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Cyclic nucleotide-gated channel 18 functions as an essential Ca>" channel for pollen
germination and pollen tube growth in Arabidopsis
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ABSTRACT

We recently revealed that cyclic nucleotide-gated channel 18 (CNGC18) functioned as the main Ca*"
channel in pollen tube tips for pollen tube guidance to ovules by regulating external Ca®" influx in
Arabidopsis. In this study, we found that the reduction of external Ca®" concentration ([Ca®']e) from
10 mM to 5 mM, and further to 2 mM, led to the decreases of pollen germination percentages, but led to
the increases of the percentages of ruptured pollen grains and tubes, and branched pollen tubes in vitro in
cngc18-17 compared with wild type. The second point mutant allele cngc18-22 showed similar phenotypes,
including reduced pollen germination percentages, increased percentages of ruptured pollen tubes, but did
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not show obvious different percentages of ruptured pollen grains and branched pollen tubes compared
with wild type. These data demonstrate that CNGC18 plays essential roles in pollen germination and tube

growth as a Ca®" channel in Arabidopsis.

Sperm cells of flowering plant have lost their motility, and need
to be transported by the tip growth of pollen tubes to ovules for
double fertilization,' and pollen tube growth is guided by multi-
ple attractants from female reproductive tissues."* A cytosolic
Ca’" gradient in pollen tube tips plays central roles in both pol-
len tube growth and orientation,>® and plasma membrane
Ca®" channels in pollen tube tips have been proposed as the
main regulators for the Ca®>" gradient and pollen tube growth
by mediating and regulating external Ca*" influx. The diverse
attractants from female gametophytes may guide the pollen
tube growth by regulating the activity of the Ca®" channels,
and by consequently regulating the Ca®" gradient. The expres-
sion of 8 channel genes has been detected in Arabidopsis pollen
grains and tubes, including 2 glutamate receptor-like (GLR)
channels (1.2 and 3.7) and 6 cyclic nucleotide-gated channels
(CNGCs) (7, 8, 9, 10, 16, and 18),”"'° and all the 8 channels
have been characterized as inward Ca’* channels.'””"> We
recently found that CNGC18 is the main Ca** channel in pol-
len tube tips for pollen tube guidance to ovules, whereas the
other 7 Ca** channels play no role, or only a negligible role, if
any, in pollen tube guidance in Arabidopsis.'> Considering that
the forming and polar growth of normal pollen tubes are the
prerequisite for pollen tube guidance, we have proposed that
CNGC18 has 2 functions in pollen tube tips.'* First, CNGC18
mediates external Ca’" influx to establish and maintain the
Ca’" gradient in pollen tube tips as an inward Ca** channel.
This function of CNGC18 could be essential for pollen germi-
nation and the elongating polar growth of pollen tubes. The
pollen grains of T-DNA knockout mutant cngcI8-1 cannot

germinate to normal pollen tubes,” probably because of the
absence of this function of CNGC18."* Second, CNGCI18 is a
key player for pollen tube guidance, and this function of
CNGCI18 has been confirmed and reported recently.'*

We have performed in vitro pollen germination assay using
10 mM Ca®" condition,'? because this [Ca*"].y, is the most
suitable for a high in vitro pollen germination percentage in
Arabidopsis."> The pollen germination percentages were
approximate 70% for all the 2 point mutants cngcl8-17 and
cngcl8-22, the 2 rescued lines COM1 and COM2, and Colum-
bia wild type in the [Ca®"] . condition.'? To test the function
of CNGC18 as a Ca®* channel in pollen germination and pol-
len tube growth, we performed in vitro pollen germination
and tube culturing experiments using different external Ca*"
concentrations, especially low external Ca*". The experimental
results showed that the pollen germination percentages were
significantly reduced in cngcl8-17 and cngcl8-22, were slightly
reduced in COM1, but were not significantly altered in COM2
and wild type, upon the reduction of [Ca®*]. from 10 mM
to 5 mM, and further to 2 mM (Fig. 1A),"> demonstrating
that CNGC18 plays an essential role in pollen germination as
a Ca’" channel. We also observed ruptured pollen grains and
pollen tubes, and branched pollen tubes (Fig. 1B). We then
analyzed the [Ca®*]., dependence of pollen grain and pollen
tube rupturing, as well as pollen tube branching. The experi-
mental results showed that the percentage of ruptured pollen
grains was increased significantly from 18% to 37.6% for
cngcl8-17 upon the reduction of [Ca® ] from 10 mM to
2 mM, whereas the percentages of the ruptured pollen grains
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Figure 1. CNGC18 plays essential roles in pollen germination and pollen tube growth in Arabidopsis. (A) The analysis of [Ca>*] dependence of pollen germination.
(B) Pictures showing typical normal pollen tube of Col-0, a branched pollen tube, ruptured pollen grains and a ruptured pollen tube of cngc18-17. The branched pollen
tube is indicated by an arrow, and the ruptured pollen grains and pollen tube are indicated by arrowheads. Scale bars equal to 10 m. (C-E) The analysis of [Ca>* 1oy
dependence of pollen grain rupturing (C), pollen tube rupturing (D), and pollen tube branching (E). Three replicates were performed. Error bars represent means + SEM.

**Significant differences from Col-0 (P < 0.01).

were not altered significantly in cngc18-22, COM1, COM2 and
wild type upon the similar [Ca**]., reduction from 10 mM
to 2 mM (Fig. 1C). The percentages of ruptured pollen tubes
was increased from 7% to 26% for cngcl8-17, from 6% to 22%
for cngc18-22, from 7% to 15% for COM1, and from 5% to
13% for COM2, upon the [Ca**]., reduction from 10 mM to

2 mM (Fig. 1D). The percentages of branched pollen tubes
was increased significantly from 7% to 17% for cngcl8-17, but
not altered in cngcl8-22, COM1, COM2 and wild type upon
the similar [Ca®*"]. reduction from 10 mM to 2 mM
(Fig. 1E). These phenotypes of cngc18-17 and cngc18-22 could
be caused by insufficient and/or abnormal external Ca**



influx for pollen grains and pollen tubes. These data demon-
strate that CNGCI18 plays essential roles as an inward Ca*"
channel in both pollen germination and the elongating polar
growth of pollen tubes in Arabidopsis.

Disclosure of potential confllicts of interest

The authors declare no conflict of interest.

Funding

This work was supported by National Natural Science Foundation of
China Grant 3107139 and China Postdoctoral Science Foundation Grant
2015M571608.

References

1. Dresselhaus T, Sprunck S, Wessel GM. Fertilization Mechanisms in
Flowering Plants. Curr Biol. 2016;26:R125-R39. doi:10.1016/j.
cub.2015.12.032.

2. Dresselhaus T, Franklin-Tong N. Male-female crosstalk during pollen
germination, tube growth and guidance, and double fertilization. Mol
Plant. 2013;6:1018-36. doi:10.1093/mp/sst061.

3. Steinhorst L, Kudla J. Calcium - a central regulator of pollen germina-
tion and tube growth. Biochim Biophys Acta. 2013;1833:1573-81.
doi:10.1016/j.bbamcr.2012.10.009.

4. Iwano M, Entani T, Shiba H, Kakita M, Nagai T, Mizuno H, Miya-
waki A, Shoji T, Kubo K, Isogai A, et al. Fine-tuning of the cyto-
plasmic Ca**" concentration is essential for pollen tube growth. Plant
Physiol. 2009;150:1322-34. doi:10.1104/pp.109.139329.

5. Malho R, Trewavas AJ. Localized apical increases of cytosolic free cal-
cium control pollen tube orientation. Plant Cell. 1996;8:1935-49.
doi:10.1105/tpc.8.11.1935.

10.

11.

12.

13.

PLANT SIGNALING & BEHAVIOR €1197999-3

. Iwano M, Ngo QA, Entani T, Shiba H, Nagai T, Miyawaki A, Isogai A,

Grossniklaus U, Takayama S.. Cytoplasmic Ca>* changes dynamically
during the interaction of the pollen tube with synergid cells. Develop-
ment. 2012;139:4202-9. doi:10.1242/dev.081208.

. Frietsch S, Wang YF, Sladek C, Poulsen LR, Romanowsky SM,

Schroeder JI, Harper JE. A cyclic nucleotide-gated channel is essen-
tial for polarized tip growth of pollen. Proc Natl Acad Sci USA.
2007;104:14531-6. doi:10.1073/pnas.0701781104.

. Tunc-Ozdemir M, Rato C, Brown E, Rogers S, Mooneyham A,

Frietsch S, Myers CT, Poulsen LR, Malhé R, Harper JF. Cyclic
nucleotide gated channels 7 and 8 are essential for male reproduc-
tive fertility. PLoS One. 2013;8:e55277. doi:10.1371/journal.
pone.0055277.

. Tunc-Ozdemir M, Tang C, Ishka MR, Brown E, Groves NR, Myers

CT, Rato C, Poulsen LR, McDowell S, Miller G, et al. A cyclic nucleo-
tide-gated channel (CNGC16) in pollen is critical for stress tolerance
in pollen reproductive development. Plant Physiol. 2013;161:1010-20.
doi:10.1104/pp.112.206888.

Michard E, Lima PT, Borges F, Silva AC, Portes MT, Carvalho JE,
Gilliham M, Liu LH, Obermeyer G, Feijé JA.. Glutamate receptor-
like genes form Ca®>" channels in pollen tubes and are regulated
by pistil D-serine. Science. 2011;332:434-7. doi:10.1126/
science.1201101.

Gao QF, Fei CF, Dong JY, Gu LL, Wang YF. Arabidopsis CNGC18 is a
Ca’"-permeable channel. Mol Plant. 2014;7:739-43. doi:10.1093/mp/
sst174.

Gao Q-F, Gu L-L, Wang H-Q, Fei C-F, Xiang F, Hussain ], Sun §]J,
Dong JY, Liu H, Wang YF. Cyclic nucleotide-gated channel 18 is an
essential Ca®* channel in pollen tube tips for pollen tube guidance to
ovules in Arabidopsis. Proc Natl Acad Sci USA. 2016;113:3096-101.
doi:10.1073/pnas.1524629113.

Fan LM, Wang YF, Wang H, Wu WH. In vitro Arabidopsis pollen ger-
mination and characterization of the inward potassium currents in
Arabidopsis pollen grain protoplasts. ] Exp Bot. 2001;52:1603-14.
doi:10.1093/jexbot/52.361.1603.


https://doi.org/10.1016/j.cub.2015.12.032
https://doi.org/10.1016/j.cub.2015.12.032
https://doi.org/10.1093/mp/sst061
https://doi.org/10.1016/j.bbamcr.2012.10.009
https://doi.org/10.1104/pp.109.139329
https://doi.org/10.1105/tpc.8.11.1935
https://doi.org/10.1242/dev.081208
https://doi.org/10.1073/pnas.0701781104
https://doi.org/10.1371/journal.pone.0055277
https://doi.org/10.1371/journal.pone.0055277
https://doi.org/10.1104/pp.112.206888
https://doi.org/10.1126/science.1201101
https://doi.org/10.1126/science.1201101
https://doi.org/10.1093/mp/sst174
https://doi.org/10.1093/mp/sst174
https://doi.org/10.1073/pnas.1524629113
https://doi.org/10.1093/jexbot/52.361.1603

	Abstract
	Disclosure of potential confllicts of interest
	Funding
	References

