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Rhizobium Laboratory of ICARDA-Morocco

Microbiology platform has been established to

ensure:

- the multiplication, the conservation and the
distribution of the collection (1380 ICARDA-
Rhizobium strains).

- Research related to Rhizobial symbiotic
efficiency of Food legumes in the dry areas.

Rhizobium Laboratory/Molecular Microbiology Platform



Plan of the presentation

' Genetic diversity and symbiotic efficiency of Rhizobia nodulating diverse
lentil (Lens culinaris L.) germplasm

» State of the art.

» ODbjectives.

» Methodology.

» Findings and discussion.

» Conclusion and perspective.
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State of the art

1: Some bacteria that live in the

soil fix nitrogen using the enzyme
nitrogenase. Some are free-living.
Others form symbioses with plants

« Symbiotic Nitrogen Fixation is the best natural solution for a b ma
sustainable nitrogen fertilization.

2: Rhizobia sense
signalling compounds,

« However, Finding the best Rhizobia-legumes associations is syl
Sti“ Cha”enging. plant into the soil.
. . 3: Rhizobia respon
« So far, research were mainly focused on screening the ool
- - - - - - - genes, which produce
ubiquitous Rhizobia from different regions and soils. pocinsmobedin
creating nodulating
« The introduced (exogenous) rhizobia failed mainly to nodulate e
once they are in competition with endogenous Rhizobia. s i
and causes root hairs
« Plant genotype is not taken into account ? RS
internal oscillations
* Choosing the best genotype for efficient Rhizobia-legumes e f | (79
association. "
rso.oltui]zairt:mgspread i:w Zther ( ) ( ) ( )
cells in the plant root forming ( )( )([ )

what is known as an infection
thread. The association Key: @ Flavonoids

icarda .org between the bacteria and A Nodulating factor (Nod)
root forms the nodule. Bacteria Rhizobia



Objectives

In order to bring more understanding of the Rhizobia-

legumes association, the main objective of this study Senatyoe Variable Factor
was:

to assess the genetic diversity and symbiotic
compatibility of the rhizobial population nodulating
lentil, collected at the same site from different
genotypes planted under the same environmental
conditions.

3 Factors :

. Rhizobia (to assess) e g
* Location (constant)

« Plant genotype (variable)
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Marchouch station

10 Lentil
germplasm

Isolation of 68
rhizobia

PCR-RFLP analysis of
16SrRNA and nodD genes

14 representative

rhizobia

GENETIC DIVERSITY
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Methodology

3 Varieties:
x » Bakria

» Chakkouf

e Zaria

|

Growth parameters Assessment
* Number of nodules
 Total Nitrogen content
* Plant height
* Plant dry weight

o

Phylogenetic analysis
» 16S rRNA gene and rpoB, recA,
gyrB house-keeping genes.

~_+ nodD and nodA symbiotic genes.

Multi-locus-sequence-Analysis
(MLSA)
« (16SrRNA-rpoB-recA-gyrB) °

~—




ISCUSSION

gsand D

Findin
Symbiotic Efficiency-Parameters of Growth
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the three varieties of lentil (Bakria, Chakkouf, Zaria) in association with the selected isolates
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Findings and Discussion
Symbiotic Efficiency

Statistical Analysis

Based on the Parameters of growth with (P-value < 0.05):

« 10/14 selected isolates had significant symbiotic efficiency on Bakria variety.

« 3/14 selected isolates had significant symbiotic efficiency on Chakkouf variety.
« 3/14 selected isolates had significant symbiotic efficiency on Zaria variety.

Bakria : Best
adaptability with the
Rhizobial population
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Findin

Genetic Dive rSity-16S rRNA and H-Keeping genes

— @ Strain996N2 (MK483125)
@ Swaind96N3 (MK483130)
@ StraingS6NS (MK483121)
@ Strain322N32 (MK483126)
{— Rhizobium leguminosarum CCBAU 15396 (GU552880)
Strain318N2111 (MK483124)
Strain318N211 (MK483120)
Strain1$S74N4 (MK483123)
Strainl 15N2 (MK483122)
(MK483131)
Strain1159N11 (MKA483133)
Rhizobium laguerreae FB206 T (NR118274)
Rhizobium anhuiense CCBAU 23252 T (NR137229)
Rhizobium acidiseli FH13 T (NR147768)
@ Stainl159N24 (MK483129)
@ Strainl159N32 (MK483128)
@ Strainl 145N1 (MK483132)
@ stainl 145N (MK483127)
@ Strainl 159N41 (MK483134)
{—— Rhizobfum muithospitium DSM 21814 T (NR044053)
93 L Rhizobium leucaenae CCGE 523 (JF318176)
Rhizobium elfi NBRC 15573 (AB680905)

93| Rhizobium pisi DSM 30132 (AY509899)
L—— Rhizobfum gallicum R602 (EU488748)
Mesorhizobium huakuii NBRC15243 T (NR113738)
| Mesorhizobium jarvisii ATCC 33669 (NR135858)
| @ Strain93SN3 (MK483119)
Bradyrhizobium japonicum USDA 110 (L23330)

Strain] 159]

japesicam USDA 110 (NP

9

No Topological congruence

@ Sain32IN32 (MKS64238)

@ Suan31SN211 (MK564233)

@ Strain] 159N41 (MKS564242)

@ Strainl 159N52 (MK 564240)

@ Strainl159N11 (MK564241)

@ Strain996N5 (MKS64239)

@ Sirain996N2 (MKS64237)

9| @ Strain686Ns (MK564234)

@ Strainl 15N2 (MKS564235)

Rhizobium leguminosarum NGB-FR-151 (AB916939)

@ Stainl 7484 (MK564236)

Rhizobium anhntiense CCBAU 23252 T (KR183844)

Rhizobium pisi DSM 30132 T (JQ795183)

Rhizobium acidisoli FH23 T (KJ921050)

Rhizobfum etli CNPSO679 (TN129340)

Rhizobium laguerreac FB206 T (WP077978089)
Rhizobium gallicum R602 (HQ438235)

Rhizobium leucaenae USDA 9039 (KC293524)

Rhizobium muftihospitm CCBAUS3401 T (KC293528)

@ Sirzin938N3 (MKS564232)

100 | Mesorhizobium huakuii CCBAU2609 T (HQ438231)
japonicum USDA 110 (TN685725)

| @ Swam$3EN3 (MKS31188)
100 | Mesorhizobium buakui USDA 4779 T (AJ294370)

—_— japonicum USDA 110 (NP

C
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gs and Discussion

Phylogenetic trees built based on the
individual analysis of the 16S rRNA
(B), rpoB (E) , recA (D) and gyrB (C)
genes sequences of the selected isolates
and the closest species.

The trees were generated using
MEGAX with Kimura 2-parameter
(K2) distance model, with 1000
bootstrap analysis and bootstrap value
(B.V > 50%). The isolates were out
grouped by Bradyrhizobium japonicum
USDA 110.

e represents the sequences of the
selected isolates.



Genetic Diversity- Symbiotic genes

5E

00

L

Strainl 159N11 (ME546429)

Strainl 159N41 (MK 546430)

Strainl 159N52 (ME 546427)

Strain996N3 (MK 546426)

Strain318N2111 (ME546422)

Strain3 18211 (MES546418)

Rhizobfum leguminosarum CTG-22Ps (KC620572)
Rhizobium laguerreae FB206 T (JN358701)

{ Agrobacterium tumefaciens NGB-FR-141 (AB917389

@ Strainl145N1 (MK 546428)
@ Strainl15N2 (MKS546420)
@ Srainf96N2 (MKS546423)

f0- @ StranG86NS5 (MK546415)
81?;‘(

-

@ Swain322N32 (MK546424)

@ Strain1159N24 (MK 546425)

@ Strain93SN3 (MKS546417)
Rhizobium efli NGB-FR-101 (AB%17356)
@ StrainlS74N4 (ME546421)

—_—

0.050 A

Bradyrhizobium japonicum USDA 110 (NP768665)

Findings and Discussion

Strain996N2 (MKS514435)

Strain996N35 (MKS514439)

Strain938N3 (MKS514429)

Strain686NS5 (MKS514431)

Strain322N32 (MK514436)
Strain318N2111 (MK514434)
Strain318N211 (MK514430)

Rhizobium leguminosarum 248 (Y00548)
Strain] 145N1 (MK514441)

Strain] 145N5 (MK514437)

Strain] 159N24 (MK514438)

Strain] 159N52 (MKS514440)

Strainl 15N2 (MK514432)

9 Rhizobium leguminosarum $821 (KF264442)
94{ @ Strain] 574N4 (MK514433)

il L Rhizobium anhuiense CCBAU 23252 T (KY440258)
L Rhizobium pisi DSM 30132 T (KY440259)

Rhizobium laguerreae FB206 T (WP003551803) nodD
—%Lﬂm gallicum IE4872 (APO70170)
100 Rhizobium etli NXC12 (ARQ13415)
Bradyrhizobium japonicum USDA 110 (AB073136)

Rhizobium multihospitium CCBAU 83325 (EF549532)
51 Mesorhizobium huakuii CCBAU 11270 (GQ167271)

7

1a0

No Topological congruence B

Phylogenetic trees built based on the individual analysis of the nodA (A) and nodD (B) genes sequences of the
selected isolates and the closest species.
The trees were generated using MEGAX with Kimura 2-parameter (K2) distance model, with 1000 bootstrap

analysis and bootstrap value (B.V > 50%). The isolates were out grouped by Bradyrhizobium japonicum USDA

110. e represents the sequences of the selected isolates.
icarda.org
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S Findings and Discussion
Genetic Diversity-misa

@ Strain 1159N41(16S-rpoB-recA-gyrB) (MK483134/MKS531187/MKS531201/MK 564242)
@ Strain 318N211 (16S-rpoB-recA-gyrB) (MK483120-MK531175-MK531189-MK564233)

@ Strain 1159N11(165-rpoB-recA-gyrB) (MK483133-MK531186-MK531200-MK 564241)

@ Strain 322N32 (165-rpoB-recA-gyrB) (MK483126-MK531181-MK 531195-MK 564238)

@ Strain996N5 (165-rpoB-recA-gyrB) (MK483130-MK531183-MK531197-K 564239)
@ Strain 686N5 (165-rpoB-recA-gyrB) (MK483121-MK531176-MK531190-MK 564234) : :

@ Strain 996N2 (16S-rpoB-recA-gyrB) (MK483125-MK531180-MK531194-MK564237) The _Stral n1159N52 1s : a
e : Strainl 15N2 (168-rpoB-recA-gyrB) (MK483122-MK531177-MK531191-MK564235) 95 % S-lm'l‘arity potentlal New genospecies
Strain 157N4 (16S-rpoB-recA-gyrB) (MK483123-MK531178-MK531192-K 564236 -
83‘9?[— Rlﬁzobﬁnfl lagune}rreae 1:32?@ I‘)(E;S—rpoB—recA—g}-‘rB) (.TNSSS&S1-}-[F68643[}-).TN55868I-WP[}??Q?S[}SS‘) applyl ng the threshold of
@ Strain 1159N52 (165-rpoB-recA-gyrB) (MK483131-MK531184-MK531198-MK 564240) 96% of the closest Species (R
100 Rhizobium anliense CCBAU 23252 T (165-rpoB-recA-gyrB) (NR137229-KR183848-JQ585891 - KR183844) .
4|7— Rhizobjum multihospitium CCBAU 83401 T (16S-rpoB-recA-gyrB) (R044053-TN580754-EF490029-KC293528) Ieg uminosaru m)
w9 — Rhizobium leucaenae CCGE 523 (165-rpoB-recA-gyrB) (JF318176-TF318212-TF318197-KC293524)
jml—— Rhizobjum gallicum R602 (16S-rpoB-recA-gyrB) (EU488748-EF027930-EUS18354-HQ438235)

| Rhizobium leguminosarum CCBAU 15396 (16S-rpoB-recA-gyrB) (GUS552880-GU552992-GUS52955-AB916939)

Rhizobjum pisi DSM 30132 T (16S-RpoB-recA-gyrB) (AY509899-1Q795190-DQ431676-1Q795183)
Rhizobium elti NBRC 15573 (16S-rpoB-recA-gyrB) (AB680905-JQ757054-KP128102-TN129340)
Bradyrhizobfum japonicum USDA 110 (168-rpoB-recA-gyrB) (L23330-NP772050-NP772395-IN685725)

=3

=21

i

L

0.050

Phylogenetic tree built based on the concatenated genes sequences (16S-rpoB-recA-gyrB) of the selected isolates
and the reference Rhizobium species.

icarda.org 11



Findings and Discussion

Symbiotic efficiency

Bakria variety showed the best association with the isolated rhizobia strains in terms of plant
growth parameters, followed by Chakkouf and Zaria varieties.

« Could be du to the adaptability and the coevolution of the genotype-rhizobia associations
(Heath and Tiffin, 2007). Bakria is cultivated since 1982 in Morocco.

» Thus, The success of Symbiotic efficiency is mainly relied on the used lentil variety.
Genetic diversity

 The Phylogenetic analysis showed that the selected isolates were mainly closed to
Rhizobium laguerreae and Rhizobium leguminosarum. But the difference was mainly at the
strain level.

* One isolate 938N3 showed 100% similarity with Mesorhizobium Huakuii ATTCC 33669T
with nodD gene sequences similar to those of symbiovar viciae strains within the species
Rhizobium leguminosarum and Rhizobium laguerreae : Horizontal Genetic Transfer
(HGT) could have been occurred between Rhizobium and Mesorhizobium genus.

icarda.org 12



Conclusion and Perspective

« Almost all the lentil germplasm were nodulated by strains belonging mainly to R. leguminosarum
and Rhizobium laguerreae species. However, preference at the strain level was noticed between
the ten accessions of lentil.

« Surprisingly, some lentil germplasm had larger symbiont spectra allowing them to be in
association with rhizobia from different genera. such as Mesorhizobium genus.

« The results of the symbiotic efficiency test of the three Moroccan varieties showed that the
selection of the symbiont-legume association should start by selecting the best genotype in terms
of agronomic traits including its ability to nodulate with large spectra of Rhizobia.

« To bring more understanding, rhizobia-legume association should be assessed with the same
lentil genotypes in different geographical places and under different environmental conditions.

icarda.org 13
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