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PREFACE / WELCOM

Dearcolleagues,

Onbehalfof the OrganizingCommittee,you are very welcomedto the First SpanishPortuguese
Congreson BeneficialPlantMicrobe Interactions (BeMiPlan) and XVIII National Meeting of
the SpanishSocietyof Nitrogen Fixation (XVIIISEFIN)

TheCongreswvill be held at INIAV- Instituto Nacionalde InvestigacadAgrariae Veterinarig I.P,
in Oeiras Portugal from Octoberl 7 to 19", 2022 Theeventis organizecby SEFINind INIAV

This meeting officially initiates a new and hopefully lasting series,the BeMiPlant serieson
BeneficialMicrobesfor Plants,which greatlyexpandsthe traditional SEFINnain scientificscope,
nitrogen fixation, to integrate all microbes and modes of action that are helpful for soil,
agricultureandforestry,andtherebyto environmentsustainability

Besidesthe Openingand ClosingKeynote Conferencesand the Antonio PalomaresAward
Conferencethe congresgprogramincludessix PlenarySessionsindthree PosterSessionsgiving
broad coverageto the latest scientificadvancesn this area 1-Diversityand Ecologyof Plant
BeneficialMicrobes 2-Microbial Inoculantsfor Agriculture and Forestry 3-BeneficialMicrobes
for Soil and Environment 4-NitrogenFixing Systems 5-PGPR,Mycorrhizae and Microbial
Endophytesand6-Geneticsandd h Y AoDRlahtsand Associatedvliicrobes

The Congresrganizationinvites you to enrol in this event, where the latest achievementson
research,innovation and biotechnologicalapplicationsof beneficial plant-microbe interactions
will be discussedinderan holisticapproach

We hope that all participantswill enjoy during their stay in Oeirasand will found an excellent
atmosphereto discussabout scientific matters, find new collaborationsand envisagefuture
directionsin the field of the beneficialmicroorganismsndtheir associationsvith plants

We also expectthat this meetingwill provide new incentivesfor the successfutontinuation of
the activitiesof the SEFINindthe PortugueseSpanistscientificrelationships

Finally,we would like to thank our sponsors SEFININIAV,SCAPQeirasValley/ Municipiode
Oeiras Fertipradqg ADPFertilizantes,BioPortugaland Alfagenetheir invaluablesupport to this
congress

We wish everyonea most successfuandfruitful meeting,andvery enjoyabledaysin Oeiras

IsabelVideirae Castro
Presidentof the OrganizingCommittee

JuanSanjuan
Vicepresidentof the OrganizingCommittee
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8.159.30 REGISTRATIGMain Auditorium Atrium Principal Building

OPENING SESSIOMain Auditoriumg Principal Building

Chair:lsabelVideira e Castro

9.30-:10.00

OpeningCeremony

Antonio Lagares
10.0011.00 BRSNS (Universidad Nacional de La Plata, Argentina)

G SENYAYI 2y K26 (2 (APS Ay d4R202y 0NIRE GRKI 62 XIS

11.0011.30  COFFEE BREABAP Building (1st Floor)

PLENARY SESSION 1: Diversity and Ecology of Plant Beneficial Microbe:

Chairs Paulo CardosandLorena Carro

IgnacioVilchez

11.3012.00 (CelN AR e =eud) (ITQBNova.Oeiras Portugal).

oCaltfor-help, apotential microbeshapingbiotechin agriculture from beneficialdiversityto soilhealthrecoveringa ®

12.00:13.00 ORAL COMMUNICATIONS

® SI-O-01: EspinoséSaiz D, PaniaguaGallego F, VelazquezE, GarciaFraile P, Mateos PF, SaatiSantamariaZ,
MenéndezE
& 2 K Schndla root-associatedbacteriomesreveal common and unique taxa with diverse behaviourswhen
combinedinto synthetichacterialcommunitiesa

@ S1-O-02: CastellaneHinojosaA, Gonzaled 6pez], StraussSL
G/ 2 @rspdpromote beneficial soil microbiomesbut have limited impacts on soil nutrient cyclingin citrus
2 NODKI NR& ¢

@ S1-0-03: CustddioV, SalasGonzale, FlisP,Amor6sR,R BroadleyM, OliveiraMM, CastrilloG
& ¢ Kof of soilmicrobiotaandenvironmentalcuesin the regulationof maizeR S @St 2 LIYSy i €

® S1-0-04: RochaR, LopesT, FidalgoC,AlvesA, Cardosd?,FigueiraE
a ¢ I A th2 dulkivgibiebacterialmicrobiotaasa sourceof stagespecifichiofertilizers

@ S1-0-05: Montero-CalasanMdC, YaramisA, Meier-Kolthoff, JP GokerM
G . A 20 S O regtentiapfBlasiocdccugActinobacteridin aridagroS 02 a e a i SY & ¢

@ S1-0-06: Pulido-Suéare4, DiazPefial,Notariodel Pino,J,GonzaleZRRodrigue#\, Le6nBarriosM
& 5 A @ $fivddtnddelebacteriaassociatedvith SpartocytisusupranubiusacrossTeideNationalParkd 2 A f & €

13.0015.00 LUNCH CAP Building (2nd Floor)
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PLENARY SESSIOMNZrobial Inoculants for Agriculture and Forestry

Chairs Cristina CruandDulce N. Rodrigudtavarro

Ménica Montoya
CONFERENCEIS2Z1
15.0015.30 (Universidad Autonoma de Madri8pair

G. FOGSNALE &y Gykcomd OF O 2y defli A SEE 6F 2 NI | I NR Odzt § dzNB

: CONFERENCEISZ Ana Rincon
15.:3016:00 (ICACSIC. Madridpair)

YAONROSE F2NJ F2NBAUGNE | LI A0l A2y &t

TSR  ORAL COMMUNICATIONS

® S20-01:Carrascd.6pez)A Flores Duarte NJ, Navarro de la Torre S, RodrigoeantelD, Pajuelq E.
G/ A NDdzt | NJ ICHItNBYcB W@ sided offtike same coin in the design of tailored low lnia$értilizersto
LINEPY23GS LI Fyd INRPGGK dzy RSNI FoA2GA0 aiNBaasSasto

® S20-02: Montero-PalmeroMB, Lucas JAJlontalbanB, RamosSolanoB, GarciaVillaracoA, GutierreZaMarnero FJ
GwWS@SNI Ay 3 [stharbed tlaiiolyiPGRB invalw@atombination of bactsidarophoresand a
systemic inductionof FdzLJG | {1 S NBalLlR2yai @S 3ISySaéo

® S20-03: MazuecosAguileral, HidalgeCastellanod, Salazar S, CresBarreiro ABarqueroM, OrtizLiébanal\,
LopezP,GonzalezAndrés F.
G¢KS O2YO0AYlL A2y 2F NAROS &GNI ¢ -Momothébadekial(RGPE)hdsHP 3 S
A8YSNBAO STFSOG Ay ONBLI LINPRAzOGAZ2Y IyR &2Af YAONR

® S20-04: CarpinteroJM, BarqueroM, Pinto JC,KamahS,GonzalezAndrés FBranas]
! y2@St 02YLX SE YAYSNIft FSNIAEATSNI O2YLRaAlGAZY A

16.40-17.00 COFFEE BREABAP Building (1st Floor)

17.0018.30 POSTER SESSION 1: 2

19.00:21.00 WELCOME COCKTAIL
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PLENARY SESSION 4: Nitrelgemg Systems

Chairs Ana Ribeirand M2 JesuDelgado

José M. Palacios
(Universidad Politécnica de Madri@pain
inan@rSoriariRfoindeRuEADNSF O S ©

9.009.30 CONFERENCE/S#1

a! tATS Ay

Luis M. Rubio
(CBGRJPM. Madrid Spair)

GO9YIAYSSNAY3I yAGNRISY FAEIGAZ2Y Ay OSNBLf &¢

9.30-10.00 CONFERENCEIS#®2

ORAL COMMUNICATIONS

® S40-01:NavarroGémez CEscuderd/, Imperial J, Gonzak&uerrero M
Gail! GEMOK& LENRYS Ayd2ft SR Ay {@&YoAz2iAO0 bAGNR3ISY C

@ S40-02: Minguillon S RomanA, BecanaM, Rubio MC
45AFFSNBY (i A hetnogB®hinkaNiBdil&sofahg m@dial legumeotusjaponicusi dz33Sa i a & LISO;

® S40-03 OrtizJ,Sanhuez&, RomereMunar A, Sierra S, PalmallgpezGomez MCobade la Pefia TArocaR,
BascufiarGodoy LFernandeDelSazN
GOFFSOG 2F YyAGNRIASY &adzlll e yR wKAT20Al &a&YoA24aA4
content, TCA cycle activity and respiratory energy balant®ewisjaponicug

10.3011.00 COFFEE BREABAP Building (1st Floor)

PLENARY SESSION 5: PGPR, Mycorrhizae and Microbial Endophytes

Chairs: Isabel Brito and Marta Martin

Etelvina Figueira
11.0011.30 e (Universityof Aveiro, Portugal)

2LKSBRENSt H2aEKY REEa2€ dzoAf

Concepcién Azcon

RISy  CONFERENCELS®R (EEZSIC, GranadSpain)
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PLENARY SESSION 5: PGPR, Mycorrhizae and Microbial Endégimytes

Chairs: Isabel Brito and Marta Martin

12.0012.30 ORAL COMMUNICATIONS

® S50-01: JacottC CharpentiefM, Murray JRidoutC
Gl 280 adzaOSLIGAOAtAGE FIFOG2NI a[h FrOAtAGIGSa aevYoa

® S50-02:Lopes TCardoso P, Matos D, Rocha R, Pires A, Marqiéguejra E
GDNI LIKSYyS 2EARS Ay¥tdzSyOS Ay a2ift oFOGSNRAI A& R2a
oxidative damage, antioxidant response and plant growth promotion traitsRifiaobiun@ (G NJ A y €

® S50-03: FloresDuarte NJ CaballereDelgado SPajueloE,MateosNaranjoE, Redond@&s6mezS, Navarrerorre S,
Rodrigued_lorentelD
GOYKEFEYOSR £S83dz2vyS INRGGK | yR | RI Bledddniogay 2 Réz RSANRRK

12.3013.30 POSTER SESSION 4: %

13.3015.00 LUNCH CAP Building (2nd Floor)

15.0016.00 CONFEREN@®@EBtonio PalomaresAward

Chair: ManueBecana

Marta Robledo(IBBCCSI@Jniversidadde Cantabria Santandeand BiomarMicrobial TechnologiesArmunig
Leodn,Spain)
& ¢ rBazingversatilityof moleculartools usedby rhizobiato switchbetweencomplext A FSa &t Saé
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PLENARY SESSION 3: Beneficial Microbes for Soil and Environment

Chairs: Helena Machado ahdiriaFerrol

Jessic@urswani
(Universidad de Granad&pain

9.009.30 CONFERENCEISEL

G{20ALt t DtbiafértiliZe@NJ T dzii dzNB

9.3010.00 ORAL COMMUNICATIONS
e S30-01: inantos(:,Murleq—Tor[e§ M, VelaseAmo M RAdriénR,FiIIouxA,ngvAridou D, Landa BBernal P
atcelIS L {SONBUAZ2Y {éauSYY I oI OQuUSNRrRIE T1TAfftAY3I YI

® S30-02:Vicente CSL, EspineSaizD, Curto M, Faria IM8elazqueZ, Inacio LMateosPF Menéndez E
6Exploring soil Plant Growth PromotiRinizobacterigotential to control PlanfParasitic Nematodes: the case of
Phyllobacteriunand Paenibacillusgainst the pinewood nematoddursaphelenchusylophilug

® S30-03 ReyesPérez RPJiménezGuerrerol, SAncheReina A, Morenale Castro NCivantosC,OlleroFJ Lopez
Baena FJ, Bernal P, PenantafoF o o
a! YyiUAoOAZ2aAa 2N aeée Y Sinothizobiankedii! K ISNIH@ T S NJFEILISY = LU KRS ONB U A

-~

{9{{Lhb cY DSySirada I yR

Chairs Margarida Oliveiraand Socorro Mesa

t[ 9b! w

5

EstibalizLarrainzar
(UniversidadPublica de Navarra, Pamplorgpair)

SikKetSyS NBldZANBR F2NJ Iy I Ol AMeGicagbtiufichkBaR 8y TFAE | (

10.0010.30 CONFERENCEISB1

aLa

10.30:11.00 COFFEE BREABAP Building (1st Floor)

Jose |. Jiménez Zurdo
(EEZCSIC, Granad&pain

Iy RhizébizyidBdoding tfans2riptonieknBestigated RNAseq

11.0011.30 CONFERENCEISB2

G { G NYzO G dzNB
ORAL COMMUNICATIONS

® 5-0-01 del CerroP, CookNM, HuismanR,DangevilleP, GrubbLE MarchalC,Ho ChingLamA, CharpentieM
a 9 y 3 A yC8saddirmodulatesnuclearcalciumoscillationandenhancedegumeroot nodulesimbiosig

® S5-0-02 TorresDP AlexandreA, MenéndezE,BrigidoC R )
a D Sy 2hdractristicandcomparativegenomicanalyse®f nonrhizobialendophytidbacteriaisolatedfromf S 3 dzY' S a

® S5-0-03 Fernanded, PauloOS Sarjkar, SemA,Marquesl, Gragal, PawlowskK,RamalhaJC Ribeiro-BarrosAl
a { Istfegstolerancein Casuaringylauca insightsfrom the branchletsii NI ya ONJA LJu 2 Y S ¢

® $5-0-04: AyalaGarciaP,Morenode CastroN, JiménezGuerrerol, PérezMontafio F,Borrerode AcufiaJM
G 9y 3 A yraeshiang #esicles for fine-tuned modulation of rhizobia species interactions for enhanced
nodulationandplanta NR ¢ U K €

® 5-0-05 DeSousdBFSTighiltl, ArrabalA, DomingeSerrand., GomezPelliceR AlbaredaM, BoulilaF,PalaciosM,ReyL
awSt S@ihigoB8T6SSor the interactionwith somef S 3 dzy' S a ¢

® S5-0-06: CasasRomanA, Lorite MJ,MuiozS,GallegosviT, Sanjuanl
a/ KI NI O bfSheXsliceraldel®d ¢ge-phosphatedehydrogenaseroteinin Rhizobiunetlié
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t [ 9b!'w, {9{{Lhb cY DSySiA0a FyR dhny

Chairs Margarida Oliveiraand Socorro Mesa

POSTER SESSION 3: 2

13.3015.00 LUNCH CAP Building (2nd Floor)

CLOSING SESSION

Chairs JuanSanjuarandlsabel Videira e Castro

NataliaRequena

ey CLOSING CONFERENCE (Karlsruhe Institute of Technology, Germany)

G/ fdzS& F2NJ £ AGAY 3 arbudcE@niysoBHERBAYY oKA 2NvA2&ayée Y (G K S

CLOSING CEREMONY. AWARDS

16.3017.00 COFFEE BREABAP Building (1st Floor)

SEFIN ASSEMBLY

PRIy CLOSING DINNER

Bérrio- Restaurante &Terrace
(Avenida Marginal Praia da Parede, 277ZB9 Parede)
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S1-P-01

S1-P-02

S1-P-03

SI-P-04

S1-P-05

S1-P-06

S1-P-07

S1-P-08

SESSION 1: Diversity and Ecology of Plant Beneficial Microbes

oLegumBiomeDroughtProject Screeningf potential plant droughttoleranceenhancersamongwild, desert
adaptedf S3dzY S & ¢
DiasE,McQuadeM, NizaM, JesusHMM, CarrilhoJ,VilchezJl

a9 @I t dikthé ridopiotaassociatedvith a salttolerant rice variety asa treatment to induceresistancen
sensitived NRA SG A Saé
RoméolR, SantosAP,Vilchezll

& ¢ KHivospheremicrobiome associatedwith the legume Spartocytisussupranubiusin the high mountain
ecosystenof TeideN.P.&
LizaneBastardinAL,VilladasPJ Pulido-Suare, FernandeZ 6pezM, Le6nBarriosM

daTrichodermaspeciesand arbuscularmycorrhizalpopulationsassociatedo the bananarhizosphereaffectedby
Fusariunoxysporunt. sp. cubensanthe Canan & f | Yy R& ¢

CorreaDelgadoR, PérezParrado P, HernandezHernandezA, Brito-Lopez P, RodriguezCabreraN, LaichF,
JaizmeVegaMC

G . A 2 R lofASzNBahadldatinglentilsin Spanista 2 A £ & €
MartinezRomanG, RodrigueNavarroDN, de-losMozosPascuaM, AlcantaraRamirezMC, PereaF, Brun P,
Camachavi

& L & 2 fahdiidergification of rhizobia from cowpea nodules Vigna unguiculata (L) Walp. grown on the
PeruvianO2 I a G ¢
ValdezNufiezRA GuardiaMedinaJR LopezVegaMA, MalvasHerreraKE SilveraPabloC

& a A O Npanalygisyt &ild blackberryandblueberryplantsin the northernlberiant Sy A y & dzf | €
SaatiSantamari&, VicentefranqueiraR,KolarikM, RivasR,GarciaFraileP

A

G C 2t ftieshizobi@legumesymbiosisnthe MontadoS O2 a& a i Sy¢
SoaresR, Mun6zO, FareleiraP,PereiraP,Videirae Castrol
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2-P01

2-P-02

-P-03

-P04

-P-05

-P-06

-P-07

-P-08

-P-09

2-P-10

2-P-11

2-P-12

-P-13

P14

SESSION 2: Microbial Inoculants for Agriculture and Forestry

a9 @I t aft Grakilna gracilis effects on tomato plants pipelining the use of a new alga extract as
biostimulang
Rodriguesdos SantosAS SantosAP,Vilchezll

& 9 T &f Babtérialinoculationon the physiologicatesponseof strawberryunderphosphorusR S ¥ A OA (i ¢
MesaMarin J ValleRomeroP, GarciaL6pezJV,FloresDuarte NJ,RomanoE, RedondeGémezS, Rodriguez
LlorentelD, PajueloE,MateosNaranjoE

d ! 3 NP yagdYeavitonmental performance of rhizobial inoculantsin common beansin the Dominican
wSLJzo t A O¢
AraujoJ,UrbanoB, GonzaleZAndrésF

& ! yiRatisgoingonwith MPBinrealfielda A (i dzF G A2y & K§
BarqueroM, CrespaA, OrtizLiébanaN, Mazuecod, GonzalezAndrésF

at K@ a A antlgertic@ddificationsin tomato plantssubjectedto moderatewater stressand elicited with
two plantgrowth promotingbacteriad t Dt . U €
Lucas)A GarciaVillaracoA, Montero-PalmeroMB, MontalbanB, GutierrezMaferoFJ

oBacillusH47 activates DOXPand shikimate pathways modifying olive leaf antihypertensiveactivity under
waterd (i NB & & ¢
GaliciaE, GarciaVillaracoA, Montero-PalmeroMB, GutierrezMariero FJRamosSolanoB

& a | krbpSunderrisingtemperatures the effectsof plant growth promotion rhizobacterid
Pinto R BediaC,Cardosd,FigueiraE

45 S 3St dflabdideyfilizerbasedon biocharand PGPmacteriain combinationwith 02 Y LJ2 & i ¢
CrespeBarreiroA, MazuecosAguileral, BarqueroM, Ortiz-LiébanaN, GonzaleZAndrésF, CaraJiménez)

& 9 T fofPGEBaoculationonthe soilY A ONR 0 A 2 Y S ¢
Carrol, AnzaM, SaatiSantamari&,BlancoF, GarbisuC

a9y O LJsotichizohndte?iaand bacterialvolatiles as biostimulants applicationin the promotion of plant
INRGGKE
DuqueB, Figueirag,Cardosd®

G L Y LINE @fagf@egmicperformanceand fruit quality parameterswith an organicfertilizer amendedwith

Bacillussp.¢
OrtizLiébanaN, BarqueroM, Zotti M, CrespeBarreiroA, MazuecosAguileral, GonzalezAndrésF

& ! f BlndriFobiunmhizosphericommunicationin adversethermalO2 Y RA 1 A 2 y &
PauluccN, CesariA, NievaMuratore L, CastillaMarinV, DardanelliM

a Ly y 2 Bdculaht@rBeuseof legumeseedswith optimizedY A ONR 6 A 2 YS & ¢
SoaresR,SantosA, MachadoH, BarradasA, FareleiraP, Videirae Castrol

a { St Splarkt @oith promotingbacteriafor inoculationof pastureI NI & 4 S & ¢
FareleiraP, SantosA, SoareR,MachadoH, BarradasA, Videirae Castrol
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Prokaryotesconstitute the oldestlife formson earth andrepresenttrue livingfossilswho help the reconstructionof the most
ancestral processesof the biologic evolution. Prokaryotesare found as planktonic bacteria as well as cells intimately
associatedwith other life formst including plantst where the two constitute a holobiont Both the numerosnessof

prokaryotesand their ability to horizontallyexchangegenes(i. e., the capabilityof sharingpreviousexperienceshasproven
to be an efficient strategyfor loadingthe bacterialpangenomesvith redundancythus minimizingthe lossof informationand

maximizingecell diversityand survival By usingsuchcommunalarchitecture,prokaryotessupportan extraordinarycollection
of adaptive responses,consistentwith the remarkablyhigh ratio of their environmentexposedsurfaceto their cellular
volume In sucha generalevolutionarycontext, plant-associatedsoil bacteriahaveaccommodated and in someinstances
expanded their genomesn order to live under suchcontrastingand challengingcircumstancessthoserepresentedby the

oligotrophicsoilandthe particularlycarbonrich plantniche

In this presentation| will focuson a few selectedtopics pointing to the way we have studied adaptiveresponsesin soil

bacteriacoveringspecificinstancesof both their & ¥ N&h&their associativdife-styles | will alsodiscussmore generaland

basicforms of adaptationsuchasthoseinvolvingthe improvementof the geneticlanguage

In order to investigateadaptiveprocessesn areferencesoilalphaproteobacteriumwe studied (a) how cellsrespondedto a

model abiotic stress(acidity) and to the associatedchangesand (b) how bacteriafacedthe challengerepresentedby the

presenceof rhizospheresan ecologicparadigmof nutrient abundancefor which bacteriafrom the bulk soil compete with

eachother. Our multiomic and functional studiesrevealedthe central pathwaysthat were necessaryor improvingbacterial
fitnessunderlow pH (Draghiet al., 2016), suggestinglsothe existenceof a possibleassociativdearningconnectingthe low

pH signalin batch culturesto the expressiorof a more proficient plant invasion(Draghiet al., 2010. Bacteriathus appeared
to be preparednot only to facethe low pH persebut alsoto anticipatea responseo circumstanceshat were likelyto occur,
suchas a decreasein the number of roots and their responsego bacteriaat low pHt indeed, anticipationis the minimal

conceptof learning We do not yet know whether changesn the increasedability of acidadaptedbacteriato infect plants
are derivedfrom an improved capabilityof colonizingthe rhizosphereof penetratingroot tissuesmore efficiently, or both.

Independentexperimentsinvolvinga phenomicapproachdemonstratedthat the colonizationof plant roots in our model

alphaproteobacteriumwasinfluencedby ca 2%of the genome(morethan 140genes)thus pointingto the relevanceof the

bacterial interaction with plants (Salaset al., 2017). The chromosomallocation of most of these geneshighlighted the

ancestralcharacterof the bacterialapproachto roots, with somenoveltraits expressingreferential colonizationof specific
rhizosphereshavingemergedmore recently, that time being likely ca. 30 million yearsago in the linagethat we studied
(fewerthan 10%of the genesthat we found affected specificalljthe colonizationof particularplant rhizospheresasopposed
to others)

Besidesall thesespecificresponsego environmentalsignalswe studiedother more generaladaptivestrategyrelatedto the

way the languageof the geneticcodeis usedin bacteria Languagesre communicationsystems either natural or formally

created that aim at the transmissionof information between two physicaland/or biologic entities: i. e., languagesare

systemsfor the transfer of meaningfuldata. While spokencommunicationamonghumanshas been the most thoroughly
studied natural language,the geneticcodecbasedtransmissionof information constitutes, by far, the most ancient and

ubiquitous natural language,and one that is also common (almost universal)and essentialto all life forms as well asto

viruses Thiscircumstanceand the early observationthat cellsdo not makerandomuse of codonswith isoacceptontRNAs,
stimulatednumerousinvestigationso understandthe mutational and selectivephenomenaassociatedwith the differential

codon 6 & ¢ 2 MdRiéesin organismswith remarkable differencesin their global genomic compositions (GC contents
spanningrom lessthan 20%to ca. 80%).

(Cont)
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In order to investigatethe trends and principlesunderlying specificcodon preferencesin the prokaryotictree of life, we
performeda comprehensiveanalysisof 29 different familieswithin the domainsBacteriaand Archaeaand found 4 distinct
behavioralgroups(Lopezet al., 2020).

The analysisof core-gene setswith increasingancestriesin each family lineagerevealedthat the codon usagesbecame
progressivelymore adaptedto the tRNApools While, as previouslyreported, highly expressedgenesexhibited the most
optimized codon usage,the singletonsalwayscontainedthe lessselectivelyfavored codons In agreementwith previous
reports,a Cbiasin 2- to 3-fold pyrimidineendingcodons,anda U biasin 4-fold codonsoccurredin all families,irrespectiveof
the globalgenomicGCcontent TheU biasessuggestedhat U;-mRNAU-tRNAinteractionswere responsiblefor a prominent
codonoptimizationin both the mostancestralcoreandthe highlyexpressedyenes A comparativeanalysiof sequenceshat
encode conserved or variable translated products with each one being under high and low expression levels
demonstratedthat efficiencywasmore relevant(by a factor of 2) than wasaccuracyin the modellingof codonusage Finally,
after studyinga model multipartite prokaryote genome,we performed a comprehensiveanalysisdescribingthe inter- and
intrarepliconheterogeneityof codonusageqLo6pezet al., 2019. Underthe current view of the way cellsmakeuseof the 64
elementsof their geneticcode, novel parallelshaveto be elaboratedto translateand contrastthe classicablefinitionsfrom
cognitive language like redundancy,synonymy(do fully synonymouscodons exist?), ambiguity/polysemy(such as that
associatedvith UGAcodons)and contextualeffectst all referringto different instancesof plurality. Thatexercisewill assist
in understandingthe minimal biologic needs and requirements that arose throughout evolution for the progressive
emergenceof specificsemanticeffects
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Microorganismsare permanently challengedwith hazardousenvironmental conditions that restrict their potential for
survivalandreproduction Toovercomethis threateningmanyof them evolutionarilyopted for a life in symbiosisFungifrom
the Glomeromycotephylumengagedn alife in mutualisticsymbiosiswith plant roots more than 450 million yearsaga Since
then, plants provide fungi with fixed carbonand in turn becomean improved inorganicfertilization. Symbioticarbuscular
mycorrhizal(AM) fungi are major playersin helpingplantswhen growingunder nutrient starvationconditions Theyprovide
plants with phosphateand other nutrients and act as modulators of plant growth by changingthe root developmental
programduring colonization The establishmentin the cortex of the hyperbranchechyphaeof arbusculamycorrhizal(AM)
fungi called arbusculess achievedby a massivereprogrammingof the plant cell that allowsto coordinatedevelopmental
changeswith transport processesThisis only possiblethrougha complexexchangeof molecularcuesbetweenboth partners
that leadsto the initiation of the symbioticprogram In the last yearswe have shownthat fungal signals,of yet unknown
nature, induce GRASranscription factors that are recruited at arbusculecontaining cellsto act in concert with DELLA
proteins as positive or negativeregulatorsof cortical cell sizein Medicagotruncatulal?. Fromthem, MIGL outstandsas a
mycorrhizaspecificpositive regulator, determining the shapeand size of cortical root cells MIGL interacts and requires
DELLAor its function at increasingcell size Cellexpansionin arbusculecontainingcellsis restrainedby two other GRAS
transcriptionfactorsMIG3 and SCB, that alsoact in concertwith the centralregulator DELLA&Nd antagonizethe function of
the complexMIGL-DELLATo investigatethe possiblefungal signalsthat might contribute to this reprogrammingwe have
beenfocusingin the identificationand characterizatiorof AM effector proteins®4. Ourresultshaveshownthat someof them
are able to inducedevelopmentalchangesvhen expressedn planta and thus could be responsiblefor at leastpart of the
plant cell reprogrammingoccurringduring symbiosis On how plant and fungi talk and react to each other to achievean
almostperfectrelationshipwill be the focusof this talk.
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Scientistshave beenworking for yearsto understandthe molecularmechanismgyoverningthe nitrogenixing symbiosisof

microorganismsvith legumeplantsto improveits efficiencyand hopingthat, in the future, this trait could be transferredto

other plant crops However ,certainissuesregardingthe complexmoleculardialoguebetweenbacteriaand its cognateplant
host remain unknown Bacteriaare capableof thriving in diverse and changingbiotic and abiotic nichesthanksto their

physiologicalplasticity and adaptive responsesto environmental cues Rhizobialtransition from soil to hostdependent
conditionsdemandsa tightly and coordinatedregulation of the expressionof key genesupon perceptionof a variety of

signals Forexample,characterizatiorof the first stepsof the rhizobiainteractionwith legumesuncoveredan extraordinarily
versatilesinglehydrolyticenzymeservingseveralfunctionsduring nodulation (i.e. adhesionand biofilm formation, signaling
andplant primaryandsecondaryinfection; reviewedin 1).

Amongthe diversemeansof bacterialfine-tuning of geneexpressionsmallnon-codingRNAgsRNAs)hat bind to proteinsor

base pair with target mRNAshave been recently screenedin rhizobia It has become clear that sSRNAshave key roles in

prokaryaoticphysiologyby regulatingimportant biologicalcell processesAsexpected,severalsRNAsre involvedin rhizobial
adaptationand survivalin changingenvironments,evenduringtheir symbioticinteractionwith plants Furthermore,the first

prokaryoticsRNAsnvolvedin essentialfunctionsas modulation of cell cycleprogressionand bacterialdivisionunder stress
conditions (EcpR and GspR) where described in rhizobia (reviewed in 2). Novel sRNAbiding proteins (MetK) and

unprecedentedcatalyticfeaturesof enzymesthat assistRNAregulation, like the unique ribonucleaseYbeY have beenfirst

uncoveredalsoin rhizobia(reviewedin 3). Decipheringhe role of sSRNAsndthe bindingproteinsthat control rhizobialstress
adaptationand survivalin the soil and nodule environments,probablythrough transkingdomRNAregulation,will openthe

field to further biotechnologicahpplications
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Agricultureis at the gatesof a new and necessaryevolution. Thepressurecausedby the depletionof the soil, as
well asby the increasinglyharshclimaticconditions,are leadingto the searchfor alternativesfor fertilization and
improvementof cultivationmethods In this scenariothe microbiotais playinga veryrelevantrole. Sincethe mid-

1970s, the enormouspotential of usingmicroorganismsas fertilizers, stresstolerance enhancersor as pestand
pathogenbiocontroller, hasbeenfrequentlyreported. However,it hasbeenmore recentlywhen,throughthe use
of massivesequencingechniquesand precisionanalysiswe have been able to generatecomplexnetworks of

these beneficialinteractions Microbial diversity has provided with very valuable information regardingwhat
speciespopulationrelevanceor changesccurthroughoutecosystendynamics Thisopensthe door to the useof

bioengineeringechniquesto improve soil health, microbialbiodiversityor patternsof interactions Amongthem,

the use of root exudatesto anticipate the presenceof beneficial microbial communities,the composition of

syntheticcommunities(SynCompsor the shapingof agriculturalsoil communitiesby implementingthe transfer of

stressadaptedbeneficialmicrobesstandout. In this context, we will introducethe resultsof work on the stress

root exudaterecruitment relationship?, and the use of droughtadaptedwild legumemicrobiota as part of the

LegumBiom@roject,ascasestudies?.

In this last work, we aim to describethe cultivablecommunitiesassociatedvith wild legumes,adaptedto desert
conditionswith the aim of characterizingcandidatestrainsto improve the responseof plantsto drought Todo

this, we are carryingout samplingin different parts of the EasternSpain,correspondingwith those regions
reported as under risk of desertification, including Navarra,Huesca ZaragozaSoria, Madrid, Albacete,Jaén

GranadaAlmerig Murciaand Alacant Collectedsamplesincludedrhizospheresoil, roots, nodulesand seedsfrom

herbaceousand shrubbyspeciesalive during the summermonths Culturablestrainsfrom these sampleswere
identified and characterizedbasedon their xerotolerance production of phytohormonesrelated to drought
response,and colonizationskills Thosewith the best results are being tested on commercialcrop legumes
(Phaseolusulgaris Lenculinaris Cicerarietinum) to assessheir droughttoleranceenhancementaswell astheir

production rate under suchconditions Sofar, we haveisolated more than 400 strainsfrom up to 25 different

plant species Amongthem, about 20 strainshave shownto be effective to enhancethe responseof plants to

drought Themolecularand metabolomiccharacterizatiorof theseinteractionswill allow usto better understand
the mechanismsaused,aswell asthe possibilityof usingsuchstrainsas bioinoculantscapableof improvingcrop
yieldsundermore severeconditionsof water deficit.
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Plantslive in close associationwith their microbiomes,which might be subjectedto managementstrategies,
boostingthe presenceof functionallyrelevantbacterialtaxa Thesestrategieswill improve the plant growth and
developmentand enhancethe yieldsof crops The selectionof agronomicpracticesand water and fertilization
regimesis alsovery important to maximizecrop productivity. In this sense wheatcanolacrop rotations are quite
commonworldwide, however,the studieson those O N2 miErdRiomesare more focusedin wheat and in both
cropsasindividualsrather thanin rotation (Schlatteret al 2019. Canolais an agroeconomicsaluablecrop widely
studiedto improve yieldsand which root microbiota have been studied under culture dependent/independent
approaches(Layet al 2018 JiménezGomezet al 2020. The main aim of this work is to determine the core
bacteriomeand their associatedunctionsthat are commonbetween canolacropsprecededby wheat grownin
two soilswith different water regimes rainfed and irrigated Usinga multidisciplinaryapproach,we determined
the core bacteriomeof both fieldsand found commonand unique features Themost abundanttaxabelongedto
the phylum Proteobacteria order Rhizobiales and the phylum Actinobacteria orders Rubrobacteralesand
Micrococcaleslt is noteworthy the abundanceof the archaeafrom family NitrososphaeraceaeThe analyses
revealedthat the generaRubrobacteiand Pseudoarthrobacteshowedstrongassociatiorwith rainfed canolaand
the family Nitrosomonadaceaand also, the genusEnsiferwith irrigated canolasoils Moreover, we isolated,
identified, and functionallycharacterized collectionof canolaroot-associatedtrainsfrom both fields. Combining
strainsaccordingto core, abundanciesyoot associationlevel and plant growth promotion features,we design
sevenSynComsand tested in wheat and canolaunder two levelsof fertilization. Bestperforming SynComsvere
the ones designedwith PGPrhizospheri¢endosphericstrains when inoculated on wheat, the precedingcrop.
Remarkably,the development and growth of canola plants inoculated and treated with reduced level of
fertilization were improved, independentlyof the inoculatedSynComOverall,the knowledgeand applicationof
native bacteriomeswill set up the basisfor designingeffective bacterial consortiato improve productivity and
yield of wheat-canolarotationsin croppingsystemsaunder sub-optimal conditions
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The influence of cover crops (CCs)on soil nutrient cycling, citrus production, the abundanceand diversity of
nitrogen (N)-cycling microbial communities, and the diversity and composition of bacterial and fungal
communitiesin tree cropshas been poorly explored(Castellancand Strauss2020. We examinedthe effect of
replacingthe traditional weedyinter-row middle of two commercialcitrus orchards(COAand COB respectively)
in Floridawith two different mixturesof CCslegumesand non-legumes(LG+ NL)and non-legumesonly (NL) A
no-treatment/grower standard was used as a control (GSC) Soil sampleswere taken from the treated row
middles prior to the experiment start and after three years After that time, the use of both CCmixtures
significantlyincreasedsoil Cavailabilityin the row middlesof COAbut had no significanteffectson soil C content
in COB Significanincreasesn ammoniumavailabilityand the abundanceof nitrification geneswere observedin
soilstreated with LG+ NLin COA suggestinghat biologicalN-fixation contributedto improvedN availability CCs
had no effectson ammoniumcontentin COBNo significantdifferencesin nitrate contentwere detectedbetween
treatmentsin row middlesof both citrus orchards However,treatment with LG+ NL significantlyincreasedthe
abundanceof denitrification genes(nirk and nosZ) in COAcomparedto NLandthe GSCRegardlessf the citrus
orchard, CCshad no significant effect on citrus production after 3 years Treatmentwith LG + NL and NL
significantlyincreasedthe diversity (number of taxa and valuesof the Shannonindex) of bacterial and fungal
communitiescomparedto GSOn COAafter 3 yearsbut had no impact on the soil microbiomein COB Planting
both mixturesof CCsignificantlyalteredthe compositionof the bacterialandfungalcommunitiesin COA Specific
bacterial and fungal genera (some of them associatedto plant-growth promoting bacteria such as Bacillus
Rhizobium Allorhizobium Pseudomonags Glomus Erwinia and Actinomycey were identified as potential
indicatorsfor changesn bacterialand fungalcommunitiesafter planting CCsn COAand were treatment-specific,
suggestinghat CCmixture differentially drives changesin the soil microbiome We concludethat: 1) CCscan
improve soil nutrient cyclingbut may havelimited impactsdependingon the location likely dueto differencesin
soil properties, environmentalconditions (e.g., temperature and precipitation, and citrus management) 2) CCs
drive changesin the abundanceof N-cyclingcommunitieslinked to soil nutrient cyclingand impact the soill
microbiomepromoting the proliferation of potential beneficialtaxafor plant growth. Whetherincreasesn soil C
and N availabilitycould eventuallybe translatedto improved citrus production should be further exploredasit
maytake severalyearsto observeincreasesn tree productivityascitrusfruit takesnearlyayearto mature.
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Asa resultof climate changethe amountof greenhousegasesn the atmosphereis increasingtemperaturesare

rising, precipitation patterns are modified, and extreme weather events are occurringmore frequently. These
changesaccountedfor 25% of averageyield lossesfor low-latitude maize Totacklethe reductionof productivity,
severalstrategieshave beendeveloped,suchasaltering plantingand harvestingtime, sowingcropswith a short
life cycle,applyingcrop rotation and irrigation techniques,andintroducingvariationin croppingsystems Further
to these strategies,a knowledgedriven approachto managingthe soil microbiota rather than merely applying
microorganismshas been describedas a promisingapproachto sustainablyincreasecrop yield. Takingthis into

consideration,we have designeda holistic approachto understand how plant mechanismsand microbiota
coordinateto respondto an environmentalstressorin the model plant Zeamays(maize) Thisapproachcombines
the characterizatiorof (1) a collectionof agriculturalsoils,(2) soil bacterialcomposition,(3) plant microbiota,and

(4) water and nutrition availability We monitored free-living soil bacterialcommunities soil mineral content, and

climatic conditionsin 24 agriculturalsoilsin the Sahelregion (CaboVerde)for two years We observedstrong
structuringof the free-living bacteriaaccordingto the soil mineral content, but unrelatedto climatic conditions

Sinceplantsrecruit their symbiontsfrom the nearbyfree-living microbes,we havefurther evaluatedthe factors
driving microbiota assemblyin root and maizesingle leaves,in three different soils We found that individual
maize leavesharbour distinct ionome and microbiota compositions Thenwe designeda synthetic community
(SynComto evaluatebacterialeffectson singleleaf growth andwe found that leavesresponddifferentiallyto the

SynConby suppressinggeneson the ABApathway Collectively our work will help to understandthe biotic and
abiotic cuesin the regulationof maizedevelopmentand will help designmicrobialsyntheticcommunitieswith a
predictableeffect on plant host Thiswill supportthe developmentof more efficientand environmentallyfriendly
agriculturalpractices
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World population is increasingand a major pressureon food production is expected The present agricultural
methodologiesare vulnerableto the erratic climate, increasingurbanization,industrialization,and agrochemical
pollution. Toachievefood security,sustainablepracticesmust be pursued Thecommonbean(Phaseolusulgaris
L) is one of the most producedlegumesworldwide and, asa reliable sourceof highquality protein, canreduce
the environmentalimpact of meat production However, high yields are dependenton heavy and expensive
fertilization. Plant growth promoting rhizobacteria(PGPRare emergingas a sustainableprospectto increase
agriculturalproduction, yet this interaction is not fully understood,especiallythe chronologicalvariationsin the
microbiota Thus,a deeperunderstandingon the interaction and dynamicsbetween plants and microorganisms
may boostthe beneficialeffects of microorganism®n plants Toreachthis goal, the cultivablemicrobiotaof the
beanroot wasisolatedand identified at distinct stagesof plant development(early vegetativegrowth (V1), late
vegetativegrowth (V2), flowering (F),and pod (P))androot compartments(rhizoplane(out), endosphergin), and
nodules (nod)) Diversity and abundanceof cultivable bacteria associatedto root compartments differed
throughout plant life cycle Bacterial plant growth promotion and protection abilities (indole-3-acetic acid
production, siderophoressynthesis,and antifungal activity) were determined and associatedto the plant
phenology suggestinghat amongthe cultivablebacteriaassociatedo the plant root severalstrainshad an active
role on the responseto plant biologicalnecessitiesat eachdevelopmentstage Severaktrainsstood out for their
ability to displayone or more plant growth promoting (PGP}raits, beingexcellentcandidatesas efficient stage
specifichiostimulantsto be appliedin precisionagriculture
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The genusBlastococcugGeodermatophilacegéActinobacterid comprisesten speciesisolated from sediments,
desertsoil, decayingmonumentsand plant leaves Studiesbasedon genomicdata are still scarce In particular,
just two papers,focusedon singlestrains, were publishedso far, which revealednumerousgenesinvolvedin
stressresponseand adaptationto harshhabitats apart from an exceptionalpotential to produce novel natural
compounds In this study,we aim to taxonomicallycharacterisfour novel specieswithin the genusBlastococcus
and explore their biotechnologicalpotential to be applied in arid agro-ecosystemsOur results indicate that
Blastococcugenomesencodea variety of mechanismsnvolvedin adaptationto environmentalstressanda high
versatility in carbon metabolismand extracellularenzymes It is suggestedthat Blastococcugsould have an
unexpectedandremarkablerole in soil carbonfixation but alsoin the decayof organicresiduestransformationof
native soil organicmatter and mineralisationof nutrients availablefor plants The metabolismof Blastococcus
couldtherefore be keyto the naturalrestorationof soilfertility in arid anddegradedsoils
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Spartocytisussupranubius(Teide broom) is the most representative legume in the Canarianhigh mountain
ecosystem Thislegumeplaysa pivotal role, sincethe symbiosist establisheswvith rhizobiahasprovento be the
main input of nitrogenin this otherwise nutrient-poor environment(Wheeler& Dickson, 1990, PulidoSuarézet
al., 2021). Despiteits importance Jittle researchhasbeendone on the characterizatiorof this symbiosis

In the presentstudy, we sampledrhizosphericand non-rhizosphericsoilsin severalareasof TeideNationalPark
with different biotic and abiotic stressesand recoveredover 100 strainsfrom root nodulesof S supranubiusWe
aimedto answer How diverseare the root nodule bacteriaof S supranubiu8 Doesthe rhizobianodulatingS
supranubiuvarythroughthe Parksoils?If so,whicharethe mainfactorsaffectingthe 3 S y 2 (i distriliio?
Theisolatedbacteriawere characterizedoy sequencingand the physicochemicgbropertiesof the soilswere also
analyzed Principal component analysiswas performed to find out whether soil characteristicscould affect
bacterialdistribution.

Resultsshowedthat Bradyrhizobiums the main microsymbiontof broom plants, in accordancewith previous
studies (PulideSuarezet al., 2021). However, within this genus,the isolatesclusteredin three main clades
correspondingto different species Interestingly, differenceson the speciesdistribution were noted along the
locations In addition, non-nodulating bacterial endophytes were also isolated from the root nodules,
Agrobacteriunbeingthe mostabundant
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Current climatic conditions tend to make stressful phenomenafor agricultural production more intense and

frequent, such as periods of drought, high temperatures or radiation received In this scenario,lossesare

expectedto be around 10-25% on average|1]. Forsomecrops,suchaslegumesthis situation canbe aggravated
by their specialsensitivityto lack of water, where suchlossesare estimatedto reachup to 60% [2]. Legumes
representone of the most nutritionally completecrops,beinga staplefood in manyregionsof the world. In this

way, the cultivation of these plants can be strongly conditioned in rainfed regions Interestingly,a possible
solution would come from these areas, since we can find legumesnaturally adaptedto arid and semtarid

environments They become particularly relevant for the kind of interactions they perfome with the local

microbiota It is well known that legumescaninteract with different speciesand strainsof Rhizobiumhowever,

more and more microbiota capableof interacting under stressfulconditionsare beingreported, becomingvery

relevantfor the developmenif new stresstolerancetreatments[3].

Thus,in this work we aimto describethe cultivablecommunitiesassociatedvith wild legumes adaptedto desert
conditionswith the aim of characterizingcandidatestrainsto improve the responseof plantsto drought Todo

this, we are carryingout samplingin different parts of the southeastof Spain,one of the driest regionsin the

country and most affected by desertification,includingJaén GranadaAlmeriaand Murcia Thesespecieswere

sampledfrom the rhizospheresoil and the roots of herbaceousand shrubbyspeciesduringthe summermonths,

and were identified and characterizedbasedon their xerotolerance production of phytohormonesrelated to

droughtresponse andthe production of protective compounds Thosewith the bestresultsare beingtested on

commerciallyharvestedplants (Phaseolusulgaris Lenculinaris Cicerarietinum) to assesgheir improvementin

responsdo severewater deficits,aswell asin termsof productionunder suchconditions Sofar, we haveisolated
more than 400 strainsfrom up to 25 different typesof plants,obtainingsome20 strainsthat haveshownnotable

improvementsin the responseof commercialplantsto drought Themolecularand metabolomiccharacterization
of theseinteractionswill allow usto better understandthe mechanismsised,aswell asthe possibilityof using
suchstrainsasbioinoculantscapableof improvingcropyieldsunder more severeconditionsof water deficit
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During this century, the world demographicpressure has risen sharply In just one generation, the world
populationhastripled, requiringsimilarrisingin agriculturalproduction Rice(Oryzasatival.) is one of the most
important cropsworldwide, feedingalmosthalf of the globalpopulation However,asa result of climate change
cropsare highlysubmittedto abiotic stressconditions Amongthem, soil salinityis consideredasone of the major
problemsfor agriculture impactingnot only the plantitself but alsothe soilandlivingorganismssurrounding Rice
is consideredsalt sensitiveby nature andwhen subjectedto salt stress, it suffersan enormousnegativeimpactin
metabolic mechanismsgrowth and productivity. Plant growth-promoting bacteria (PGPBpare able to promote
plant vigor and improve adaptationin stressconditions, by producing phytohormones secondarycompounds,
osmolytesand antioxidantenzymes. The exploitation and identification of salttolerant plant growth-promoting
bacteria(STPGPBjnay be the key for the developmentof novelmechanismdo coupwith salt stressresistance
Severalstrains have been reported to successfullyimprove plant growth attributes, soil enzyme activities,
microbialcounts,and mitigatingthe deleteriouseffectsof salinityin rice (osmoprotectantscompatiblesolutes¥=.
Our work aimsto evaluatethe effect of STPGPBcandidatesselectedfrom Pokkali(salttolerant rice variety)
associatednicrobiota (seedborneand root recruited)in the level of salt stressresistanceand responseof IR29
and Nipponbare(salt sensitivevarieties) Initially, the culturable endophyticmicrobiota of all rice varietieswas
isolatedand geneticallyidentified to evaluate population patterns and discernbest candidatessolely presentin
the saltresistantrice variety. Then,a total of eight strainswere selectedand screenedby their skillsand growth
rate in saltat different concentrationgupto 2 M), includingbiofilm formation, auxins, ACQleaminaseproduction
or exopolysaccharide¢EPS)roduction Three of the eight tested strains were selected (Bacillusaltitudinis,
Bacillussubtilis, Lysinibacillugusiformis,Paenibacillupabul), presentingalwaysbetter performanceat 500 mM
comparedwith the control conditions The effects of these strains in the physiologicaldevelopmentof the
sensitiverice varietieswere tested under non-salineand salinehydroponicconditions,evaluatingpositivechanges
in their survivalrate, phenotype, growth and developmentaltiming. Moreover, a targeted DNA methylation
detectiontechnique(CHOFRPCRjvasusedin order to understandthe role of the candidatestrainsduringthe salt
stressresponseprocessandthe involvementof mainepigeneticnarksof the process Thesecandidateswill serve
ashioinoculanttreatment to amendthe rice performance(particularlysaltsensitivevarieties)under salinestress
conditions,jmprovingsurvivalratesandproductionlevelsunder suchconditions
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from hightyield paddysoil. Canadianournal of microbiology64,12,968-978.
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Spartocytisusupranubius(the W ¢ S & RB 2igteidominant and most characteristiclegumein the shrubby
vegetationof the high-mountainecosystenof TeideNationalPark In this ecosystemthe rhizospheremicrobiota
must be a key factor for plantsto copewith the harshconditionscausingvariousabiotic stressesWe haveused
high-throughputsequencindo characterizeghe bacterialandfungalrhizospherianicrobiomesof broomplants
Theresultsshowedbacterialcommunitieswith higherrichness(ASV)diversityand evennesssomparedto fungal
communities Thecompositionof the bacterialmicrobiomewascharacterizedy a communityin whichthe phyla
Proteobacteria Actinobacteria Acidobacteria Chloroflexiand Bacteroidetesaccountedfor about 75% of the
relative abundance Verrucomicrobia Gemmatimonadetesand Firmicutestogether with other minority phyla
accountfor another 20% and 8% of unclassifiedohylacompletethe microbiome At the genuslevel, the highest
abundancewas for the Chloroflexi Thermogemmatisporathe ActinobacteriaSolirubrobacter Crossiellaand
Mycobacterium the Acidobacteria Candidatus Solibacter the GemmatimonadetesGemmatimonas while
Bradyrhizobiumwas the most abundant Proteobacteria which is not surprisingas bradyrhizobialspeciesare
nitrogenixingmicrosymbiontof Teidebrooms

Thefungalmicrobiomeis dominatedby phylaAscomycotand Basidiomycotawhich makeup 80%of the relative
abundanceof the community. Mortierellomycotais the third most abundant phylum and containsthe most
abundant fungal genus, Mortierella. The Glomeromycotathe phylum containing arbuscularmycorrhiza(AM),
accountfor 1%of the relativeabundance

Apart from the clear benefits expectedfrom symbioseswith bradyrhizobiaand AM, Mortierella have been also
associatedwith plant growth promotion. Therole of the other microorganismsn this legumerhizosphereand
whetherthey haveplant promotingactivitiesis not yet known,and shouldbe addressedn future research
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Bananasare one of the mostimportant cropsin the Canaryislandswith more than 9,000 ha under cultivation
Severaldiseasesffect this crop, amongthem: Fusariumwilt of banana,alsoknown asPanamadisease caused
by Fusariumoxysporunt. sp. cubensgFoqg. Currently,there is no effective methodto control this diseaseand,
in this context, native soil microorganismssuchasgenusTrichodermaand mycorrhizalfungi, playa majorrole in
protectingthe plant againstthe pathogen Theaim of this study wasto analysethe populationof mycorrhizal
fungi and Trichodermain the rhizosphereof bananaplants with and without Panamadiseasesymptoms
Fourteenbananafarmslocatedin different bioclimatic zonesof the islandof Tenerifewere analysed On each
area, rhizosphericsoil sampleswere collected from three symptomaticand three asymptomaticplants The
following determinationswere carried out on eachsoil sample a) Isolationand identification of Trichoderma
species b) Quantification of the number of arbuscular mycorrhizal (AM) chlamydosporesc) Mycorrhizal
colonizationin roots of bananaplantsdevelopedunder controlled conditions Atotal of 210 Trichodermadsolates
were obtained (100 and 110 samplesof soil from symptomaticand asymptomaticplants, respectively) Twelve
specieswere identified: Trichodermagamsi T. hirsutum T. cf. lixii, T. harzianum T. cf. harzianum T. virens T.
guizhouensg T. atrobrunneum T. asperellum T. hamatum T. afroharzianumand T. longibrachiatum The
predominantspecieswere T. cf. harzianumand T. virens in both sampletypes(rhizosphereof symptomaticand
asymptomaticplants) Resulof micorrhizaehavea high variability dependon the samplingarea(north or south
of the island)and the health statusof the In most casesno correlationswere observedbetweenthe number of
Trichodermaspeciesand the variablesrelated to the quantification of mycorrhizae However,in the northern
part of the island, a positive correlation was observedbetween the number of Trichodermaspeciesand the
percentageof mycorrhizalcolonizationin roots of plantswith andwithout Panamadiseasesymptoms Significant
differencesin the percentageof mycorrhizalcolonizationwere detected between soilsfrom symptomaticand
asymptomaticplants from the southernzone The results of this work show the population distribution of
potentially beneficialmicroorganismsn presenceof Fog whichmightincreasethe knowledgeof the interactions
betweenthem, helpingin the desingto biologialcontrol strategies
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Lentil (LensculinarisMedikus subsp culinarig is one of the oldest cropsthat was domesticatedin the Fertile

Crescentaround9,000yearsago(Tokluet al., 2009. Theregionof origin encompasseSoutheasterrirurkeyand
Northern Syriaand, via Danube spreadto Europe Today,it is animportant food legumecropin the farming(soll
fertility managementjand food systemsof many countriesglobally Accordingto FAO,the global production of
lentils reached6,537 thousandmetric tons in 2020 being Canadaand India the major producers Nevertheless,
little is known about the microsymbiont(rhizobia)which fix nitrogen in symbiosiswith this crop. Traditionally,
lentils havebeenconsideredo be nodulatedonly by Rhizobiumeguminosarunbv viciaebut, lately R laguerreae
or the new speciesR lentis R bangladeshenseand R binae (Tahaet al., 2017 and Rashidet al., 2015
respectivelyhavebeenisolatedfrom lentils nodules However,the new specieswere not ableto form effective
noduleson lentilsunderlaboratoryconditions

To addressthe rhizobialpopulationassociatedo lentils in Spain,an assayfor studyingboth, the populationand
the biodiversityof rhizobianodulatinglentils, hasbeencarriedout with soilscomingfrom two different localsites
experimentalfarm of Albaladejito(Cuenca)and Carmona(Sevillg, with different histories of lentils cultivation
(recentrecordandno records,respectively)

Theresultsobtained after the inoculationof lentils (cv Parding with these soilsby the NMPtechnique,showed
that the numberof theserhizobiawere higherin Albaladejitothan in Carmona5,8 x 10° vs 1,1 x 10° rh/g soil). A
total of 54 rhizobial strain were isolated from nodulesof this legume, 32 from lentils inoculated with soil of
Carmonaand 22 from lentilsinoculatedwith Cuencasoil After a first ERIGCRscreeningor removingduplicities,
atotal of 12 (Carmona)nd 20 (Cuencalniqueisolateswere obtained The 16sRNAgenesequenceclusteredall
the isolatestogether with RleguminosarumThesubsequeniphylogeneticanalysisof housekeepingyenes(atpD,
ginll and recA allowed a better discrimination,clusteringthe isolateswith R laguerreaeand, for the first time
until we know, with the speciesR changzhienseSeveralisolatesremainedwith no clear affiliation and could
representnew species
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The cowpea Vignaunguiculata(L) Walp, establishesatmosphericnitrogenfixing symbiosiswith soil bacteria,
calledrhizobia(Valdezet al. 2016). In recentyears,the productivity and profitability of cowpeasin Peruhasbeen

affected by variousfactors, highlightingsoil degradation,and being aggravatedby the nitrogen fertilizer crisis
(FAOSTAR022. Rhizobialnoculantsare a sustainablealternativeto nitrogenfertilizers,however little is known

about the diversity and identity of rhizobiaassociatedwvith cowpeanodulesthat allow the designof inoculants

Theobjective of the researchwasthe isolation, characterizatiorand identification of rhizobiastrainsassociated
with cowpeanodules Four collectionsof cowpeanoduleswere made in the Piuraregion (02) and Limaregion

(02). Eachnodule wassterilizedand streakedonto YEM(Mannitol YeastExtract)Agarand incubatedat 28°C+ 1

for 20 days(Hungriaet al. 2016). 103 isolateswere purified and preservedin glycerolat 30% (v/v) at -20°C. For

authentication,isolateswere grownin YEMbroth and inoculatedon seedsof cowpeavar. "vainaverde' growing
in plasticgrowth pouchesat a rate of 1 mLper seed,for 21 days Only65 strainswere authenticrhizobia(63.1%),

of which only 50.8% (33 strains) presented moderate to adequate effective nodulation For genomic DNA
extraction, strainswere cultured in 3 mL of TYbroth and incubatedat 28 + 1°Cat 150 rpm for 3 to 4 days 32

genomicprofiles(BOXPCRYvere formed, with a greaterdistributionin strainsfrom Lima(18) comparedto strains
from Piura(13). The 16SrRNAphylogenyindicatesthat all 32 strainsbelongto the genusBradyrhizobiumThe
results show the high promiscuity of cowpeain its rhizobial requirements, reflecting at the morphocolonial

nodulationandmolecularlevels,evidencinghe opportunityto selectelite strainsof nitrogenixingrhizobia

Keywords: BradyrhizobiumBOXPCRNodulation GeneticDiversity 16SrDNA
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Theconstantco-evolutionof microbesand plantsled to preciseand beneficialspecificinter-kingdominteractions
Theevolutionalsuccessn these interactionsthrough millions of yearsled to wild plantsto adaptin their native
environmentsby takingadvantageof their symbionts,andviceversa However it hasbeendemonstratedthe use
of intenseagriculturalpracticeshaveimportant effectson the soil and plant microbiomecomposition,something
that can affectsthe plant health status Thus,the study of wild plant microbiomescan be beneficialto design
efficient biofertilizersthat mimic the natural plant-microbial compositions,but for that, consideringthe spatial
scalings of utmostimportanceto draw correctconclusionsndto find plant-microbeco-adaptationpatterns
Blueberries(Vacciniumspp) and blackberries (Rubusulmifoliug are consideredfunctional foods with rich
nutritional value basedon that, theseberriesare becomingincreasinglypopularamongconsumersDespitetheir
importance, the literature lacksstudieson the microbial communitiesof blackberryplants, and the those on
blueberriesare scarce

Here,we aim to decipherthe microbialcommunitiesof both wild blueberryand blackberryplantsalongdifferent
forest ecosystemsn the IberianPeninsulaWe analyzed48 microbialcommunities(16SrRNAand ITSamplicons)
from rootsandrhizospheres

Proteobacteriais the main taxa on both roots (45.8-76.8%) and in some rhizospheresamples(28.8-44.1%).
Acidobacteriais the second phyla in relative abundance(12.8-41.2% on rhizospheres 0.8-26.2% on roots),
followed by Bacteroidetesand Actinobacteria In contrast, the fungalcommunitiesare lessconsistentamongthe
different & | Y Ldyp@safd samplesites For example,the abundanceof Hyaloscyphaceaevhich is the most
abundantfamily, rangesfrom almosta 40%of the readsin somesampleshut is absentor almostabsentin others.
Here we found taxa that are consideredas ericoid mycorrhiza,such as Helotiales(the most abundantorder,
mainlyin blueberry,that is anerycoidplant), Oidiodendrorsp., Pezolomaericaeo Phialocephalap.

We also searchedspecificenrichmentsor exclusionsof microbialtaxa in the endosphericissuesto unravelthe
selectivefilter that differentiatesthe rhizosphericand the root microbiomesin these plants Concretely,both
blueberry and blackberry roots exclude significantly many diverse microbial taxa, but only 4 genera are
significantly enriched in these roots, Nevskiain blueberry roots and Novosphingobium Sphingobiumand
Steroidobactein blackberryroots.

In sum, our data demonstratethat there is a similar occurrencepattern of the main fungal and bacterialtaxain
blueberry and blackberryplants, although sometaxa show specificenrichmentsin each plant species Also, we
presentedthe first insightsinto the microbiome composition of blackberries Theseresults will be useful to
understandthe microbiologyof forests and, concretely,from thesetwo specificplants Finally,we believethat
this researchwill serveasthe basisto the developmentof new and efficient biofertilizersthat target any or both
blueberryandblackberrycrops
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Montado ecosystermrhasa high socioeconomiaalue by combiningexploitation of cork with livestockhusbandry,
pastures,amongother addedvalue activities In Portugal,Montado soils are often degraded,acidic,with high
concentrationsof aluminumand manganeseand with low overallfertility, whichis an alarmingsituationfor the
sustainabilityof this ecosystem One of the most important aspectsfor this ecosystemis the establishmentand
guality of pastures Pasturesplay a critical role in soil sustainabilityby providing feedstock,soil conservation,
water retention and nitrogenand CQ fixation. Fromthese,pasturelegumesgreatlyimprove soil fertility by fixing
nitrogen when in symbiosiswith rhizobia bacteria This symbiotic associationis often highly specific with
implicationsin plant growth promotion andultimatelyin soilfertility .

In this context, this work aimsto monitor the evolution of the rhizobialegume associationsn the Montado
ecosystemsubjectedto a field trial under non-treated and treated conditionsfor soil correction Understanding
how legumerhizobiaassociatiorevolveover time upon different correctiontreatmentsis of utmost importance
for havingthe mostadequatemanagemenpractices

It wasinstalleda field assayin a Montado areaand different treatmentswere appliedfor soil correction(addition
of dolomitic limestoneand/or cellulosicsludge$. Legumerhizobiaassociationsvere monitored by the evaluation
of the natural rhizobial population size, genetic diversity, taxonomic identification and strain symbiotic
effectivenesgnitrogen fixation). Natural rhizobial population sizewas evaluatedby the Most ProbableNumber
method usingTrifoliumsubterraneumand T. resupinatumastrap hosts Geneticdiversityof bacteriaisolatedfrom
root noduleswasassessetty REFPCRingerprinting Nonredundantbacteriastrainswere selectedfrom the REP
PCRladesandweretaxonomicallyidentified by 16 rRNAandrecA genephylogenies

Resultsshowedthe presenceof high numbersof rhizobiabacteriawith high geneticdiversitydespitethe low soil
quality. Thenatural populationwasalsocapableof fixing nitrogen at high rateswheninoculatedin Trifoliumspp.
Geneticdiversityof the rhizobialpopulationincreasedovertime duringthe field trial. Highsymbioticeffectiveness
was found in isolatesfrom the root nodulesof Trifolium spp. irrespectiveof the treatment and isolation year.
Strains capable of establishinghighly effective symbiotic associationwith Trifollium spp were identified as
Rhizobiumeguminosarum

In conclusionjn the Montado areastudieda large natural rhizobialpopulationexistedwith high geneticdiversity
that can be further exploited and improved by the practice of adequate soil management Rhizobidegume
associationgogether with soil physicalchemicalconditions are crucial for the sustainabilityof the Montado
ecosystem
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Enrichmentculturesare usefulfor the constructionof bacterialconsortiato be usedasinoculants,both for plant
growth promotion (PGP)and for bioremediation However,these consortiafrequently contain bacteriathat are
undesirable jncludingbacteriathat do not participatein the biotechnologicaprocessor evenbacteriathat might
be harmful or pathogenicfor humans,animalsand/or plants Deconstructionof consortiaallowsthe designof
SynComghat contain the bacterial taxa necessaryfor the inoculant function and are free from undesirable
populations SynComsare therefore rationally designed, taking into account the principles of functional
redundancyand phylogenetiadiversityto optimizetheir performance In the designand constructionof SynComs
culturomicsare usedto isolate strainsfrom the consortium,either by usingdifferent, selectivegrowth mediaor
by roboticalisolationby dilution in a general,permissivemedium Isolatedstrainsare tentatively identified by 16S
DNA sequencingand the metagenomeof the designedSynComis then determined, in order to establishits
biotechnologypotential. Herewe are presentingthe designand constructionof two SynComsone designedfor
bioremediationof hydrocarbonsand the other for PGPof tomato plants Forthe first SynComsoil polluted with
heavyoils was usedasthe sourceof the enrichmentconsortium Thisconsortiumwas obtainedafter growth in
dieselasthe sole carbonand energysource The consortiumcontainedaroundfifty different taxons(Amplicon
SequenceVariants, ASVs)including some undesirable bacteria such as Enterobacteria, Acinetobacter spp
Stenotrophomonaspp amongothers. The final SynComis composedby eight strainsthat harbour the same
metabolic potential than the whole consortium The second consortium was isolated from tomato plants
rhizospheregrowingin a commercialplot. Rootexudatesand extractswere usedasthe sole carbon,energyand
nitrogen sources The consortium contained 75 ASVs,jncluding some of them potentially harmful. A SynCom
harbouringmultiple PGRraits wasdesignedand constructed ThisSynConhasbeentested on tomato plantsand
hasshownto significantlyimprovethe yieldundergreenhouseexperiments
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Microbial biodiversity associatedwith the plant-soil systemis an increasinglyrecognizedeffective resourcein
managingplant health and soil fertility (Guptaet al., 2022). It is now well acceptedthat the microbiomeof plants
has profound impactson their survivaland performance,helpingthem to overcomeenvironmentalchallenges
suchasnutrient limitation, herbivoreand pathogenattacks,or abiotic stressesPlantsusuallyestablishsymbiotic
associationswith mutualistic and/or free-living beneficial microorganisms,as a crucial nutrient-acquisition
strategyto adaptto the environment,which may be of particularimportanceunder the current globalchange
scenario

Significantimprovementsin economic and environmental sustainability of agriculture and forestry can be
achievedthough a better understandingof plant-microbialinteractions(Cardonand Whitbeck,2007). Theuse of
native selectedsymbioticmicroorganismffers the possibilityto efficiently use natural resourcesfor improving
forestry industry, mainly through promoting the physiologicalquality of seedlingnursery stockswhile reducing
inputs suchasfertilizers, water or chemicalsand ensuringthe survivaland fithessof trees after out-plantingin
the field. Beneficialmicrobesare increasinglybeing usedfor multiple applicationsin forestry and agro-forestry.
Thesucces®f a givenreforestationand/or afforestationproject is tightly linked to the vigor and adaptability of
seedlingsto the transplantationsite, for which the use of selectednative beneficial microorganismssuch as
mycorrhizafungior plant growth promoting bacteriacanbe crucial Thetargetsof theseprogramscanbe diverse
either focusingon the environmentalrestoration and climate changemitigation ¢ e.g., carbon sequestration
enhancementnd/or ecosystenrecoveryafter deforestation,fire, miningor fuel spillamongother disturbances;
, or with a more clear economic purpose such as the provision of wood and biomass,or the production of
ectomycorrhizaledible mushroomswith high added value, e.g., truffles (Oliachet al., 2021), in agroforest
systems

Giventhe increasedfrequencyand duration of drought and natural disturbancesthe raisingcostsof fertilizers
and chemicaldor nurserytree production,andthe demandof consumerdor new productssuchasedible fungi,
the useof native bio-inoculantsadaptedto the plantation sitesis emergingasa highlyadvantageougcologicand
economidool for the forestryandagro-forestryindustry.
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Accordingto the EuropeanCommissionglobal consumptionof biomass,fossil fuels, metals and minerals is

expectedio doubleby 2050 while annualproductionof wasteswill increaseby 70% In this context,the European
Commissioradoptedthe new circulareconomyaction plan (CEAPwhich intendsto integrate developmentand

sustainabilitythus, the designof tailored biofertilizersis of the outmostimportance

The aim of this work is, usinga culturomicsapproach?, the isolation and characterizationof specificPGPRand

endophytesin order to generatea biofertilizer that promotes plant growth under different abiotic stressesand

increasecropsyield usingfewer inputs.

In our project, Mesembryanthemunerystallinum an autochthonoushalophyte of the Andalusianmarsheswith

medicinalproperties,hasbeenselectedasmodelsincethis plant hasbeenalsoproposedfor phytoremediationof

metalssuchasCd? andCr3.

We have developeda low-cost culture medium basedon M. crystallinumbiomass,called MesemAgar (MA) to

isolatebacteriafrom three compartments(rhizospheresoil, root endophytesand shootendophytesandcompare
them with isolatesobtained on standard TSAmedium Two independentcollections,one from each medium,

were generated,all the bacteriawere identified by 16S RNAgene sequencingand their PGPRoroperties and

plant tissue degradingactivities determined, as well as the minimal inhibitory concentrationfor severaltoxic

metals

A highernumber of bacteriawere isolatedon TSAthanin MA (47 vs 33), but interestingly,MA mediumledto the

isolationof specificM. crystallinumassociatedacteria Distinctpatternsof PGPpropertiesand cellwall degrading
activitieswere found in both bacterialcollections Threemicroorganismgarryinga complimentarycombinationof

PGPactivitiesfrom eachcollectionwere selectedin order to producetwo different consortiumswhoseeffect on

plantgrowth underabioticstressesand phytoremediationcapacityis beingevaluated

Theseresultsindicatethe feasibilityof a culturomicsapproachtrough & f 2astY S R hasedon plant biomassto

isolate the most suitable bacteria capableof promoting plant health and growth under abiotic stressesIn this

way,we haveestablishedad O A NagrorforhyM2 R $fwhichbacteriahelp plantto grow and,in turn, a culture

mediumbasedon plant wastessupportbacterialgrowth at low prices

Keywords Halophytes PGPBendophytes culturomics low-costinoculants circulareconomy phytoremediation
heavymetalspollution.

References

1. Sarhan M. S et al. Culturomicsof the plant prokaryotic microbiome and the dawn of plant-basedculture media¢ A
review. Journalof AdvancedResearclvol. 19 Preprintat https://doi .org/10.1016].jare.201904.002 (2019.

2. Supe] P, | t ACéHula M., Miszalski Z & Kaszycki P. CadmiumTolerant RhizosphericBacteria of the C3/CAM
Intermediate SemiHalophyticCommonlice Plant (MesembryanthemumcrystallinumL) Grown in ContaminatedSoils
Frontiersin PlantSciencd 3, (2022.

3. | £ ACéHula M. et al. The common ice plant (Mesembryanthemumcrystallinum I.)¢phytoremediation potential for
cadmiumand chromatecontaminatedsoils Plants9, (2020.


mailto:*epajuelo@us.es
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://doi.org/10.1016/j.jare.2019.04.002

Montero-Palmero MB, Lucas JAMontalbanB!, RamosSolano B GarciaVillaracoAl,
GutierrezMariero FJ

1PlantPhysiologyPharmaceuticaand HealthScience®epartment Facultyof PharmacyUniversidadSanPablcCEUCEU
Universities 28668Boadilladel Monte, Spain

AlkalinepH in soilsreducesiron (Fe)availabilitylimiting Feuptake and compromisingplant growth. In plants,the
main visualFedeficiencysymptomis leaf yellowing,chlorosis,due to a decreasdan chlorophylicontent In dicots,
plants activate Fe absorptionmechanismsnvolvinga H*-pump to acidify the medium and solubilizeFe ll, the
reductase(FRO)han reduceschelated Fe lll, and the membrane Fe ll-carrier (IRT) Currently, only synthetic
chelatesare availablefor agriculture, so seekingfor environmentallyfriendly alternativesis a must In vitro
production of bacterial siderophoreshas been reported but effective strains are not as frequent and the
underlyingmolecularmechanism$y whichsiderophoreproducingPGPBmproveiron contentin plantsremainto
be defined,asPGPBare able to improve plant fithesstriggeringmultiple targets In this context, the aim of this
studywasto i) selectsiderophoreproducingfrom a large subsetof isolatedPGPBandii) to evaluatethe ability of
two different siderophoreproducingPseudomonasp. strains(Z8.8 and Z10.4) to revert chlorosisin Fe-starved
tomato plants From a total of 210 strains, 30% of them were selectedfor their in vitro ability to produce
siderophoresand identified by 16s rDNAsequencingAmongthem, the most abundantgroup was conformedby
Pseudomonasp. from which Z8.8 and Z10.4 were selectedby the sizeof the halo producedwhen growingin Cas
mediawith Fe,Mn or Ca ThePseudomonaZB.8 wasalsoableto produceauxinsin vitro. After the inoculationof
Z8.8 and Z10.4 in Festarvingtomato plants,the chlorophyllcontent, the photosynthesigatesandthe expression
of Fedeficiencyresponsivegenesin roots (the plasmamembraneH+ATPasd HAL, the Fe(lll)chelatereductase
FRQ, andthe iron Fe(ll)root transporter, IRT) were assessedaswell asiron content Chlorosisvasreverted by
Z8.8, with Feincreasesaround 40% as comparedto controls, providedfrom FeClat alkalinepH. Photosynthesis
performancewasimproved(f PSliand FVFm) aswell aschlorophylla | céntent suggestinga systemicactivation
in plants treated with Z3.8. Oppositeto our expectations,expressionof Feuptake responsivegeneswas not
enhancedon PGPBreated plants at harvesttime, rather the opposite Thisevidencesactivationof innate plant
mechanismgo obtain Fe in adverseconditions the H" pump is highly active in the plasmamembraneof iron
starvedplantsin an alkalineenvironmentto acidify soil and make Felll availableto reductase However,soll
acidificationis not neededwhen PGPBsiderophoresare present, as bacterial Fechelatesare goingto make Fe
more solubleand proneto be reducedby FRGn order to enter the root through IRT ijmmediatelyafter bacterial
inoculation It is consistentwith the reported increaseof Fe content, probablybeingan idirect mechanismapart
from the direct chelant action of the bacterialsiderophore However,gene expressionhas also been altered,
being downregulated9 days after bacterial inoculation, so we speculatethat FROand IRT geneshave been
systemicallyinduced right after PGPBtreatment improving iron nutrition provided by bacterial chelates
Therefore,althoughfurther studiesare neededto confirm our hypothesis,Z 8.8 strain effectivelyrevertstomato
chlorosiscombiningdirectandindirectmechanism®f action
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Ricestrawis an agriculturalresiduewith high potential asmulchin woody cropswhere it exertsseveralbenefits
suchas preventingsoil erosion,increasingwater use, reducingweeds,increasingproduction, and/or regulating
soil temperature (Prosdocimiet al., 2016 Ramakrishnaet al., 2006. However,the rice straw decomposition
processpromotesthe temporaryimmobilizationof soil nitrogen due to its high C/Nratio (Williamset al., 1968).
Theincorporationof different diazotrophsinto rice straw couldcompensatdor this immobilizationof nitrogen, as
well asprovideother benefitsfor crop production In amicrocosmassayijn trays54 cmx 39 cm, we evaluatedthe
effect of the combinationof a rice straw mulchwith the addition of different diazotrophsand other plant growth-
promoting bacteria (PGPB),ncluding one solubilizer of mineral insoluble phosphate and one siderophores
producer. In the trays, the cultivated crop was ryegrass(Lolium perenng. The statisticaldesignwas a random
completeblockdesignwith the treatments consistingof the combinationof mulchwith bacteriaandthe controls
consistingof the correspondinguninoculatedcontrols either with mulch or nakedsoil The evaluatedvariables
were, from the productive point of view, the aerial biomassproducedby the crop, and its content in Nitrogen,
Phosphorusand Iron; form the environmentalpoint of view, the compositionof the soil microbiome by next
generationsequencingf total soil DNA Resultsof crop biomassproductionshowedthat, comparedto nakedsaoil,
mulch produceddecreasedvaluesduring the cold months and increasedduring the warm months Interestingly
the inoculationwith the selectedbacteriastrainsimprovedthe biomassproductionof the crop at anyseasonand
some N-fixing strainseven compensatedhe decreasein biomassproduction causedby mulch Moreover,some
N-fixersalsocompensatedhe reductionof bioavailableN causedy the increasedmicrobialactivity under mulch
Soilmicrobiomewas positively affected by the mulch, becauseit increasedbiodiversity,both alphaand beta. In
addition, inoculation hardly changedthe structure and compositionof the soil bacterial community, the main
modificationswere a slightincreaseof alphabiodiversityand a slightreduceof beta biodiversity Theinoculated
bacteriadid not persistin time and re-inoculation each seasonis necessary Thesefindings suggestthat the
incorporationof diazotrophsand PGPBnto rice mulchwould compensatédor the disadvantagesf mulchingwhile
synergidenefitto the crop.
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It is well known that rhizobia exert a Plant Growth Promoting (PGP)action in non-legumes,resulting in an

improved crop yield and quality (FloresFelixet al. 2021). Moreover, it hasbeen provedin field trials that a

reduced dose of mineral fertilizers along with the inoculation of PGP Bacteria (PGPB)results in a yield

improvement, comparedto a full mineral fertilizer dose without inoculation (PastorBueiset al. 2017). An

EuropeanPatentregisteredan invention consistingon a granulatedmineral fertilizer that includesrhizobia as
PGPBo be usedas a fertilizer for non-legume crops (Mulas et al. 2018. The novelty comprisedthe carrying
systemof the PGPHn the fertilizer granuleand the PGPBlosethat exerts an agronomiceffect. Fieldtrials at

commercial scale demonstratedthat the fertilization of cerealswith the invention improved the crop yield

comparedwith the fertilization with a plain complexmineralfertilizer. In concrete,in two field trials with wheat,

the yield enhancementsurpasseds% comparedwith the control consistingon the mineral fertilizer without

rhizobia Moreover,the yield observedwith the inventionat a reduceddose (80%) of fertilizer surpassediot only

the yield with the samedoseof the plain mineralfertilizer, but alsowith the full dose(100%that correspondgo

the recommendeddose)of the plain mineralfertilizer. Theinventionwasfurther registeredat the official Spanish
registryof fertilizing productsto be commercializedand other field trials supportedthe resultspresentedin this

work.
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Nowadaysconsideringhe everincreasingwvorld population'sdemandswhichis expectedto reach9.7 billion by

2050 food supplyhasbecomeone of the mostrelevantproblems Conventionakgriculturalmanagemenimodels
overusedchemicalpesticidesand syntheticfertilizers inputs, causinga depletionin farms and ecosystemsand

many pollution and health problemsas well. Moreover, plant-related microbiota, which is being showedto be

crucial in plant health and development,is very sensitiveto this type management,generallyleadingto a

biodiversityloss. Consequentlyye needto implementnew sustainablealternativesin agriculturalmanagement
in orderto ensurethe food productionfor the nextdecades

Oceanshave been providing a wide variety of extraordinary organismswith high relevancefor agricultural
managementsuchasseaweedsin Portugaland manyother seasidecountriesaroundthe world, seaweedsvere

traditionally used in agricultural fields, providing organic matter, minerals, trace elements, growth-plant

regulators,metabolites, vitamins and amino-acids'2. More recently, severalstudieshave been concludedthat

applyingseaweedextractsto soil, positively affectsthe rhizosphereand phyllospheremicrobiota patterns For

instance, Ascophyllumnodosum extract has been shown to improve plant growth, enhance beneficial
microorganismsmitigate some abiotic and biotic stressesand improve plant defense$. However,the use of

theseextractsasan alternativeis facingthe complexityto characterizehem in composition,type of application,
optimalplant stage effectiveconcentration effectson microbiotaX

In this context, our work projectaimedto developa pipelineto assesshe effectsof seaweedextractstreatments

on SolanumlycopersicumPotential effects of a novel seaweedextract madefrom the red macroalgaeGracilaria
gracilis were evaluated at different concentrations,application way, and at different developmentalstages

Resultsindicated that G. gracilis extract may enhance plant phenotype at 0.25% and 0.5% concentrations,
showinga positive effect on seedgerminationrate and generalplant development Moreover, we decidedto go

further and characterizethe effects on root/soil microbiota, aswell asthe possibleconnectionwith epigenetic
marks through the evaluationsof the methylation level of key developmentalgenes,as a complementary
understandingof the plant-soil ecosystemeffects of these extracts Finally,we also detected the presenceof

some bacteriastrainsin the extracts so we included complementarycharacterizationtest of these strains as

bioinoculant Data obtained in this work may contribute to the better use of seaweedextractsin agriculture,
althoughfurther characterizatiorstudiesmustbe carriedout to havea broaderunderstandingon this.
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Thestrawberrysectoris a main economicand socialdriver in Andalusia(Spain) asa greatgeneratorof jobsand

exportation profits. Despiteits importance,the sustainabilityof its cultivationin the short and mediumterm is

compromised Intensivestrawberry cultivation generatesa great environmentalimpact due to the applicationof

excessivehemicalinputsthat contaminateaquifersand soils Thissituationis especiallycriticalin sensitiveareas,
such as the DofianaNational Park and its surroundings(SW Spain),where this crop may be found. Most of

chemicalfertilizers applied cope with the scarceavailabilityof phosphorusin arable soils,an essentialnutrient

whichislargelyinorganicandinsolublefor plants Therefore,more environmentallysustainablealternativesmust

be designedo reducethe useof chemicalfertilizersand still improve cropyields Thus,the main objectiveof the

presentwork wasto evaluatethe effect of a consortiumof plant growth promoting rhizobacteria(PGPRYn the

growth and physiologicalresponse of strawberry plants grown under phosphorus deficit conditions The
consortiumemployed included PGPRwith the ability to solubilizephosphates,thereby increasingphosphorus
bioavailabilityin the rhizosphereof the plants Forthis study, four differential treatmentswere chosendepending
on whether or not the plants had bacterialinoculumand whether or not the fertilizer usedcontainedinorganic
phosphorus The results obtained showed,in general,a positive effect of PGPRnoculation,and this effect was
especiallynoticeablein plantsgrown with an insolublephosphorussupply Theseplants showeda highergrowth

of aboveandbelow groundbiomass animprovementin processeselatedto photosyntheticefficiencyandwater

useefficiency,aswell asa highercontent of photosyntheticpigmentsin the leaves Thisresponsewasmediated
by direct and indirect effects of the bacterialstrainsusedon the plants, especiallythe phosphatesolubilization
capacity whichmade possiblethe bioavailabilityof the phosphorusprovided,initially inaccessibléo the plants In

short, this study showsthe potential of PGPRnoculationto improve strawberrytoleranceto phosphorusdeficit,

aimingat more sustainablecultivationpracticesn this crop.
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Thecommonbean(PhaseolusulgarisL), with more than 34 million haand 30 million t worldwide, is an essential
foodstuff for human beings (Broughtonet al., 2003. The inoculants consistingof native-naturalisedrhizobia
selectedbecauseof their N fixation efficiency,so called elite autochthonousstrains,are generallysuccessfuln
increasingerop yield (Koskeyet al., 2017). Adaptationto the local environmentmakesthem highly competitive,
which usuallyresultsin greater nodule occupancy producinga good field performance,expressedn superior
yield (Irisarriet al., 2019.The aim of this work wasto assesghe agronomicand environmentalperformanceof
the A y 2 O dzéchngloggirtzommonbeancropsin the DominicanRepublic Forthe environmentalassessment,
the Life CycleAnalysigLCA)methodologywasuse The LCAfollowed the 1ISO14044guidelines Theseguidelines
state that the first stepis to definethe goaland scope,the secondis life cycleinventory (LCI)the third is the life
cycleimpact assessmen{LCIA)and the fourth is life cycleinterpretation. The resultsshow that the use of the
autochthonouselite strain and the formulation presentedin this work increasedthe averageyield by a 1.8%
comparedto the conventionaltechnology For the common bean, the highest environmentalimpact per ha
correspondedto the conventionaltechnologyfor all the impact categories A shift to inoculation technology
would reducethe environmentalimpact per hain all the categoriesrangingfrom 16%in freshwater aquaticeco-
toxicity to 25%in acidification In referenceto onet of producedgrains,the impact reductionwould be slightly
higher, by an additional 2% on average,for eachcategory Interestingly,in referenceto 1 ha, the inoculation
technologybarely increasedthe environmentalimpacts comparedto the negativecontrol that did not receive
either N fertilisation or inoculation Whenthe environmentalimpactswere allocatedto 1t of producedgrains the
inoculationreducedthem by 21% on average comparedto the negativecontrol, due to the yield increasedueto
the SNFIn addition, it isinterestingto highlightthat the conventionaltechnologyproducessimilaror evenlower
(1%5%lower) environmentalimpactsthan the negativecontrol per t of producedgrains only the humantoxicity
washigherin the conventionaltechnologythan in the negativecontrol. It is concludedthat inoculationtechnology
enablesmineral N fertilisation to be replace,producinga weakyield increase(lessthan 2% in commonbean,
when comparedto the technologyusedtoday in the DominicanRepublic Froman environmentalviewpoint, the
GreenhousaVarmingPotential(GWP)and energydemandfor manufacturingone unit of inoculant,defineasthe
inoculant neededfor 1 ha are lessthan 1% of those correspondingto the production of mineral N fertiliser.
Consequently,this technological substitution reduces the environmental burdens per cropped ha and per
producedt, for the categoriesof environmentalimpact analysedalthoughin different percentagesForcommon
bean,the reductionrangedfrom 16%to 25% andwassimilarperhaandpert.
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As a consequenceof the laying down of the EU 20191009, the use and the licensingof Microbial Plant
Biostimulants(MPB)in agriculture have receiveda boost (PastorBueiset al. 2019. Accordingto the European
regulation,the MPBthat canbe licensedare strainsbelongingto the generaRhizobiumAzotobacter Azospirillum
plus mycorrhizalfungi (Europe,2019), but the regulation opensthe door to increasethe number of accepted
generaincludingother PlantGrowth PromotingMicroorganismgPGPM) The expectedrole of MPBaccordingto

EWR0191009is not only N-fixing both in symbiosighizobialegumesand free-living Azotobacterand Azospirillum
but alsothe abioticstressalleviation,the growth stimulationandthe qualityimprovement,thusresultingin better

yield in quantity and quality. The academicresearchabout PGPMis very relevant, and much information is
publicly availablereferring to the metabolismof microorganismsbeneficial for agriculture, using cutting edge
omics technology Suchinformation is very important for & LINE R 820 6 f 2bedausd@nhélpsthem to select
strainsbasedon specificfunctionalactions,whichis more efficient than the selectionbasedon screeningests of

hundredsof isolatesto find "by chance"an expectedactionin the crop. However, the agronomictestsof selected
strainsor of fully formulated MPBare lessavailablein scientificliterature (Barqueroet al, 2019, becausemost of

the agronomictestsare carriedout as part of the requirementsfor registrationat the national regulationbodies
and subsequenticensing In this work, we presenta compilation of field trials at medium and large scalethat

have been publishedin the academiditerature, and that demonstratethe effectivenessof MPBto improvethe

yieldin a scenarioin whichthe nutrients are providedin areducedrate. Theanalyzedwvorks gatherdifferent kind

of MPB,including i) specificrhizobiaselectedfor legumecropsin whichinoculationfully replacesthe N mineral
fertilization; ii) other PGPBor non-legumecropswith reduceddosesof mineralfertilisers In generalterms, the

MPB improve crops yield compared with the control that receivesfertilization in a conventionalway. The
inoculationof legumeswith specificautochthonousrhizobiain absenceof a sourceof mineral N in all the field

trials producedat leastthe sameyield than the fertilization with mineral N without inoculation, but interestingly
in sometrials the inoculationproducedeven more yield (up to 28% more) than the fertilization. In the caseof

non-legumecropsinoculatedwith PGPEat a reduceddoseof mineralfertilizer, the yieldincreasecomparedto the

uninoculatedcontrolsfertilized with a full mineraldosewasup to 34% However,the goodresultsobtainedwith

the useof MPBhide athreat, becausdt hasbeendemonstrateda high dependenceof the inoculatedcropsfrom

the high level of nutrients existingin the soil (a legacyowing to applicationsof fertilizer during many years)
(PastorBueiset al., 2019. Indeed, undoubtedly MPBsenhanceNutrients Use Efficiencyand thus a question
arises if the fertilizersdoseis reducedandthe MPBsenhanceghe useof the nutrientsreservoirin the soil, what

isgoingto happenwhensuchareservoirdiminishunderan unknownlimit?
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In Spain approximately 80% of fresh water is used in agriculture and is essentialto maintain agricultural
production It is a very high percentagein a country where water hasalwaysbeena scarcecommodity. If we add
to this that climate changeis progressivelyaggravatingthis problem, reducingthe amount of water usedin

agriculturemust be a priority challenge Until now, the problem hasbeenaddressedalmostexclusivelyby trying

to improveirrigation systemsput little investmenthasbeenmadein tryingto keepplantsproductivein situations
of moderatewater stress Theobjectiveof thiswork isto studythe physiologicahnd geneticchangegproducedby
two strainsof the Pseudomonasp. (N 5.12 and N 21.24) inoculatedin tomato plants subjectedto moderate
water stress,which do not causewilting, and which can ensurethat the plants maintaintheir productivity, thus
reducingthe amount of water, which would result in a decreasein water usedin agriculture For this, tomato

plants one month from sowingwere inoculatedwith the strainstwice, one week apart Three days after the

secondinoculation, the plants were subjectedto water stressusing 10% polyethyleneglycol 6000 (PEG000).

Throughoutthe experiment,the plantswere wateredwith 20 ml of water every2 days To causemoderatewater

stress,the plantswere irrigated with 20 ml of PE®000 at 10%, exceptfor the control plantsthat were irrigated
with water. Threedaysafter water stressthe photosyntheticcapacityof the plantswasmeasured andthe plants
were collectedto perform the different analysesThe oxidative stressof the plantswasmeasuredby measuring
the concentrationof H,0,, concentrationof malondialdehydgMDA) and the activity of the enzymesascorbate
peroxidase(APX)and Glutathione reductase(GR) The concentrationsof proline, glycinebetaine and soluble
sugarsas main compatible solutes were measured and the differential expressionsof P5CS (Pyrroline5-

carboxylatesynthase related with proline biosynthesis)NCEDR (9-cisepoxycarotenoiddioxygenasetelated with

ABADbiosynthesisiand PM ATPasel (plasmamembraneATPasel) geneswere studied Both strainsare able to

maintain net photosynthesisat control levels and significantly higher than plants treated with PEGalone

Furthermore,plantstreated with N 21.24 had transpirationrates like those of the control, while plantstreated

with N 5.12 had transpirationrates significantlylower than the control and like plantstreated with PEGN 21.24
causesan increasein glycinebetainebut not proline or solublesugars UnlikeN 5.12 which increasesroline but

not the other compatiblesolutes Thetwo strainsare able to decreasethe concentrationof H,0, in the plants
with respectto the plantstreated with PEGdespite the fact that the APXand GRactivitieswere lower. Of the

genesstudied,the significantlyhigherdifferential expressiorin the NCED and ATPasgenesin the plantstreated

with N 21.24 is very striking Thehigherexpressiorof NCED doesnot resultin stomatalclosure,but it isreflected
in the decreasein the concentrationof carotenoidsand in an increasein the concentrationof glycinebetaine
(Nawazet al., 2020, probablythe greaterexpressiorof ATPasel involvedin the openingof stomatais causing
the stomatanot to closeand hightranspirationratesare maintained Theresultsobtainedindicatethat the strains
used, especiallyN 21.24, cause physiologicaland genetic changescompatible with plants better adapted to

conditionsof moderate water stress,so it could be usedas a biotechnologicalool in real farming situations,in

whichit could be reducethe amountof irrigation without affectingthe performanceof the plants,obtainingreal

water savings
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Despitethe innate adaptative mechanismsof plantsto surviveto different environmentalstressesthese can
further be improvedby other meanssuchasbeneficialbacteria EffectivePGPBtrainsare ableto triggermultiple
targetsin the plant resultingin atailored adjustmentto adversecondition Stimulationof secondarymetabolismis
of specialinterestascertainsecondarymetabolitesare ableto bind humanreceptorsimprovinghumanhealth; so
if metabolitesaccumulatein edible parts, health benefits are achievedthrough the diet, while accumulationin
non-edible parts may be transformedin economicprofit by transformingagriculturaldebrisinto extractswith
bioactivity, contributing to circulareconomy The secondarymetabolismof Oleaeuropaeaincludespolyphenols
with a generalantioxidantactivity aswell as specificantihypertensivemolecules(iridoids) amongothers. In this
work, the capacityof three Bacillusstrainsto stimulatethe secondarymetabolismof one-yearold olive seedlings
subjectedto salinity stresswasstudiedalong12 months,duringwhich root inoculationsof the three strainswere
performed In October(month 12) photosynthesis photosyntheticpigments,bioactives(iridoids and flavonolg
and a geneexpressiorstudy of the main enzymesof the synthesispathway of these secondarymetaboliteswas
performed

Thethree strainswere able to improve the energymachineryof the plant, improving CQ fixation, increasing
energydissipationin the form of heat, reducingoxidativestress BacillusH47 wasfoundto trigger synthasesn the
DOXPpathway (up to 5-fold in DOXPsynthase,3,5-fold in Iridoid synthaseand 2-fold in secologaninsynthase)
associatedo aconcomitantincreasen iridoids (upto 5-fold in oleuropeinand 2-fold in its precursorsecologanin
Regardinghe oleuropeinprecursor,hydroxytyrosoldid not accumulaten the leafaccordingo HPLGnalysisnor
did it increasethe expressiorof its key synthesisenzymes Thissuggestghat it could be due to a mechanisnto
block the natural feedbackinhibition of the pathway, sinceoleuropeinis increasedabout 5 times comparedto
control plants Onthe other hand, the increasein flavonols(rutoside and lutelin-glucoside) s not associatedo
enhancedgeneexpressiorof its key synthesisenzymesfollowing the pulseactivationmodel proposedfor innate
immunity. Finally,the ACERctivity (inhibition of AngiotensinConvertingEnzyme)wvas not improved, suggesting
translocationand accumulationof antihypertensivemetabolitesto the fruit, and consequentlyto the oil. In
summary,BacillusH47 is a PGPBstrain capableof improvingplant adaptationto salinity stressor water scarcity,
activatingphotosynthesisaandsecondarymetabolism
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Different modelsof climate changegenerallydescribean increasein planet surfacetemperature Thisincrease
will impact speciesand ecosystemfunction and will affect agricultural production Addedto these extreme
temperatures,world populationis expectedto increasejmposinga pressureon food production Nowadaydhere

is an effort to produce food in a sustainableway, being plant growth promotion bacteria one of the most

promisingmethodologiesThus A eSséntiato understandhow the plant-bacteriainteractionswill changein high

temperaturescenariosn orderto better delineatecrop productionstrategies

In this study, maizeplants (Zeamay9 were exposedto 26 °C and 35 °C for one month. Three conditionswere

tested non-inoculatedplants plantsinoculatedwith Pantoeadispersaand plantsinoculatedwith Herbaspirillum
huttiense Thesestrainswere chosenfor evidencingseveralplant growth promoting traits (IAAand siderophores
production,phosphatesolubilization antifungalcapacityandvolatile promotion) at elevatedtemperature Results
were evaluatedby morphometric,physiologicabnd biochemicalparameters Lipidomicsand metabolomicswere

alsocarriedwith the bacterialstraindisplayinghe bestresults- Pantoeadispersa

Use of a multivariate analysisevidenceda clear separationamong conditions at each temperature At both

temperatures bacteria were able to increasethe leaves and root weight, the responseof the enzymatic
antioxidant system, protein, sugarsand chlorophyll B. Additionally at 35 °C the metabolic activity, starch and

proline also increasedand there was a decreaseon membranedamagecomparedto control (non-inoculated
plants) at the sametemperature Both temperature and bacteriainfluencedthe lipidomicsand metabolomics
profiles

Resultsshow that temperature tolerant PGPRcan play an important role on the protection of plants, suchas
maize,to hightemperaturein greenhouseconditions Theseresultsshouldfirst be confirmedon field trials before
they canbe consideredasa strategyto increasethe resilienceof cropsto globalwarming
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Globalpollution is one of the main environmentalproblemswe face today, and an excessivaise of chemicalin

agriculturecausesharmful effectson the environmentthat increasethis problem It is well knownthat in order to

achievean adequatecropsyield, the agriculturalsoilsmust be supplementedwith nutrientsin the form of mineral
fertilizers (Kandpal 2021). However, products based on PGPRPIlant Growth Promoting Rhizobacteriamight
contribute to reducethe use of mineral fertilizers obtaining similar or evenhigher cropsyield (Bhattacharyya&

Jha,2011). Bythe other hand, biocharhasbecomepopularin agriculturebecauset improvesphysical,chemical
and biologicalsoil propertiesand moreoverit hasbeendescribedasa carrierfor PGPRPastorBueiset al., 2019.

Thiswork attemptsto studydifferent formulationsof biofertilizersasa partial substitutefor conventionalmineral
products Suchbiofertilizersconsistof PGPRacteriaandbiocharasa carrier,in combinationwith compost

The assaywas carried out in microcosmsconditionsin a greenhouseat the Universityof Leon (Spain)with the

purposeof evaluatethe agronomicaleffectsin ray-grass,of different formulationsof biofertilizers A total of 14
treatments including the correspondingcontrols were evaluated The treatments differed in the rates of the

different componentsi.e. the compostand the PGPRormulated in biocharascarrier. Thebiocharwasproduced
from olive tree pruningwith a pilot reactorin continuousmode, at a workingtemperature of 600°Cfor 40 min of

solid retention time. The PGPRwvas Bacillusstrain. The statistical designwas completely randomized,with six
repetitions per treatment. The parametersanalysedwere the fresh and dry biomassproducedby the rye-grass,
andthe resultswere statisticallyanalysedvith ANOVA

Resultsof freshand dry biomassproducedby rye-grass showedsignificantdifferencesbetweenthe non-fertilized
control andthe treatmentswith the biofertilizer. Moreover,the besttreatment wasthe combinationof compost,
andthe microorganismformulated with biochar, provingthe viability of usingthis organicfertilizer becauseof its

agronomicpotential and its contribution to reducethe useof chemicalproducts Besidesthe developedproduct
alignswith the principlesof circulareconomy,reusingolive pruningasa biochar,that causegyreatenvironmental
issuesn regionswith vastareaswith olivetree crops
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Increasingcrop productivity while minimizing environmentaldamageis one of the main agricultural priorities
nowadays Plant growth-promoting bacteria (PGPB)re consideredan ecologicalalternative to improve crop
productivity. Then, the inoculation of PGPBto crops is increasinglyused but its potential effects on soil
biodiversityare largelyunknown Theseeffectsare often forgotten when new agriculturalpracticesare proposed
to improve crop productivity. Soil health could be both impacted positively and negativelyas a result of PGPB
inoculation Biodiversityis keyto a balancedsoil ecosystemand, interestingly,canenhancesoil resilienceagainst
environmental disturbances The assessmenbf PGPBnduced effects on not only crop plants but also soil
functioningis fundamentalfor the safeuse of bioinoculantsas biofertilizers The specificbacteriumusedin this
study (Micromonosporacremeq is a soil inhabitant (Carroet al., 2012, but its applicationin high amountscan
inducestructuralchangesn soil microbialcommunities Hence,jit is essentiato properlyidentify and understand
suchchangesaswell asto evaluatesoil resilienceto the inoculationinducedeffects,in order to warrantthe eco
sustainabilityof our bioinoculantin termsof its effectson soilagriculturalhealth.

Tothis purpose,after inoculationof M. cremeain peaplants,we monitoredthe changesn soil microbialdiversity
and, concomitantly,soil resilience Usinga variety of soil properties as endpoints,we monitored soil, plant, and
microbialresponsego PGPBnoculationovertime (0, 7, 28, and 98 daysafter inoculation)in the absencevs. the
presenceof water stress,in order to partially mimic the current scenarioof climate change Our resultsshow a
directimpactof M. cremeainoculationon soil properties,and specificallyon soil microbial diversity. Thisimpact
wasthen partially buffered by the natural soil resilience More studiesare neededto study the potential effects
M. cremeamulti-applicationsandyearlyadditions,in order to keepon assessings safetyasa PGPBioinoculant
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Maize (Zeamay9 is one of the most important food cropsin the world, since along with rice and wheat, it
provides30% of food caloriesto over 4.5 billion peoplein 94 countries(Shiferawet al. 2020 Abbade2021). We
are currently dependenton agricultural profitability and facingvulnerability due to climate changeto feed an
increasinchumanpopulation Thus,new approachesare necessaryo meetthe productionneedsin a sustainable
way.

Somesoil bacteriaproducevolatile organiccompoundsthat canpromote plant growth. Theuseof thesebacteria
or the volatilesthey producecanbe an alternative and efficient way to promote plant growth and toleranceto
abioticfactors

In this study it is proposedto usebacterialvolatiles,alreadyidentified to promote plant growth (Zouet al. 2010,
andinducersof maizegrowth andtoleranceto drought,andto encapsulateghesevolatilesin alginate Theresults
evidencedthe positive effect of encapsulatedvolatilesin the growth of water stressedand non-stressedmaize
plants Theencapsulatedsolatiles2,3-butanedioland 2-pentylfuranat a concentrationof 18 ug showedpositive
growth relativeto control. Theseresultsare promisingand canbe a startingpoint to launchnew solutionsto grow
crops less dependenton traditional inorganicfertilizers, using water more efficiently and promoting a more
sustainableagriculture The aim is to reducethe consumptionof water and chemicalfertilizers in agricultural
fields,while improvingagriculturalproductivity.
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The use of renewable biomassresources(bio-residues)as a complementto agricultural fertilizers has been
promoted by the EuropeanUnionthroughthe CircularEconomy Thesebio-residuesmust be conditionedfor use
as agricultural inputs (De Coratg 2020 before being applied to crops The introduction of circular economy
principlesin agriculture(Congand Thomsen 2021) combinedwith fertilizer-basedtechniqueswith othersbased
on microbiology(Backeret al. 2018 representsan interesting and promisingsolution to solvethe problem of
excesxhemicalinputs. Thebio-residuestreated by compostingand pyrolysisprocessesand usedin this research
were compostand biochar,well knownfor their applicationsin agriculture Theaim of this studywasto evaluate
the agronomicand quality-related effectson melonfruit after the applicationof an organicfertilizer. Thisfertilizer
consistedof an amendedcompostwith a bacterialstrainof the Bacillusgenuswith plant-growth promoting (PGP)
propertiesandbiocharasa carrier.

Afield trial wasconductedon melon crop usinga randomizedcompleteblock designwith three blocksin Murcia
(Spain) Thesoil treatments appliedbefore transplantwere compost5 t/ha with 6% amendment,compost5 t/ha
without amendment,a control with mineralfertilizer and a blank Thedependentvariablesof the crop measured
were: yield, number of fruits per hectare, dry aerial plant biomass and the fruit quality-related dependent
variableswere: fruit weight, fruit contour,penetrometry, conductivityand soluteconcentration
Thebestresultswere obtainedfor the amendedcomposttreatment when comparedto the mineralfertilizer for
both agronomicand fruit quality parameters(exceptpenetrometry parameter)with improvementpercentages
resulted in 14% and 97% increasedependingon the parameter measured Theseresults indicate the huge
agronomicpotential of organicfertilizers combinedwith microbial stimulantsin this formulation to contribute to
the partialreductionof mineralinput levelsandthe promotionof sustainableagriculture
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Root hairs exudate compoundsthat act as a chemotacticsignalor promote the growth of symbioticfungi and

bacteria Moreover, they are directly involvedin the formation of nitrogenfixing nodulesin legumes,secretes
signalingflavonoid compoundsthat are perceivedby the rhizobialsymbiont,which respondsto this messageby

secretingspecificlipochitooligosaccharidesiamed Nod factors (NF) NF are signalmoleculeswhose binding to

root hair receptorstriggerscomplexsignalingeventsleadingthe root hair to curl andtherebyto entrap rhizobia

Then, an infection thread develops,allowing rhizobiato migrate through the root cortex toward the nodule
primordium. In alfalfa, they elicit root-hair deformation, cortical cell divisionsand the formation of genuine
nodules Thesynthesisand secretionof flavonoidsand NFby different legumegrhizobiainteractionswere found

to be altered under environmentalstressconditions(GuaschVidal et al., 2013. Amongenvironmentalfactors,
temperature is the one exerting the strongestimpact on the cell envelopeof S meliloti, modifying its lipid

compositionandits biophysicaktate, which canaffectthe establishmenbof the symbiosiswvith alfalfa(Paulucciet

al., 2021). Althoughthe effect of NFsecretedby S meliloti under optimal conditionson early interaction events
with alfalfaroots is known (Damianiet al., 2016), there is a lackof information on what could be causedby those
NFsecretedundernon-optimal conditions,suchastemperature Forthis reason,the objectiveof this work wasto

evaluatethe effect of the FNproducedby S meliloti inducedwith luteolin at different stagesof the thermal cycle
(28°G10°Gjiam-40°G10°G,,o) ON the curvatureof alfalfaroot hairs

We observeda higher number of root hair curvature events (distortion, shepherd'scrook and tip bending)in

alfalfaroots inoculatedwith FNobtainedfrom culturesof S meliloti inducedwith luteolin after exposureto 40°C.

Thisresult is in agreementwith that obtained in alfalfainoculationtests with S meliloti previouslyexposedto

40°C Therewe were able to observea greater number of averagenodulesper plant (40+9) comparedto the

other conditions (24+9 and for 23+2 for 28°C and 10°Clnitial respectivelyand 18+6 for 10°CFinal) In addition,

when the roots were inoculatedwith FN secretedby S meliloti in the 10°CFinalcondition, root hair curvature
structuresdifferent from the typicaloneswere observed

Theseresultssuggestthat the FNproducedby S meliloti in the heatingstageof the appliedthermal cyclecould
improve the early moleculardialoguewith alfalfa and the establishmentof the symbiosis Future studiesof our

workinggroupare focusedon elucidatingthe compositionof the FNin this thermalcondition

References

Guaschvidal, B, EstévezJ, Dardanellj M.S, SoriaDiaz,M.E, de Cérdoba,FF, et al. (2013. HighNaClconcentrationsinduce
the nod genesof Rhizobiumntropici CIAB99 in the absenceof flavonoidinducers Mol PlantMicrobe Interact26:451-60.

Damiani, I, Drain, A, Guichard M, Balzergue S, Boscari A, et al. (2016. Nod Factor Effects on Root HairSpecific
Transcriptomeof Medicago truncatula Focuson PlasmaMembrane Transport Systemsand Reactive Oxygen Species
Networks FrontPlantSci7:1-22.

Paulucci N.P, Cesari A.B, Biasutti M.A, Dardanellj M.S, Perillg M.A. (2021). HomeoviscousAdaptationin Sinorhizobium
Submittedto a StressfulThermal CycleContributesto the Maintenanceof the SymbioticPlantBacterialnteraction Front
Microbiol 12:652477

Acknowledgements

Thisstudy wasfinanciallysupportedby PIPCONICE{GrantNo. 112-20150200232, UNRQGrantNo. 161/126), PICT(Grant
No. 227813) and PICT (Grant No. 106515). N.SP, AB.C and M.SD are members of the ResearchCareer of
CONICETArgentina.B.C isafellow of CONICEArgentina



Soares R Santos A, Machado W Barradas A Fareleira P2, Videira e Castré %~

lnstituto Nacionalde InvestigagadAgrariae Veterinaria,|.P., INIAV,I.P., Av. da RepublicaQuintado Marqués,2780-159
Oeiras,Portugaj 2 GREENIT Bioresourcedor Sustainability ITQBNOVA,Av. da Republica,2780-157 Oeiras, Portugaj
SFertiprado ¢ Sementes e Nutrientes Lda, Herdade dos Esquerdos, 7450250 Vaiamonte, Portugaj
* isabelcastro@iniapt

The use of microbial inoculantsin agriculture is one of the key technologiesto ensure the biodiversity,
sustainabilityand productivity of this sector. In the caseof nitrogenfixing bacteria(rhizobia) the selectionfor the
optimal combinationof thesebacteriaandthe hostlegumeusuallyresultsin more effective symbiosesandbetter
growth of the host legumeplant. Theinoculationof legumeswith nitrogen fixing bacteria,suchas legumesfor
permanent pastures,is a widely used practice Nowadays,innovative legume inoculants should also contain
nitrogenfixing bacteriaselectedto other functionalitiesin the face of abiotic and biotic (phytopathogeniagents)
stressfactorswith greaternegativeimpactin agro-silvo-pastoralsystems However,the formulation of inoculants
with reliableand consistenteffectsis still a constraintfor their use Toovercomethis, the useof liquid inoculants
amendedwith substanceshat couldimprove stickinessand adherenceto seedsand alsothe viability of bacteria
in the seedssanimportantissue

Theaim of this work wasto study autochthonousnitrogen fixing bacteriastrainsisolatedfrom severalTrifolium
spp. grown in the South of Portugaland to selectthem accordingto their symbiotic performance For this
purpose, experiments in controlled environment conditions were performed to evaluate the symbiotic
effectivenessof different speciesof Trifolium spp. inoculatedwith severalrhizobiastrains In vitro assayswvere
alsoperformedto evaluatethe antagonistactivity of the pre-selectedbacterial strainsagainstPhytopythiumsp.
andPhytophthorasp.. Theseoomyceteshavebeenassociatedvith declineof agro-silvo-pastoralecosystemsTwo
bacterialconsortiacontaining4 and 5 pre-selectedstrains,respectivelywere usedto inoculatedifferent species
of annualcloversandtheir symbioticperformancein controlled conditionswas evaluated It wasalsotested the
inclusionin the consortiaof a Lysobactesp. strain (Soareset al. 2021) (previouslyisolatedfrom the root nodules
of Lotusspp) whichwasshownto havegreatantagonisticactivity againstthe oomycetestested. Additionally,one
type of additive to usefor seedinoculationwas alsotested, as an alternative to the traditional formulation of
inoculants,namelya seedcoatingagentthat is commonlyusedasadhesivein legumeseedsinoculation Thetests
were performedusingalsoseedsinoculatedwithout anyadditive,ascontrols Theseassaysvere doneto evaluate
the seed bacterial viability over time. The results showedthat most of the strains tested were symbiotically
effective with the different annualclovers However,most of them were not antagonisticto the 2 oomycetes
tested Neverthelessthe resultsobtainedin the essaysarriedout with different annualcloversinoculatedwith
the 2 selectedmicrobialconsortia,showedthe bestsymbioticperformancewhenin the presenceof Lysobacte In
the viability tests of the bacteria inoculated in the seedsof Trifolium subterraneum although there was a
decreasen the number of bacteriaper seed,in both treatmentstested, the numberwasstill high 5 weeksafter
inoculation Theseresultscouldallowthe implementationof pasturesor other soil coveringcrops,more profitable
andsustainablén the longterm, bringingreal benefitsto pasturesincludinghealthcontrol.
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Theinoculationof plantswith beneficialmicroorganismsiasbecomea commonpracticein agriculture,andit is
nowadaysacceptedthat plant growth-promoting bacteria may representa sustainableway to improve crop
productionwith lessdependenceon syntheticproducts In additionto the well-known ability of legumeplantsto

associatesymbioticallywith nitrogenixing rhizobia,non-legumeplants alsoestablishassociationsvith beneficial
bacteria, and the developmentof inoculantsfor these crops may represent a plausible way of supplyinga
significantpart of their requirements However,there is still a lack of knowledgeregardinginoculantsfor many
non-legumecrops,with few andlittle specificproductson the market Thisis the caseof pasturegrassessuchas
annualryegrasgLoliummultiflorum Lam), a fast-growing,cool seasorpastureand foragecrop. Annualryegrasss
commonlyincludedin biodiversemixtures of legumesand grassesthat are often sown in agro-silvo-pastoral
systemsd montadce or édehesa in the southernlberianPeninsulafor animalgrazingand forage Herethe soils
are generallypoor and affected by severeconstraints,suchas drought, acidity (with associatednetal toxicities),
low carbonconcentration,low availabilityof nutrients, and easyspreadof soitborne diseasesin these systems,
the inoculationof pasturegrasseswith plant growth promotingbacteriawell adaptedto extremeconditionscould
contributeto more productiveandresilientecosystems

Previoussurveysof annualryegrassassociatedacteriain émontadcg soilsled to the isolationof severalstrains,
some of them with plant growth promoting traits (Castanheiraet al. 2014 and unpublishedwork). Here we

describethe characterizationof a set of suchbacteria, with a view to establishingconsortiafor inoculation of

annual ryegrassand other pasture grasses The bacteria were identified by 16S rRNAgene sequencingand

evaluatedfor plant growth promoting activities,aswell asfor the ability to grow at supraoptimal temperatures
(35°C,40°C,45°C),low pH (4.5), and high Mn concentration(1-2 mM). Inoculationassay=f L multiflorum in

syntheticmediumassessedhe stimulatory effects on plantsbiomass Theseevaluationsresultedin the selection
of five bacteria(three Pseudomonasp., one Rhizobiunsp. and one Paenibacillusp.) to integratethe inoculation
consortia, coveringa range of plant growth promoting activities (indole-3-acetic acid production, phosphate
solubilization,siderophoreproduction, cellulosehydrolysis manganesexidation) and ability to tolerate adverse
conditions Two strains showed antagonistic activities to the oomycetes Phytophthora cinnamomi and

Phytopythiumvexans which have been associatedwith the declineof émontadc and pre-emergencedamping
off. Theselectedbacteriawere testedfor possibleantagonismdbetweenthem. Assaysre underwayto assesshe

effectsof additiveson the shelflife andviability of the inoculants,aswell asthe effectsof different combinations
of the bacteria(consortia)n inoculatedplants

References

CastanheiralN., Douradq A.C, Alves,P.l., CortésPallerg AM., DelgadeRodriguezA.l., PrazeresA., BorgesN., Sanchez(,
Barreto Crespo,M.T., Fareleira,P. (2014 Annualryegrassassociatedbacteriawith potential for plant growth promotion.
MicrobiologicaResearcl69, 768-779.

Acknowledgements

Supportedby FCT- Fundacéopara a Ciénciae a Tecnologia I.P., through the R&D Unit "GREENT - Bioresourcesfor
Sustainability" (UIDBD45512020 and UIDP045512020 and by projects EcoSeed(LISBOA1-0247-FEDER72228,
Novinoc(PRODER4971), and ALR0-03-0145 FEDER00039


mailto:paula.fareleira@iniav.pt

BeMIPIcmt

Beneficial Plant-M icrobe Interactions

SESSION 3

Beneficial Microbes for
Soil and Environment




Pozo C, Rodelas Bjarezlimenea, Escolano N/ilchezR,Gonzaled opez],PurswaniJ

LEnvironmentaMicrobiologyGroup, Institute of Water ResearchUniversityof GranadaGranadaSpain 2 Departmentof
Microbiology,Universityof GranadaGranadaSpain

Theindustry of microbial bioproductswith a desiredfunction is increasingin different sectorsand is key in the

Agro industry for biofertilizers However,the study of microorganismswith PGPMeffects and their posterior
applicationis tedious, and these tend to contain singleor dual microbial bacterial speciesin their formulation.

Previouswork in the field of biodegradation launchedthe BSocialwebtool to decipherthe socialbehaviourof

individual species The results of mixing social bacterial species(with positive and neutral social behaviours)
resulted in an increasein functional outcome, as well as corroboratedthe stability-diversity hypothesiswhich

predictsmore stable communitiesas diversity increasegPurswaniet al 2017, 2019. Both the stability-diversity
hypothesisand higher functional outcomeshave also been corroborated between bacterial and fungal species
(Angelede Paz.et al 2022). Hence the use of socialmicroorganismsappliedto biofertilizers,is keyin increasing
its stability when deliveredto the highly diversesoil, while possiblyincreasing®GPMfunction too. Nevertheless,
microbial soil studies are neededto observe natural PGPMand their socialinteractionsto determine which

microbial speciesmay be best applied together under global warming conditions To find social PGPMin soil

capableof withstandingglobal warming changeswe exerted combinatorialtemperature (4°C, 20°C, 50°C) and

humidity (dry - 5% field capacity¢ 25%, saturation- 50%) pulse stresseson soil microcosmsand determined
microbialdiversity (via 16SrDNAIllluminasequencinggat different time points and function recovery(nitrification

activity). Time series dataset of the microbial diversity was used to decipher microbial interactions via the

MetaMIStool. Duringthe study, we encountered total functionalrecoverywasobservedwithin the time tested

for stressBOH25 (temperature 50°C and humidity at field capacity) Constantrecovery rates were found for

stressesT20H5 and T4H5, i.e. drought conditionsbut mild temperatures Neverthelesshitrification activity was
not recovered nor appearedto be recovering after drought and high temperature stress (T50H5). High
temperature stress(T50), wasthe factor that increasedmicrobialdiversity dissimilaritydistancebetween control

sampleg(T20H25), followed by an increasein humidity, i.e. T50H5 did not causethe most dissimilardiversity. The
network analysisof the socialinteractionsof the time seriescontrol and T50 stresssamples together with the

referencePlaBasalatabase describea consensusetwork where socialinteractionsof PGPMdo not only occur
amongPGPMput seemto be enhancedby microorganismsuchasLuteolibacterand Candidatus\itrososphaera
Hence the useof socialmicrobialnetwork which include socialmicroorganismgrom the genusLuteolibacterand

Candidatus Nitrososphaerashould be tested in the future to enhance social interactions in biofertilizer

composition
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The T6SSis a bacterial nanomachineused to inject effectors (toxins) into target cells The systemis found
exclusivelyin Gram negative bacteria and frequently targets other prokaryotic cells thus being considereda
potent antimicrobialweapon

Our model organism,P. putida, encodesthree T6SSsystems(Kl, K2 and K3). Eachone of those containsthe
complete set of genesto encode the core componentsnecessaryto assemblea functional machinery (Tss
components),accessorycomponents(Tag proteins) and over eleven effectors including nucleasesand pore-
forming colicinstogether with their cognateimmunity pairs (Tkel-Tkil, Tke2-TkR, Tke3-TkB, X). Amongthese
systemsthe K1-T6SSs a potent antibacterialdeviceconsidereda biocontrolmechanisnusedby P. putidato kill a
broad range of bacteria, includingresilient phytopathogenssuch as Agrobacteriumtumefaciens,Pseudomonas
syringae Pectobacteriuntaratovorumand Xanthomonagampestris.

The structure of the T6SSresemblesan inverted bacteriophagewith a tube (Hcp proteins) surroundedby a
contractilesheath(TssB@roteins)and cappedwith a puncturingtip (VgrGtrimer). Thecytosolicpart of the T6SS
docksonto a membranecomplex(TssJLMby interactingwith a phagebaseplatelike structure (TssAEFGKUpon
contractionof the sheath,the tube-tip complex,loadedwith the effectors,is ejected and penetratesthe target
cell. Thesystemis then disassemblednd partiallyrecycledfor the nextround of firing by the ATPas€lpV
Althoughthe structure of the T6SSis very well conserved some systemscontain variationsof core components
(TssAthat canbe coupledto accessoryroteins (TagB allowingto fine-tune different mechanismsncludingthe
assemblyand/or the firing of the system We havedescribeda novel mechanisnfor the T6SSsheathstabilization
with implications in the system dynamicd. We are currently working on the system assemblingand the
mechanismof recyclingas well as the regulation of the three systemsto enhance phytopathogen killing.
Importantly, we are testing the capabilityof P. putida to kill the quarantinepathogenXylellafastidiosa-a threat
for olivetreesandother important cropsof our country- usingthe T6SS
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Plantparasitic nematodes (PPNs)are considered major threats for agriculture crops, causing huge economic losses
worldwide. Althoughthe applicationof chemicalnematicidess the most commonmethodto reducePPNgopulations,their
applicationhasharmful effectson the environmentand humanhealth (Mingunola& Sasanelli2021). In this sense the useof
microbial nematicides(fungi and bacteria)representa more environmentallyfriendly approachto partially or fully mitigate
the damagecausedby PPNgGamalero& Glick,2020 Vicenteet al., 2022. Plantgrowth promoting rhizobacteria(PGPR)
have been raising interest as biocontrol agentsagainstPPNs The production of hydrolytic enzymes,toxins and volatile
compoundsare amongthe describedmechanismghat bacteriamay useto fight PPNshowever,the mode of action of PGPR
againstPPNandtheir interactionsare not yet fully understood In this work, we screeneda collectionof 40 isolatesobtained
from different croppingsystemsdisplaying® GPRraits and biocontrol potential of fungalpathogensagainsttwo of the most
devastatingPPNs Bursaphelenchusylophilus the so-called pinewood nematode (PWN)and causalagent of Pine Wilt
Diseaseand the root-knot nematode (RKNMeloidogynejavanica known to infect a wide rangeof agroeconomiovaluable
crops In vitro testsof bacteria(pure culture, filtrates, and lysates)versusPWN/RKNevealedthat manyof the tested strains
have nematostatic or nematicidal properties The most effective bacterial strains belongedto the generaPaenibacillus
Pantoea StaphylococcysPhyllobacteriumand Sinorhizobiumin planta tests involving PWNsand a susceptiblehost pine,
Pinuspinaster,showedthat the strainsbelongingto PhyllobacteriumPaenibacillusnd Staphylococcukavethe bestresults
promotingthe growth of P. pinaster Remarkablythe estimatednumberof livingnematodeswithin pine tissueswaslower in
the caseof Phyllobacteriumand Paenibacillustrains Thein silicostudy of their genomesequencesonfirmedthe potential
PGPactivities, presenceof hydrolytic enzymesand other genesthat might be involvedin the & (i Ndnématici@alactivities
againstseveral PPNs Although further researchis needed, our results revealedthe potential of these PGPRstrains as
biocontrolagentsagainstphytoparasiticnematodes,openingthe possibilityfor the commercialformulation of a nematicide
product
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Rhizobiaare beneficialmicroorganismgo their plant hosts,the agriculturallyimportant legumeplants Rhizobia
and legumesdevelopa symbioticrelationshipwhere the bacteriafix atmosphericnitrogen that the plant usesto
growandthe plant suppliesnutrients for the bacteriato live. Thefixation of nitrogenby the rhizobiatakesplacein
a newly developedorgan located in the plant roots and induced by the rhizobia, the nodules This process
decreaseshe demandfor chemicalfertilizer that legumeswould require for optimal growth. Thus,rhizobiaare
consideredgreen fertilizers and their use contribute to a more sustainableagriculture Our model organism,
Sinorhizobiunfredii USDAR57, is one of the best characterizedrhizobia It is a fastgrowing rhizobiumwith the
capacityto nodulate a great variety of legumeplantsincludingGlicinemax, Vignaunguiculataand Lotusburtii®.
Amongthe molecularmechanism$estknown for the symbioticprocessandthe determinationof rhizobialhost
range,is the Typelll secretionsystem(T3SS). In recentdecadesa novelgramnegativebacteriasecretionsystem
was discoveredand named Type VI secretion system (T6SS) T6SS secretes effectors into prokaryotic and
eukaryoticcells but has been mostly involved in interbacterial competitior?. Curiously, T6SSis widespreadin
rhizobia, raising the question of whether it could also be involved in symbiosisas T3SSis. Here, we aim to
elucidatethe mainrole of T6SSin S fredii USDAR57 to answerthe open question antibiosisor symbiosis7#or
that, we haveidentified, by an in silicostudy, a solo T6SSclusterthat containsall the genesnecessaryo encode
the core componentsof the main structure (TsSABCDEFGHIJKMur genesencodingregulatory components
(Tagk-Fha PpkA PppA, three genesencodingaccessonproteins (TagLMYandtwo genesencodinghypothetical
effectors(Trel and Tre2) that could be targeting eukaryoticcells We have usedthe secretionof the inner tube
protein, Hcp, as a hallmark of T6SSfunctionality to show that USDAR&57 T6SSis active and further inducedin
minimalmediae.g. YM3 and MM. Competitionassaydetween USDAR57 and different preys(Escherichi@oliand
severalphytopathogenssuch as Agrobacteriumtumefacieny showedthat USDAR&57 cannot kill them using its
T6SSin the tested conditions Strikingly,nodulation assayswith USDAR&57 natural host, Glycinemax var. Pekin
showedthat plantsinoculatedwith a USDAR&57 mutant with aninactive T6SScontainedfewer nodulesthan plants
inoculatedwith the USDAR57 parentalstrain. Thesametrend is observedfor the freshmassof the noduleandthe
dry massof the planttop parameters Thesethree parametersare indirectindicatorsof the capacityof rhizobium
to developthe symbioticrelationshipwith the plant. Thus,the factthat the T6SSmutant hadlower levelsthan the
wild-type strainfor all indicatorscouldimply that T6SSmight playa positiverole in rhizobialegumesymbiosis

References

1 Pueppke S G, & Broughton,W. 1 (1999. Rhizobiumsp. strain NGR34 and R fredii USDR57 shareexceptionallybroad,
nestedhostranges MolecularPlantMicrobelnteractions,12(4), 293318

2 LoépezBaena F J, RuizSainz J E, RodriguezCarvajalM. A, & Vinardel] J M. (2016). Bacterialmolecularsignalsin the
Sinorhizobiunfredii-soybeansymbiosisinternationaljournal of molecularsciences17(5), 755.

3 Coulthurst S (2019. TheTypeVlsecretionsystem a versatilebacterialweapon Microbiology,1655), 503-515.

Acknowledgements

We acknowledgesupport by the SpanishMinistry of Scienceand Innovation (PII202011827R project) and P. B.
acknowledgesupportby the RegionalGovgrnmentof Andalusia(FEDERB-1264962grant), the TalentAttraction grant 2021
bythe & t tProgiodelaUniversidadde{ S @ Zaridthé Ramony Cajalgrant(RYQ01902655%1I).



Carranca € Madeira M

Lnstituto Nacionalde InvestigagdoAgrariae Veterinaria, UEISAFS\Qeiras,Portugal ? Instituto Superiorde Agronomia,
UniversidadeTécnicade LisboaPortugal

Nitrogen(N) storagein legumesis usuallyestimatedby N, fixation in shoots,whereasthere is little knowledgeon

the contribution of roots and nodulesto legumeN and soil N. Here, we studied the contribution of recovered
roots and nodulesof grainand pasturelegumesto plant N and soil N in Mediterraneanfields. Experimentsvere

run under rainfed conditionsfor a 2-yr period in three regionsof Portugal(central and south west, and south

inland) Completeplantsincludingtop plant andvisibleroots and noduleswere sampledat the end of the growing
seasondor grainlegumes sweetand yellow lupines,and over two harvestsin caseof pastures N, fixation was
measuredby the °N techniques Resultsshowedthat abovegroundN concentrationdid not vary significantly
amongspecieshut differed in the belowgroundtissues(Carrancaet al., 2015. Rootsand nodulescontributed to

7 ¢ 11% of total legume N, with an allocation of 11 ¢ 14 kg N fixed t*! belowgrounddry weight (DW) in

indeterminate legumes, representing half amount of aboveground plant. This finding demonstrated that

investigationrelying only on shoot N underestimatesthe role of legumesfor soil N fertility. Furtherlong - term

studieson the contribution of belowgroundtissuesto the soil N fertility are fully encouragedRhizodepositalso
contribute stronglyfor stableorganicmatter in soilsimprovingthe soil structure (Pintoet al., 2021). Caddishet al.

(2002 reinforced this statement and referred that nodulated roots and rhizodepositsmay be protected from

mineralizationthen playinga more important role in building of soil structure rather than in soil N supplyby its

highCconcentration

Keywords Abovegroundtissue,improved permanentpasture, Mediterraneanregion, **N technique,recovered
root andnodule,sweetandyellowlupines
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In recent decadesthe quality of agriculturalsoils has been seriouslyaffected by the continuousand excessive
applicationof pesticides Currently, most of the organicsoil contaminantsare herbicides(Dorigoet al. 2007),
responsiblefor the toxicity effects detected in some crops, including leguminouscrops (Ugbe et al. 2016).
Herbicidescan affect the growth and yield of leguminousplants, as well as inhibit the legumeRhizobiumspp
symbiosis,thus causinga decreasein biological nitrogen fixation (Zaidiet al. 2005. Studieson the effect of
herbicideson soil microorganismsand their beneficial functions, including biological nitrogen fixation in the
legumeRhizobiunspp. symbiosisare scarce Thus,this studyaimsto evaluatethe effectsof two commonlyused
herbicides pendimethalinandclethodim,on the legumeRhizobiunspp symbiosis

The effect of the abovementioned herbicideson the growth and nodulation of Medicagosativa and Phaseolus
vulgaris wasstudied Medicagosativaplantswere grown under axenicconditionsin order to perform nodulation
kinetics Clethodimcauseda 30% reduction in nodulation while pendimethalintotally inhibited it, producinga
reduction in root elongation and plant weight of 60%, as well. To evaluate the effect of the herbicideson
Phaseolusulgarisbiologicalnitrogenfixation capacity the plantswere grownin pots with a mixture of soitperlite
(3:1 v/v). Pendimethalininhibited nitrogenfixation rate of Phaseolusulgarisby 44% However,clethodim,which
is specificallyusedagainstmonocots,did not inducesignificantdifferences Thegrowth of the microsymbiontsof
Medicago sativa and Phaseolusvulgaris (Sinorhizobiummeliloti and Rhizobiumtropici, respectively in the
presenceof both herbicides,was also analyzedby colonyforming unit (CFU)quantification Rhizobiumtropici
growth wasnot significantlyaffected by the presenceof the herbicides However,Sinorhizobiummeliloti showed
a reduction in the number of CFUof 60-fold for both herbicides Additionally, alterations induced by the
herbicidesn root exudatescompositionthat mightbe interfering symbiosisstablishmentwill be discussed

Toconclude herbicidesapplicationreducedthe legumescapacityto fix nitrogen Also,plant and bacterialgrowth
waslimited by the presenceof herbicides Thus,areductionin the useof herbicidesin cropsshouldbe addressed,
with organic farming being an alternative to the intensive use of pesticidesand favoring a state of natural
fertilizationof the soilthroughgreaterefficiencyof leguminouscrops
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Fungiconstitute the largestnumber of plant pathogensand are responsiblefor a rangeof seriousplant diseases
Thesediseasesre amajorthreat to crop productionand causesevereeconomiclosses Many of thesepathogens
are controlled by chemicalproductsthat have a negativeimpact on the environment Others, are controlled
throughthe useof resistantvarieties,but the succes®f this strategyis highlydependenton the fungusvirulence
and,in somecaseshy a partial expressiorof resistance

Magnaporthiopsismaydiscausedate wilt in maizeplants, which canlead to severeeconomiclosses,with 80¢

100 infection and total yield loss reported when heavily infested fields were planted with sensitive maize
hybrids Maize grain production has increasedmore than eightfold in the past century, and by 2050, it is
estimatedthat it will contribute more than half of the increaseddemandfor cereals So,a diseasewith sucha high
influencein productivity will havea hugeimpactin food securityand will be an obstacleto meetthe needof food

demand

Thefungusinfectsthe roots at an early stage,but wilt symptomsusuallydevelopwhen the plants approachthe

flowering stage,approximately60 daysafter sowing Thenthe lower stem becomesdry, and hasa hollow and
shrunkenappearanceLatewilt is frequently associatedwith infection by secondaryplant parasiticfungi causing
the stemsymptomso becomemore severeand evenhigherlossesn crop production

Thereis an urgencyin effective alternativesto mitigate the effects of late wilt and biocontrol emergesas an

environmentalsustainablealternative Thisapproachwasfollowedin the presentstudy,by isolatingbacteriafrom

the roots of symptomaticplants with different degreesof infection. The antifungal ability of bacterialisolates
delivered8 strainsableto inhibit the fungusover 50% and someof them were able to work not only againstM.

maydisbut also againstFusariumspp. Additionally, some of these bacteriawere also able to promote plant
growth andfitness With the aimto potentiate of developinga successfuinethodologyto minimizethe effectsof

the fungi, the most promising bacterial isolatescan be tested in different combinationshelpingto reduce de
effectsof the diseaseandto reducethe economidosses
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Horticultural production for industry in the Portugueseregion of Ribatejo is mostly based on intensive
monoculturesystemswith hightechnicalintervention,resultingin soil biodiversityimbalances|ossof fertility, and
progressivedegradation Agriculturalintensificationis often associatedwith decreasesin the abundanceand
diversity of functional groups in the soil microbiota, facilitating the emergenceof soitborne diseasesand
compellingproducersto the excessivaiseof phytopharmaceuticaland syntheticfertilizers Therefore thereisan
urgentneedto adoptalternativestrategiesor more sustainablgoroductionsystems

Covercropsmay provide a wide rangeof environmentalbenefitsand have beenconsideredasa valuabletool to
improvethe sustainabilityof agriculturalsystems In intensivehorticultural production, the introduction of cover
crops may contribute to improving the soil status and to mitigate the consequence®f soil degradation The
presentwork describeshe evaluationof soil microbialactivity and plant beneficialmicroorganismsn two field
trials in Ribatejq where different covercropswere installedin the fall-winter period, precedingthe main crop of
the agricultural year (tomato, potato or maize) biodiversemixture of legumesand grassesijncluding clovers
inoculated with rhizobig annual ryegrass (Lolium multifiorum); and forage turnip (Raphanussativug for
biofumigation Controlplots without covercropswere maintainedin both fields. Samplef rhizosphericsoil from
end-of-cycle plants were collected and the following indicators were evaluated soil enzyme activities
(dehydrogenasealkalinephosphatase), -glucosidase)total culturablebacteria,symbioticnitrogenixing bacteria
(rhizobia), free-living nitrogendfixing bacteria, phosphatesolubilizing bacteria and microorganisms with
phytostimulatingactivity.

Theresultsshoweda generalincreasein soil enzymeactivitieswhen usingthe biodiversemixture of legumesand
grassesor annual ryegrassas cover crops, relative to soils without cover. This increase was particularly
accentuatedin dehydrogenaseactivity, which representsthe metabolic activity of soil microorganismsCover
cropsalsopositivelyinfluencedseveralgroupsof plant beneficialmicroorganismsincludingphosphatesolubilizing
bacteriaand microorganismswith phytostimulatingactivity. The evaluationof the rhizobialabundancein these
soilsrevealedvery low and ineffective native populations However,the abundanceand symbioticeffectiveness
of rhizobiain the soil increasedconsiderablyfollowing the introduction of the mixture of legumesand grassesin
whichthe clovershad beeninoculatedwith rhizobia,showingthe importanceof introducinginoculatedlegumes
in these soils Freeliving (hon-symbiotic) nitrogenfixing bacteriawere naturally abundantin these soilsand, as
with total bacteria, were not affected by the introduction of cover crops In conclusion,the obtained results
indicated a tendencyfor the increaseof soil microbiologicalactivity and beneficialmicroorganismswith cover
crops, especiallywith the biodiversemixture of legumesand grassesand annual ryegrass The evaluationsare
now proceedingin new field trials testing biodiverse cover mixtures based on selected ecotypes, optimally
adaptedto the culturalsystemsandto climatechange
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Heavymetal contaminationof soilsis increasingmainly due to anthropogenicactivities To addressthis problem,
it seemsessentialto find useful phytoremediationtools that are costeffective and environmentallyfriendly. The
aim of this work was to assessthe metal tolerance of white lupin (Lupinusalbug and its potential for

phytoremediation strategies The tolerance to different metals of L albus cv. Orden Dorado seedlingswas
evaluatedby their relative root growth after beingexposedto heavyand light metalsand metalloids(Pb,Cr, Cu,
Zn, Al and As) Theeffect of these contaminantson the antioxidantmetabolism(superoxidedismutase catalase,
ascorbateperoxidase guaiacolperoxidase)and protein carbonylationwas estimated,and metal accumulationin

roots wasdeterminedby ICROESL albusseedlingsshowedtoleranceto metalsthat was highestfor aluminium
anddecreasedn the following order: Al>Zn>Pb> As> Cu> Cr. Most antioxidantenzymeactivitiesand protein

carbonylationincreasedunder metal stress Finally,metal accumulationin the roots was highestfor zinc and
decreasedn the followingorder:. Zn>Pb> Al > Cu>Asf Cr.

The metal tolerance and accumulationcapacityof L albus cv. Orden Dorado plants inoculated with the Hg

resistant Bradyrhizobiumcanariensel-7AH strain were also investigated Previousresults from our group
suggestedhat inoculationwith B. canariensd-7AH conferredL albusplantstoleranceto mercury(Quifioneset

al., 2013. Furthermore those plant-rhizobiumpairswere capableof accumulatingextremelyhigh amountsof Hg
in their undergroundorgans particularlythe clusterroots (Quifioneset al., 2021). B. canariensd-7AHis relatively
tolerant to other metals besidesHg Therefore,inoculationwith this strain might have a positive effect on the

plant metal tolerance Plantswere grown under clusterroot-promoting conditionsthat consistedon limiting the

availabilityof P during the first weeksof development,and were exposedto the abovementioned metals Six
weekslater plants were collected, and severalmorphologicaland physiologicalparametersof the above and
underground parts were measured All plants presented nodules and cluster roots. Metals did not cause
significant negative effects on most parameters studied, except for As which significantly affected plant
development Our results suggestthat nodulated L albus plants might function as a phytoremediationtool in

metalcontaminatedsoilsthroughrhizostabilization
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Mercury (Hg)is extremelytoxic for all living organismsand Hgcontaminationis increasingvorldwide in both wild

ecosystemsand agriculturalsoilsdue to natural processesbhut mostly to anthropic activities It hasbeenshown
that Hgtolerant symbiotic rhizobia have the potential to increaselegume metal tolerance In plants, gene
duplicationis a commonphenomenonin hypertoleranceto heavymetalsbut lessis knownaboutthe role of gene
duplicationfor toleranceto toxic metalsin microbes Geneexpressiornievelsmight also contribute to increased
tolerance In order to investigatethe molecularmechanismsunderlyingHg tolerance in rhizobia, we isolated
severalstrainsof Ensifermedicaeand Rhizobiumeguminosarunbv. trifolii from severelyHg-contaminatedsoils

We assembledand annotatedthe genomesof twelve rhizobiastrainsthat showedwide variationin toleranceto

Hg, and found structural variations in mercury reductase (merA and alkylmercurylyase (merB, which are

involvedin Hg detoxification,and entire mer operonsthat were associatedwith the most Hgtolerant strains

Genesn the mer operonsand duplicatedmerAcopiesthroughoutthe genomesshowedsignificantlyhighergene
expressionn the tolerant vs lesstolerant rhizobiastrains In the most tolerant E medicaestrain, a whole mer

operon was located in a large additional 71-kb plasmid, which was not presentin any other strain. Plasmid
transferto a non-tolerantstrainarisesasa possibilityto obtainincreasedHgtolerance
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Soil microorganismshave an important role in the maintenanceof soil functionsin natural and managedagro-

forestry ecosystemsTherefore, evaluatinga particular group of microorganismssuch as legume root nodule
bacteria/nitrogenfixing bacteria,can be a good contribution to understandingthe extent to which the soilsare
degradedin the context of climate changesand the increaseof pathogens Likewise the lossof vitality and the

consequentdeath of cork and holm oaksin Montado areashave been associatedo the frequent presenceof

Phytophthoracinnamomi In this way, the study of symbioticrelationshipsbetweenlegumesand bacteriamight
providea strategyto developa more sustainableMontado (Videirae Castroet al., 2019. Theaim of thiswork was
to use symbiotic relations between Trifolium subterraneumand root nodule bacteria and evaluate their

microbiome, which could be useful to reduce Phytophthoraactivity, and also could improve nutrients, by
phosphatesolubilization,in soilsof Montado. Onehundredandtwenty (120) strainsisolatedfrom root nodule of

T. subterraneuminoculatedwith different soilsfrom Montado area (BarrancosPortugal)were characterizedor

antagonismto Phytophthora cellulase activity and phosphate solubilization through in vitro tests. Several
approacheswere developedusing T. subterraneumas trap host Theseessayswere carried out in controlled
conditionsand plantswere inoculatedwith strainspreviouslycharacterizedSomeof thesetestswere performed
in presenceof P. cinnamomito evaluatethe degreeof antagonismof the root nodule bacteriatested After this

selectiona consortiumcontainingsomeof theseroot nodule bacteriawas preparedand usedto inoculateseeds
of T. subterraneumin a field essayin a Montado area (Grandola Portugal)where the presenceof P. cinnamomi
waspreviouslydetected Twoyearsafter, the nodulebacteriawere reisolatedand characterized

Theresults obtained for the in vitro tests showedthat only a smallnumber of isolateshad at least one of the

tested activities distributed as follows: phosphate solubilization (6%), antagonismto Phytophthora(4%) and
cellulaseactivity (17%). Despitethe smallnumber of bacteriathat showedphosphorussolubilisation this activity
is consideredof greatimportancein poor and degradedsoils,dueto the poor availabilityof this mineral Also,the

ability to degradecellulosecouldbe a crucialaspectin combating/reducing?hytophthoraasit could havedirect
effects by degradingits cell walls Testscarriedout in a controlled environmentwith T. subterraneumand root

nodule bacteriastrainsin the presenceof P. cinnamomishowedcasesof pathogeninhibition and allowed the

selectionof a set of strains (consortium),molecularlyidentified as Bacillussubtilis Pseudomonasnoraviensis
Streptomycesimbrinusand also as Rhizobiunmsp.. Theseselectedstrainshave cellulaseactivity and phosphorus
solubilisationand, in the caseof Rhizobiumsp., also nitrogen fixation. At the end of field assaythe shoot dry

weight (mg/plant) andthe effectivenessndexof T. subterraneunplantsinoculatedwith the consortiumwere the

highestwhencomparedwith plantsinoculatedwith a very efficient strainroutinely used(positivecontrol).
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Phytopathogenicfungi, including quarantine organisms, represent important phytosanitary problems for
agriculturaland forestry systems,causingrelevantyield decreasesand reducingeconomicrevenues Control of
these agentsthrough classicathemicalmethodsin forestsis generallyof low efficiencyand may representhigh
environmentalrisks for the ecosystemsTherefore,the searchfor environmentallyfriendly solutions, such as
novel microbial natural biocidesin order to avoid the environmental pollution from the use of synthetic
pesticides,is of much relevance Rhizospherebacteria, e.g. colonizingthe root nodulesof Leguminosaepften
drive beneficialimpactson plants (Soareset al. 2021), beyondbeingimportant nitrogen fixing promotors They
also may promote plant growth and protect plant health from the action of phytopathogenicagents(Videirae
Castroet al. 2019 andmay, therefore, havepotential usefor biocontrol

In the presentstudy, rhizospheridbacterial strainsisolatedfrom root nodulesof different speciesof leguminous
plants in Portuguesestands, were screenedfor antifungal activity against forest pathogenicfungi affecting
Castaneasativa Eucalyptuspp, Pinusspp and Quercusspp. Atotal of 11 fungi, namelyCryphonectrigparasitica
Diplodiacorticola Diplodiamutila, Diplodiasapinea Fusariumcircinatum Heterotruncatellasp., Neofusicocum
australe Neofusicocunparvum Pestalotiopsisaustralis Pestalotiopsigini and Sydowiapolyspora were usedto
assesshe fungal growth inhibition by rhizosphericbacterial strainsin a dual culture assay,i.e., usingyeast
mannitolagar(YMA)and potato dextroseagar(PDAMmedia

Out of the 57 tested strains,14 were ableto inhibit the growth of at leastone of the tested fungalisolates Strain
#2 wasthe most effective strain, inhibiting the growth of sixfungalisolates,includingD. sapineaand S polyspora
important conifer pathogens Theseresults show that these strains, in particular, strain #2, may be potential
biocontrol agentsagainstfungi causingsevereforest speciesdiseasesHence,the most effective strainswere
selectedfor additionalstudies,with more extendedassays

It isimportant to further evaluatethe source(e.g. compound)that couldbe responsiblefor the antifungalactivity
and to evaluate in vivo effects on diseaseexpressionand plant growth, thus approachingfield application
readiness
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Theroot-lesionnematode(RLNPratylenchupenetranss a migratory plant-parasiticnematode(PPNYhat affects
economicallyimportant agriculturalcrops Thisnematodeis spreadworldwide, beingreported in more than 400
host plants (mostly food and feed crops)(CastilloP and Vovlas 2007, Vicenteet al., 2022). Currentlythere is no
effective method for the RLNcontrol. Theuseof chemicalnematicidess almostrestricted due to their collateral
damagesfor the environmentand human health. On the other hand, the use of microbial agentsas potential
antagonisticagainstP. penetransis still overlooked (Kumarand Dara, 202]). In this study, we evaluatedthe
nematicidalpotential of bacteriafrom genusBacillus(the most reported genusexpressinghematicidaleffect to
severalPPN)to control the RLNP. penetrans,usingthe bacterial lysatesand filtrates. After 24h exposureto
bacterial lysates, the nematode remained alive without any deleterious effect on their normal sinusoidal
movement However,in the caseof bacterialfiltrates, 2 strainsbelongingto the Bacillussubtiliscomplex(14C2
and 14C26) presentedhigh nematicidaleffect with a mortality corrected (Mc) higher than 80% Also, in this
complex,Bacillussp. 14M3 recorded moderate activity (nearly 50% Mc), while Bacillusspp 4809, 13C18 and
13C43 and B. thuringiensis13C9 showedno nematicidalactivity. StrainsPaenibacillusautus 14C48 and Priestia
aryabhattai MABNR1 showed moderate activity against P. penetrans Future work will focus on the
characterizationof the bioactive compoundspresentin the bacterial filtrates of strains Bacillussp. 14C2 and
14C26 andtheir modeof actionagainstP. penetrans
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Duringthe Covid19 pandemicghe communityof Spanistresearchersvorkingon BiologicaNitrogenFixationlost
one of its most signifiedand respectedmembers,TomasRuizArgieso(Villamol 1943 - Madrid 2020. Tomas,a
longtime Professorof Microbiology and, until his passing,Emeritus Professorat UniversidadPolitécnicade
Madrid, devoted his life to the study of the symbioticnitrogen fixation process Hisresearchon the Rhizobium
legumesystemwas indeed transversal producingrelevant contributionsin the physiology regulation,genetics,
genomicsand ecologyof this symbiosis He was one of the foundingmembersof SEFINand mentor to a great
number of researchersn the field. In this meetingwe want to presenta tribute to his memory, to his many
scientificachievementsto his neverendingscientificcuriosityand pleasurefrom doingscienceandto hisfriendly
and closecharacter,alwaysreadyto listen and help others. All of us havinghadthe privilegeof sharingwork and
life with Tomaswill misshim. Hismemorywill illuminateandaccompanysfor the yearsto come
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Integration of nitrogen fixation traits into cerealcropsrequiresthe assemblyin plant cellsof active nitrogenase
complex (NifHDK encoded by transferred prokaryotic genes The feasibility of this transgenicapproachwas
exploredby expressingwo criticalgenes(nifH and nifB) in rice. ThenifH geneencodeghe nitrogenasereprotein,

the obligateelectrondonor to NifDKfor the nitrogenfixation reaction NifB catalyzeghe first committed stepin

the biosynthesisof the FeMo-cofactor located at the activesite of the nitrogenaseof MoFe protein (NifDK).

Productionof NifB and NifH in plantsis challengingbecausethey are iron-sulfur proteins extremely sensitiveto

O,. We generatedrice plants expressingeither NifH or NifB in mitochondria,which shouldlimit exposureto O,

and provide essential[Fe-S] clustersrequired for activity. NifM and FdxNaccessoryproteins were co-expressed
with NifH and NifB, respectively Engineeredice callusand plantsderivedfrom them expresssolubleand stable
Nif polypeptidesin mitochondria The approachof targeting highly soluble and thermostable NifB synthetic
variants to mitochondria succeededin recovering proteins that were functional in FeMoco synthesisand

nitrogenaseactivation when tested in vitro. Similarly,a synthetic variant of a thermophilic NifH incorporated

endogenous[4Fe4S] clusters,to some degree, and gaired fundamental activities in the context of nitrogen

fixation, includingelectron transfer to NifDK The approachof targeting a highly soluble and thermostable Nif

variants to mitochondriaovercomesseveralmajor constraintsto engineernitrogenasein rice, and confirmsthat

incorporationand stability of [Fe-S]clustersin nitrogenasecomponentsconstitutesthe next critical bottleneckto

addressin this process Thisreport representsan important step toward the expressiorof a completefunctional
Nif complexasrequiredto achieveindependentbiologicahitrogenfixationin cereals
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Copperis an essentialmicronutrient for SymbioticNitrogen Fixation(SNF)acting as cofactor of many of the key
enzymesnvolvedin this process Therefore ,copperinsufficiencyresultsin a diminishedSNEOncethis nutrient is
incorporatedinto the nodule cellsthrough nodule-specificCu-transporter COPT (Senovillaet al., 2018), it must
be boundto acceptormolecules,asfree copperin solution catalyzegoxic Fentontype reactions(Robinsorand
Winge 2010. To prevent it, intermediate proteins, Cu-chaperones,that mediate copper delivery from the
transporterto the acceptorproteinsare neededo h Q| I antl @uiedka\2000. We analysedthe transcriptome
of the M. truncatula legume and MtAtx1 was identified as the only nodulespecific Cu-chaperone MtAtx1
presentsthe classicCu-chaperonedomainin N-terminal, with the CXX@notif that coordinatescopper. Moreover,
confocalmicroscopyimageslocatedthe protein in the cytosolof cellsfrom Infection/differentiation zone of the
nodule At the subcellular level, electron microscopy revealed an association between MtAtx1 and the
symbiosomeand plasmamembranes A knockout mutant line atx1-2 showed reduced nitrogenase activity
comparedto WT plants Thus,we propose MtAtx1 asthe nodulespecificCu- chaperonein chargeof providing
the cofactorto the copperproteinspresentin the nodule
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Hemoglobinsoccur in all organismsand perform multiple functions, including the transport, delivery, and
scavengingf O, and nitric oxide In plants, there are two types of hemoglobins nonsymbioticor phytoglobins
(Glbg and symbiotic,knownin legumesasleghemoglobingLbs) Basedon phylogenyand biochemicaproperties,
Glbscanbe further categorizedinto three classesClassl Glbsoccurin monocotsand dicots and have high O,
affinity; class2 Glbsare only presentin dicotsand havemoderate O, affinity; and class3 Glbsare widespreadout
havelower O, affinities'. LbshavesimilarO, affinitiesto class2 Glbs from which most of them derive Inlegume
nodules,Lbsprovide O, to bacteroids thus maintainingan optimal O, environmentfor N, fixation. Thenodulesof
Lotusjaponicusexpresshree Lbgenes LjLA andLjLI? are locatedin tandemon the samechromosomeand have
98% sequenceidentity, whereasLjLIB shares84% with the other two genes In addition to the Lb genes,the
genomeof L japonicusencodestwo classl Glbs(LjGId-1 and LjGIHd-2), two putative class2 Glbs(LjGli2-1 and
LjGli2-2), andtwo class3 Glbs(LjGlII8-1 and LjGIt8-2).

Here, we have studied the effect of nodule senescenceon the expressionof Glbsand Lbsin L japonicus
inoculated with Mesorhizobiumloti strain MAFRB03099 Nitrate-induced nodule senescencevas analyzedby
treating plantsat 4 weekspostinoculation(wpi) with 5 mM KNQ for two days Theexpressiorof the three LjLbs
LjGli2-1, and LjGli2-2 was downregulatedafter nitrate treatment. In contrast,the mRNAlevelsof classl and
class3 Glbsincreasedn nodulesof plantstreated with KNQ. Naturalsenescencéaging)wasstudiedin nodules
of 2, 4, 6, 8, and 10 wpi. We observedthat LjLbsshowdifferential expressiorprofilesduringnodule development
Thus,LjLA expressiorwashighestin youngnodules(2 wpi), LjLI? expressiordecreasedn old nodules(8 and 10
wpi), andLjLI8 expressiordid not changeduringnoduleaging Theexpressiorof LjGI2-1 and LjGI2-2 decreased
with nodule agingand showeda similar pattern to LjLd. The expressiorof LjGI8-1 decreasedn old nodules(8
and 10 wpi) similarlyto what was observedfor LjLt2. However,LjGId-2 expressionwas enhancedin mature
nodules(4 and 6 wpi). Further insightsinto the regulation of hemoglobingeneswas gainedusingsingle (Ib3),
double(Ib13andIb23), andtriple (Ib123) knockoutmutantsof L japonicusdefectivein Lbs,whichwere generated
by CRISPR/CasFirst, we phenotypednodulated plants at 4 wpi. Mutant plants showeda delayin growth that
wasdirectly relatedto the numberof Lbsthat were lackingin nodules SecondgexpressiomRNAand protein) of
Lbsand Glbswas examinedin the mutant nodules Comparedwith the wild-type, the expressionof LjLA and
LjLI2 wasgreaterin the 1b23 and Ib13 mutants, respectively indicatingthat these nodulestend to compensate
the total amount of Lbsto maintain N, fixation. Also, LjGId-1 was down-regulated whereasLjGII8-1 was up-
regulatedin Ib123 nodules Therefore,our resultsshowdifferential expressiorfor eachLband Glbduringnodule
developmenitand/orin nodulesof the Ib123mutant, pointingto distinctregulatorymechanismsndfunctions
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There is a lack of studies unravellingthe effect of legumerhizobia interactions on plant respiratory energy
efficiency In plants, the existenceof the alternative oxidase pathway (AOP)in the mETCconfers metabolic
flexibility by regulatingthe dissipationof reducingequivalentsfrom TCAcycle,helpingto maintain redox status
and nutrient balancebut decreasingyield of respiration It is thought that carbonrequirementsof the symbiont
and nitrogen transfer to the plant from nodulesmay affect the activities of both cytochromeoxidasepathway
(COPRrnd AOPINn plant organsfor the benefit of plant yield in N poor soils Themain objective of this research
wasto createdifferent plant N statusby growingplantsof WT Lotusjaponicusat 5 mM and 10 mM KNQ, andin

symbiosiswith Mesorhizobiummeliloti (0 mM KNQ). Besides plants displayingspontaneousnodule formation

(snf) mutations were grown at 1 mM KNQ. By isotoperatio massspectrometry,we evaluateddiscrimination
against!®O during respiration,and 13Cand+ “N in plant organsto determine ATPsynthesischangesn plant C
economy,and N transfer from nodules By high-performance liquid chromatography(HPLC)and inductively
coupledplasma(ICP)spectrometry,we alsodeterminedthe contentof NADHand nutrients as proxiesof changes
in TCAcycleactivity andin plant nutrient economy Ourresultsindicatedthat nitrogenis vital in the modulationof

respiratorymetabolism,andthat symbiosisamprovesproductionof ATPvia COPprobablydueto anincremented
photosyntheticdemandof symbiontfor inorganiccarbonandimprovedN status Overall,our resultsshedsome
lightinto the complexityof legumerhizobiainteractionsinvolvingplant respirationand essentiaplant nutrients.
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The metalloenzymenitrogenaserequiresiron-sulfur clusters(FeS)to catalyzethe reductionof N, into NH;, an
essentialprocessin biosphere Nitrogenaseassemblyand metal cofactorformation in the diazotrophicbacterium
Azotobactervinelandiihave been describedin detail (Burénet al., 2020. NifU actsas molecularscaffoldwhere
FeSclustersdestinedfor nitrogenaseare first assembled In this process sulfuris deliveredby NifS a cysteine
desulfurasebut the iron donoris still unknown We hypothesizehat another protein must provideiron to NifU as
this element is not free, hydrated, in the cytosol as it could produce damagingfree radicalsin Fentonstyle
reactions(Winterbourn C C, 1995).

A pull-down assayusing purified NifU and AzotobactervinelandiiDJextract was performedto identify the NifU
iron donor. Amongall the interactors, glutarredoxird (Gnd) was a promisingcandidatefor this function since
other glutaredoxinshave beeninvolvedin FeSmetabolism(Couturieret al., 2015. Interaction assaysetween
purified NifU and Gné were performedto confirm the pull-down result The presenceof labile FeSclustersin
NifU or Gné seemedto stabilizethe interaction, suggestinga possibleFe-Stransfer betweenboth proteins To
study the physiologicalole of Gné under diazotrophicconditions,a grxs mutant was producedin A. vinelandii
Nitrogenaseactivity assaysndicatedthat the grx6 mutant fixeslessnitrogenthan wild type, evidencinghat Gné
isrequiredfor an optimal nitrogenaseactivity.
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Azotobactervinelandiimolybdenumdependentnitrogenaseobtains molybdenumfrom NifQ, a monomericiron-
sulfur molybdoprotein Thisprotein requiresof a preexisting[Fe-S]clusterto form a [MoFe,S] groupto serveas
specificdonor during nitrogenasecofactor biosynthesisHere, we show biochemicalevidencefor NifU beingthe
donor of the [Fe-S] cluster. Proteinprotein interaction studiesusingapo-NifQ and asisolatedNifU demonstrated
the interaction between both proteins which is only effective when NifQ is unoccupiedby its [Fe-S] cluster. The
apo-NifQ iron content increasedafter the incubationwith asisolated NifU, reachingsimilar levelsto holo-NifQ
after the interaction between apo-NifQ and NifU with reconstitutedtransient[Fe,-S;] groups Theseresultsalso
indicate the necessityof co-expressingNifU together with NifQ in the pathwayto provide molybdenumfor the
biosynthesi®f nitrogenasean engineerecditrogenfixingplants
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Yellow StripeLike (YSL)proteins are a family of transporters typically associatedwith transition metal
homeostasis Medicago truncatula genome encodeseight membersof this family (MtYSH-8). Two of them,
MtYSB and MtYSLZ, play an important role in symbioticnitrogen fixation asindicatedby the severereduction of
nitrogenaseactivity observedin Tntl insertionalmutants MtYSB is expressedn root andnoduleendodermisand
in the nodule cortical cells Its mutation leadsto reducediron contentin nodules,aswell asalterediron and zinc
distribution. X-ray fluorescencemagessuggesthat these elementsare retainedin the nodule vasculature what
is consistentwith a role on metal delivery to nodules MtYSL is also highly expressedin nodules, with an
expressiorpattern similarto MtYSB. Tntl ysl7 mutantsgrew lessthan the wild type plantsboth in symbioticand
in non-symbioticconditions Unlikeys3 mutants,iron concentrationin ysl7 noduleswas higherthan in wild type
controls,and no altered iron distribution was observedin these nodules Moreover, MtYSIZ doesnot transport
iron/iron chelateswhen producedin yeast, but short peptides This,together with the up-regulation of iron-
deficiencygenesin ysI7 roots, would indicatesa role in iron sufficiencysignalling rather than direct metal supply
to nodules
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ChickpegCicerarietinumL) is one of the earliestcultivatedlegumes belongsto the family Fabaceae(subfamily
Faboidea® Remainf this pulsefrom the Middle Easthave beenfound that are around 7,500-9,000 yearsaga
Today,chickpeais the world’s secondmost widely grown after soybeanand its cultivationis well adaptedto the
climate and agronomicfeaturesof the Mediterraneanbasin Domesticatedchickpeavarietiesbelongto two main
groupscalleddesiandkabuliwith distinguishinglifferencesin seedcolorandsize ,andflower color.
Legumedbreedingprograms,with few exceptions hasbeen carried out disregardFBNcapacityof these plants,
thus Germplasnaccessionand/or advancedvarietieshavenot beencharacterizedgsymbiotically
Plantinoculation tests have been carried out with specificmesorhizobiaon selectedchickpeavarietiesor RILs
(RecombinantnbreedLines)from IFAPACentro Alamedadel Obispo(Cérdoba,Spain),plus a variety from ltaly
(Cerenero, blackcolor). Mostof the varietiestestedbelongto kabuligroupandare non-pigmented

All varietiesdid form nodulesregardlessthe effectivenesson nitrogen fixation, thus some combinationswere
defined as ineffective while the desiferruginouscolouredcultivar (5-RI=-33) outperform the other genotypesin
all symbioticfeatures Previousreports have shownthe symbioticadvantageof colored seedson chickpeaand
other legumesas Phaseolusrulgarisand Vignasubterranea(Hungria& Phillips1993 Puozaaet al. 2021) tightly
related with phenoliccompositionof seeds Our preliminaryresultsshownthat coloredseedspresentexclusively
some flavonoidsthat would be correlated with its superior nitrogen fixation capacity,although more chickpea
genotypesshouldbe tested
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Robiniapseudoacacid. (Fabaceaefalsocalledd 6 t f DQ dzxiiltéabedin many different parts of the world.

This legume tree is widely used for timber, fodder, conservationof soils, attenuation of soil erosion, and

rehabilitation of mining land and degradedindustrial areas(1). It is also presentas an ornamentaltree in city

streets,suchasSeville

Previousreports have shownthat some Rhizobiumspp (1) and Mesorhizobium(2) strainsare able to nodulate
this legume We have investigatedwhether Sinorhizobiunfredii, a broad hostrange rhizobial strain, is able to

induce the formation of nitrogenixing noduleson R pseudoacaciaoots. A spontaneousrifampicinresistant
derivativeof S fredii HHLO3 strain (termed HHLO3 Rifr) wasusedasinoculant All the plant testswere carriedout

in a plant-growth chamberwith a photoperiod of 16 h light/day and a temperature rangingfrom 26°C (light) to

18°C(dark)

In a preliminary experiment, R pseudoacacisseedlingsinoculatedwith S fredii HHLO3 Rifr formed nodules

Bacteriaisolatedfrom a R pseudoacaciaoduleinducedby inoculationwith S fredii HHLO3 Rifr wastermed S

frediiHHLO3-Rsp

S fredii HHLO3 Ritr and S fredii HHLO3-Rspwere usedasinoculantsof R pseudoacaciaeedlingsn a subsequent
experiment Two different S fredii HHLO3 Ritr mutants, SV®48 and SV@33, were also included in this

nodulation assay SV(@48 carries a mutation in the nolR gene, a transcriptional regulator that affect the

production of different symbiotic signals,such as Nodulation factors (Nodfactors), the Type Three Secretion
System(T3SS)and surfaceexopolysaccharide(EPS)SV(@33 carriesa mutation in the tssl gene,which is the

transcriptionalregulator of genesinvolvedin the formation of the T3SSapparatusandthe proteins(calledNopg

secretedthroughit. LopezBaenaet al (2016) isareviewof S fredii symbioticsignalq3).

Nodulesinducedby S fredii HHLO3 Rifr, S fredii HHLO3-Rspand SV(®48 were sphericalor cylindrical7 weeks
after inoculation However,at 12 weeksafter inoculationmost of the noduleswere lobulated,showingthe typical
external morphology of indeterminated nodules Longitudinal sections of nodules induced by these three

inoculantsshowedinternal, pink-colouredtissues Planttop dry-weightof S pseudoacaciglantsinoculatedwith

S fredii HHLO3 Rifr, S fredii HHLO3-Rspand SV@48 were higher than that of uninoculatedplants, a clear
indicationthat the nodulesformed contributedto plant growth. S pseudoacaciaeedlingsnoculatedwith mutant

SV@33were non nodulated 7 weeksafter inoculation Fewnoduleswere observedin someplantsat 12 weeks
post inoculation, suggestingthat disruption of the T3SSapparatus,and the concomitant elimination of Nops
secretionfeduceshacterialcapacityto nodulatethis legume

A new largerplant test is beingset to verify the resultsmentionedabove We expectto presentnew datain our

posterpresentation
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There are evidencesupportingthe implication of H,O, in the early symbiosiseventsin legumes,includingthe

recognitionof the partners and the infection and root-nodule organogenesigAndrio et al. 2013. One of the

cellularsourcesof H,0O, is the oxidation of polyamines(PAs)by polyamineoxidase(PAO) PAsputrescine(Put),
spermidine(Spd and spermine(Spm) are ubiquitouspolycationicaminesfound in all living cellsand describedas
a new classof plant growth regulator (Torrigiani 1996). The multifunctional role of PAsis related with the

production of H,0,, crucialin the regulation of plant defenseresponsesas well asthe symbioticinteractions,
whichis consistentwith the existenceof diversePAQisoformswith tissuespecificcharacteristicsand regulatory
effecton H,0, production(Angeliniet al. 2010).

ThemodellegumeMedicagotruncatulacontainsthree MtPAOgenes(MtPAQL to MtPACB) with different spatial
expressiorpatterns Toaddressthe implicationof MtPAOsin the M. truncatulaSinorhizobiummeliloti symbiosis,
we studied the symbioticphenotypeof knockdown mutants of MtPAQL and MtPAGB, both expressedn root

nodules We found differencesin the activationof the symbioticsignalingpathway betweenboth mutants, with

an incrementin the nodule number and the symbiotic gene responsesto nod factors in MtPACB mutants,
whereasin the MtPAQL mutants, a significantreductionin the nodulationwasdetected Theseresultssuggesthe

participation of different PAOsin the symbioticand defensiveresponsesinduced during the early nodulation
events
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Biologicalnitrogen fixation due to the symbiotic interaction between legumesand Rhizobiumis a sustainable
alternative to the use of nitrogen fertilizers reducingits costsand improving soil fertility. The establishmentof

Rhizobiurdegumesymbiosigs the result of sophisticatedplant- and bacteriadependentmechanismsequiredto

adjust the behaviour of both partners that lead to the formation of legume nodules where rhizobia is

differentiated to bacteroid the symbiotic nitrogen fixing form of rhizobia Proteomic comparativeanalysisof

bacteroidsinduced by Rhizobiumleguminosarumbv. viciae (Ri) UPM791 from pea and lentil nodulesshowed
that the expressiorof over 100 proteinsis dependenton the legumehost (Duranet al., 2021) indicatingthat the

host inducesin rhizobia specificresponsesthat might define symbiotic performance A metakbinding protein

(RLV3444), a componentof the ABCtransporter systemRLV 34423444 overexpressedn pea bacteroids was
identified, suggestindghat the provisionof somemetal(s)to the bacteroidis morerestrictivein the Rhizobiurpea
symbiosisTheobjectiveof thiswork isto studythe functionalrole of RLV 34423444 metal transportersystemin

the Rhizobiurdegumesymbiosis

RLV 3444 is highly conservedin R leguminosarunmwith a 95-99% identity to metal binding proteins from other

rhizobial strains and species Structuralmodelling and alignment have revealedthat this protein showsa high

similaritywith zinc, manganeseor iron-bindingproteins RLV 3444 containsthree histidineresidues(H62, H127

and H193) highly conservedin homologuesto ZnuA the substratebinding protein of the high affinity zinc
transporter system ZnuABQpreviously describedin Escherichiecoli (Yatsuniyket al., 2008. In addition, zinc
concentrationin pea bacteroidsinduced by a mutant strain defective in the transport system diminishedin

comparisonwith the wild type. Theseresultssuggestthat RLV 34423444 might be involvedin zincimport into

the bacteroid

Functionalanalysisof RLV 34423444 under free-living and symbiotic conditions has shown that RLV 3444
replacesthe role of ZnuAunder zinclimiting conditions The defectivegrowth phenotypeof bacterialculturesof

RLV 3444 ZnuAdouble mutant strain was complementedby supplementingthe mediumwith zincbut not with

other metalssuchas manganeseor iron. Analysisof transcriptionalgusAfusionsto the DNAregion upstreamof

the operon encodingRLYV 34423444 has demonstratedthat the transporter metal systemis expressedunder

zinc depletedconditionsandrepressedn the presenceof this metal. Theregulatoryregionhasbeendetermined
by the use of transcriptional reporter gene fusionsto truncated forms of the DNA region upstreamto the

transportergeneoperon
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Rhizobiumeguminosarunbv. viciae(RI\) is an endosymbiontof legumeplants of agronomicimportancesuchas
pea(Pisumsativum) and lentil (Lensculinarig. Thissymbioticinteractionleadsto the formation of new structures
in legumeroots, the noduleswhere rhizobiaare convertedinto its symbioticform, the bacteroid that reduces
atmosphericnitrogen into ammoniawhich is exportedto the plant. Duringthe establishmentof the symbiosis,
rhizobia are exposedto hostile physicaland chemical micro-environments (NCRpeptides, microaerobiosisor

oxidativeburst) to which must be adaptedto obtain effective symbiosis Comparativeproteomic analysisin pea
and lentil bacteroidsinducedby RIvUPM791 strain revealedabout 100 proteinswith host-dependentexpression
(Duranet. al., 2020. Amongthese differentially expressedproteins, small heat shock proteins (sHSPswere

identified, stressresponseproteins which act as chaperonesstabilisingpartially denatured proteins Unlike in

multicellular eukaryotes,most bacteria contain one or two sHSP In contrast, (brady)rhizobiacontain 4 to 8

membersof this group,suggestinghe potential relevanceof theseproteinsin the symbiosis

Theaim of this work is to study the functionalrole of SHSP252 a stressresponseprotein overexpressedn pea
bacteroids in Rhizobiurdegume symbiosis The results obtained indicate that SHSP252 is required to reach
maximum/levelsof fixed nitrogen in pea plants Promoter region of sHsp 252 containstwo anaeroboxesand

regulation analysisby gene promoter-gusAfusionshas shown that sHsp 252 is expressedunder microaerobic
conditionsin a FnrNdependentmanner. In addition, controlledinduction experimentsindicatedthat sHsp 252is

ableto protect Rlvexposedo oxidativestress(H,0,). Affinity chromatographystudiesfrom microaerobiccultures
and bacteroidsinducedby Rlvstrain expressingan StrepTagabelledvariantof sSHSP252 haveindicatedthat the

protein is co-purified with multiple protein targets Additionally,sHSP252 hasbeenlocalisedin both solubleand

membranefractions Furtheranalysiswill identify possiblecopurifiedsHSP252targets
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In the symbioticassociationdetweenrhizobiaand legumesthe NodDregulatorsorchestratethe transcriptionof

the specificnodulation genes This set of genesis involvedin the synthesisof nodulation factors, which are

responsiblefor initiating the nodulationprocess(Hassarand Mathesius 2012). Rhizobiuntropici CIAT899is the

most successfusymbiont of Phaseolusyulgarisand can nodulate a variety of legumes Amongthe five NodD
regulatorspresentin this rhizobium,only NodDL and NodD2 seemto havea role in the symbioticprocess(del

Cerroet al., 2017). However,the individualrole of eachNodDin the absenceof the other proteinshasremained
elusive

The nod2 gene of CIAT899 does not require activation by inducersto promote the synthesisof nodulation

factors In fact, a CIAT899 strain overexpressingnodC2t but lackingall additionalnodgenes cannodulatethree

different legumesas efficiently as wild-type. Interestingly, CIAT899 Nod2-mediated gain of nodulation can be

extendedto another rhizobialspeciessinceits overproductionin Sinorhizobiunfredii HHLO3 not only increases
the numberof nitrogenfixingnodulesin two hostlegumesbut alsoresultsin noduledevelopmentin incompatible
legumes(AyalaGarciaet al., 2022). Thesefindings potentially open excitingopportunitiesto developrhizobial

inoculantsandincreasdegumecrop production
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Australianacaciaspeciesare frequently found in introducedrangeand 24 are considerednvasive(Richardsoret

al., 2019. Acacialongifoliais an aggressivenvader,particularlyin Portugal,dispersedmostly in coastalhabitats,
beinga threat for biodiversity Thisspeciesis an ecosystermengineerdue to the remarkablealterationson the

belowground,includingsoil compositionand nutrient and water cycles(e.g., Marchanteet al., 2008). Theability

to adaptfastto environmentalchangesrendersthis speciesan interesting plant to consideras a casestudy of

invasivesuccessAs a legume, A. longifolia establishessymbioseswith soil bacteria,includingrhizobiaand non-

rhizobia,and theserelationshipsare advantageoudor invasion(e.g., Jesuset al., 2020. The symbiosisdevelops
inside de novo differentiated structures (root nodules),where bacteriaand plant exchangefixed nitrogen for

carbohydratesin this study, we selecteda maritime pine (PinuspinasterAiton) forest invadedby A. longifoliain

Mira (Aveiro,Portugal)and we collectedroot nodulesfrom youngplants We addressedroot nodule structure
through histologicalstudiesfollowing formaldehydeglutaraldehydefixation, embeddingin paraplastand staining
with Toluidine Blue, Lugol or Loffler solution Also, we performed Next Generation Sequencingusing Oxford
NanoporeTechnologytargeting16SrRNAgene,to identify the bacteriapresentin the root nodule community. A

preliminary assessmenbn fungal diversity inside noduleswas performed usingthe internal transcribedspacer
region We found that nodules are of standard indeterminatetype and are divided in four different zones

meristematiczone,infection zone, nitrogenfixing zone, and senescenceone Bacteriawere presentinsidethe

cells, filling them. A higher number of infected cells was observedin the nitrogentixing zone along with an

accumulationof starchgranulesin the adjacentuninfected cells,suggestinghat starchis the carbonsourcefor

bacteria development Regardingbacterial diversity, we found a dominanceof Bradyrhizobiumfollowed by

Paraburkholderiaboth includedin rhizobiagroup,and Massiliaasa third bacterialpartner (nonrhizobia) Yeasts
were observedfollowing microscopicobservationof the semithins sections The preliminary assessmenbn

fungal diversity highlighted the presenceof Coniochaetaas the main genuspresent followed by Mucor and

Alternaria Thisdiversityin root nodulesraisethe questionto whichextentnodulationis just restrictedto nitrogen

fixation, suggestinglifferent bacterialrolesaswell asatripartite symbiosisncludingfungalpartners Suchdiverse
nodulemicrobiotafoundin A. longifoliacouldcontribute to explainthis speciessuccessparticularlyunderclimate

changescenario
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Legumesestablishsymbiosiswith soil rhizobiaforming root nodulesthat fix atmosphericnitrogen Thissymbiotic
nitrogen fixation has a major interest in agriculture The interaction between legumesand rhizobia needs
sophisticatedsignalingnetworks involved in bacterial recognition, root colonization,and regulation of nodule
metabolismand senescenceThecentralrole in nodulebiologyof reactiveoxygenspeciegROS)suchsuperoxide
and peroxides, and reactive nitrogen species (RNS),such as nitric oxide and Shitrosothiols is broadly
acknowledgedMinguillon et al., 2022). Recently hydrogensulfide (H,S)and other reactive sulfur species(RSS)
have emerged as novel sighaling molecules in animals and plants with important potential functions in
developmentaland stressresponsegGotor et al., 2019. A major mechanismby which ROSRNS and RSSulfil
their signalingrole is the posttranslationalmodificationof proteins (Matamorosand Becana2021). To identify
possiblefunctions of H,S in nodule developmentand senescenceve used the tag-switch method to analyze
guantitativechangesn the persulfidationprofile of commonbean(Phaseolusulgarig nodules Weidentified 967
proteins of the host cells and 409 proteins of bacteroids with altered levels of persulfidation at different
developmentalstages The proteomic analysissuggestdhat persulfidationplaysa major regulatoryrole in plant
and bacteroid metabolismand senescenceln addition, we investigatedthe effect of a H,S donor on several
proteinsinvolvedin ROSand RNShomeostasisincludingiron superoxidedismutase glutathioneperoxidaseclass
3 non-symbiotichemoglobin and the enzymesof the ascorbateglutathione pathway. Theresultsobtainedusing
nodule extractsand recombinantproteins suggestthat H,S and persulfidation protect redoxsensitiveenzymes
from oxidativemodificationsthat may causeenzymeinactivation Theyalsosupportthat the generaldecreaseof
persulfidationlevelsobservedin plant proteins of agingnodulesis a mechanismthat causesthe disruption of
redoxhomeostasi¢eadingto senescence
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The"AmidoximeReducingComponent”(ARC)s an enzymediscoveredn humansthat catalyzeghe reduction of
N-hydroxylatedcompoundsto the correspondingamines,and its activity is usuallyassayedvith benzamidoxime
asartificial substrate(SparacineNatkinset al., 2014). A surgeof intereston the enzymein the plant kingdomwas
raised by the finding of ChamizeAmpudia et al. (2016 that the single ARCof the unicellular green alga
Chlamydomonaseinhardtii is able to utilize NADH,in combinationwith nitrate reductase,to reduce nitrite to
nitric oxide (NO) In fact, these authors renamed the enzyme as NOforming nitrite reductase (NOFNIR
Arabidopsighalianahastwo ARQyenedocatedin different chromosomesut it hasbeenveryrecentlyconcluded
that none of them encodesa NOFNiRhat is functional at physiologicalnitrite concentrations(Maiber et al.,
2022.

Themodel legumeLotusjaponicusalso hastwo ARCgenes,althoughthey are arrangedin tandemon the same
chromosome Thecorrespondingroteins,LjARC and LjAR@, sharehighaminoacidsequencedentity (74%) and
similarity (84%). Our objectivewasto investigatewhether LJARQ and/or LJAR@ canact asNOFNIiRTo this end,
we have first producedthe proteins in recombinantform and shownthat they are functional in reducingthe
artificial substratebenzamidoximeo benzamidinewith dithionite aselectrondonor. We then showedthat nitrite
competeswith benzamidoximén the assayof LJARC and LjAR, indicatingthat nitrite canbe a substrateand
suggestingthat the enzymesmight be NOFNiRsPreliminary measurementsof NO production with the NO
analyzershowedthat the enzymeggyeneratein vitro NOfrom nitrite usingdithionite asreductantat physiological
pHandlow nitrite concentrations

We have also examinedthe expressionprofiles (mMRNAlevels) of LJARC and LJAR@ in plant tissues The
expressiorof LJAR@ washigherthan that of LJARC in all plant tissues Forboth genes mRNAevelswere highest
in pods,thenin flowersandleaves andfinally in roots and nodules Likewise we havedevelopeda method based
on HPLQo assayARCactivity (LJARC + LJAR@) in plant tissues Asoccursfor mRNAsthe highestactivity was
found in pods, followed by flowers and leaves Experimentsare under way to conclusivelydemonstrate that
LjARCare capableof generatingNO from nitrite usingnatural reductants(NADHand NADPH)n combination
with purified nitrate reductase

References

ChamizeAmpudiaet al. (2016 A dual systemformed by the ARCand NRmolybdoenzymesnediatesnitrite-dependentNO
productionin Chlamydomonad$lantCellEnviron39, 2097-2107.

Maiber et al. (2022 Characterizatiorof the amidoximereducingcomponentsARQ and ARQ@ from Arabidopsisthaliana
FEBS(doi:10.111Yfebs.16450.

SparacineVatkins et al. (2014 Nitrite reductaseand nitric-oxide synthaseactivity of the mitochondrial molybdopterin
enzymesnARQ andmARQ. JBiol Chem289, 1034510358

Acknowledgements

The work described in this abstract has been funded by grants AGR01785775R and PII20201139855BI00 from
MCIN/AEI10.13039501100011033ERDR way of makingEuropg andgrant A09 20R from Gobiernode Aragén



JiangX-2*, Burén § Rubio LM?

1Centrode Biotecnologiay Genémicade Plantas,UniversidadPolitécnicade Madrid, Instituto Nacionalde Investigaciory
TecnologiaAgrariay Alimentaria, Pozuelode Alarcén,28223 Madrid, Spain 2 Departamentode BiotecnologiaBiologia
Vegetal, EscuelaTécnicaSuperiorde IngenieriaAgronomica,Alimentariay de BiosistemasUniversidadPolitécnicade
Madrid, 28040Madrid, Spain * xi.jiang@upmes

Engineeringiunctional molybdenumnitrogenaseinto plants requires a minimal set of 6 Nif polypeptides,the
catalyticNifHDKmodule and the iron-molybdenumcofactor (FeMo-co) biosynthesisNifENBmodule NifBis keyto
FeMo-co biosynthesisasit catalyzeghe synthesisof its precursorNifB-co, whichis alsothe precursorof Fe\fco
and FeFeco from the alternative nitrogenases Initial attempts of expressingNifB from model diazotrophsin
heterologouseukaryoticsystemsrenderedmostly insolubleproteint, while other works provedthat Nif proteins
from archaealorigin performed better?3. Recently yeastco-transformedwith NifB and NifU, NifSand FdxNfor
the biosynthesi®of [Fe-S]clustersproducedNifB-coin vive?.

In this work, 30 nifB gene$ were transiently expressedinto Nicotiana benthamianaand targeted to either
mitochondriaor chloroplaststogetherwith NifU, NifSand FdxN A screeningoasedon NifB solubility and level of
accumulationwas performedto selectthe most promisingvariantsof the library. Methanocaldococcusfernus
Methanosarcinacetivoransand MethanothermobactethermautotrophicusNifBwere selectedand purified from
either N. benthamianamitochondriaor chloroplasts PurifiedN. benthamianaNifB proteinswere testedin the in
vitro FeMao-co synthesisand nitrogenaseactivationassaywhich permitsto validatethe activity of eachindividual
protein in the nitrogenasematuration pathway. All selectedN. benthamianaNifB proteins were competentin
NifB-co synthesisrenderingnitrogenaseactivity valuessimilarto NifB purified from diazotrophidbacteria
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Nitrous oxide (N,O) is a powerful greenhousegasdue to its high chemicalstability and great radiative potential.
More than 60% of total N,O emissionsto the atmospherecome from agricultural soils mainly becauseof the
excessivapplicationof nitrogenfertilizers Ammonia(NH,*) and nitrate (NO;) are both substratesfor nitrification
and denitrification, the two main microbial processeshat contribute to N,O emissionsfrom soils Biological
Nitrogen Fixationby rhizobialegume symbiosisis proposedas an environmentallyfriendly strategyto decrease
dependenceon nitrogen fertilizers and, therefore, mitigate N,O emission However, rhizobia inside legume
nodulescanalso perform denitrification Thisprocessconsistsin a sequentialreductionof NGy to nitrite (NG,),
nitric oxide (NO),N,O and molecularnitrogen (N,), four reactionsthat are catalyzedby the periplasmic(Nap)or
membranebound (Nar) nitrate reductaseshitrite reductasegNirK cdlNir), nitric oxide reductasegcNor, gNor/
CuyNor), and nitrous oxide reductase(Nos)encodedby nagp/ nar, nir, nor and nosgenes,respectively Rhizobium
etli CFM2, the microsymbiontof commonbean,is unableto respirenitrate under anoxicconditionsand perform
a completedenitrification pathway Thisbacteriumlacksthe nap, nar and nosgenesbut containsgenesencoding
NirKand cNor. Despitelackingthe nap/nar genesR etliisableto produceN,O underfree living conditionswhen
cultured microoxicallywith NO; as the only nitrogen source,thanksto the couplingof an assimilatorynitrate
reductase(NarB with the NirK and cNor denitrification enzymes(1). In this work, we have identified a NarK
proteinin R etli genomeand we havedemonstratedthat it is involvedin nitrite extrusionbeingthe link between
the nitrate assimilationand denitrification pathways Furthermore,our resultsdemonstratefor the first time that
commonbean nodulesfrom plantsinoculatedwith R etli and exposedto NO;” emit N,O. The involvementof
NarB NirK cNorand NarKin N,O emissionsas well asin bacteroidalnitrate-, nitrite- and nitric oxide reductase
activitieshasalsobeenestablished By analysingNitrosykleghemoglobircomplexesn whole intact nodulesusing
ElectronParamagnetidckesonanc€EPR¥pectroscopywe havedemonstratedthe involvementof NarBand NorC
in NOproductionand consumptionin the nodules
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The continuous growth of world population has put enormous pressureto increasefood production and to
achievefood security The green revolution that took place from the 1960s onwards allowed to sustainthe
population increase (Briggs,2009 at the expenseof agricultural practicesbased on heavy fertilization and
agrochemicalsvith negativeimpacton the environment Climatechangeand environmentdegradationcalledinto
guestionthese practices,evidencingthe urgencyfor the adoption of new and more sustainablepractices Plant
Growth Promoting Bacteria(PGPBDplay important roles in survivaland health of plants, providing plants with
nutrients, protecting them from pathogens and helping them overcome abiotic stresses,boosting plant
productivity sustainably(Chandraret al., 2021). Oneof the mostlimiting nutrients of plant growth is phosphorous
(P) Theavailabilityof the P presentin the soilis low due to fixation in insolubleforms of the phosphatefertilizers
appliedin soils Soilmicroorganismgplaya centralrole in the biogeochemicatyclingof P,convertingunavailableP
to availableforms, and enablingplantsto uptakeP (Bhattacharyaet al., 2019. Usingresultsfrom our laboratory,
this presentation addressesfactors influencingthe relative abundanceof P-solubilizingbacteria influence of
climate soil occupation root compartment and bacterial genera The intention is to bring light into the P

biosolubilization process, helping to make it more efficient, more accessibleand contributing to a more
sustainableagriculture
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At present, we are witnessingacceleratedchangesin the evolution of the climate Thesechangeslead to an

increasein temperature, alterationsin precipitation patterns and changesin atmosphericcomposition,among
others Thisposesa significantrisk to plant survivaland involve the needto improve acclimatizationprocesses
Arbusculamycorrhizal(AM) fungi playeda fundamentalrole in the terrestrializationof plantsin early Palaeozoic,
helpingthem to cope with the challengesof moving from an aqueousmedium to land (desiccation heat, UV
radiation damage,nutrition absorption) The almost universalpresenceof AM fungiin terrestrial environments
togetherwith their ability to increaseplant toleranceand resilienceto multiple stressorsboth biotic and abiotic,

points to AMF as biotechnologicaltools to facilitate the plant physiologicaladjustmentto the new climatic

conditions In this presentationwe will analyzethe main effects produced by the establishmentof the AM

symbiosisin the physiologyof the plant in relation to the stresseamost linked to climate change(droughtand

salinity, increasedtemperatures and pathogen and pest attack) and what we know about the mechanisms
involved in these effects We will discussabout the main effects of climate changeon AM formation and

functioningand summarizeour preliminaryresultson the mechanismsnvolvedin the highertoleranceof tomato

plantsin symbiosiswith different AM fungito hightemperatures
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Understandinghow plants balancethe ability to both resist pathogensand accommodatesymbiontshas direct
implicationsfor fundamentalplant biologyandthe optimaluseof crop plantsin agriculture
Hostsusceptibilitygenesenablethe colonizationof plantsby harmful pathogens Mildew resistancdocusO (MLO)
is a host susceptibilityfactor, first identified in barley, which confersinfection by powdery mildew (Blumeria
graminig, a biotrophic fungalleaf pathogen In lossof-function mlo mutants, fungal developmentis restricted at
hostcellentry. Thus,mlo mutantsproviderobustanddurableimmunity.

We considered,why plants have susceptibility factors Since MLO's function in facilitating powdery mildew
infection is disadvantageouso the host, it follows that it must alsofulfil someother beneficialrole that explains
its conservatiorthroughoutevolutionaryhistory. We reasonedthat MLOmay havearole in supportingan ancient
beneficialplant-microbeinteraction- the arbusculamycorrhizakymbiosis

Basedon the increasedexpressiorof MLOin roots colonizedby arbusculamycorrhizalfungiandits presencen a
cladeof the MLOfamily that is specificto mycorrhizalhost specieswe investigatedthe role of MLOIin arbuscular
mycorrhizalinteractions Usingmutants from crops, barley (Hordeumvulgare and wheat (Triticum aestivun),
and model species,Medicago truncatula, we demonstrate a role for MLO in colonizationby the arbuscular
mycorrhizafungusRhizophagusregularis

Early mycorrhizalcolonizationwas reducedin mlo mutants of barley, wheat, and M. truncatula and this was
accompaniedby a pronounceddecreasein the expressionof many of the key genesrequired for intracellular
accommodationof arbuscularmycorrhizalfungi. Our findings show that clade IV MLOsare involved in the
establishmenbf symbioticassociationsvith beneficialfungi,arole that hasbeenhijackedby powderymildew.
The colonizationof plants by mycorrhizalfungi and by symbiotic nitrogenixing bacteriasharemany conserved
genesanda commonsignallingpathway. Ongoingwork is investigatingwhether MLOalsohasa role in promoting
colonizationby nitrogenfixingbacteria
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Climatechangeevents,suchasdrought, are increasingand soil bacteriacanbe severelyaffected Moreover,the

accumulationof emergingpollutants are expectedto rapidly increase,and their impact on soil organismstheir

interactions,and the serviceghey provideis poorly known. Theuse of grapheneoxide (GO)hasbeenincreasing
due to their enormouspotential for applicationin severalareasand it is expectedthat concentrationin soil will

increasein the future, potentially causingdisturbancesin soil microorganismshot yet identified. Here we show
the effects that GO nanosheetscan causeon soil bacteria, in particular those that promote plant growth, in

control and 10% polyethyleneglycol (PEGonditions Low concentrationsof GOnanosheetsdid not affect the

growth of Rhizobiumstrain E20-8, but under osmotic stress(PEG)GOdecreasedbacterialgrowth evenat lower

concentrations GO causedoxidative stress, with antioxidant mechanismsbeing inducedto restrain damage,
effectivelyat lower concentrationsput lesseffectivelyat higherconcentrationsand oxidativedamageovercame

Under osmotic stress,alginate and glycine betaine osmoregulatedthe bacteria Simultaneousexposureto PEG
and GOinducedoxidativedamage Plantgrowth promotiontraits (indole aceticacidand siderophoregproduction)
wereincreasedy osmoticstressand GOdid not disturbtheseabilities In a contextof climatechangeour findings
might be relevant as they can form the premisesfor the implementation of crop production methodologies
adaptedto the new prevailingconditions,that includethe presenceof nanoparticlesn the soilandmore frequent
andseveredrought
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Thejoint estuaryof Tinto and Odielrivers (SWSpain)is one of the mostdegradedand polluted areasin the world
andits recoveryis mandatory Legumesandtheir associatecbacteriaare recommendedsustainablegools to fight
againstsoilsdegradationand lossof fertility dueto their known positiveimpactson soils In this work, 33 bacteria
wereisolatedfrom insidenodulesof Medicagospp naturallygrowingin the estuaryof the Tinto and OdielRivers
They were geneticallyand phenotypically characterizedby determining plant growth promoting properties,
enzymaticactivitiesand tolerancetowards As, Cd, Cuand Zn Thebest rhizobiaand non-rhizobiabasedon the
studiedcharacteristicsvere selected Strainsidentified asPseudomonasp. N4, Pseudomonasp. N8, Ensifersp.
N10 and Ensifersp. N12, were usedto inoculate Medicagosativa plants The effects of individualor combined
inoculation on seed germination and plant growth and nodulation were studied, both on plates and pots
containing poor-nutrient soils from the contaminated estuary Caoinoculation with Ensiferand Pseudomonas
increasedplant biomassand nodules number comparedto single inoculation with rhizobia, ameliorating the
physiologicaktate of the plantsand helpingto regulateplant stressmechanismsThebestresultswere observed
in plants inoculated with the consortium containing the four strains In addition, inoculation with Ensifer
Pseudomonasouplesincreasedmetalsaccumulationin M. sativaroots, without significantdifferencesin metal
accumulationin shoots Theseresultssuggesthat plant growth promotingnodule endophytes(PGPNEre useful
biotoolsto promote legumeadaptation,growth and phytostabilizationpotential in nutrient-poor and/or metals
contaminatedestuarinesoils
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TheGorongosadationalPark(GNP)Jn Mozambiqueis a renownedworld heritagewildlife and biodiversityareain

Mozambique After yearsof civil war, GNPis a remarkablestory of wildlife restorationinvolvingthe surrounding
communitiesto support conservation[1,2].To create employment for smallholder farmers while promoting
rainforestreforestation,an agroforestrysystemof Coffeaarabicawith native shadetrees hasbeenestablishedn

the GorongosaMountain involving sustainable farming practices To date, however, studies showing the

outcomesof shadetree integration,andthe potentialimpactson the rhizosphereof adjacentcoffeetreesare still

missing Thisstudy, basedon highthroughput sequencingexploresthe effects of shadetrees on the diversity,
structure, and composition of C arabica rhizospherecommunities (Bacteria, Fungi, and Archaea)grown at

different elevations(600m, 800m, and 900m) and under different levelsof canopyshading(no shadow,50% and
1002 of shadow from native trees) [3]. Alphadiversity (observedoperational taxonomic units, Chaol and
Shannorindex)wassignificantlydifferent for the three shadelevels ForBacteria,coffeerhizospherecollectedat

600m showed a higher diversity under 100% of shadetrees, while at 800m the diversity was higher without

shade,andat 900m under50%of shade For Archaeaat 600m, the highestdiversitywasobservedunder 100% of

shade while in the remainingaltitudesit washigherunder50% ForFungi,the highestdiversityat 600 and 800m

wasobservedunder 50% shade,and at 900m in the rhizospherewithout shade Themost abundantgenerawere
Chthoniobacterfor Bacteria Nitrososphaerdor Archaeaand Linnemannigor Fungi Thisstudy demonstrateshe

benefitsof shadetreesin this agroforestrysystemand emphasizeshe rhizosphereasakeylinkin indirectimpacts
of shadetreeson the healthand productivityof C arabicain diversesystems
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Intercropping black truffle (Tuber melanosporumVitt.) plantationsis a promisingway to increaseecosystem
servicesprovided by truffle culture i.e., alternative productivity before truffle fruiting, increasepopulation of
pollinatorsandsoilhealthstatus However truffle brilés the areaswith scarcevegetationdueto the allelopathic
effects of truffle myceliumin the soil, could limit intercropping possibilitiesby reducing plant growth and
associatedsoil microbiota (Streiblovaet al. 2012. Amongcompatiblecrops,aromaticplant speciesare a suitable
alternativefor Mediterraneantruffle plantationssincethey are well adaptedto the sameecologicakonditionsas
truffle oaks We have designeda mesocosmexperimentto evaluate the interactions between mycorrhizal
evergreenoaks and three speciesof aromatic plants Lavandulaofficinalis L, Thymusvulgaris L and Salvia
officinalisL., all of them forming arbuscularmycorrhizal(AM) symbiosis Native AM fungi (AMF)were isolated
from weedsgrowingin productivetruffle briléesandinoculatedon the target plantlets Oneyearold truffle oaks
from a commercialnursery were co-cultivated in sterilized soil with either, mycorrhizalor non-mycorrhizal
aromaticplants(one oakper 7 L containersurroundedby three aromaticplantsof the samespecies) Twocontrol
treatmentsincludedoaksand mycorrhizedaromatic plantsgrowingalone After 12 monthsin a greenhousewith
regular watering, growth parametersand mycorrhizalcolonisation(both from T. melanosporumand AMF) of
plantswere measuredin all treatments Soilmyceliumfrom T. melanosporunwas quantified by Tagma®gPCR
accordingto Parladeéet al. (2013. AMFsoil biomasswasestimatedby comparativeC; quantification(n )&;) using
genericprimers AM1 and AMGLF for Glomeromycota(Bodenhauseret al. 2021) and the internal transcribed
spacer(ITSpf rDNAasendogenousontrol. Aromaticplantsinoculatedwith native AMFfungishowed,in general,
higher shoot biomassthan nor-inoculated ones The WriléQeffect (presenceof T. melanosporum causeda
growth reduction of all the non-inoculatedaromatic plants However,plants colonizedby native AMF showeda
higherbiomassand only L officinaliswas negativelyaffectedby the presenceof T. melanosporumThepresence
of aromatic plants significantlydecreasedoth mycorrhizasand soil myceliumof T. melanosporuncomparedto
control oaksgrowingalone Thisreductionwassignificantlyhigherwhen aromatic plantswere colonisedby AMFE
Soilmyceliumof T. melanosporumwas negativelycorrelated with relative AMF soil biomass Also, mycorrhizal
colonisationand soil biomasswere positivelycorrelatedfor both, T. melanosporun{in oaks)and AMF(in aromatic
plants) Theseresultsshowthe strong competition of AMFand T. melanosporumin the brdlé and the potential
protectionof intercroppingaromaticplantsfrom allelopathiceffectsin truffle plantations
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Phosphate solubilisation is a recogniseddirect mechanismof growth promotion (Glick, 2012. Therefore,
solubilisingphosphaterhizobacteriaableto provide solubilisedPto plantsact asa sourceof phosphorudor plant
nutrition (Etesami& Maheshwari,2018. Likewiseother PGPReould be involvedin helpingplantsto assimilate
phosphorusMany of the researchis focusedin the demonstrationof qualitative and quantitative ability of PGPR
to solubiliseP, but the interaction with plants and P dynamicshave been lessstudied Thus,the presentwork
attemptsto analysethis behaviout

Wheatplantswere establishedn growth chamberand grown under different phosphorudertilisation conditions
with PGPRacteriabelongingto speciesof Bacillus Pseudomonaand Azotobacteywith the aim of evaluatethe P
assimilationand solubilisation The assaywaskept for 5 weeks Freshand dry weight, and P plant content were
determinedat the end of the assay Relativeexpressionof PhosphateTransporters(PTs)genesPTL.2 and P
responsiblefor the direct inorganicP (Pi) uptake pathway (Duanet al., 2015 in roots, were analysedn order to
understandthe Pmetabolismwheninoculatedplantswith bacteriaare exposedo Pdeficiencies
Resultsshowedanincreasen P contentin aerialbiomassof wheat plantsinoculatedwith PGPRwindfertilised with
half of P dose Theseresultsindicatean improvementin the P uptake mediatedby the PGPRaction Accordingio
the analysisof the geneexpressiorof PT1.2 and P#, the down regulationof P in plantsinoculatedwith strains
of Azotobactersalinestris Pseudomonagoreensis Bacillussiamensisand Pseudomona$rasicacearumsubsp
neoaurantiaca explainsthe uptake of P, while the down regulation of PTL.2, explainsthe P uptake in plants
inoculatedwith Azotobacterchroococcunmand A. salinestris On the other hand, there is a clear decreasein P
uptakein plantsinoculatedwith P solubilisingbacteriaand fertilised with insolubleP. Ca(PQ),. Theupregulation
of PistarvationgenesPTL.2 and P explainsthe lackof P uptakein the plant. Althoughthe P solubilisingbacteria
are ableto solubiliseP, it is hypothesizedhat at the shorttime the bacteriausethis Pfor its own growth andonce
acquireits maximumgrowth, passthe Pto the plant, makingit availablefor the plantat mediumor longterm.
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Alterationsin precipitationand soil moisture,alongwith temperatureincreasein the pastdecade are threatening
agriculturalproductivity in the IberianPeninsulaandrest of the world. Dueto the selectionof cropsthat produce
high yields, but also require high consumptionof water, drought is considereda significantabiotic stressin
agriculture Thus,there is urgent needfor sustainablecrop productionmore resilientto water deficit and at the
sametime economicallyviable Toaccomplishthis goalnew agriculturalmethodologiesmust be explored Maize
is a principal source of food for millions of people worldwide. Its high nutritional profile and non-allergenic
properties make maize an important world cereal The high susceptibilityof maizeto drought implies a high
dependenceon water for maizegrowth. The decreaseof availablewater for irrigation could decreasethe areas
suitable for maize production with consequencedor assuringfood supplyin the future for millions of people
Consequentlypromoting maizeresilienceto droughtis a significantstep towardsfood securityand adaptationto
climate change The use of microorganismscapableof promoting plant growth in drought environmentsis a
potential approachto mitigate crop losses sincesoil microbial communitiescan play an important role in plant
growth andtoleranceto stress,with a positiveimpacton crop productivity. Plantgrowth-promotingbacteriahelp
plantssurvivein stressedenvironmentsby promotingfaster germinationand development Herewe describethe
isolation of surface and endophytic bacteria from maize plants roots growing in INOVMILHEGANPROMIS
(Santarém Portugal)exposedto three different water regimes(100%4 50% and 0% of irrigation) in two different
stagesof their life cycle (vegetativeand reproductive) Colonyforming units in the soil were also quantified in
each condition, and the number of bacterial cells decreasedwith water availability, as expected Plants
biochemicaktatuswasalsoassessedio understandif the plantswere under stress,andto serveasa basaldata
for further inoculationstudieswith specificisolates Isolateswere typed usingBOXPCRo screenfor isolateswith
uniquefingerprints Thisallowedusto obtain 405strains Thesestrainswere screenedfor the ability to tolerate
osmoticstressusing15%of polyethyleneglycol600Q Theisolatesdisplayingthe higherability to tolerate osmotic
stresswere tested for bacterialplant-growth promoting traits, namelythe ability to producesiderophoresjndol-
3-aceticacidand phosphatesolubilizationjn the presenceand absenceof osmaticstress Theisolationof bacteria
from different water availabilitiescan help to selectbacteriaeffective in the improvementof crop resilienceto
droughtaffected areas,helpingin the managementof climate changeimpactsby enhancingplant resilienceto

drought
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Globalfood demandsand the impact of climate changein agriculture call for affordable bio-basedproductsto

improveplant productivitywhile preservingnatural resources Plantgrowth-promoting (PGP)nicroorganismsre
optimal candidatesto improve plant yields under sustainableagriculturalconditions The ability of certain PGP
bacteriaof providing nutrients or increasingplant toleranceto stressis well known Most studiesso far have
focusedon the N-fixingassociatiorof Rhizobiunwith legumes However the role of other bacteriathat establish
closeinteractionswith plants,like thosedwellingseedsremainsyet underexplored

In this work, we evaluatethe compositionand role of endophytic bacterial communitiesfrom wheat, a daily-

consumedcerealwhich production hasincreasedover the last years For that, commercial(Triticum aestivurn)

and ancestral(T. speltg) wheat seedsharvestedfrom different fields were submitted to cultivation-dependent
and -independentanalysis 16S metataxonomyrevealedthat seedborne wheat microbiota assemblagesare
conservedand dominatedby bacteriabelongingto the Pantoeagenus Furthermore,endophyticbacterialisolates
from wheat seedsampleswere screenedin vitro for PGPabilities like mobilizationof P K, or synthesisof indole
aceticacid (IAA) Selectedstrainswere further testedin growth chamber,greenhouseand field experimentswith

broadacreand horticulture crop references SeveralPantoeaisolatesshow positive effects on seedgermination,
root and plant development,evenunder hydric stress Our resultshighlightrelevanceof seedborne bacteriaas
plantbiostimulants

Acknowledgements

In vitro, greenhouseand field assayswere carried out in collaboration with  CTAEX(Centro TecnolégicoNacional
Agroalimentariode Extremadurapnd CIALEInstituto de Investigaciéren Agrobiotecnologip



RamirezBahena MM Menéndez E FloresFélix JB Mateos PF23 Vacalgualador £, Velazquez'23
PeixA34

1Departamentode Microbiologiay Genética,Universidadde SalamancaSalamancaSpain 2 Instituto de Investigaciéren
Agrobiotecnologig CIALE)Universidadde SalamancaSalamancaSpain 3 Grupode InteracciénPlantaMicroorganismo,
USAL Unidad Asociadaal CSICpor el IRNASASalamancaSpain 4 Instituto de RecursosNaturalesy Agrobiologiade
SalamancadRNASACSICSalamancaSpain

Alfalfa (Medicagosatival.) is a forage plant cultivated worldwide for thousandsof yearsand whose production
can be maintained during severalyears after the sowing (Patraand Paul, 2021). The global alfalfa market is
expected to grow with a CAGR (compounded annual growth rate) of around 7%
(https://www .fortunebusinessinsightsom/alfalfapelletsmarket103597. However, the cultivation of this
legume is limited in some stressedsoils, such as acidic ones (RamireZBahenaet al. 2015 and bacterial
biofertilization is desirableto increasethe production of this legume in these soils In the presentwork we
analysedhe effect on alfalfagrowth of the strainM1MS02, whichisthe type strainof Endobactemedicaginisan
aceticacidbacteriumisolatedfrom a nodule of alfalfagrowingin an acidicsoil. Aceticacidbacteriahavedifferent
in vitro mechanismsnvolvedin plant growth promotion (Pedraza2016). Thegenomemining showedthat strain
M1MS02 harbours different genes involved in plant growth promotion mechanismssuch as phosphate
solubilisationor indole acetic acid production, also confirmed by in vitro analyses The results of inoculation
experimentsof the strain M1IMS02 carriedout in hydroponic,microcosmsand field conditionsshowedthat this
strainwasableto promote the growth of this legume Therefore,E medicaginisM1IM302 canbe consideredasa
goodcandidatefor alfalfabiofertilizationin acidicsoils

References

Patra,P.S, PaulT. (2021). Lucerne(Alfalfa),in: Hedayetullah Md., Zaman,P. (Eds), ForageCropsof the World, Volumell:
Minor ForageCrops AppleAcademidPressFlorida,pp. 231¢242.

RamirezBahenaM.H., VargasM., Martin, M., Tejedor C,VelazqueZ, PeixA. (2015. Alfalfamicrosymbiontdrom different
ITSand nodClineagesof Ensifermeliloti and Ensifermedicaesymbiovarmeliloti establishefficient symbiosiswith alfalfain
Spanistacidsoils ApplMicrobiol Biotechnol99, 48554865

PedrazaRO. (2016). AceticAcidBacteriaasPlantGrowth Promoters,in: Matsushita,K, ToyamaH., Tonouchj N., Okamoto
KainumaA. (Eds)AceticAcidBacteria Springer,Tokya

Acknowledgements

Thiswork wassupportedby JCyl(Juntade Castillay Ledn,SpanistRegionalGovernment)Grant CS02A09. Theauthorsalso
thank the StrategicResearchProgramsfor Units of ExcellenceCLU2018-04 (University of Salamancapnd CLU2019-05
(IRNASA/CSI€)-funded by the Juntade Castillay Le6nand EuropeanUnion (ERDFE 9 dzNaRiMe3®ur growth). Theauthors
alsothank Z GarciaPalacioand O. GonzaleSanzor technicalassistance


https://www.fortunebusinessinsights.com/alfalfa-pellets-market-103597

Ferrol N LopezCastillo O, AzcéAguilar C

Departmentof Soil Microbiologyand SymbioticSystems EstaciénExperimentaldel Zaidin CSIC¢/ProfesorAlbaredal,
18008GranadaSpain

Climate change, entailing shifts in temperature (T), precipitation and atmosphericcomposition among other
factors, representsa movingtarget for plant adaptation The widespreaddistribution of arbuscularmycorrhizal
(AM) fungi and their ability to increaseplant stressresistancehas led to the suggestiornthat they can be key
driversin increasingplant resilienceto climatechange Changesn atmosphericconditionsand globalandregional
climate affect AM functioning, yet the potential role of AM symbiosesin mediating plant responsesto global
changeand the underlyingmechanismsemain unexplored Thisstudy was aimed at studyingthe physiological
and transcriptomic responsesof tomato plants inoculated with Rhizophagusirregulars DAOM 181602 or

Claroideoglomugtunicatum (isolatedfrom a stressfulecosystemin Spain)to high T (34 °C). Heat stresshad a

negativeeffect on plant biomassin all treatments, but to a lower extent in mycorrhizalplants High T inhibited

root colonizationby R irregularisbut not by C etunicatum Both AM fungalspecieanitigated the impact of heat

stresson the tomato ionome Root transcriptome profiles showed significant differential expressionof 3909
transcripts under heat stressin non-mycorrhizalroots and of 3363 and 3575 genesin R irregularis and C

etunicatumcolonized roots, respectively Gene ontology (GO) enrichment analysisrevealed that transcripts
involvedin processessuchasd RNYAG | 0 2 @ K & REEER§Y S I 6 2 & NB I &xdgerdSecies
YS il 6 2dndaaOr2¢T 100 il 2 MIavérd idfliyeaced by heat stressin all situations SpecificGO processes
enrichedin non-mycorrhizalroots were relatedto & (G NI y & Y $rafspbid| yOSi A @hicli dduldExplainthe

impact of heat stresson their ionome and its mitigation by the AM symbiosis Specificchangesinducedin the

transcriptomeprofilesof roots of the different treatmentswill be further discussed
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Hightemperature stress affects the growth and developmental processof coolseasongrain legumes We
hypothesizedthat endophyticbacteriaassociatedwith arid plants could be a potential resourceto ensurethe
tolerance of cold-seasonlegumesto high temperature stressevents To test our hypothesis,Phyllobacterium
salinitolerangPH),Starkeyasp. (ST)and Pseudomonasturukhanskensi$PSendophytesof different spontaneous
legumeslocalisedin Tunisianarid regionswere selectedto evaluatetheir potential in improving Pisumsativum
growth and pearhizobiasymbiosisunder a heat stressevent. Threeconsortia(containingdifferent combinations
of endophytes)were usedalongwith the peamicrosymbiontRhizobiumeguminosaruml28C053 (WT)or with its
nacdSmutant derivative (MT) (Ma et al., 2003). Uninoculatedplantswithout or with nitrogen supplementwere
used as negative (NC)or positive controls (PC),respectively The heat stressevent was applied 2 weeks after
sowingfor a period of 2 weekswith consecutivecyclesof 30-35°C/16h and 20°C/8h. Interestingly,the shoot dry
weight (SDW)of all plants co-inoculatedwith WT and any of the consortiacontainingPHincreasedsignificantly
comparedto that of plantsinoculatedwith WTalone A similareffect wasobservedon the root dry weight (RDW)
in the treatmentsWT+ST+PEnd WT+PS+PHKDnthe other hand,the bestresultseither in terms of SDWor RDW
with the mutant strain was the treatment that included all endophytes(MT+ST+PS+PH)\en overcomingall
treatments inoculatedwith WT and equallingthe PC As expected,plants inoculatedwith the MT had a lower
number of nodules(NN) comparedto plants inoculatedwith WT, exceptfor MT+ST+PS+Rith similar NN. A
significantincreasein the NN wasobservedin plants co-inoculatedwith WT+ST+PEnd WT+PS+PEbmparedto
those in WT. The highesttotal chlorophyllcontent wasin WT+ST+P8yhich was significantlydifferent from all
other treatments while no differenceswere observedin phenolic compoundscontent amongthe inoculated
treatments Overall,our resultssuggesthat endophyticisolatesfrom arid leguminousplantsare good candidates
for increasinghe resilienceof plantsnot adaptedto heatstress
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Climatechangeis one of the biggestproblemstoday, andit hascauseddifferent typesof abioticstressin soilsthat
were suitable for crops The abuse of agrochemicalsheavy metals and other pollutants increasinglyaffects
agriculturalsoils Thiscontributesto the lossof nutrients and beneficialmicroorganismswhich is why solutions
are neededthat canimprove plant growth even in these environmental conditions Plant growth promoting
bacteria(PGPBanbe usedasinoculantsto increasethe nodulation of leguminousplants and are an excellent
option for the recoveryof degradedsoilsthrough the biologicalfixation of N, (NavarreTorre et al., 2020 and
FloresDuarte et al,, 2022. Endophyticbacteria (plant growth promoting endophytes PGPE)solated from
nodulesof the rhizosphereof legumes(Medicagospp) from the Marismasdel RioOdiel Huelva,Spain,grownin
soilsaffected by heavymetals, have beenusedin this work. Theselectedbacteriabelongto the generaEnsifer
and Pseudomonasloleranceto heavymetals,salinity,pH and high temperatureswere determined At the same
time, their plant growth promoting properties, PGP(auxinproduction, N, fixation, ACCdeaminaseactivity, etc.)
were verified. On the other hand, lytic enzymessuchas cellulase pectinase etc. were investigated Finally,the
followingbacteriawere used Ensifersp. N10 and N12 asrhizobiaandthe endophytesof the nodulePseudomonas
sp. N4 and N8. These bacteria have been used to make inoculantsto improve germination, biomassand
nodulationof alfalfa (Medicagosativa) under stressconditions In vitro nodulation studieswere carried out with
M. sativain the absenceand presenceof arsenic(30 uM As),germinationwithout and with a mixture of metals
(7.5 uM As,Cd,Cuand zZn)aswell asin the greenhousenutrient-poor soils,contaminatedwith metalsand salt (60
mM), with the following treatments control non-inoculation (G), inoculation with the rhizobium (N10) and
inoculationwith a consortiumof both Pseudomonaand the two rhizobia(CSN) Theresultsobtainedshowedan
increasein germinationin the absenceand presenceof metals with the CSNconsortium of 13% and 34%,
respectively comparedto the nor-inoculation(G). Similarlyinoculationwith the (CSNonsortiumshowed73%
more nodulesin the absenceand a 91% increasein the presenceof As,comparedto rhizobiumN10. Regarding
the results of nodulation under greenhouseconditions with the consortium (CSN),the number of nodules
increasedin nutrient-poor soils (104%), with metals (60%) and soilswith salt (72%), comparedto with N10. The
results of biomass,root length and shoot followed this pattern: CSN>N0>C. Theseresults suggestthat the
inoculationof legumeswith the consortium(CSNEomposedof multiresistantrhizobiaand PGPEs a usefultool to
promote their growth in soils with different types of abiotic stress and, in turn, guaranteethe minimum
accumulationof metalsin the soil. aerial part of the plants, to be able to use them both in the recovery of
estuariesandasforageplants

Keywords abioticstress arsenic PGPHeavymetals,hightemperature,legumesmultiresistant nodulation,PGPBsalt
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The Montado, is an agrosilvo-pastoral ecosystem,exploredin severalextents Its arboreal stratum is mainly
composedoy cork oak (Quercussubed) andholm oak (Q. rotundifolia) while the groundcoveris formed by natural
biodiversepasturesgrowingon poor soilsand grazedby animalsin an extensiveregime Oneof the major factors
affectingthe productivity of pasturesin the Montado systemis soil acidity (Serrancet al., 2020). Theobjectiveof

this work is to evaluatethe effect of tree canopyand dolomitic limestoneapplicationfor soil acidity correctionon

soilmicrobialbiomasscarbon,arbusculamycorrhizacolonisationrate, pasturefloristic diversityand quality in the

Montado ecosystemSoiland root sampleswere collectedin an experimentalfield (4ha) locatedin Mitra Farmin

February2022In Aprilwe monitoredthe floristic compositionof the pastureand measuredits quality throughthe

gualificationof crude protein (CP)andfiber (neutral detergentfiber- NDF)content. Theresultsshowedthat there

wasa positive and significanteffect of the canopyon microbialcarbonbiomassand mycorrhizalcolonization,and
alsosignificantdifferenceson mycorrhizalkolonizationrelatedto soilpHamendments particularlyunderthe tree

canopy Despitethe lack of significantdifferencesin CPand NDFthe averagevaluesfor both parameterswere
higherunder the canopy ConsideringCPit was higherin the amendedarea, while NDFwas lower in the same
area Theseresultsallowedusto perceivethe effect of organicmatter depositionassociatedo the tree canopy
and soil acidity correctionaskey factorsfor microbialdevelopment(Cardosa& Andreote 2016 Rodrigue<t al.,

20195 and pasture floristic diversity and quality in the Montado system, providing important information
regardingthe holisticmanagemenbf this ecosystem
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Beneficialmicroorganismsoccur naturally in little-intervened ecosystemsput many practicesassociatedwith
intensive agriculture result in biodiversity imbalancesthat disadvantagehem relative to other non-beneficial
species(Graham,JH. 2000. In theseintensivesystemsthe occupationof the soilin the autumnwinter period
with covercropsbasedon legumes,grassespr biodiversemixturesof both, will increasethe enrichmentof the
sailin beneficialmicroorganismswhich will be availableto interact with the main crop. Theadoptionof practices
that favour mycorrhizationcanalsoplay a very important role (Schloteret al., 2018). Mycorrhizais a mutualistic
relationshipbetweenplantrootsandfungalhyphae

Thiswork describeghe evaluationof the degreeof mycorrhizationand sporedensity,asa soil biologicalindicator,
in an experimentalfield in Golegé&(Portugal),where different covercropswere installedprior to corn (Zeamays
(L) cultivatiort 1) biodiverse mixture of grassesand legumes,including rhizobiainoculated clovers 2) Lolium
multiflorum (Lam) (annual ryegrass), a mycotrophic grass that favours soil enrichment in endemic
endomycorrhizafungi; and 3) Raphanusativus(L) (forageturnip), a biofumigantspecieswhichits incorporation
into soil contributesto the eliminationof phytopathogensA control plot wasmaintainedwithout any covercrop.
Sample®f rootsfrom cornwere collectedandthe degreeof endomycorrhizatiowasevaluated
Theobtainedresultsindicatethat the introduction of covercrops,in particularthe biodiversemixture and annual
ryegrassincreasedhe mycorrhizationfrequencyin cornroots andthe densityof sporesin the soil.
Thearbusculamycorrhizafungalpropagulescanbe developedin the soil by mycotrophicplantsandkeptintact at
the seedingof the corn crop by adoptingappropriatetillage techniques Thiswork points out the importanceof
covercropsfor the enrichmentof thesesystemsn endomycorrhizatungi.
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Thisresearchis part of an innovative pilot project for habitat restoration on the Famarasummitsin Lanzarote,
Canaryislandswhichaimsto be a starting point for the recoveryof the native vegetationof this arid areaandto
halt the desertificationprocesssuffered by the whole island The project is led by the Departmentof Ecological
Transition,Fight againstClimate Changeand Territorial Planningof the Governmentof the Canarylslands,and
financedwith FEDEResources|t hasbeensuggestedhat a commonreasonfor the failure of manyrestoration
attemptsisto omit the necessaryand direct relationshipbetweenthe root systemandthe diversecommunityof
microorganism(3). For this reason,we proposeas a first step in the approachto restoration, the study of a
particulargroup of microorganismsthe arbusculammycorrhizatfungi (AMF) Theseorganismsare ubiquitoussoit
borne microbialfungithat play a critical role in plant nutrition which hasbecomean integral componentof plant
ecologyin natural ecosystemsEspeciall AMF play key rolesin semiaridecosystemsimprovingthe function and
adaptationof plantcommunitiesto thesestressedenvironments(2).

The present study investigatesthe native AMF population in damagedsoils, as indicator of degradation In
addition, the mycorrhizalpotential of the different soilshasbeendeterminedin orderto selectthe mostoptimal
areasto restore and reproduce mycorrhizalinoculum Simultaneouslythe most suitable trap culture was
assessedFinally,the relationship between arbuscularmycorrhizalfungi population and soil physicechemical
parametershasbeenevaluated Firstly,in order to achievetheseobjectives different statesof degradationof the
soil systemhave beendetermined The classificatiorcriteria appliedwere the presenceof soil horizonsand the
presenceor absenceof vegetationand its characteristicsA total of sevenlocationsrepresentingthe different
stagesof degradation have been identified. From each location, 7 composite sampleswere obtained and
processedThefirst stepin assessinghe AMFpopulationhasbeento count sporesper gramof soil accordingto
the wet sievingprotocol (1). Then,the mycorrhizalpotential hasbeendeterminedby different trap cultures,once
with mycotrophic allochthonousplants and once with native leguminousand mycotrophic plants After three
months, the percentageof root mycorrhizationand the number of sporeswere evaluated As expected,the
number of sporesobtained hasbeen significantlyhigherin the vegetationislands Onthe other hand, the worse
resultshavebeenobtainedwherethe gully erosionoccursandin cliff areas,wherethere is hardlyany soil system
but where someisolatedendemicbotanicalspeciesare found. Basedon theseresults,it canbe concludedthat
this indicator appearsto be sensitiveto the soil degradation Furthermore,the bestpreservedAMFpopulationis
directly linkedto higherorganicmatter and lessphosphorusand magnesiumavailablein soil. Whenwe evaluated
the mycorrhizalpotential, the resultshave showna greaterecologicalpotential in soilswith high plant diversity,
suchasvegetationislands,andin soilswith annualand spontaneousrsegetationSoilswith volcanicmineralmulch
called"picén' alsohadbetter AMFpopulations Accordingo thesefindings,theseareaswill be native mycorrhizal
reservoirand susceptibleareasfor restoration Finally,in relation to the best trap culture, native leguminous
plantsshownto reproducethe AMFbetter.
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The plant hormone ethyleneis a negativeregulator of the establishmentof most legumerhizobium symbiotic
interactions The identification of the Medicagotruncatula mutant sickle (skl, Penmetsaand Cook,1997) has
allowed understandingsome of the molecularmechanismscontrolling the early stagesof this interaction For
instance, it is now known that ethylene inhibits root hair deformation, calcium spiking, and infection thread
initiation and growth (Oldroydet al., 2001, Penmetsaand Cook,1997). However,the role of ethylene at later
symbioticstageshasbarelybeenanalyzed

In the current work we have tested the hypothesisthat ethylene signalling positively regulates nodule
developmentand symbioticnitrogen fixation in Medicagotruncatula Totest it, we have comparedthe growth
characteristiceand symbioticperformanceof the ethyleneinsensitivemutant skland the wild type M. truncatula
Al7 genotype Physiologicakharacterizationof the plants shows that both genotypespresent similar plant
biomass skl shows an hypernodulating phenotype, with smaller, rounder nodules, but with a bacteroid
colonizationcomparableto this of the wild type. We tested its ability to fix N, using severalcomplementary
approachesmeasuringapparentnitrogenaseactivity, usinga Sinorhizobiunmeliloti strain carryingthe markerfor
nitrogenaseexpressionpNifHGUSand determiningthe total N content in the plants Resultsshow that, when
grown exclusivelyunder symbiotic conditions, skl fixes N, at rates comparablewith these of Al7 plants,
expressingnitrogenasein the infected N,-fixing zonesof the nodule and presentingsimilar N content levelsthan
the wild type genotype Histologicalanalysisof the nodule structure suggestghat skl nodulespresent altered
zonationand meristemformation. Additionally,we have observedthat the establishmentof nodule senescence
showsa delayin skl increasingthe life spanof the mutants Takentogether, our results suggestthat ethylene
signallingper se is not required to establishan efficient N, fixing symbiosis,but it may play a role in nodule
differentiationandsenescence
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Deepsequencingof strandspecificcDNAlibraries (RNAse has unveiled unexpectedlycomplextranscriptional
outputs from prokaryoticgenomes,addinglarge and heterogeneousnventoriesof small non-codingtranscripts
(sRNAs}o the classicatranslationrelated ribosomal(rRNA) transfer ({(RNA)and messenge(mRNARNAspecies
(Hor et al. 2018. Most sRNAgegulate extensiveposttranscriptionalnetworksunderlyingvirtually any adaptive
trait in bacteria Therefore,it is increasinglyevident that no microbial processcan be understoodin its full

dimensionwithout assessingegulationof geneexpressiorby RNA(riboregulation. YetinconceivablysRNAsre

systematicallyoverlookedin the annotation of bacterialgenomesand riboregulationremainslargelyunexplored
in mostbacterialspecies

We haveusedcutting-edgeRNAse@rotocolssuchas Differential RNAseddRNAse}] Cappableseqor Termseq
to determinetranscriptsboundariesgenomewide in three " -rhizobialspecies Sinorhizobiunmeliloti, S fredii and

Rhizobiuntropici, asthe model symbiontsof the agronomicallyrelevantlegumes alfalfa, soybeanand common
bean,respectively Theseapproachesnabledthe accurateannotationof protein-codingsequencesuntranslated
mRNAregions,and sRNAsn all three genomes Thelatter were further cataloguedas sense antisenseor trans

accordingto the location of their loci with respectto the annotated ORFsClassicaRNAseqgvas then usedto

explore the symbioticdependent alterations of the non-coding transcriptomes,which identified differentially
expressedRNAwvith putative symbioticfunctions

Theso-calledtrans-sRNAsre expressedrom transcriptionallyregulatedpromoterswithin intergenicregionsand

rely on protein-assistedshort and discontinuousbasepairing to regulate translation and stability of multiple

trans-encodedmRNAtargets Accordinglywe alsousedRNAsedo profile the RNAligandsof the major bacterial
RNAmatchmakerHfg, and the mRNAinteractomes of well-characterizedtrans-sRNAsin S meliloti (Torres

Quesadaet al., 2014 GarciaTomsiget al., 2022. In the communication,we will provide insightsinto these
RNAseebasedapproachego identify andunravelthe functionof sSRNAsn h -rhizobia
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Oscillationsin intracellular calcium concentration play an essentialrole in the regulation of multiple cellular
processesin plants capableof root endosymbiosiswith nitrogenfixing bacteria (rhizobia) and/or arbuscular
mycorrhizal fungi (AMF), nuclearlocalized calcium oscillations are essentialfor the establishmentof these
interactions

Theentry of rhizobiaand AMFinto legumeroots is initiated by the recognitionof the endosymbiont Hostplants
haveplasmamembranereceptorlike kinaseghat recognizerhizobialandfungalelicitors Thisrecognitiontriggers
the activationof calciumoscillationsin root epidermalnucleito initiate the endosymbiosigprogram In Medicago
truncatulamodellegume the fluctuationsin nucleoplasmicalciumconcentrationsare generatedby ion channels
locatedat the nuclearenvelope,includingthe CYCLINUCLEOTIDEATEBCHANNELS (CNGE5s) (Charpentier
et al., 2016. However,how the CNG(5s are regulatedin planta to sustaina calcium oscillatory mechanism
remainsunknown

In this study, we demonstratethat CNG@5s are regulatedby the calciumbound form of the Calmodulin2 (holo-

CaM) in planta, which shapesthe oscillatory pattern of nucleoplasmiccalcium concentration by providing
negativefeedbackon CNG(5s to causeits closure By engineeringCaM to generate CaMR™® mutant, which

specificallyincreasedholo-CalMe binding affinity to CNGC5, we acceleratedclosureof CNGE5s and increased
the calcium oscillation frequency We further show that acceleratingthe calcium oscillation frequency was
sufficientto acceleratethe early endosymbiosissignalingand that the expressionof CaM2®4 resulted in an

enhancedroot nodule symbiosisbut not enhancedAMF colonization Our data reveal differential regulation of

rhizobiaand AMF endosymbiosesnd suggestthat modulating calciumsignalingcan be used as a strategyto

positivelyimpactsymbiosiswith nitrogenixingbacteria

Thiswork has been publishedin del CerroP et al. (2022. Proceedingof the National Academyof Sciences,
11913), 2200099119
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In addition to typical nitrogenfixing endosymbionts,legumesharbour other endophytic bacteria within their

tissuesthat may also contribute to plant growth and health (Hardoimet al. 2015. Our previousworksrevealed
that endophyticbacteriaisolated from legumesnot only have plant growth-promoting traits but are also well

adaptedto commonconstraintspresentin soilsof the Mediterraneanregion (Brigidoet al. 2019ab). In this work,

we intend to further characterizehese endophyticbacteriathrough genomicand comparativegenomicanalyses
to potentiate their applicationsin agriculture, providing opportunities for sustainableplant health and food

security Twelveendophyticbacterialisolateswere selectedbasedon their potential for plant growth promotion

and/or biocontrol of phytopathogensBasedon the 16SrRNAgenesequenceanalysisthe isolateswere assigned
to the generaPseudomonasKkosakoniaStenotrophomonagsSerratia Bacillusand Agrobacterium Nevertheless,
in silicoDNADNAhybridizationanalysesevealedthat 3 strainsrepresentnovelspeciedistinctfrom their closest
relatives Their genomesizesrangedfrom 4.4 M to 7.1 M with a GCcontent varying from 35.41 to 66.4%

Orthologousgeneclustersanalysigevealed9346 clustersand 345 singlecopy geneclusters,albeit only 499 gene
clusters(comprising6110 proteins) were sharedamongall strains Whole genome sequenceanalysisrevealed
genespotentially associatedwith attachmentand plant colonization,growth promotion and stressprotection as

well as antifungal activity. In detail, sets of genesfor twitching motility, chemotaxis flagellabiosynthesis,and

ability to form biofilms (which are relatedwith host plant colonization)were found in their genomes Presenceof

genesassociatedto nitrogen fixation, auxin biosynthesis siderophoreproduction or phosphorousassimilation
revealstheir potential as plant growth promoters Furthermore,genesrequired for biosynthesisof pyoluteorin

2,4-diacetylphloroglucinoand pyrrolnitrin underlinebacterialbiocontrol potential againstphytopathogensGenes
related to the production of different moleculesand enzymesmediatingstresstolerancesuggestheir ability to

rapidly adapt to stressful conditions Overall, our data provide a better understandingof these endophytic
bacteria abilities and further comparative genomic analysisprovided insight into the genomic basis of their

endophytidifestyle,plant growth promotionandantifungalactivity.

References

Hardoim P.R, VanOverbeek LS, Berg,G, Pirttila, AM., Compant S, CampisanpA. et al. (2015 Thehiddenworld within
plants ecologicaland evolutionaryconsiderationgor defining functioning of microbialendophytes Microbiol Mol Biol Rev
79: 293-320.

Brigidg C, Singh,S, Menéndez,E, Tavares,M.J, Glick, B.R, Félix, M.d.R et al. (2019) Diversity and functionality of
culturableendophyticbacterialcommunitiesin chickpeaplants Plants8; 42.

Brigidg C, Menéndez E, Pacq A, Glick,B.R, Belo,A., Félix,M.R et al. (201%) MediterraneanNative Leguminouglants A
Reservoiof EndophytidBacteriawith Potentialto EnhanceChickpeasGrowth under StressConditions Microorganisms/: 392

Acknowledgements

Funding
Thiswork was funded by Fundacagpara a Ciénciae a Tecnologia(FCT)o-funded by FEDERundsthrough the COMPETE
2020 Programin the framework of the project POGD1-0145FEDER16810 (PTDC/AGRR029782014 and under the
ProjectUIDB05183 2020
Acknowledgements
CB acknowledges a CEECINID18 contract (CEECINDD0932018. EM acknowledgesa CEECINID17 contract
(CEECINDD2702017).



Fernandes!| Paulo O% Sarjkard Sem A Marquesi, Graca3 Pawlowski K Ramalho J€,
Ribeiro-Barros A4

1 Computational Biology and Population GenomicsGroup cBE3c ¢ Centre for Ecology Evolution and Environmental
ChangesFaculdadede CiénciasUniversidadede Lisboa,Portugaj ? BioinformaticsFacility Universityof North Bengal
Siligurj Indig; 3 ForestResearchCentre (CEF))nstituto Superiorde Agronomia(ISA),Universidadede Lisboa(ULisbo,
Portugal 4 GeoBioScience§&eoTechnologieand GeoEngineeringGeoBioTex; Faculdadele Ciéncias TecnologigFCT),
UniversidadeNOVAde Lisboa(UNL),Portugal > Department of Ecology Environmentand Plant Sciences Stockholm
University Sweden

Climate changeis unequivocallydriving major environmentalstruggles Togetherwith the acceleratedrate of
populationgrowth, these changesare imposinga substantiallossof biodiversityand arableland. In this context,
the useof pioneertreeshasbeenpointed asa powerful tool to restoredegradedands Amongthem, actinorhizal
trees ¢ a group of perennialdicotyledonousangiospermsable to establishroot-nodule symbiosiswith N,-fixing
Frankiabacteria- constituteimportant elementsin plant communitiesworldwide and havebeensuccessfullysed
in land reclamation In the presentwork, we have analyzedthe transcriptomeof the photosyntheticorgansof
Casuarinaglauca (branchlets),to unravel the molecular mechanismsunderlying stresstolerance For that, C
glaucaplants suppliedeither with chemicalnitrogen (KNQ*) or nodulatedby Frankia(NOD) were exposedto a
gradient of salt concentrations(200, 400, and 600 mM NaCl)and RNASeqgwas performed using an lllumina
Platform An averageof ca 25 million cleanreadswasobtainedfor eachgroupof plants,correspondingo 86,202
unigeneswith a N50 sizeof 2,792 bp and 41% GCcontent The patternsof differentially expressedyenes(DEGS),
clearlyseparatetwo groups,(i) control and 200 mM NaCltreated plants, and (ii) 400 and 600 mM NaCltreated
plants Onthe other hand,althoughthe number of total transcriptswas relatively high in both plant groups,the
percentageof significantDEGwasvery low, rangingfrom 6 (200mM NaCI/NOD) to 314 (600mM NaCI/KNQ"),
mostlyinvolvingdownregulation Theup-regulatedgeneswere mostlyrelatedto regulatoryprocessesteinforcing
the hypothesisthat someecotypesof C glaucahavea strong stressresponsivesystemwith an extensiveset of
constitutivedefensemechanismsgcomplementedby a tight mechanisnof transcriptionaland posttranscriptional
regulation Theresultshighlightthe complexityof the molecularinteractionsleadingto salinity tolerancein this
specieswhichis probablylinked to long-term ecologicaladaptationand in some casesindependentof symbiotic
Frankia
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Membrane encased structures serve multiple biological functions in bacteria, including the formation of
intracellularcompartmentsand extracellularvesicleswhich are essentialfor bacteriatbacterialcommunication
and bacteriathost interactions. Theyalso hold potential for biotechnologicalapplications,especiallyin vaccine
production, drug delivery, and valuable chemicalproduction Despitethe tremendousadvancesin elucidating
eukaryoticvesicleformation T endocytosisand exocytosis andidentifyingkey players,the proteinsparticipating
in this processn bacteriaremainelusive.

Althougha wide variety of bacterialprocessesaninitiate vesicleformation, little information is availableon the
systemsthat coordinate the bacterial membrane'srestructuring My researchgroup, in cooperationwith the
Universityof Kent (England) stumbled upon a family of uncharacterizedoroteins, which are highly conserved
acrossspeciesand activelypromote both intra- and extracellularvesiclegeneration We systematicallyproduced
recombinantproteins of this family in Escherichiaoli from both Grampositive and negativemicrobesobserving
by scanningandtransmissiorelectronmicroscopystrikingmembranerestructuring

Theproductionof a protein groupled to the formation of intracellularmembranouscompartmentseither tubular
or globular,whereasthe other group boostedextracellularvesiclerelease Both structuresindependentlyof the
cellularcompartmentare genericallytermed asmembranevesiclesWe investigatedthe impactof overproducing
these proteinsin a humanpathogen,Pseudomonaseruginosawhosegenomeencodesboth proteinsrevealing
the sameeffect. The deletion of both genesin P. aeruginosaresultedin a substantiallossof vesicleformation.
Theseresultscollectivelypinpoint thesetwo groupsof proteinsasactivemembranere-shapingeffectors,andit is
to our knowledgethe first report on active vesicleproductionin bacteria In this project, | proposeto follow up
the groundworklaid in E coliand P. aeruginosao harnessthe full potential of these membranevesicledor the
benefit of rhizobiaplant interactions Firstly, we will employ the interactomicstechniquesthat are routinely
conductedin my lab, which consistof affinity purification coupledwith massspectrometryto identify the protein-
protein interactions underlyingthe biogenesisof these structuresin different rhizobia species Next, we will
induce the expressionof diverse interaction partners found in the interactomic studiesto modulate vesicle
formation. Finally, we will tailor the proteic and metabolic cargo of these membrane vesiclesencapsulating
nodulationfactors, nitrogenfixing enzymespr phytopathogeninhibitorsto improve nodulation, nitrogenfixation,
andultimately plant growth.
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The Rhizobiurdegume associationsare establishedthrough specificsignals,as those producedby the rhizobia
suchas Nod factors, exopolysaccharideand secretedproteins called effectors Theseeffectorsare translocated
by different secretion systems,and the type VI secretion system (T6SS)is one of them. Genesencoding
componentsof TeSSare presentin more than 60% of rhizobia, but the relevanceof the systemis not well

understoodin these bacteria The T6SShas been related mainly to antibacterialactivity and virulence against
eukaryotes Ourgroupstudiesthe T6SSof Rhizobiunetli, Bradyrhizobiunsp. and Rhizobiunruizarguesonisin the

first two speciesa positive effect on symbiosisof the T6SSwas shown(SalinereLanzaroteet al., 2019 Tighiltet

al., 2021 andin the third one,the T6SSseemso havea negativeor neutral effect on symbiosisvith peas

An analysidby mutagenesi®f genesencodingpotential T6SSdependenteffectorshasshownthat, in R etli, these
effectors would have no relevanceto bean symbiosisin contrastto what resultsfrom mutation in a structural
gene such as hcp The potential effectors would be related to antibacterial functions, as deducedfrom the

presenceof conservedmotifs, impaired growth when expressedin E coli, and reduced competitivenessin

nodulationcomparedto the wild type strain. In Bradyrhizobiunsp. a mutation in a methyltransferaseencodedby
its T6SShas an effect on symbiosiswith Lupinusangustifoliusthat could be related to plant recognitionof the

bacterium(Tighiltet al., 2021).

Regardinghe expressiorof the T6SSsystemswe haveidentified a promoter region(P6) wherethe orientation of

the two main T6SSgene operonsdiverge Thisregion is active in symbiosisin R etli and Bradyrhizobiumsp,,

whereasit is not activein R ruizarguesonisP6 activationin free-living conditionshasbeenfound only in R etli.

The R ruizarguesonisP6 inactivity (deducedfrom the absenceof Hcp immunodetection)may be due to the

accumulationof mutations in this region Thisis consistentwith an incompatibility between T6SSactivity and
effectivenodulationin peas

Thesedata suggesthat, similarlyto the presenceof the type Il secretionsystemsin rhizobia,the T6SSmay have
a positive,negativeor neutralrole in symbiosiglependingon the interactinglegumeandrhizobialspecies
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Glyceraldehyde-phosphatedehydrogenas€ GAPDHis a housekeepingrotein widely conservedacrossall living
organisms Its principal function is the interconversion of glyceraldehyde8-phosphate and 1,3-
bisphosphoglyceratén the glycolyticand gluconeogenigathways However,it has also been describedas a
moonlightingprotein involvedin different biologicalprocessegSeidler2013. In plant beneficialbacteria,suchas
rhizobia, and in pathogens like Pseudomonassyringe, non-conclusive evidence that GAPDHmay have a
moonlightingfunction or be exportedto the outside of the cell hasbeenreported (Emerich& Krishnan,2014
Elkhalfiet al., 2014). Resultsfrom our laboratoryindicate that Rhizobiumetli GAPDHorotein can be secretedto
the extracellularculture mediumunder certainconditions(Loriteet al., in preparation)

With the aim of identifying possiblenew roles of GAPDHn R etli CFM2, a mutant strain ACLD lackingthe gap
genewasconstructedand characterizedWe assesseds metabolismin free-living culturesaswell asin symbiosis
with its host plant, Phaseolusvulgaris Themutant lackingthe gap genewasunableto grow with gluconeogenic
carbon sources(i.e. succinate),and showed a very reduced growth with glycolytic C sources(i.e. glucose)
However,it wasableto grow when providedwith both typesof C sourcesat the sametime. In symbiosiswith
Phaseolusrulgaris the Gap mutant was only able to form small white noduleswith no capacityof nitrogen
fixation. All free-living and symbiotic mutant phenotypeswere reverted after geneticcomplementationwith a
wild-type gap gene Complementationwas not possiblewith a gap gene version carryinga single nucleotide
mutation affectingthe Gapactivesite. TheR etli Gap mutant wasalsocomplementedwith P. syringaegapl and
gap2 genes,and most of the deficient phenotypeswere improved gapl allowed growth of the mutant with
unique carbon sourceslike the wild-type strain, as well as recovery of wild-type nitrogenfixing efficiencyin
symbiosisvith commonbeans However,Pto gap2 only improvedthe ability of ACLD to grow with gluconeogenic,
but not with glycolyticCsources In contrastto gapl complementation.expressiorof gap2 in the rhizobial ACLD
mutantonly allowedfor partial, yetincompleterecoveryof the wild-type nitrogenfixationlevels
Theresultsshowthe importanceof the GAPDHenzymeactivity for R etli for free-living andin symbiosiswith P.
vulgaris The data suggestthat both glycolyticand gluconeogenicGAPDHhctivities are essentialfor nodulation
andnitrogenfixation.
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TheTypeVI secretionsystem(T6SS)is a bacterialnanomachineinvolvedin interbacterialcompetition Attacking
T6SS bacteriareleasetoxins inside prey cells, inhibiting the growth and/or killing competitors in a contact

dependentmanner, providing fithess advantages The biocontrol agent P. putida efficiently usesthe T6SSas a

mechanismto protect plants from deleterious phytopathogens. The strain K12440 encodesthree type VI

secretionsystems(KL-, K2- and K3-T6SS)but only the K1-T6SShas been proved to be functional and to have
antibacterialactivity up to datel. Here,we studythe functionality of the K2- and K3-T6SSsy testingthe capacity
of single,double andtriple T6SSmutantsto kill different preysin competition assaysThetriple mutant wasless
competitivethan the mutant lackingonly the K1 systembut only if the prey wasa plant pathogenand not a lab

strain. Thisdata indicatesthat the K2- and/or K3-T6SSmight be activein P. putida natural nichesin the presence
of real competitors An increasingnumber of studiesare showingthe relevanceof T6SSto modulate complex
polymicrobialcommunities,especiallyin the gut?. Here,we studythe role of P. putida T6SSsn shapingmicrobial
communitiesin its habitat, the rhizosphere First, we investigatethe capacityto colonisethe rhizosphereof

tomato plantsgrowingin agriculturalsoil by the wildtype andthe T6SSnutantsaspreviouslyreporte®. Secondly,
we analysedthe microbiome presentin the rhizosphereof these plants inoculated with the aforementioned
strains We observedthat all T6SSmutants havea lower capacityto colonisethe rhizospherewhen comparedto

the wildtype strain. In accordancewith that, the Principal ComponentAnalysis(PCA)of the tomato plants
microbiotashowedtwo clearlydifferentiated groups On one hand,the microbiotaof plantsinoculatedwith the

wildtype strainthat it is ableto outcompetefoesin a T6SSdependentmanner, on the other hand,the microbiota
of plantsinoculatedwith the T6SSmutantsunableto do that. Theseresultssuggesthat the T6SSof P. putidaare

functional in the rhizosphere,in the presenceof competitors, modulate this polymicrobialcommunity and are

instrumentalfor P. putidacolonizationof the plantroots.
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The Type six secretion system (T6SS)has been originally described in Vibrio cholerae and Pseudomonas
aeruginosaasa protein nanomachinesystemthat translocatesspecificproteins directly into target cells T6SSs
are presentin more than 25%of gramnegativebacteria,mostly confinedto the phylumProteobacterisand many
of them encodingmore than one T6SSin their genome It hasbeen describedthat its relevanceresidesmainly
within its anti-prokaryotic activity. The T6SSin Pseudomonasas been involvedin biofilm formation and anti-
bacterialtoxins production!. Themodelorganismof this study, Pseudomonafiuoresceng=113 wasisolatedfrom
the sugarbeet rhizosphereand containsthree T6SSin its genomicsequencé. Generally the core genesof the
T6SSsare locatedin genomicclusters,which encodethe structural proteins and caninclude accessoryproteins
involvedin regulationof the T6SSsMoreover,genesencodingTeS Seffectorsandtheir cognateEffectorimmunity
(El)pairs proteins are commonlylinked to hcp and/or vgrGgeneswithin T6SSclusters Genesencodingorphan
VgrGproteins,not geneticallylinkedto any T6SSstructural clusterhavealsobeendescribedfor a long number of
T6Ssharbouringbacteria. We have identified an orphan vgrGislandsin F113 (vgrGba) associatedwith genes
encodingputative T6SSrelated proteins a possibleregulatory Tapprotein, followed by an effector, Tfe8 and an
immunity protein, Tfi8. Thegeneticorganizationof the regionsuggestghat tfe8 andtfi8 maybe co-transcribed In
order to test the possibleantibacterial activity of this region, two insertional mutants were constructed,one
affectingvgrGa and another affectingthe tfe8 gene A bacterialcompetition assayrevealedthat both mutants
were affectedin their capacityof killing E coli. Totest whether Tfe8/Tfi8 constitute an effector-immunity pair, the
genesencodingTfe8 and Tfi8 were clonedin the pT7-7 vector,asaresult,the E colistrainexpressindfe8 and not
tfi8 wasaffectedin growth. Theseresultsindicatethat TfeB is a bacterialkilling effector, while Tfi8 is its cognate
immunity protein. Tfe8 may representa noveltype of T6SSeffector with homologyto protein family involvedin
drugextrusion
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Sinorhizobiuniredii HHLO3 is a broad host rangerhizobialstrain able to establishnitrogenfixing symbioseswith
dozensof legumegenera,includingthe relevantcrop soybean Our researchgroup hasextensivelycharacterized
the productionof bacterialmolecularsignalg(Nodfactors,type 3 secretedeffector proteins,and different surface
polysaccharidesand studiedtheir regulationat the protein-dependentgenetranscriptionlevel (PérezMontafio
et al. 2016 AcostaJuradoet al. 20192020. Thesestudies have included different RNAseganalysesbut are
clearly incomplete since the analysisof the role of small non-coding regulatory RNAs(sRNAs)has been
overlooked

Recently we havestarted the analysisof the non-codingtranscriptomeof S fredii HHLO3. Forthat purpose,we
have mixed the total RNAobtained in 15 different conditionsand carried out Cappableseq which allows the
determinationof the transcriptionstart sites(TSS}hat were activein those conditions TSSsvere associatedo
messengerRNAs(mRNAS),sense,antisense,or trans sRNAsaccordingto their location with respectto the
annotated ORFsThesameapproachis beingundertakenin parallelin another rhizobialstrain, Rhizobiuntropici
CIAB99, whichenabledreannotationof the two genomedo includethe non-codingRNAgenes

In addition, we have performed strand-specific RNAseqon total RNAfrom bacteriain 6 different conditions
minimal medium (MM, control), MM + mannitol 400 mM (osmotic stress),MM+ genistein(effective nod-gene
inducer), and bacteroids of three different HHLO3 host plants (Glycine max, Lotus burttii, and Glycyrrhiza
uralensiy. The analysis of these data will allow a more precise characterisationof the specific HHLO3
transcriptomesfor each condition, including protein-coding sequencesand sRNAsWe have carried out similar
experimentsn R tropici CIAB99andin the modelrhizobialstrain Sinorhizobiunmeliloti 1021 Thecomparisorof
the non-codingtranscriptomesof thesethree rhizobialstrainswill allow obtainingtheir cataloguesof SRNAsand
finding common and specificsRNAghat may be relevant for symbiosis We will also provide the preliminary
results of our studieson the HHLO3 sRNAsAbcR. and AbcR, widely conservedin rhizobia,and F6, unigue to
sinorhizobiabpeciesodulatingsoybean
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Rhizobiaare soil proteobacteriathat can establisha symbioticrelationshipwith host legumes Thisinteraction
requiresa complexmoleculardialoguein which bacterialNodD proteins play a very important role activatingthe

expressiorof symbioticgenes,whenin the presenceof appropriateflavonoids Amongrhizobialsymbioticgenes,
nod genesare responsiblegfor the synthesisf signalsnoleculescallednodulationfactors(NF) that are crucialfor

establishmentof symbiosis Interestingly,in Rhizobiumtropici CIAB99, besidesflavonoids,another factors, like

osmoticor salinestress canactivatenod geneexpressior{PérezMontafioet al., 2016 del Cerroet al., 2019.

We haveinvestigatedwhether osmotic stresshasalsoan effect on another rhizobialstrain, Sinorhizobiunfredii

HHLO3 (Margaretet al., 2011). In this communicationwe showthat the presenceof mannitol400mM affectsthe

expressiorof hundredsof genesasassessethy RNAsegand affectsdifferent bacterialtraits suchasmotility, and
productionof exopolysaccharidé\F,acylhomoserindactonesandindoleaceticacid (I1AA)
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Sinorhizobiumfredii HHLO3 is a nitrogendfixing bacterium able to nodulate a broad range of legumesthat

possessea functionaltype 3 secretionsystem(T3SS) The T3SSs one of the bacterialmechanismsnvolvedin the

establishmenbof the rhizobiumlegumesymbiosistogether with Nod factorsand surfacepolysaccharidefl6pez

Baenaet al., 2016. The T3SSis a specializedsecretionapparatuswhich deliversproteins, called effectors (T3E),
directly from the cytoplasmof the bacteriumto the cytoplasmof the host plant cell. The T3Einfluencenodulation
in a positive, neutral and even negative way, being involved in hostrange determination and nodulation
efficiency Moreover, the T3SSand the nodulation genesare coregulatedin rhizobia, whose transcription is
flavonoidandNodDdependent(Teuletet al., 2022).

In this work, we studieda novel T3Efrom HHLO3, Sfel. Thiseffector, originallyidentifiedin silica showshomology
to a family of effectorsthat hasonly beenidentified in phytopathogenidacteria In this work, we showthat the

gene codingthis T3E is expressedin minimum medium (MM) induced with the flavonoid genistein Secretion
assaysn theseinducingconditionswere performedto confirmthat this protein is secretedby the S fredii HHLO3

T3SS
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Nitrogenfixing root nodule symbiosesbetween rhizobia and legume plants are built on a strict metabolic
cooperationbetweenthe partners Thenitrogen statusof both bacteriaand plant is a major metabolicsignalthat

rewiresrhizobialgeneexpressiorand metabolismduring nodulationand symbioticnitrogen fixation (Patriarcaet

al. 2002. To date, geneticand metabolic reprogrammingof rhizobia during the symbiotictransition has been
studiedalmostexclusivelyfrom the perspectiveof the transcriptionalcontrol orchestratedby proteins However,
posttranscriptionalregulationof gene expressiorby small RNAs(sRNAs)s expectedto play major rolesin the

establishmentof these mutualistic symbioses A large classof sRNAsare the so-called transssRNAghat are
differentially expressedrom intergenicregionsand most commonlymodulatetranslationand/or stability of their

target MRNAsby short and discontinuousantisenseinteractionsand ribonucleasegecruitment (Robledoet al.

2020.

The Nodule Formation EfficiencyRegulatorNfeRL is the only trans-sRNAcharacterizedio date whose lossof-

function compromisesodulationkinetics,nodule developmentand symbioticefficiencyof Sinorhizobiunmeliloti

on alfalfa roots. However, its function has not been delineated with detail yet. This trans-sRNAshas three

unpaired anti-ShineDalgarno(aSD motifs with redundant regulatory functions, which likely act as interaction
seeddor mRNAtargetingto blocktranslation(Robledcet al. 2017).

We haveinvestigatedthe transcriptionalregulationof S meliloti NfeRL andwe havedemonstratedthat NfeRL isa
nitrogen stressinduced sRNA which is transcribedfrom a duatmode promoter activated by LsrB(LysRype

symbiotic regulator) and repressedby the master regulator of the nitrogen stressresponse(NSR)NtrC. LsrB
promotes a seeminglyconstitutive NfeRL transcription, which is downregulatedby NtrCmediated repression
under nitrogensurplusconditions

TheNtrBCtwo-componentsystemis at the core of regulationof nitrogenassimilationin free-living rhizobia,which
is fully active at the onsetof nodulation,i.e., nodule formation is totally inhibited by nitrogen excessn soil We

have also demonstratedthat NfeRL is involvedin the fine-tuning of the bicistronicmRNAntrBChy direct ntrB

targeting,which placesthis sSRNAgt the core of the S meliloti NSRregulation Thisnovel RNAelementdescribed
here would guarantee the robust feed-back regulation of the NtrBC two-component system, thereby
strengtheningthe NSRby relieving the (auto)repressionof the ntrBCand helping S meliloti to competitively
survivethe nitrogenstressof the rhizosphereenvironment
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Ribonucleases(RNases)are key elements of posttranscriptional regulatory networks that are poorly
characterizedin rhizobia Decayof mRNAupon antisenseinteraction with regulatory small non-coding RNAs
(sRNAsrommonlyinvolvesprevalent prokaryotic endoribonucleaseske RNasdlll, which is specificto double-
strandedRNAgdsRNAJRobledeet al. 2020 Quenderaet al. 2020). We previouslycharacterizeds meliloti RNase
Il (SmRNasdl) biochemicallyand genetically(Saramaget al., 2018). Here,we analyzedSnmRNAsdIl-dependent
alterationsof the S meliloti transcriptomeunder oxicand microoxicconditions,the latter mimickingthe symbiotic
environmentwithin root nodules

RNASeqgrevealeda strongimpactof this RNasén the S meliloti transcriptomeas expectedfrom the pleiotropic
phenotypeof the knockout mutant. Proteincodinggenesmisregulatedin the mutant with respectto the wild-
type strain (log,FC> 1 or < -1 in the combinedaerobicand microaerobictranscriptome)represent42% of ORFs
annotatedin the S meliloti genome We further correlatedalterationsin the steadystate levelsof mRNAswith
those of their correspondingantisensesRNAgasRNAsand comparedthe SnRNasdll-dependenttranscriptome
with the mRNAinteractomesof the well-characterizedAbcR. and AbcR2 trans-sSRNAs

Thisanalysisanticipatesa greatimpactof this endoribonulceasén the posttranscriptionalRNAsilencingof genes
relevantto both the free-livingand symbioticrhizobiallifestyles
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Glycinesoja (Sieboldand Zucc) is the wild ancestorof the domesticatedsoybean(G. max). During soybean
domestication,many natural phenotypic changesaffecting plant development, seed size and protein and oil
content, among others, have occurred In this processof domestication,traits controlling the formation of
symbioticroot nodulesby severalhost resistance(R) genes,referred to asRjrj genes,have been maintainedin
agronomicallymprovedsoybeancultivars TheseR proteinsinteract with type 3 secretionsystemeffectors(T3E),
blocking nodulation Four R geneshave been traditionally consideredin soybeanas associatedto nodulation
restriction: i) the Rfgl gene,which restricts nodulationwith some Sinorhizobiunfredii strainssuchas USDAR57,
USDARO05, and USDA93 ii) RR, an allelic variant of Rfgl, which restricts nodulation with Bradyrhizobium
japonicumUSDA 22 iii) RB soybeangannotbe nodulatedby someB. elkaniistrainssuchasUSDA3, BL8-8, or
BL¥-1; andiv) strainssuchasB. japonicumlis-34 or B. elkaniiUSDA&1 cannotnodulate R4 soybeansRecently a
new R protein, GmNNL, has been describedto interact with the B. diazoefficiensUSDA10 NopPto inhibit
nodulationduringroot hairinfection.

Previousstudies of our researchgroup indicate that inactivation of the S fredii T3SScan block or induce the
formation of nodulesin severalG. sojaaccessionsThissuggestghat wild soybeanscould have R proteins that
interact with still unknown S fredii T3E or even possessnew resistanceproteins, or R proteins with different
sequencesthat couldbe the originof the cultivarspecificityphenotypein agronomicallymprovedsoybeans

In this work we studiedwhether the S fredii genesinvolvedin wild soybeannodulationspecificityare associated
to the symbioticT3SSand whether it is possibleto modulate nodulationrangeby transferringsymbioticplasmids
from S fredii strainsable to nodulate with soybeansand wild soybeando strainsunableto nodulate with these
legumes Our final goalis to find new R proteinsin wild soybeanghat interact with T3E, determineif they are
conservedn domesticatedsoybeansand studytheir evolutionduringsoybeardomestication
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Bacteria can move on surfacesto colonize new environments and get more resources Rhizobiaare soil
proteobacteriaable to establisha symbioticnitrogenfixing interaction with legumesrelyingon a complexsignal
interchangebetweenboth partners Theinteraction betweenthe flavonoidsexudedby legumesandthe bacterial
transcriptionalactivator NodDregulatesthe transcriptionof different rhizobialgenes(the so-callednod regulon)
and, with the participationof additional bacterialregulatoryproteins (suchas Tts| MucRor NolR), influencethe
productionof different rhizobialmolecularsignalsin S fredii HHLO3, a broad hostrangerhizobiaableto nodulate
dozensof legume generaincluding soybean,the nod-gene inducer flavonoid genisteinand NodDL trigger the
production of Nod Factorsas well asthe type 3 secretionsystem(T3SS)assemblyand the subsequenteffector
proteins secretion, but repressthe exopolysaccharidgroduction and biofilm formation (AcostaJuradoet al.
2016 PérezMontafio et al. 2016). In this communication, we report that genistein promotes a surface
translocationwhich involvesboth flagelladependentand independentmechanismsput not affects swimming
motility. Thissurfacemotility is regulatedin a flavonoidNodDL-Ttskdependentmanner,relieson the assemblyof
the symbioticT3SS and involvesthe participationof additionalmodulatorsof the nod regulon(NolRand MucRL)
(AliasVillegaset al. 2022. Tothe best of our knowledge,our investigationsshow for the first time in a rhizobial
strainthat the inducerflavonoidscanactivateboth T3SSsynthesisand surfacemotility.

We will alsoshowthat the S fredii HHLO3 SFHHI03 00346 SFHH03 00348geneswhoseexpressioris driven by
a previouslyunknown and not fully conservedtts box (a rhizobial promoter sequencewhere Ttsl the main
regulatorof T3SS pindsand activatesthe geneexpression)ijs involvedin genisteirinducedsurfacemotility. The
inactivationof thesegenesaffectsswimmingmotility andalsopartiallyimpairsthe symbiosisvith soybean
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Proteinoverexpressiorsystemshave beentraditionally usedto studythe role of a determinedprotein in diverse
cellularprocessesasa complementto the constructionof bacterialmutants lackingsuchprotein. Thesesystems
have proven their valuein bacterial cultures,or co-culturesof bacteriaand higher eukaryotes,to increasethe

concentrationof a givenprotein over the courseof the assay However,one of the main challengedimiting their

usefulnesdor in vivoapplication,asbacterialcolonizationassaysis the protein leakagedueto basalexpressiorof

the promotersused Thismay leadto misinterpretationsof experimentswhenthe protein is not expressedn an

appropriatemomentor placeduringthe infection. Moreover,the potential toxicity to bacterialhostsandthe high

costof the inducermolecule(e.g. IPTGor tetracycline)might restrict the applicationof someexpressiorsystems
Furthermore these systemsare not usuallyconceivedo be usedin different bacterialspeciesandtherefore the

stability of plasmid vectors bearing regulatory elements can be compromisedin some bacterial hosts, in the

absenceof selectivepressure Herewe describethe redesignof a protein expressiorsystemthat wasusedin the

pastfor heterologousprotein overexpressionalongthe progressiorof diverseinfections(MedinaCet al., 2011;

MedinaCet al., 2012. We havecombinedin the sameDNAfragmentthe salicylateinduciblecascadesxpression
system,composedby a regulatory module containingthe two divergent promoters Pnah/Psal that drive the

expressionof hahRand xyl®-nasRrespectively,with a constitutively expresseddtomato reporter geneand an

expressiormodule composedby the Pmpromoter tailed by a multiple cloningsite. The systemis almostsilenced
by the presenceof a transcriptionalattenuator upstreamof the Pm promoter that is anti-terminated upon the

addition of the non-toxic molecularinducersalicylate Thisconstructionhasbeen clonedin the vector pFA1702
that is stablein a wide backgroundbof gramnegativebacteria,by the presenceof the post-segregationakiller loci

from the symbiotic plasmid of Sinorhizobiumfredii sp. NGR34 (Dombrechtet al., 2001). This vector was
introducedin rhizobacteriasuchas Azospirillumsp, Pantoeasp, Pseudomonaputida and severalrhizobialstrains,
andits stabilityandinducerconditionswere tested,demonstratingts usefulnessinderlaboratoryconditions
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FixK is a CRP/FNf&ype transcriptionfactor that playsa centralrole in a sophisticatedregulatorynetwork for the

anoxic,microoxicand symbioticlifestylesof the soybeanendosymbiontBradyrhizobiundiazoefficiengreviewed
in Salaset al., 2021). Apart of the balancedexpressiorof the fixK, gene under microoxicconditions(inducedby

the two-componentregulatory systemFixLJand negativelyauto-repressed)FixK activity is posttranslationally
controlled by proteolysis,and by oxidation of a singularcysteineresidue (C183) near its DNAbinding domain

(reviewedin Fernandezt al., 2016).

Tosimulatepermanentoxidationof FixK, we replacedCl83for asparticacid Thissemiconservativereplacement
(due to both its size and charge)would mimic FixK overoxidation (sulfenickulfinic acid cysteinederivatives)

Purified C183D FixK protein showedboth low DNAbindingand in vitro transcriptionalactivationfrom a genuine
FixK target, i.e., the promoter of the fixNOQPoperon (Cabreraet al., 2021), which is required for respiration
under symbiotic conditions However,in a B. diazoefficiensstrain coding for C183D FixK, expressionof a

fixNOQRW f fufidrrwassimilarto that in the wild type, when both strainswere grownmicrooxically TheC183D

FixK encodingstrain also showeda wild-type phenotypein symbiosiswith soybeansand increasedfixK, gene
expressionlevels and FixK protein abundancein cells Thesetwo latter observationstogether with a global
transcriptionalprofile of the microoxicallycultured C183D FixK encodingstrain suggesthe existenceof a finely

tunedregulatorystrategyto counterbalancehe oxidationmediatedinactivationof FixK in vivo.
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Type IV pili are long thin microbial appendageswhich are formed by thousandsof proteins known as pilins.
Throughcyclesof extensionand retraction resultingfrom pilin polymerizationand depolymerizationyespectively,
pili serve different functions in bacteriaincluding surface sensing,attachment and biofilm formation, motility
acrosssurfacesand host colonization(Ellisonet al. 2022). Despitetheir relevantrole in diversemicrobiallifestyles,
knowledgeabouttheseappendagedn rhizobiais still limited.

TheS meliloti genomeharborsseveralgenescodingfor proteinsknownto participatein the assemblyof type IVc
pili (T4cP)alsoknownasFIp (Fimbriallow-molecularweight proteins)or Tad(Tightadhesion)pili. In the reference
strain RmL021, T4cP genesare organizedin two clusters flp-1, which is located on the chromosomeand flp-2,
which is located on the pSymAmegaplasmidand seemsto be truncated Bundleforming pili associatedo the
chromosomalflp-1 region have been involved in competitive nodulation of alfalfa plants (Zatakiaet al. 2014).
However no informationis availableaboutthe role of the flp-2 regionin the biogenesi®f pili andtheir function.
In the highly competitive strain S meliloti GRI, genesthat are absentin RmL021 and potentially code for pilus
assemblyproteins, havebeenidentified in its pSymAmegaplasmidin this study, we haveinvestigatedthe role of
the flp-1 andflp-2 regionsin the productionof T4cPin GRI. Singleand doubleflp mutantshavebeenconstructed
in the wild-type geneticbackgroundas well asin flagellalessderivative mutant strains The different resulting
strains have been assessedor pili production by TransmissiorElectron Microscopyobservations The role of
theseappendage# surfaceassociatedehaviors plant colonizationand nodulationwill be presented
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Bacterial exopolysaccharideEPS)are secreted biopolymers with important roles in bacterial survival,
colonizationand interaction with eukaryotichosts Amongthe large diversity of EPSare the bacteriallineari -

glucans,unbranchedpolysaccharideformed by D-glucoseunits linked by i -glycosidicbonds, which include
curdlano i1 D-glucose)cellulosed 1My D-glucose)andthe more recentlydescribedMixed Linkagée -Glucan
(MLG o i1 i 1 D-glucose) Bis(3 ,5)-cyclicdimeric guanosinemonophosphate(c-di-GMP)is a universal
bacterial second messengerinvolved in the bacterial decisionto attach to a surface and form a biofilm

community. Gdi-GMPis a key activator of the production and secretionof different biofilm matrix components,
includingdiverseEPSIn this work we report the commonbean symbiont Rhizobiumetli asthe first bacterium
capableto producethe i -glucanscelluloseand MLG Significanamountsof thesetwo i -glucansare not produced
in free-living laboratory conditions, but their biosynthesisis triggered when intracellular c-di-GMP levels are

elevated Bothi -glucanscontribute to Congored (CR) and Calcofluor{CF)-positive colony phenotypes Cellulose
appearsto be more relevantthan MLGfor aggregationand biofilm formation under high c-di-GMP conditions

Noneof thesetwo EPSare essentialfor attachmentto roots of Phaseolusulgaris neither for nodulationnor for

symbioticnitrogen fixation. However,they separatelycontribute to the fithessof interaction betweenR etli and

its host Overproductionof these i -glucans, particularly cellulose, appears detrimental for symbiosis This
indicatesthat their biosynthesismust be strictly regulatedin time and space Althoughboth celluloseand MLG
production are activatedby c-di-GMP., it is likely that their biosynthesids controlled by different, yet unknown

regulatorypathways
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The dehesa(Spain)and montado (Portugal)are traditional systemsin oak savannaghat sustainablyintegrate
agriculture,livestockand forestry (Plieningeret al., 2015. Thepasturesin these systemsare increasinglysowed
with legumerich mixturesto increasetheir productivity and quality (Moreno et al., 2018. Recently it hasbeen
shown that sowing legumeshas an important effect on soil microbial community structure and composition
(Moreno et al., 2021). However, if this translatesto changesin microbial functionality is not known Thisis
important becausethe activity of the soil microbiome influence a large number of important ecosystem
processes,including nitrogen, phosphorus and carbon cycling In this study, we assess,using shotgun
metagenomicsthe impact of sowinglegumeso Bor >10 years)on the microbial functional potential related to

thesethree cycles We found that sowinglegumeshasa profoundimpactin both the diversityand compositionof

N, P and C cyclinggenes For example,the relative abundanceof nifH genesdecreasedsignificativelyin soils
plantedwith legumesWhetheror not thesegeneticchangesaffect different ecosystenprocessessuchascarbon
andnutrient cycling,is currently beinginvestigated
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The gaseous hormone ethylene is a well-kknown inhibitor of symbiotic legumerhizobium interactions
Interestingly ethylenebiosynthesishasbeenshownto occurin severallegumeshoursafter rhizobiuminoculation
in a Nod-factor dependentmanner. However,both the molecularmechanismsaunderlyingthis processand the
specific D of the enzymegesponsibldor this biosynthesigsemainlargelyunknown

In plants, ethylene biosynthesiss mediatedby the action of two consecutiveenzymes 1-aminocyclopropanel-
carboxylatesynthase(ACSpand oxidase(ACO)In contrastto other plant speciesjn the modellegumeMedicago
truncatula these families have not been describedin detail. Thisleadsto misinterpretation of scientificresults
relying only on BLAS®ased annotations Furthermore, they are quoted in the literature using different
nomenclature complicatingmatter further.

Theobjectiveof the currentwork is two-fold; first, we havecarriedout a comprehensiveanalysiof the latest M.
truncatula genome version (v. 5.1.8, Pecrixet al., 2018, performing a combination of reciprocal BLASTand
phylogeneticanalysisto revaluatethe annotation of all ACSand ACOgenes In the caseof the ACSfamily, we
discoveredwo geneswronglyannotatedas ACSwhich belongto the family of aminotransferasesand numerous
annotatedas ACOswvhich belongto the 2-oxoglutarateand Fe(ll}dependentoxygenasesuperfamily Thishasled
to the identification and consensusamingof a total of 9 ACSs&nd 5 ACOsSecondwe haveperformeda meta
analysis,compilingthe existingRNAseq transcriptomicdata for different M. truncatula tissuesand conditions,
with a specialfocus on symbiosis Finally,we have confirmed the expressionof some of these genesusing
guantitativereattime PCRand promoter.GUSusionanalyses

This dataset establishesa framework upon which to propose candidate genes responsible for ethylene
biosynthesispoth duringthe infection process,at early symbioticstages,and in mature nitrogenfixing nodules,
for future investigation
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Plantgrowth promoting bacteria(PGPBpasedbiostimulantshavebeenusedasalternativeandintegrativeinputs
to minimizethe useof mineralfertilizersand pesticidesin agriculture ThegenusAzospirillumhasshownpotential
in plant growth promotion for maizeand other crops. However the lackof holisticcomprehensiorabout PGPBs
plant-native soil microbiome can lead to inconsistencyof resultsin field conditions Recentecologicaltheories
revealedthat plant microbiomesare organizedas communitieswith keystone speciesand helpers which, in
synergismgcanimpact plant health and productivity?3. Thuswe aimedto characterizethe microbial community
associatedwith maize under influence of a native soil (NS)microbial community abundancegradient and the
PGPBmaize inoculant A. brasilenseAb-V5. Our hypothesiswas that PGPefficiencyis related to Ab-V5 niche
occupationand persistenceandthis couldbe a proxyfor enrichmentof other beneficialsoilplant bacteriagroups
in the rhizosphere Aiming to understandthe PGPBplant-microbiome system, we conducted a greenhouse
experimentin which the synergisticeffect of Ab-V5 and soil native microbialcommunities(NS,NSdilutions 10,
10&land 1080 and irradiated soitlS)was evaluatedthrough plant phenomics monitoring 16SrRNAgeneand Ab-
V5 genomeequivalentabundanceby gPCRbulk soil and rhizospherel6S rRNAmetataxonomicsmetagenomics
and data integration We constructed microcosmscontaining Gamma[%°Co] irradiated pot soil to drastically
reduce starting microbialinoculum and a dilution-to-extinction gradient of a maizefield soil (collected5-10 cm
bellowground was transplantedto the irradiated soil, with four replicateseach NSand IS soilswere used as
controls Ourresultsrevealedthat synergisnof NS10e8 + Ab-V5 and NS10e+ Ab-V5 promoted highermeansof
shoot and root dry weights,root length and root volume comparedto NS+ Ab-V5. The abundanceof 16SrRNA
genewasnot statisticallydifferent amongtreatmentsin bulk soil after 15 daysof sowing(DAS)In treatmentsNS
108 and NS 10&,) Ab-V5 persistsdetectably in the maize rhizosphereuntil 15 DASwith higher abundances
comparedto NS We identified potential keystonegenerain bulk soil and rhizospherecommunitiesthrough
metataxonomicsanalysis speciallyplant-soil beneficialbacteriain NS108 + Ab-V5. Genesinvolvedin bacterial
metabolismof carbon compounds,denitrification, tryptophan metabolismand transcriptional regulation were
more abundantin the NS10& + Ab-V5 plant rhizosphere,indicating that these pathwayswere key for plant
growth promotion. In NS+ Ab-V5, higher abundanceof Sphingomonasand Bradyrhizobiumwere positively
correlated with genesinvolved in degradation of xenobiotic compounds Our results indicate that Ab-V5
abundancein microbiotais dependenton microbialinteractionsof the biostimulantwith plant-associatechative
microbialcommunities Thismulti-omicsapproachfor the holisticview of the complexsystemcomposedoy PGPB
plant-microbiome opens new perspectivesfor optimization of biostimulantsformulation and recommendation
with enhancecdefficiencyfor plant growth promotion.

References

1Hungria M., CampoRJ, SouzaEM. et al. (2010 PlantSoil331, 413¢425. doi: 10.1007s11104009-0262-0.
2Banerjee,S, SchlaeppikK & vander Heijden,M.G.A. (2018). doi: 10.1038s41573018-0024-1.
3vander Heijden,M. G. A;; Hartmann,M. (2016 PLoSBiologyv. 14(2):e1002378 doi: 10.137¥journal.pbio.1002378

Acknowledgements

The S&o Paulo ResearchFoundation- FAPESRgrants 2019257202 and 201904697%2) and The National Council for
Scientificand Technologicabevelopment CNPggrant14028720191).



Moreno-de Castro M AyalaGarcia B JiménezGuerrero 1, PérezZMontafio P,
Borrero-de Acufia JM

1Departamentode Microbiologia,Facultadde BiologiaUniversidadde Sevilla,Av. de la ReinaMercedes,no. 6, SevillaCP
41012 Spain* Correspondinguthors

Rhizobiaare a group of " - andi -proteobacteriathat havethe ability to establishsymbiosisvith legumes In this
process rhizobiainfect legumeroots and inducethe formation of a new type of organs,the nodules Eventually,
rhizobiainvade nodule cells,where they differentiate into bacteroids a form that expressesiitrogenasegenes,
fixing N, into ammonia The bacteroidsthen supplythe ammoniato the plant that, in exchangesuppliesthe
bacteroidswith carbonand other nutrients (1). Theentire processs knownasnodulationandit is highlyrelevant
since it promotes plant growth having the potential to replace polluting chemicalbased fertilizers, which
negativelyimpactthe environmentand contributeto globalwarming

This symbiosisis markedly specific, since each rhizobial strain can only nodulate with specific host legumes
Sinorhizobiunfredii HHLO3is one of the beststudiedrhizobia Thisstrainis a broadhostrangerhizobium,beingableto
nodulate dozensof legumes,including essentialcrops as Glycinemax the major crop legume needed for the
productionof humanfood, animalfeed, andbiofuel, whichmakeshis strainanagronomicatelevantrhizobium
Therhizobialegumesymbiosids establishedoy a complexmoleculardialoguethat startswith root exudatesthat
includeflavonoids,phenoliccompoundsthat activatethe NodD protein, a transcriptionalregulator that induces
the expressionof nodulatinggenes,and therefore, the Nod factors production Thesesignalmoleculesproduce
different responsesn the plantthat leadto bacterialinfectionand noduleformation (2).

In order to deepenour understandingof how this moleculardialogueworks further molecularplayersmust be
considered Recently attention hasbeendrawn to extracellularvesiclesasthey are membranousvehiclesthat
conveyDNA,siRNA proteins, signalmolecules,and metabolitesbetweenthe plant and the rhizobium Bythese
means, extracellularmembrane vesiclesshape interkingdom interactions modulating the plant and rhizobial
responseghroughoutthe different stagesof plant growth and nodule development(3). In previousstudiesit has
been observedthat extracellularvesiclescarry Nod factors In this work we endeavorto dissectthe molecular
dialoguemediated by extracellularmembranevesiclesemployinga holistic a multi-omic approachto determine
the vesiclecarga In order to perform these analyseswe isolated the vesiclesfrom free-living rhizobia We
pipelinedthe workflow to purify rhizobialvesiclesby meansof ultrafiltration and ultracentrifugationtechniques
We will evaluatethe impactof flavonoidssupplyuponvesiculationratesaswell asthe differential cargopackaging
in rhizobial strains Subsequentlywe will pinpoint important playerspresentin the cargo of suchmembrane
vesiclesduringthe nodulation processby generatinga set of knockoutmutants. Finally,we will assessodulation
improvementswhen supplyingvesiclesderived from flavonoidtreated and untreated strainsas well as mutants
constructedn the previoussteponto differentiallymaturednodules
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