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Tardigrades are ecdysozoa that grow by repeated molting. The molting mechanism in insects is
regulated by the molting hormone, 20-hydroxyecdysone, and juvenile hormone (JH). JH in
arthropods acts on various biological phenomena, such as sex determination and caste
differentiation, and responds to some environmental cues. Although the hormone reportedly has
functions in hatching in parthenogenetic species of tardigrades, its structure and other functions
are still unknown. We considered that sex determination was driven by environmental cues, but not
by genetics, because sex chromosomes have not been confirmed and the sex ratio is not fifty-fifty
in the sexually reproducing tardigrade, Paramacrobiotus metropolitanus. In this study, we identified
the sex specific genes DM gene homologs from P. metropolitanus RNAseq data, which regulates
sex determination in Drosophila and nematoda and clarified its sex-determination function in P.
metropolitanus.

To examine the mechanism of sex determination in tardigrades,the male-specifically expressed
DM gene PARRI3090 and the female-specifically expressed DM gene PARRI9851 were isolated.
RT-PCRs with both DM genes were performed with RNA extracted from each individual on the first
day after hatching. Some individuals expressed with both of PARRI3090 and PARRI9851, and
some individuals expressed only PARRI3090, and some expressed only PARRI9851. But in eggs
4 days before hatching, all eggs expressed only PARRI9851. These results indicate that the sex
determination of the tardigrade shows the female form up to 4 days before hatching, but on the first
day after hatching, some of them appear to shift to the male form, and on the third day, the male
and female forms are determined.
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Sex-determination in tardigrade and Origin of juvenile hormone systems
1. HREREEDOHRE
RSB I VLYV IERBRCHEEME HICKRREMICEL., BRREZEVRLANOHRY 5, BROMRREIE, BRK
FIVEVERHERILEVIHICEVEBEEIN TV I ENFLCARSGNTSE Y, JHRBRROAR 5T, HRERE
FIEICEADZIREEIE->TWS, LA L, AULHRRESMTE. BSEMOMREICDOWVWTOMRIIEETH > 7,
HEEIE. AHERERON VX I VFavAALYDIHN T 7 LR EVEAFIL(MF)DEEEZBAS NI L. MFERK
R THDIHXA FIVEER (JHAMT) ORRBIFHI/IMEERBATHEI 2R LTV, S50, BEEHDIHE
ENEREICEDZDOTIRABWHEREL., BEIIY : A3 : 7 THIZABOMREEZREI SHRATHDOINS &
FRICH L TEREOMFEZERESE/LE IS, TNORKRUAKREFATIIMBLEA T 1 1 EXXDEMT ZZ
EERRLTWS, LML, JHIINT5ZEME (MET) 28RRL7EK RRTEAh o7,
AR TIEITLYDUREMBICOWVWT, YavdavNIPBRRTHRELAHEHT ZDMEBELEFERVT, Bit
Lce MOFa0FaoXA L4 ARFENICHKITT 2DMERFPARRIZ090E X AFEMICHKIR T 5DMEIR
FPARRIO8S5T % B L 7=, bR 1 HODEEKIL T DA S5RNAZHE L. PARRIZ090 & PARRI9851 TR AKX TD
FIRENZ1T o7& 2 5. PARRIZ090OD H = FHIR T H1E{A. PARRIOBSTDAHZHKIRT HEAE LB ICHEZHKIRY
PEGEHFERELR, o, BERI4 BOMASRNAZH L, BEHRICRERZFENLE I 2. £ TDIPHNPARRIIBST
DHEFHBFELTW, INS5DZEMNS, bIFAaTFIavAALYOEIFMEERI4 BETIEXRBZRLTWSD,
2t 1 BETlE, ARBEABITIZEONHEL. 3HBICIEARE, ARBFARET E I ENTINE,
CDESICERBI I LY DMERERBZ IO TRALIMEE A7,

2. MABRREEDOHE (F:R)

Tardigrades are ecdysozoa that grow by repeated molting. The molting mechanism in insects is regulated by
the molting hormone, 20-hydroxyecdysone, and juvenile hormone (JH). JH in arthropods acts on various
biological phenomena, such as sex determination and caste differentiation, and responds to some
environmental cues. Although the hormone reportedly has functions in hatching in parthenogenetic species off
tardigrades, its structure and other functions are still unknown. We considered that sex determination was
driven by environmental cues, but not by genetics, because sex chromosomes have not been confirmed and
the sex ratio is not fifty-fifty in the sexually reproducing tardigrade, Paramacrobiotus metropolitanus. In this
study, we identified the sex specific genes DM gene homologs from P. metropolitanus RNAseq data, which
regulates sex determination in Drosophila and nematoda and clarified its sex-determination function in P.
metropolitanus.
To examine the mechanism of sex determination in tardigrades,the male-specifically expressed DM gene
PARRI3090 and the female-specifically expressed DM gene PARRI9851 were isolated. RT-PCRs with both DM
genes were performed with RNA extracted from each individual on the first day after hatching. Some individuals
expressed with both of PARRI3090 and PARRI9851, and some individuals expressed only PARRI3090, and
some expressed only PARRI9851. But in eggs 4 days before hatching, all eggs expressed only PARRI9851.
These results indicate that the sex determination of the tardigrade shows the female form up to 4 days before
hatching, but on the first day after hatching, some of them appear to shift to the male form, and on the third
day, the male and female forms are determined.
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