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Lactuca sativa L.

Lettuce and chicory Production/Yield
guantities worldwide
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Synergistic Action of a Microbial-based
Biostimulant and a Plant Derived-Protein
Hydrolysate Enhances Lettuce Tolerance
to Alkalinity and Salinity
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Varied tolerance to NaCl salinity is related to
biochemical changes in two contrasting lettuce
genotypes

Héla Mahmoudi, Rym Kaddour, +6 authors Zeineb Querghi« Published 2010 in Acta Physiologiae Plantarum «
DOI: 10.1007/s11738-010-0696-2

Salt stress perturbs a multitude of physiological processes such as photosynthesis and growth. To understand the
biochemical changes associated with physiological and cellular adaptations to salinity, two lettuce varieties (Verte
and Romaine) were grown in a hydroponics culture system supplemented with 0, 100 or 200 mM NaCl. Verte
displayed better growth... (More)
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Introduction

- Biological Nitrogen Fixation
- Promotion of plant growth in horticultural crops

- Rhizobium helps mitigate salinity (Ayuso-Calles
et al., 2020)

- Pepper and tomato (Garcia-Fraile et al., 2012)
- Spinach (Jiménez-Gomez et al., 2018)



RESULTS AND
DISCUSSION




Results and
Discussion

o ’ﬁg—f
4 ci-, 7
42N

F1.79. Teéfle rampant. Trifolium repeas L.

e ST

White clover plants were grown in a soil obtained from Golpejas (Salamanca, Spain)

Trifolium repens L. nodules and microorganisms isolated
from the inside
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Z Similarity (%) Closest Type Strain
E i . I l
B 10 C I ou d GPTR29 99.6 % Rhizobium laguerreae FB206"

Percentage of similarity of the strain isolated in the study with respect to those
present in the public databases




Closest Type Strain similarity

Rhizobium leguminosarum (TC40) 99.8%

Closest Type Strain

Rhizobium leguminosarum (LMR577)

% %

similarity

99.7%

Percentage of similarity of the strain isolated in the study with respect to those

present in the public databases

M E G A Molecular Evolutionary
Genetics Analysis
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-I—ha’zobium laguerreae FB206 (IN558661 IN558681.1)
Rhizebium indicum JKLM 13E (CP054031.1 NZ CP054031.1)

31

Rhizobium sophoreae CCBAU 03386 (KJ831235 KJ831252.1)

GPTR29

41‘[
80

Rhizobium ruizarguesonis UPM1133(NZ PQIG01000091.1INZ PQIG01000069.1)

|— Rhizobium leguminosarum USDA2370 (AJ294405 AJ294376)

100 I—Rhizobium indigaferae CCBAUT1042 (GUS552925 EF027965)

Rhizobium ecuadorense CNPSO 671 (NZ LFIO01001065.1 NZ LFIO01000381.1)

Rhizobium hidalgonense FH14 (K1921099 KI921070)

Rhizobium acidisoli FH13 (K1921069 KI921098.1)

Rhizobium anhuiense CCBAU 23252 (KF111980.1 KF111890)

Rhizobium fabae CCBAU 33202 (EF579929 EF579941)

Rhizebium sophoriradicis CCBAU 03470 (KT831248.1 KI831231)

Rhizobium bangladeshense BLR175T (IN649057.1 ING48967)

Rhizobium etli CFN42 (ABC91103.1 CP000133.1)

Rhizobium aegyptiacum 1010 (KU664561 KUG664569.1)

Rhizobium lentis BLR27T (IN649031.1 JN648941)

Rhizobium esperanzae CNPSo 668 (NZ MXPU01000002 NZ MXPU(01000020.1)

Rhizobium phaseoli ATCC 14482 (EF113136.1 EF113151.1)

Rhizobium binae BLR195T (ING48968 ING49058.1)
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Phylogenetic tree obtained from atpD and recA genes concatenation of the
studied strain and its closest species described in the Rhizobium genus



Comparison of the auxin production capacity between the
selected strain and the negative control

Results and
Discussion

Auxinas (colorimetry) IAA (HPLC)

Abs (550 nm)  Concentration (mg/L)  Concentration (mg/L)

Control - 0 0 0

GPTR29 0.188 74.29 0.773

Auxins concentration measured by colorimetry and IAA measured
by HPLC
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. Pikovskaya medium NBRIP medium

GPTR29 ++ +

(-) negative production, (+) weak production, (++) high production

Pikovskaya Agar plate showing the solubilization halo produced by the
selected isolate

Strain M9-CAS-AGAR
GPTR29
(-) negative production, (+) weak production, (++) high production

M9-CAS-Agar plate showing the siderophores production halo generated
by the selected isolate




Genome in silico analysis

Subsystem Coverage

Subsystem Category Distribution

Results and

GPTR29 genome

Contigs 70
Size 6,934,675
GC Content 60.7
CDS 7,202
rRNAs 50

Discussion
SYSTEMS GPTR29

Cofactors, Vitamins, Prosthetic Groups, Pigments 169
Cell Wall and Capsule 43
Virulence, Disease and Defense 63
Potassium metabolism 12
Photosynthesis 0

Miiscellaneous 34
Phages, Prophages, Transposable elements, Plasmids 13
M embrane Transport 69
Iron acquisition and metabolism 16
RNA Metabolism 46
Nucleosides and Nucleotides 112
Protein Metabolism 193
Cell Division and Cell Cycle 0

Motility and Chemotaxis 70
Regulation and Cell signaling 79
Secondary Metabolism 6

DNA Metabolism 140
Fatty Acids, Lipids, and Isoprenoids 71
Nitrogen Metabolism 30
Dormancy and Sporulation 1

Respiration 153
Stress Response 103
M etabolism of Aromatic Compounds 54
Amino Acids and Derivatives 400
Sulfur Metabolism 8

Phosphorus M etabolism 31
Carbohydrates 339




Results and
Genome in silico analysis Discussion

PHO operon
Phosphorus metabolim

Phosphatases (EC 3.6.1.11; EC 3.6.1.40;EC 3.6.1.1;EC 3.1.3.18; EC 3.1.3.1; EC 2.7.4.1; EC 2.7.1.63)

thu system (fhuA, fhuB, fhuC and fhuD)

piadBC. pitABC, piuABC and FeABC transporters
Siderophores production

ittcABCD and vatBCD operons (aerobactin)

siderX123456 operon (anthrachelin)

EC 4.1.1.48 (indole-3-glycerol-phosphate synthase), EC 4.2.1.84 (nitrile hydro-lyase), EC 3.5.1.4 (aliphatic amidase). EC

Phytohormone production 4.1.1.74 (indolepyruvate decarboxylase)

Genes related to OPGs synthesis (MdoeBCDGH, NdvAB, CegmB and OpcG)

Response mechanisms against osmotic stress bet4BC operon (glycine betaine synthesis)

Enzymes related to trehalose synthesis (EC 5.4.99.16; EC 2.4.1.15;EC 3.1.3.12; EC 5.4.99.15; EC 3.2.1.141)

exoFQZ, wadC, IptABC (exopolysaccharide and lipopolysaccharide biosynthesis)
Colonization mechanism

celC and besC (cellulose biosynthesis)

Enzymes related to phenylalanine synthesis (EC 4.2.1.51; EC 2.6.1.9)
Bioactive compounds

Naringenin-chalcone synthase (EC 2.3.1.74)




In vitro inoculation of Lactuca sativa L. roots

Ln

Aerial part length (mm)

Control GPTR29 Control GPTR29
7DPI 15 DPI

Number of secondary roots

Control GPTR29 Control GPTR29
7DPI 15 DPI

70

60

50

40

30

10

Root part length (mm)

Control GPTR29 Control GPTR29
7DPI 15 DPI

Number of leaves

Control GPTR29 Control GPTR29
7DPI 15 DPI

Parameters analyzed in the in vitro seedlings assay of Lactuca sativa L.

Control

30
mm

Control | GPTR29

Comparison between lettuce plants grown in vitro
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Discussion

In vitro colonization of GPTR29 strain in Lactuca sativa
L. roots and monitoring by fluorescence microscopy

Red stain with propidium iodide (10 uM) - plant structures
Green stain with GFP - bacteria
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Comparison between plants inoculated with GPTR29 and uninoculated plants,

under normal (A) and salinity (B) conditions.
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Aerial wet weight (g)
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Number ofleaves

=
Control GPTR29 Control GPTR29

Normal conditions NacCl (100 mM)

Aerial part dry weight (g)

Control GPTR29 Control GPTR29

Normal conditions NacCl (100 mM)

Parameters analyzed 20 days post inoculation (DPI)

A Normal conditions

Control GPTR29

NaCl (100 mM)

Control GPTR29

Lettuce growth 20 DPI in greenhouse
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Caffeoyl malic acid

#

CONTROL GPTR29 CONTROL

NaC1(100 mM)

GPTR29

Normal conditions

Dicaffeoyl quinic acid

114

CONTROL GPTR29 CONTROL GPTR29

Normal conditions NacCl (100 mM)

16
14
12
10
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Caffeoyl quinic acid
CONTROL  GPTR29 | CONTROL  GPTR29

Normal conditions NacCl (100 mM)

Chicoric acid

CONTROL GPTR29 CONTROL GPTR29

Normal conditions NacCl (100 mM)

Phenolic acid content (g kg™!) of control lettuce
plants and plants inoculated with GPTR29, under

Results and

greenhouse conditions
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Caffeoyl tartaric acid
£
CONTROL GPTR29 CONTROL GPTR29

Normal conditions NacCl (100 mM)

Coumaric acid

#
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Normal conditions NacCl (100 mM)



Flavonoid content (g kg™!) of control
lettuce plants and plants inoculated with
GPTR29, under greenhouse conditions
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Kaempferol-3-glucuronide
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Quercetin glucuronide
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Quercetin acetyl hexoside

CONTROL GPTR29

Normal conditions

*

CONTROL GPTR29
NacCl (100 mM)

Quercetin hexoside

CONTROL GPTR29

Normal conditions

*

CONTROL GPTR29
NacCl (100 mM)



CONCLUSIONS




1. Rhizobium sp. GPTR29 can interact with Lactuca sativa L. root system, by colonizing it successfully.

2. GPTRZ29 strain significantly promotes the development of lettuce under greenhouse conditions, by increasing
the values of various parameters of agroeconomic interest for this crop, such as number of leaves or weight
of the aerial part. This makes it possible to consider this strain ideal for use as biofertilizer in promoting plant
growth and relieving salt stress.

3. The results obtained in phenolic compounds analysis of Lactuca sativa L. leaves allow to determine the
important role of Rhizobium sp. GPTR29 in the improvement of this horticultural species nutritional value.
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