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Evolution of Urochordates inferred from mitochondrial genome structure and
mitochondrial genetic code decoding system
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Molecular phylogenetic analyses of Urochordates based on the evolution of
urochordate mitochondrial genetic system were performed. Appendicularian mitochondrial genomes were
targets for the sequencing determination in this study. However, no tRNA and rRNA genes were found
on the appendicularian mitochondrial genome sequences determined. In addition, we performed
molecular phylogenetic analysis based on the mitochondrial protein gene sequences with Bayesian
method under the CAT model. Appendicularians appeared to form monophyletic group with Enterogonan
ascidians, although fast-evolving appendicularians and sales (Thaliacea, Salpida) tend to form a
group in molecular phylogenetic trees (long branch attrition). Furthermore, the expression of
Holocynthia roretzi (Ascidiacea, Enterogona) mitochondrial tRNAs had been analyzed by synthesizing
cDNAs of these tRNAs.

tRNA  rRNA



(mt)

37 15~18 kbps
DNA mt
tRNA
[Yokaobori et a. (2006)
MPE 40: 8]
mt
tRNA

[Yokobori et a. (1993) IME 36: 1;

Kondow et al. (1999) NAR27: 2554; Y okabori et
a. (1999) Genet. 153: 1851; Yokobori et a.
(2003) IME 57: 574; Y okobori et al. (2005) MPE
34: 273; Suzuki et a. (2011) JBC 286: 35494,
Hirose et al. (2009) Coral Reefs 28: 119]

mt (AUA=Me,
UGA=Trp, AGA/AGG=Gly)
[Yokabori et a. (1993)]

mt tRNA
: mt
13 2rRNA 24tRNA ( 39 )
mt
9~13
rRNA 0~2 tRNA
0~27
Ritteriella spp. mt
atp8
Phallusia spp.
Ascidia spp. mt tRNAA®

[lannelli et a. (2007) BMC
Evol. Biol. 7: 155]

Oikopleura dioica mt
mRNA 9
[Denoeud et al. (2010)
Science 330: 1381]

O. dioica mt
0.
dioica mt tRNA rRNA
Oikopleura
longicauda 2 mMtDNA
0.
dioica mt 9
tRNA  rRNA O.
longicauda mt
Oikopleura spp. mt
mt
mt tRNA
mt
4 mt

mt

mt

mt

A. mt

(@
tRNA
Ascidia spp.)

(b) mt tRNA
haplostoma mt
mt
O. dioica

rRNA

O. longicauda

mt
mt
(c) 24
( :H.roretz)
tRNA
B mt
mt
C.
mt
A

mt

mt

mt
tRNA

tRNA
mt

mt

tRNA

mt (
tRNA
tRNA

O. longicauda
mt
O. dioica
2 3
RNA
Apicomplexa
rRNA

tRNA
mt
tRNA

mt

mt

mt



mt

tRNA mt

A. ( :

Oikopleura rufescens ) mt
mt

Fritillaria haplostoma mt

mt
€) mt
coxl (
)] cab (
b) PCR
(b) (a PCR
mt long
PCR shotgun
sequencing primer walking
() mt O. dioica
O. longicauda rRNA
tRNA mt
mt rRNA mt
Mt rRNA
Apicomplexa mt
rRNA
rRNA

Southern hybridization RNA
Northern hybridization

mt-rRNA  RT-PCR (reverse transcription
PCR) mt-rRNA( )
Mt-rRNA( )
mt
B. mt
tRNA mt
tRNA ( )
(Ascidia spp.
Phallusaspp. ) mt tRNAA®P
Halocynthia roretz Ritteriella spp.
tRNA
mt
mt
@ tRNA tRNA
tRNA
24 mt
tRNA RT-PCR

H.roretz RT-PCR
tRNA
tRNA CCA
tRNA
tRNA
(b) Mt tRNA
tRNA
tRNA
tRNA
tRNA Mt
tRNA
O. dioica  Phallusia spp.
tRNA( )
C. ( ) mt
mt
mt
A
D. mt
A C mt
mt
E. ( mt
) mt
mt
tRNA
mt
mt
mt (
tRNA
)
mt
mt
A. mt
mt
@
Fritillaria
haplostoma  mt
F. haplostoma mt
2 DNA
mt
12

Oikopleura longicauda  mt



Oikopleura dioica mt

(b) O.dioica
mt
[Denoeud et al. (2010)] mt
O. dioica
mt MRNA
[Denoeud et
MtRNA
Wang [Wang et al.
(2015) Dev. Genes Evol. 225: 149] O.
dioica RNA-Seq O.
longicauda F. haplostoma mt
Blast

a. (2010)]

8

O. dioica
Blast

O. dioica
8
RNA-seq
Blast

Onuma

HiSeq

O. dioica mt
MRNA

RNA

(c) F. haplostoma O. dioica O. longicauda
MtDNA

5
mtDNA cob  coxl
PCR

long PCR
Long PCR PCR

10
Sanger

B. tRNA
Halocynthia roretz
mt-tRNA  cDNA
H. roretzi tRNAA®

cDNA 6

H. roretzi mt

2 tRNA™®

cDNA
H. roretz Ciona
intesitinalis tRNAA
tRNASY ucu
tRNA
C mt

3 F. haplostoma O.
longicauda O. dioica 8
mt

long branch attraction

CAT-Poisson mode

mt

mt
tRNA  rRNA
mt 0.
dioica RNA-Seq Blast
mt rRNA
rRNA
mt

mt-rRNA mt

mt-tRNA
tRNA

tRNA
mt
tRNACY
Ucu tRNA
H.roretzi C.intestinalis
Ucu
tRNA
tRNASY
tRNASY
ucu tRNA

tRNACY



1

2)

3

4
Hashimoto, T., D. D. Horikawa, Y. Saito,
H. Kuwahara, H. Kozuka-Hata, T. Shin-I,
Y. Minakuchi, K. Ohishi, A. Motoyama, T.
Aizu, K. Abe, T. Horiuchi, A. Enomoto, K.
Kondo, S. Tanaka, Y. Hara, S. Koshikawa,
H. Sagara, T. Miura, S_Yokobori, K.
Miyagawa, S. Sugano, Y. Suzuki, T. Kubo,
M. Oyama, Y. Kohara, A. Fujiyama, K.
Arakawa, T. Katayama, A. Toyoda, & T.
Kunieda (2016) Extremotolerant tardigrade
genome and improved radiotolerance of
human cultured cells by tardigrade-unique
protein. Nature Comm. 7: 12808 (DOI:
10.1038/ncomms12808)

Ozawa, M., S. Shimamura, Y. Takagi, S.
Yokobori, T. Maeda, T. Maruyama & T.
Yoshida (2016) Updated mitochondrial
phylogenomics of Pteriomorphia and
Heterodonta in Bivalvia, including deep-sea
chemosymbiotic Bathymodiolus mussels,
vesicomyid clams, and the thyasirid clam
Conchocele cf. bisecta. Marine Genomics
(in press)

Tokishita, S, H. Shibuya, T. Kobayashi,
M. Sakamoto, J.-Y. Ha, S._Yokobori, H.
Yamagata, & T. Hanazato (2017)
Diversification of mitochondrial genome of
Daphnia galeata (Cladocera, Crustaceq):
comparison with phylogenetic consideration
of the complete sequences of clones isolated
from five lakesin Japan. Gene (in press).

Nagao, A., M. Ohara, K. Miyauchi, S
Yokobori, A. Yamagishi, K. Watanabe, &
T. Suzuki (2017) Hydroxylation of a
conserved tRNA modification contributes to
establishment of non-universal genetic code
in echinoderm mitochondria. Nature Struc.
Mol. Biol. 4(9):778-782

17 (2015/08)

Fritillaria haplostoma
86
(2015/09)

Rhopalaea sp.

18 (2016/08)

4)
tRNA tRNA

2016 (2016/10)

5) , S, A. Yamagishi, & A. Nishino.
Molecular  phylogenetic  analysis  of
Fritillariidae (Appendicularia, Urochordata)
based on the 18S rRNA gene sequence and
mitochondrial genome  of  Fritillaria
haplostoma. 1CZ/ZSJ joint meeting (The
22nd International Congress of Zoology &
The 87th Meeting of Zoological Society of
Japan). Onnason & Ginowan, Okinawa,
Japan. (2016/11)

6)

19
(2017/8)

18SrRNA

88 (2017/09)
)
2017
(2017/9)

1
1) (2018)

(

DNA

http://www.|s.toyaku.ac.jp/~l cb-7/yokobori/index
.html

o

Yokobori, Shin-ichi

40291702



