
The formation of the symbiotic association between plants and The formation of the symbiotic association between plants and arbusculararbuscular mycorrhizalmycorrhizal (AM) fungi increases the phosphate (Pi) availability and is pro(AM) fungi increases the phosphate (Pi) availability and is probably regulated by bably regulated by 

key components of the plant Pi homeostasis pathway. key components of the plant Pi homeostasis pathway. 

MicroRNAsMicroRNAs ((miRsmiRs) of the 399) of the 399--family are systemic Pifamily are systemic Pi--starvation signals important for maintenance of Pistarvation signals important for maintenance of Pi--homeostasis in homeostasis in Arabidopsis thaliana,Arabidopsis thaliana, and might also qualify as and might also qualify as 

signals regulating AM development in response to Pi availabilitysignals regulating AM development in response to Pi availability. MiR399s could either represent the systemic low Pi. MiR399s could either represent the systemic low Pi--signal promoting or required for AM formation, or signal promoting or required for AM formation, or 

they could act as counter players of systemic Pithey could act as counter players of systemic Pi--availability signals that suppress AM symbiosis. availability signals that suppress AM symbiosis. 

To test either of these assumptions, we analyzed the miR399To test either of these assumptions, we analyzed the miR399--family in the AMfamily in the AM--capable model plant capable model plant Medicago truncatula.Medicago truncatula.
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Despite of increasing levels of Pi 

in the roots, 7 members of the

399-gene family are stronger

induced in leaves of mycorrhizal

plants (e.g. pri-miR399b)1
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processingprocessing and and maturationmaturation of miR399of miR399
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in situ hybridization with miR399b LNA detection probes. Medicago truncatula

root cross section 10 µm. Visualization of probe signals using Fast Red staining, 

nuclei were stained with DAPI blue. a) and b) root cross section treated with

miR399b LNA detection probe, c) root cross section treated with LNA scramble

probe as negative control.(ac) arbuscule containing cell
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HigherHigher abundanceabundance of of maturemature miR399 miR399 

signalssignals in in arbusculearbuscule containingcontaining cellscells of of 

mycorrhizalmycorrhizal rootsroots

Pi availability is
locally improved in 
mycorrhizal roots
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translocation of mature

miR399 to the roots2
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AccumulateAccumulate to to higherhigher levelslevels

in in mycorrhizalmycorrhizal rootsroots 11

p
h
lo
e
m

maturemature miR399miR399

soluble Pi content in roots
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Increasing Pi-level lead to decreasing expression levels of  pri-
miR399...

MtPlD
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Pi AM AM symbiosissymbiosis

PiPi--depleted plants showed increased expression of mature miR399 anddepleted plants showed increased expression of mature miR399 and pripri--miR399s, and unexpectedly, seven of the fifteen primiR399s, and unexpectedly, seven of the fifteen pri--miR399 species were higher in leaves of miR399 species were higher in leaves of 

mycorrhizalmycorrhizal plants than in leaves of nonplants than in leaves of non--mycorrhizalmycorrhizal plants.plants. Expression levels of Expression levels of MtPhoMtPho2 remained low whereas PHO22 remained low whereas PHO2--independent Piindependent Pi--stress marker transcript levels stress marker transcript levels 

indicate the increasing Pi status in indicate the increasing Pi status in mycorrhizalmycorrhizal roots. Hence, an AM symbiosisroots. Hence, an AM symbiosis--related signal appears to increase miR399 expression and decreasrelated signal appears to increase miR399 expression and decrease PHO2 activity. On e PHO2 activity. On 

single cell level, we could detect  miR399 signals concentratingsingle cell level, we could detect  miR399 signals concentrating in in arbusculearbuscule containing cells which is further supplemented by a significantcontaining cells which is further supplemented by a significant decreasedecrease of of MtPhoMtPho2 2 

transcriptstranscripts in in thosethose cellscells. . 

These These resultsresults indicateindicate thatthat thethe miR399 miR399 mightmight actact as as systemicsystemic signalsignal keepingkeeping Pi Pi starvationstarvation responsesresponses on a high on a high levellevel to to sustainsustain AM AM symbiosissymbiosis despitedespite of of locallylocally improvedimproved

Pi Pi availabilityavailability in in mycorrhizalmycorrhizal rootsroots.  .  

AbstractAbstract

...and PHO2 independent Pi-stress marker genes such as 
MtPlD in mycorrhizal roots1.

1

2

4

3

On On singlesingle cellcell levellevel:                                 :                                 
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NM: non mycorrhizal roots

MYC: G. intraradices inoculated roots, 

5 wpi

relative expression to the reference gene MtEf1α

NM: non inoculated

MYC: inoculated with Glomus intraradices, 

5 wpi

relative expression to the reference gene MtEf1α

NM: non inoculated

MYC: inoculated with Glomus intraradices, 

5 wpi

Expression Expression analysisanalysis of miR399 of miR399 primaryprimary transcriptstranscripts

relative expression to the reference gene MtEf1α, 

Amplification of mature miR399 using stemloop-qRT-PCR

NM: non inoculated

MYC: inoculated with Glomus intraradices, 5 wpi
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