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Sexual reproduction of flowering plants depends on the de-
livery of two immotile sperm cells to the female gameto-
phyte (FG), i.e. the embryo sac, through the growth of a 
pollen tube, a long cylindrical cellular extension from a 
pollen grain. The journey of pollen tubes toward the embryo 
sacs is led by female cues, which guide the path of the pol-
len tubes. Recognition between the male-female gameto-
phytes in some cases precedes successful fertilization 
whereas in other cases serves as a reproduction isolation 
barrier. The century-old question thus followed: what sig-
nals are emitted by the female and what components in pol-
len tubes interpret them into directional growth?  

A few years ago, a study using laser ablation on Torenia 
fournieri, a plant with protruding embryo sacs, demonstrat-
ed that LURE, a cysteine-rich polypeptide in a subgroup of 
defensin-like proteins, functions as the synergid-derived 
female attractant (Okuda et al., 2009). It answered the first 
half of the big question in sexual reproduction of flowering 
plants. The next obvious puzzle to solve is to identify the 
LURE receptors, whose role is comparable to that of Global 
Positioning System (GPS) such that they perceive LURE 
and interpret it into intracellular changes to guide growth 
direction.  

The receptors of LURE have recently been identified by 
the research group led by Wei-Cai Yang, Institute of Ge-
netics and Developmental Biology, Chinese Academy of 
Sciences. They designed a few criteria to select candidates 
for LURE receptors (Wang et al., 2016). First, the receptors 
are most probably receptor-like kinases (RLKs). RLKs re-
semble metazoan receptor tyrosine kinases in domain or-

ganization, whose diverse extracellular domains (ECDs) are 
responsible for sensing distinct environmental cues (Shiu 
and Bleecker, 2001). Second, the RLK-coding genes should 
be expressed preferentially in pollen or pollen tubes. Third, 
genetic interference of the RLKs either by a loss-of-function 
or dominant-negative (DN) approach would compromise 
male transmission by reducing guidance efficiency of pollen 
tubes. Fourth, receptors for LURE would dimerize because 
signaling relay from RLKs often involves oligomerization. 
Based on these criteria, the authors were able to select two 
interacting pairs of RLKs, designated as MDIS1/2 (MALE 
DISCOVERER1/2) and MIK1/2 (MDIS1-INTERACTING 
RECEPTOR LIKE KINASE1/2), as candidates for the 
LURE receptors (Wang et al., 2016).  

Wang et al. then performed extensive biochemical ex-
periments to demonstrate that MDIS1/2 and MIK1/2 form 
the bona fide receptor complexes for LURE (Wang et al., 
2016). They showed that LURE binds to the ECDs of 
MDIS1 and MIK1/MIK2 by pull-down, microscale ther-
mophoresis, and co-immunoprecipitation (co-IP) assays. 
Using the same approaches, Wang et al. also demonstrated 
the direct interaction between the ECDs of MDIS1 and 
MIK1 or MIK2. Interaction of these co-receptors was en-
hanced by exogenously applied LURE, implying 
LURE-induced receptor oligomerization. Because signal 
relay from RLKs accompanies the phosphorylation of their 
intracellular domains (Shiu and Bleecker, 2001), the authors 
further analyzed whether that was the case for the LURE 
receptors. Indeed, they were able to identify both au-
to-phosphorylation and trans-phosphorylation by MIK1. 
They additionally pinpointed a few phosphorylation sites 
within the intracellular domains (ID) of MDIS1 and MIK1, 
although the functional relevance of these phosphorylation 
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sites is yet to be characterized. In addition, LURE induces 
the phosphorylation of MDIS1 and MIK1, providing mech-
anistic support to their identities as the LURE receptors. 
Finally, Wang et al. also showed that expressing the Ara-
bidopsis MDIS1 in Capsella rubella pollen tubes signifi-
cantly enhanced their ability of directional growth toward 
Arabidopsis ovules, indicating a compromised reproduction 
barrier (Wang et al., 2016).  

As for any other scientific breakthroughs, a great finding 
raises more questions than it answers. First, male transmis-
sion defects of the MDIS1/2 and MIK1/2 mutants were not 
fully penetrant (Wang et al., 2016). Whether it is due to 
hierarchy redundancy or the presence of other receptor 
complexes is yet to be determined. In the scenario of the 
former, genomic editing technologies such as CRISPR/Cas9 
will be useful. Second, the intracellular components through 
which MDIS1/2-MIK1/2 relay the directional cue are un-
known. Replacing the ID of MDIS1 with an inactive coun-
terpart of BRASSINOSTEROID INSENSITIVE1 rendered 
a DN version of MDIS1, implying that the MDIS1/2- 
MIK1/2 receptor complex shares similar intracellular com-
ponents with other RLKs. Because RLK-released autoinhi-
bition of guanine nucleotide exchange factors (RopGEFs) 
(Zhang and McCormick, 2007) seems a widely-adopted 
intracellular signaling pathway in plant cells, the small 
GTPases, Rho of Plants (ROPs), are potential candidates for 
the directional growth of pollen tubes upon LURE percep-
tion. Third, RLKs are transmembrane proteins, which are 
synthesized and properly folded at the endoplasmic reticu-
lum (ER), delivered via vesicles to the plasma membrane 
(PM), and possibly dynamically recycled within endomem-
brane compartments. Yang’s group previously showed that 
a complex consisting of two ER proteins, POLLEN 
DEFECTIVE IN GUIDANCE1 and CALRETICULIN3, is 
critical for the FG-guided directional growth of pollen tubes 

(Li et al., 2011). It waits to be seen whether the ER complex 
regulates the function of MDIS1/2-MIK1/2 complex. Fur-
thermore, Wang et al. showed in this study that LURE in-
duced the internalization of MDIS1 (Wang et al., 2016). 
Whether its internalization terminates the guidance signal or 
propagates the guidance signal from vesicles is unclear. 
Finally, micropylar targeting in Arabidopsis requires a 
priming step, i.e. the growth of pollen tubes through the 
style. Whether and how the MDIS1/2-MIK1/2 complex is 
regulated by the priming process will be of great interest. 
These and more questions, provoked by the study of Wang 
et al., certainly expand the horizon of future researches on 
plant sexual reproduction. 
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