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Identification of the root cells responsible for root hydrotropic response.

Miyazawa, Yutaka
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To identify the site where a chemical information, namely hydrostimulus, is
converted to biological information, such as hormone response and gene expression, we determined
which tissues require MIZ1, an Arabidopsis protein previously identified as essential for
hydrotropism and localized to cortex, epidermis and lateral root cap. Using transgenic mizl mutant
lines that express GFP-fused MIZ1 under control of tissue specific promoter, we found that
cortex-specific expression of MIZ1-GFP was sufficient to rescue ahydrotropic response of mizl
mutant. In addition, we found that cortex-specific response to abscisic acid is necessary for full
hydrotropic response. This result suggests that in Arabidopsis, cortex is the site of such
information conversion.



1800

Knight
1811
mizu-kussei: miz
MIZ1 MIz2 Kobayashi et a. 2007
Miyazawa et al. 2009
MIiZ1 Mz )
MI1Z2 G GNOM
200
MIZ1 MIZ2
Taniguchi etal. 2010 Saucedoetal. 2012 Antoni etal. 2013 Kreiger etal. 2016
MIiZ1 MI1Z2 Moriwaki
eta. 2011 MIzZ1 Yamazaki et a.
2012 Miyazawaeta.2012 MIiz1 ABA
Moriwaki et al. 2012
MIZ1
Iwataetal. 2012 |wataeta.
2013 MIZ1 MIZ2
MIZ1
ABA ABA
ABA MIZ1 MIZ2
1
2 MIZ1 MIZ2 ABA
MIiZ1
tissue specific promoter: TSP GFP MIz1
MIZ1-GFP mizl-1
MIZ1-GFP mizl-1
MIZ1 ABA
ABA Snfl-related protein kinase  SnRK
MIiZ1 MI1Z2
TSP MIZ2 miz2  GFP MI1Z2-GFP
miz2-GFP

3



1
TSP

GFP

MIZ1 miz1-1

MI1Z1-GFP
mizl-1
1
MIZ1
snrk
SnRK
Dietrich et al. 2017
miz2 MIZ2-GFP
GFP
MI1Z2-GFP mz2-GFP  MIZ2
miz2
MI1Z2-GFP
MI1Z2-GFP miz2
mizZ2-GFP
miz2
MIZ2
MI1Z2 MIZ1
2

al. 2017

MIZ1-

mizZ2-

miz2

Hydrotropic root curvature (degrees)

PIN

120
100+
80}
60
40t
20

i I I
o % LIJ
40 o
P % ® 9]
60 S ) @ 3
-80 =
1 MIZ1-GFP mizl-1
mizl-1 MIZ1-GFP TSP
Epi Cor End
Se Col
MI1Z1-GFP
mizl-1
miz2
MI1Z2-GFP
MIZ2
MI1Z2
MIZ1
Nakajimaet




Nakajima et al. 2017

Fujii etal. 2018
PIN
PIN CsPIN5S
CsPIN5
Morohashi et a. 2017
Nakajima et al. 2017
2
a b - - - Meristem and
Differential L elongation zone
elongation of .
epidermal cells b
B U
. [Differential auxin |
Ca?* signaling? W " lresponse 1
Perception of .- "= - . _Rootcap (pea) s “ A
moisture gradient| T o
7 ' Asymmetric auxin
' '
B osolic Ca2* N ‘
1 @ Diversification process 1 (cuiﬂmg;)" rz’oe) @ Diversification process 2
c - - . Elongation d L-" 7" F. Meristemand
¢ *.zone .’ |Differential | " « elongation zone
4 + |elongationof | *,
] [z |/ [onemcan]
Perceptionof || . '
moisture gradient . ¥
L [wizt :
Auxin response? ‘ 5
Perception of e s E
moisture gradient = = . Root cap (:’;mg:y;?s ) ABA response
= Autophagic degradation 1 P response? e .-
ol of columella amyloplast
T ‘ Velsrograent
ABA 2
a-b
2
1 a-c c-b
2 b-d
ABA 2
Miyazawa et c-d

al.2020: 2



Antoni R, Gonzalez-Guzman M, Rodriguez L, Peirats-Llobet M, Pizzio GA, Fernandez MA, De Winne N,
De Jaeger G, Dietrich D, Bennet MJ, Rodriguez PL (2013) PYRABACTIN RESISTANCE1-LIKES8
plays an important role for the regulation of abscisic acid signaling in root. Plant Physiol. 161; 931-941

Dietrich D, Pang L, Kobayashi A, Fozard JA, Boudolf V, Bhosale R, Antoni R, Nguyen T, Hiratsuka S,
Fujii N, MiyazawaY, Bae T-W, Wells DM, Owen MR, Band LR, Dyson RJ, Jensen OE, King JR, Tracy
SR, Strurrock CJ, Mooney SJ, Roberts JA, Bhalerao RP, Dinney JR, Rodriguez PL, Nagatani A,
Hosokawa, Baskin Tl, Pridmore TP, De Veylder L, Takahashi H, Bennet MJ(2017) Root hydrotropism
is controlled via a cortex-specific growth mechanism. Nat Plants 3: 17057

Iwata S, Miyazawa Y, Takahashi H (2010) MIZU-KUSSEI1 plays an essential role in the hydrotropism of
lateral rootsin Arabidopsis thaliana. Environ. Exp. Bot. 75: 167-172

Iwata S, Miyazawa Y, Fujii N, Takahashi H (2013) MI1Z1-regulated hydrotropism functions in the growth
and survival of Arabidopsisthaliana under natural condition. Ann. Bot. 112: 103-114

Kobayashi A, Takahashi A, Kakimoto Y, Miyazawa Y, Fujii N, Higashitani A, Takahashi H (2007) A gene
essential for hydrotropismin roots. Proc. Natl. Acad. Sci. USA 104: 4724-4729

Miyazawa Y, Takahashi A, Kobayashi A, Kaneyasu T, Fujii N, Takahashi H (2009) GNOM-mediated
vesicular trafficking plays an essential role in hydrotropism of Arabidopsis roots. Plant Physiol. 149:
835-840

MiyazawaY, Moriwaki T, UchidaM, Kobayashi A, Fujii N, Takahashi H (2012) Overexpression of MIZU-
KUSSEI1 enhances the root hydrotropic response by retaining cell viability under hydrostimulated
conditions in Arabidopsis thaliana. Plant Cell Physiol. 53: 1926-1933

Miyazawa Y, Takahashi H (2020) Molecular mechanisms mediating root hydrotropism: What we have
observed since the rediscovery of hydrotropism. J. Plant Res. 133: 3-14

Morohashi K, Okamoto M, Yamazaki C, Fujii N, Miyazawa Y, Kamada M, Kasahara H, Osadal, Shimazu
T, Fusgiima, Higashibata A, Yamazaki T, Ishioka N, Kobayashi A, Takahashi H (2017) Gravitropism
interferes with hydrotropism via counteracting auxin dynamics in cucumber roots: clinorotation and
spaceflight experiments. New Phytol. 215: 1476-1489

Moriwaki T, MiyazawaY, Fujii N, Takahashi H (2012) Light and abscisic acid signalling are integrated by
MIZ1 gene expression and regulate hydrotropic response in roots of Arabidopsis thaliana. Plant Cell
Envion. 35: 1359-1368

NakajimaY, NaraY, Kobayashi A, Sugita T, MiyazawaY, Fujii N, Takahashi H (2017) Auxin transport and
response requirements for root hydrotropism differ between plant species. J. Exp. Bot. 68: 3441-3456

Saucedo M, Ponce G, Campos ME, Eapen D, Garcia E, Lujan R, Sanchez Y, Cassab GI (2012) An altered
hydrotropic response (ahrl) mutant of Arabidopsis recovers root hydrotropism with cytokinin. J. Exp.
Bot. 63: 3587-3602

Taniguchi Y'Y, Taniguchi M, Tsuge T, Oka A, Aoyama T (2010) Involvement of Arabidopsis thaliana
phospholipase DC2 in root hydrotropism through the suppression of root gravitropism. Planta 231: 491-
497

Yamazaki T, Miyazawa Y, Kobayashi A, Moriwaki T, Fujii N, Takahashi H (2012) M1Z1, an essential
protein for root hydrotropism, is associated with the cytoplasmic face of the endoplasmic reticulum
membrane in Arabidopsis root cells. FEBS Lett. 586: 398-402



Miyazawa Yutaka Takahashi Hideyuki 133

Molecular mechanisms mediating root hydrotropism: what we have observed since the rediscovery 2020

of hydrotropism

Journal of Plant Research 3 14
DOl

10.1007/s10265-019-01153-3

Kobayashi Akie Kim Hye-Jeong Tomita Yuta Miyazawa Yutaka Fujii Nobuharu Yano Sachiko 165

Yamazaki Chiaki Kamada Motoshi Kasahara Haruo Miyabayashi Sachiko Shimazu Toru Fusejima

Yasuo Takahashi Hideyuki

Circumnutational movement in rice coleoptiles involves the gravitropic response: analysis of an 2019

agravitropic mutant and space-grown seedlings

Physiologia Plantarum 464 475
DOl

doi:10.1111/ppl.12824

Fujii Nobuharu Miyabayashi Sachiko Sugita Tomoki Kobayashi Akie Yamazaki Chiaki Miyazawa 13

Yutaka Kamada Motoshi Kasahara Haruo Osada lkuko Shimazu Toru Fusejima Yasuo Higashibata

Akira Yamazaki Takashi Ishioka Noriaki Takahashi Hideyuki

Root-tip-mediated inhibition of hydrotropism is accompanied with the suppression of asymmetric 2018

expression of auxin-inducible genes in response to moisture gradients in cucumber roots

PLOS ONE 1-25
DOl

10.1371/journal .pone.0189827




Morohashi Keita Okamoto Miki Yamazaki Chiaki Fujii Nobuharu Miyazawa Yutaka Kamada 215

Motoshi Kasahara Haruo Osada Ikuko Shimazu Toru Fusejima Yasuo Higashibata Akira Yamazaki

Takashi Ishioka Noriaki Kobayashi Akie Takahashi Hideyuki

Gravitropism interferes with hydrotropism via counteracting auxin dynamics in cucumber roots: 2017

clinorotation and spaceflight experiments

New Phytologist 1476 1489
DOl

10.1111/nph.14689

Nakajima Yusuke Nara Yoshitaka Kobayashi Akie Sugita Tomoki Miyazawa Yutaka Fujii 68

Nobuharu Takahashi Hideyuki

Auxin transport and response requirements for root hydrotropism differ between plant species 2017

Journal of Experimental Botany 3441 3456
DOl

10.1093/jxb/erx193

Dietrich D Pang L., Kobayashi A., Fozard JA., Boudolf V., Bhosale R., Antoni R., Nguyen T., 3

Hiratsuka S., Fujii N., Miyazawa Y., 21

Root hydrotropism is controlled via a cortex-specific growth mechanism 2017

Nature Plants

17057 17057

DOl
10.1038/nplants.2017.57

M1Z2/GNOM MIZ1

83

2019




MIZ2

9
2019
MIZ1
82
2018
HSP90 NPH3 MIZ1
82
2018

32

2018




Yutaka Miyazawa

Physiological analyses on the ecological significance of root hydrotropism

The International Symposium on Rapid Evolutionary Change of Invertebrates, Plants, and their Interactions under Ecological
Disturbance.

2019
81
2017
31
2017
mizu-kusseil
7

2017







