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adaption measures to ensure the success 
of national missions. For interactivity 
and two-way communications, there will 
be 8–10 interactive episodes based on 
questions, queries and letters/e-mails of 
the listeners and answering the questions 
posed at the end of each episode. The  
selected listeners will be provided addi-
tional materials in the form of activity 
kits developed specially for the serial. 
 Prominent subject experts, technolo-
gists and planners will highlight the 
scientific facets of climate change in a 
simple manner in the interactive episodes 
of the series. The series in 19 languages 
will also promote appropriate mechan-
isms that India is developing to deal with 
the challenges of climate change on sev-
eral fronts simultaneously.  
 The following thrust areas are covered 
in the series: (a) Understanding the 
science of climate change and global 

warming. (b) The natural and anthropo-
genic factors responsible for climate 
change. (c) The impact of climate 
change. (d) Preparedness of the global 
community to address the challenges of 
climate change. (e) Norms, conventions, 
and institutions to cope with climate 
change. (f) India and climate change. (g) 
Institutional framework in India. (h)  
Mitigation and adaptation. 
 In 2008, VP and AIR had signed a 
memorandum of agreement, under which 
radio serials are being produced and 
broadcast through AIR to enhance under-
standing of the approaches and outcome 
of science and technology. For the exact 
schedule of the broadcast day/time/ 
frequency, etc., one may contact the 
nearby AIR station. Before launch of the 
serial, a press meet was also organized at 
the Constitutional Club, New Delhi on 
29 March 2019.  
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How are storage organs of root and tuber crops made? Mobile RNAs 
and proteins hold the promise! 
 
Storage tuber and root crops (such as  
potato, yam, sweet potato, cassava, carrot, 
radish, sugar beet, etc.) form a signifi-
cant portion of the world’s subsistence 
food supply. Although these storage 
crops are nutritionally rich and have  
diverse roles in medicinal and industrial 
applications, not much research has been 
conducted on them. The only exception 
being a tuber crop potato, where exten-
sive literature is available, largely on 
molecular signals that control tuber de-
velopment. Since storage root crops hold 
an immense promise for food security 
purposes, studying storage root deve-
lopment would enable us to understand 
several unanswered questions. For ex-
ample, what are the factors (internal and 
environmental) that govern the formation 
of below-ground storage organs? What 
regulates the size of the storage organs? 
How is the dormancy of these crops con-
trolled post-harvest? If we could identify 
crucial factors involved in storage organ 
development, we can design biotechno-
logical strategies to improve the overall 
growth performance and enhance their 
yields.  
 In all of these crops, below-ground 
storage organs serve as a strong reservoir 
for starch and storage proteins that help 

plants to harness energy required during 
post-dormancy. Sugar molecules synthe-
sized in leaves are transported through 
phloem sieve tubes that results in a mas-
sive accumulation of starch in below-
ground storage organs. During the course 
of evolution, plants have adapted a long-
distance transport mechanism through 
the phloem to communicate with their 
distant organs and regulate flowering1,2, 
defence responses3,4 and nutrient defi-
ciencies5,6. Apart from sugars, many other 
signals, such as metabolites, hormones, 
proteins, lipids, small RNAs and full-
length mRNAs are now known to ferry 
through the phloem sieve tubes as mobile 
molecules in response to various intrinsic 
and extrinsic signals7.  
 In 2007, the discovery of a phloem 
mobile protein as the flowering signal in 
Arabidopsis and rice paved the way to 
identify mobile signals for tuber deve-
lopment in the storage crop potato.  
Flowering Locus T (FT) protein is syn-
thesized in leaves and moves to the shoot 
tip through the phloem to initiate flower-
ing under favourable conditions8. Inte-
restingly, early experiments from 1980s 
revealed that flowering and tuberization 
pathways share common signals9, where 
researchers observed that if any flower-

ing tobacco plant (as scion) was grafted 
onto non-tuberizing potato (as stock), it 
induces tuberization (Figure 1 a). These 
experiments prompted other researchers 
to look for potential mobile signals in-
volved in potato development. Mobile 
mRNA of a BEL1-like transcription fac-
tor, StBEL5, proved to be one of the ma-
jor long-distance signals that moves from 
leaf to a below-ground modified stem 
(known as stolon) to induce tuber forma-
tion in potato10. Later, mRNAs of the 
two close homologous proteins of 
StBEL5 (StBEL11 and StBEL29) and 
Knotted1-like class-I KNOX gene 
(POTH1) were also found to be phloem 
mobile signals associated with potato de-
velopment. Other researchers established 
that over-expression of the rice FT ortho-
log in potato also induced both flowering 
and tuberization, even under unfavoura-
ble conditions. The potato FT protein or-
tholog StSP6A was identified as the 
mobile tuberization signal that moves as 
a protein from leaf to stolon to regulate 
tuber development11. Potato plants hav-
ing high expression of either the mobile 
mRNA StBEL5 (ref. 10) or StSP6A pro-
tein11 showed increased tuber yield.  
 The field of mobile RNAs and proteins 
is expanding rapidly, as revealed by  
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numerous reports from the last two dec-
ades1,2,12–16. Yet, how mobile RNAs and 
proteins move through the phloem sieve 
tubes remains a puzzle. Interestingly, 
two studies identified RNA binding pro-
teins (RBPs) from the pumpkin phloem 
sap, known as PHLOEM PROTEIN16 
(ref. 17) or RBP50 (ref. 18). RBP50 was 
found to be associated with six different 
mRNA molecules as ribonucleoprotein 
(RNP) complex in the pumpkin phloem18. 
These RBPs bind to mobile RNAs selec-
tively through a stretch of cytosine/uracil 
(CU) motifs in the 3′ untranslated re-
gions (UTRs). Recently, tRNAs and 
rRNAs have been proposed to prevent 
translation of mobile mRNAs during 
their transport through the phloem and 
assist in their delivery to target tissues19. 
It is not yet clear if the mobile proteins 
are also transported as a complex similar 
to mobile RNAs. In potato, polypyrimi-
dine tract-binding proteins (PTBs), 
StPTB1 and StPTB6 are the RBPs that 

aid in the transport of mobile mRNAs 
(such as StBEL5 and POTH1) to control 
tuber development. Moreover, it has been 
shown that potato plants with higher levels 
of StPTB1 or StPTB6 protein exhibit  
increased transport of StBEL5 mRNA to 
stolon and produce enhanced tuber 
yield20.  
 Why does the movement of StSP6A 
protein and StBEL5 mRNA to below-
ground stolon induce tuber formation? 
These mobile factors alter the expression 
of downstream target genes to trigger  
tuberization pathway at the stolon apex. 
For example, StBEL5 along with its 
KNOX partner, POTH1 alters the ex-
pression of the target genes associated 
with a plant hormone gibberellin (GA) 
and reduces the level of GA in the sto-
lon, which is essential to trigger tuber  
initiation and swelling. Apart from con-
tributing to reduced GA level in the  
stolon, a recent study showed that 
StSP6A interacts with a sugar transporter 

StSWEET11 and this heterodimer helps 
to establish source–sink relationship dur-
ing tuber swelling21. 
 This obviously raises the question 
whether we can employ the knowledge 
gained in potato to other storage root 
crops (Figure 1 b). As the genomic  
sequences of many of the storage root 
crops are now available, use of genetic 
and bioinformatics approaches would en-
able us to explore the mechanism of sto-
rage root development. What made us 
believe that mobile RNAs/proteins and 
RBPs could have a role in storage root 
development? Our recent studies have 
shown that the orthologues of mobile 
RNAs and proteins as well as RBPs are 
present in several storage root crops, 
such as sweet potato, cassava, carrot,  
radish and sugar beet22,23. The RBP-
mediated mobile RNA transport mechan-
ism also appears to be conserved in these 
storage root crops22. Moreover, regulation 
of key target genes by the BELL–KNOX 

 
 
Figure 1. Diagrammatic illustration representing (a) heterograft between a flowering 
tobacco plant (scion) and a non-tuberizing potato (stock) induced tuber formation from 
the base of the stock and (b) proposed long-distance signalling mechanism of mobile 
RNAs and proteins in the development of below-ground storage organs of several root 
crops.  
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proteins is found to be conserved in these 
root crops, similar to tuber development 
in potato23. Besides potato, FT proteins 
regulate storage organ development in 
onion24 and turnip25. Moreover, we could 
identify a high level of similarity  
between potato StSP6A and protein  
sequences of SP6A orthologues in several 
storage root crops23, suggesting that 
these orthologues may regulate storage 
organ formation in root crops, similar to 
tuber development in potato.  
 Overall, these findings highlight that 
the orthologues of mobile factors 
StSP6A, StBEL5 and StPTBs are well 
conserved in storage root crops belong-
ing to different families. Whether the 
long-distance signalling network is also 
functional in these root crops, remains to 
be studied. These mobile factors hold 
promise for storage organ development 
in root crops and only future research 
can answer the above-mentioned ques-
tions.  
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