes in evolution.

Finally, I found that the C-terminal female-specific region of Dsx is massively
different between 7. domestica and D. melanogaster. Then, to trace the evolution of the
C-terminal portion, I reconstructed the ancestral sequences of Dsx and compared the
exon-intron structure among insects. I then unveiled that the C-terminal motif became
longer in the common ancestor of Aparaglossata and that the Aparaglossata-specific
portion is not encoded in a novel exon. This result indicates that the emergence of the
C-terminal motif correlates with the appearance of the function of dsx in female
differentiation of morphogenesis and may be due to accumulating coding mutation
rather than the appearance of a novel exon.

Overall, I infer the evolutionary history that the female-specific isoform of dsx was
initially responsible for promoting vitellogenin transcription and later acquired its
feminizing roles in morphogenesis via the elongation of its C-terminal region. Our
model provides insight that isoforms have some function as a preadaptation before neo-
functionalization and that mutations to the C-terminal region might result in the

recruitment of isoforms.



Results of the doctoral thesis screening
LR SO A R

n Full

i To  HEE

e

T i t 1
am SCE H The evolutionary history of the sex-determining gene, doublesex, in

Insecta

BERAEMIZIESAFET D premRNA ORBIRWA T T A L JICEVELCTETA Y 7+ —
LiE, Bl FOZHMBRERELZ LT, IHF, AT T4 0T T4V T+ =KD HH
BENESINTEZFPRNEBEINTELN, AT TA T T A 74— 5O F IS HEE
BoENTeE AOFEMIAATHo, HEHEIZ., COMEICT e —FF 57D,
doublesex (dsx) Bis1IZEFH Uiz, dsx IZHEi 28I W THESBIC AR W] R 75 B K 1 %
A—=RFLTW5, YauPlavuRN"zREOREERER T, dx TMHERBEORZT T4
VU T R, MEZN TR T A Y T — AR EREND, DO XD REeE
REE MO dsx TEFF T A Y 7+ — 23, MEETH RS OERELZHE Y, EEITM o5k
ARET D, —FH, R BHEOARELERERE RIZBWT, dsx OMEFERGT 4V 7 4 — A
X, LI DOBMEATHY , HLIZIEIHE LN LAH|EIN TS, ZOEIER R
R, BIRNWAT T4 752 LIBETOHEEESEZ REBTH5LOTHL, L1
L, BERE CHEMRERE LY IO Lz 0BT 2HE RN/ KM L Tz, dsx
DODMWRRPT A Y 7+ — 2O HBRFH K OEEROEN T v 2O THEBENREAL T
Wi ino Tz,

FEEH L, BREOMBBEEIZ o LA BEREOMKECH 2 BEBHBE RHT I H
D=HZI7 I EMBHCAY, EROMBEICIY AL, v¥ 7 ID dsx 132 2 E—1F(E
L. ZD5560 1 DIZHRENT A Y 74— L BHFETDHIEEZRRA L, N T, &F
R TFHIRNT AT > T2 fE R, dsx OB FEBEIZ., I BH L AUE BEOLEHE %S HBL
TOHURNCAELCZZ ERHB Lz, Mz T, MFENT A Y 7+ —Lb% b 2ab—nFH
BHEODO dx OANV Y T THDHZ ERHOEMMNI o7z, ZTOREIT, ~¥T7 I dsx
IR RN 2 AT T4 TR ZZ T TEBY, TORT T4 20 7R B HEOE
BWTH—-DEFETHLIZLEXFTI2HLDOTH D,

WIT, FEEEIZ, ¥ T2 dsx OREZ S B RNAI IEIC KV REEL 72, £ OfE R,
PERFRT A Y 74— L% b D dsx TBRMBEEMICB W THEDEMGBHREERICLETH
LM, MO LRI RICIEIMNE TRV EEZ R LE, ZOMELFREBIEICET
LINETOMENS, MEOEMGBERIZAICEDL S dsx OHREIX., "T HZRS BER2E
Re L (Aparaglossata) O LEME CTEGINTZZEBPH oo, EHIT, v ¥ T ¥
X dsx [IIPEF NI EDO—FiAE a2 — RT3 5 vitellogenin AT 1 7 OMER R EIZ B W
T, MEHECHR T HHEEZHS 2B HBA L, 2D OFERIL., dax OMER RN T 4V 7
F— A%, EhoEE TEEBIER & Z U O TH 24 IC#EG S L E b O X 51T
RoltZl EERTHOTH D,



EHIT, HEEHIE, v¥ 7V I Dsx O C R OMERF RGN, v avvav "zl
ML THNWZ EZAMLEZ, €2 T, CREWMBIKOELT 0 2AZHEST DH7Z0IC, Dsx O
MRS ZFEHBEL, BEhicos Yy v inr ozt L, ZO/E, C K
k1% Aparaglossata O LB CME L7 2 &, £ 72 Aparaglossata (ZHF B9 72 Bl 41 13 87 81
DT Y ATHK LR LR SN, Dsx O C K MERr 2SO LB L, dsx @
FEREARICK T 2SS bieo HEL E R L Ty, il s Y oG ClEha—TF
T HEBOEROEBICL L2 bDTH L AR RSN,

UEORERIZESE, dox 1TEBENOIER T THERFRNRBIRWZ T T A &
v 7 BT vitellogenin 73 £ O IBAR 1 DHR GARAE 2 1 5 B EE 2 115 L . Aparaglossata @ ]
BILABEIC CRIGHEHIB O MR 2R CTHO B OLICEAE T 2L G Lz wH T e
TAEZHEEITREB L, AR, ABRREERDBEUANOEH REHY & OMIZH - -
MR OF vy v 7MW dsx OFBEEEGOENT o X 2B+ 5 L THZRME %
EZ25b0ThY, BELZBRIFMORGITMET 5 & HE L,



	

