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Genetic diversity of some important strains of Pseudomonas fluorescens and their
effects on defense enzymes and growth parameters of bread wheat
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Abstract

Pseudomonas fluorescens bacteria are the most important rhizosphere bacteria that have a positive effect on
vegetative and biochemical traits of the plant. In this study, genetic diversity of 22 Pseudomonas fluorescens

strains and their effect on defense enzymes and growth factors of wheat plant were performed in three stages
of greenhouse, molecular and biochemical evaluation. In molecular evaluation, 12 RAPD primers were used
to evaluate the genetic diversity of strains. Biochemical evaluation was performed in 4 stages of 0, 3, 6 and 9
days after inoculation on wheat to measure the defense enzymes peroxidase and phenylalanine
ammonialyase. VUPF5 strain on wheat increased shoot and biological weight. RAPD-PCR separated strains
with similar geographic location and similar host. Greenhouse, molecular, and biochemical groupings
identified almost the top strains. Strains 680, 738, 50, 354, 49, 58 and VUPF5, which had a positive effect on
molecular evaluation in one group, were shared with the superior group of enzymes. T26-2 and F-68 in OP-
115 and OP-H8 primers amplified 1300 bp and 1200 bp bands, respectively witch these bands can evaluated
after be further studies as candidate bands in the expression of these enzymes in wheat.

Key Words: Cluster analysis, genetic diversity, VUPF5, OP-H8, wheat.
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Table 1- Bacterial strains studied

Strain Host plant Origin
CHAO Tobacco rhizosphere Strain Reference, Switzerland
VUPF5 Pistachio rhizosphere Rafsanjan
T26-2 Wheat rhizosphere Bijar
T17-4 Pistachio rhizosphere Khatoon-Abad, Shahr-e-Babak
F-68 Wheat rhizosphere Raviz, Rafsanjan
44 Apple rhizosphere Damavand
49 Pistachio rhizosphere Sirjan
50 Apricot rhizosphere Lavasan
58 Peach rhizosphere Karaj
60 Pomegranate rhizosphere Saveh
67 Walnut rhizosphere Chaloos
84 Citrus rhizosphere Jahrom, Fars
95 Onion rhizosphere Sirch, Kerman
156 Corn rhizosphere Jiroft
240 Apple rhizosphere Jaban
305 Citrus rhizosphere Sari
354 Bean rhizosphere Karaj
409 Cucumber rhizosphere Jiroft
506 Pistachio rhizosphere Rafsanjan
680 Chickpea rhizosphere Rviz, Rafsanjan
686 Almond rhizosphere Riseh, Shahr-e-Babak
738 Plum rhizosphere Paghaleh, Shahr-e-Babak
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Table 2- Primers sequence for RAPD

Primer Primer sequence
UBC-239 5-CTGAAGCGGA-3
UBC-301 5-CGGTGGCGAA-3
UBC-465 5-GGTCAGGGCT-3
UBC-292 5-AAACAGCCCG-3
UBC-775 5-GGTTTGGTGG-3
UBC-556 5-ATGGATGACG-3
OP O-14 5-AGCATGGCTC-3

H-8 5-GAAACACCCC-3
1-15 5-TCATCCGAGG-3
OP P-12 5-AAGGGCGAGT-3
UBC-336 5-GCCACGGAGA-3
UBC-337 5-TCCCGAACCG-3
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Table 3- Analysis of variance effect of bacterial treatments in wheat in terms of vegetative traits based completely
randomized design

MS
Source df Plant height Peduncle Panicle length Shoot weight Root weight Biological
(cm) length (cm) (cm) (gn) (gr) weight (gr)
Strain 22 5.926"™ 1.312" 0.162 0.0018 0.0002"™ 0.0027
Error 41 4.374 1.194 0.077 0.0004 0.0001 0.0007
Total 63
C.V (%) 8.07 14.32 8.96 13.21 28.04 13.17
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., ,and ™: significant at 0.05, 0.001, and no significant, respectively
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Table 4- The Comparison of the mean effect of bacterial treatments in wheat in terms of vegetative traits
based on LSD test at the probability level of 0.05

Strain Biological weight Shoot weight Panicle length
156 0.2006d-h 0.1477d-i 2.9166de
240 0.2134c-g 0.1672b-f 3.1222c-e
305 0.2266b-e 0.1758b-e 3.1333b-e
354 0.1527i 0.1281hi 2.7361e
409 0.1784f-i 0.1380f-i 3.2361b-d
44 0.2761a 0.2112a 3.2361b-d
49 0.2264b-e 0.1717b-e 3.1861b-e

50 0.2596ab 0.2089a 3.5861b
506 0.2348a-d 0.1825a-c 3.5333a-c
58 0.2205b-f 0.1744b-e 3.75a
60 0.2267b-e 0.1789a-d 3.1666b-e
67 0.1856€-i 0.1351f-i 2.9166de
680 0.2095¢-g 0.1608c-h 3.2444b-d
686 0.2464a-c 0.1797a-d 3.1666b-e
738 d-h-0.2010 0.1445e-i 2.9166d-e
84 0.2174b-g 0.1650b-g 3.0805¢c-e
95 0.1633hi 0.1213i 2.9583d-e
CHAO 0.2449a-c 0.1938ab 3.1472b-e
Control 0.2264b-e 0.1883a-c 3.1333b-e

F-68 0.1750g-i 0.1357f-i 3.0416de

T17-4 0.2071c-g 0.1562c-h 3de

T26-2 0.1915d-i 0.1339g-i 2.9166de

VUPF5 0.2285ab 0.1973ab 3.0555de
LSD 0.04363 0.03298 0.4576
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Figure 1 - Dendrogram from cluster analysis of bacterial treatments based on standardized mean of traits
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Table 5- Results of mean vector traits

Traits Cluster 1 Cluster 2
Height -0.4777 1.0238
Peduncle length -0.2221 0.4759
Panicle length -0.4095 0.8775
Shoot dry weight -0.5017 0.0752
Root dry weight -0.3598 0.7711
Biological dry weight -0.5100 1.0930
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Table 6- Analysis of variance effect of bacterial treatments and sampling days in biochemical traits based
factorial based on completely randomized design

MS

Source df Peroxidase Phenylalanine ammonia-lyase Total Protein

Strain 22 0.0179™ 0.0192" 7.4157

Time 3 0.868™" 2.078™ 842.083™
Strain x Time 66 0.0161™ 0.0094™ 4,550

Error 92 0.0066 0.0077 3.293

Total 183

C.V (%) 11.31 11.61 9.86
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Table 7- The Result of comparisons of mean phenylalanine-ammonialyase
enzyme in treatment plants with bacterial strains during sampling days

Strain Time 3 Time 6 Time 9
Control 0.587i 0.673e-g 0.704h
156 0.942c-e 0.697e-g 0.905b-f
240 0.900d-f 0.834ab 0.979ab
305 0.889d-f 0.863a 0.959a-d
354 1.062a 0.795a-d 0.973a-c
409 0.820f-h 0.794a-d 0.897b-f
44 0.745h 0.690e-g 0.830f-g
49 0.962b-d 0.725d-g 0.888c-f
50 1.010a-c 0.711d-g 0.913b-f
506 0.861e-g 0.758b-e 0.847fg
58 0.902d-f 0.795a-d 0.881d-f
60 0.997a-c 0.730d-g 0.908b-f
67 0.785g-h 0.670fg 0.854e-g
680 0.972b-d 0.667fg 0.905b-f
686 0.976a-d 0.745c¢-f 0.971a-c
738 1.040ab 0.719d-g 0.935a-e
84 0.963b-d 0.724d-g 0.951a-d
95 0.960b-d 0.645gh 0.828fg
CHAO 0.929c-e 0.748b-f 0.838fg
F-68 0.995a-c 0.563h 1.005a
T17-4 0.943c-e 0.719d-g 0.965a-d
T26-2 1.014a-c 0.873a 0.906b-f
VUPF5 1.018a-c 0.822a-c 0.780gh
F ool o a8 ob la dlize slagley oy A Jgaz) sloesTy, MPT Ol Oluslas ol
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Table 8- The Result of comparisons of mean peroxidase enzyme in treatment plants with bacterial strains during sampling days

strain time 3 time 6 time 9
control 0.594i-k 0.545j 0.627k
156 0.830ab 0.840c-e 0.875d-f
240 0.682e-h 0.758f-i 0.882de
305 0.576jk 0.751g-i 0.791g-i
354 0.819ab 0.801d-i 0.898cd
409 0.671f-i 0.737i 0.887c-e
44 0.845a 0.864b-d 0.612k
49 0.760b-e 0.832c-f 0.829d-h
50 0.729c-f 0.941b 0.873d-f
506 0.647g-j 0.834c-f 0.865d-g
58 0.848a 0.822c-h 0.892cd
60 0.596i-k 1.034a 0.676jk
67 0.673f-i 0.818c-h 0.773hi
680 0.801a-c 0.746g-i 0.882de
686 0.4941 0.824c-g 0.742ij
738 0.792a-c 0.800d-i 0.796f-i
84 0.616h-j 0.885hc 0.801f-i
95 0.750b-f 0.743hi 0.750h-j
CHAOQ 0.789a-c 0.768e-i 0.991b
F-68 0.531kl 0.929b 0.754h-j
T17-4 0.724c-g 0.889bc 0.809e-i
T26-2 0.708Ad-g 0.834c-f 0.964bc
VUPF5 0.777a-d 0.733i 1.108a
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Table 9- The Result of comparison of mean total protein in treatment plants with bacterial strains during
sampling days

Strain Time 9 Time 6 Time 3
Control 17.71j 17.10g-i 18.22i
156 21.34 b-g 16.44 h-j 22.22 c-f
240 23.08 ab 19.68 a-d 21.23e-g
305 22.62 a-d 20.35a-c 20.97 f-h
354 22.94 a-c 18.76 c-g 25.05a
409 21.15¢c-h 18.72 c-g 19.34 hi
44 19.58 g-i 16.27 h-j 17561
49 20.95 d-h 17.10 g-i 22.69 c-f
50 21.51 b-f 16.76 h-j 23.81 a-c
506 19.98 f-i 17.88 d-h 20.31gh
58 20.77 e-h 18.75 ¢c-g 21.27 e-g
60 21.41 b-f 17.21 g-i 23.51 a-d
67 20.13 f-i 19.30 b-f 18501
680 21.34 b-g 15.73ij 22.92b-e
686 22.90 a-c 17.56 f-h 23 a-d
738 22.05 a-e 21.46a 24.52 ab
84 22.43 a-e 17.07 g-i 22.70 c-f
95 19.51 h-j 15.21j 22.63 c-f
CHAO 19.77 f-i 17.65 e-h 21.89d-g
F-68 23.71a 13.27 k 23.47 a-d
T17-4 22.75 a-d 16.96 g-j 22.24 c-f
T26-2 21.36 b-g 20.59 ab 2391 a-c
VUPF5 18.40 ij 19.38 b-e 23.99 a-c
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Figure 2- Dendrogram from cluster analysis of bacterial treatments based on standardized mean of
biochemical traits on day 3 after bacterial inoculation
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Table 10- Number of total bands, Number of amplified locus, the average of band in locus, number of
polymorphic locus, percent of polymorphic loci, average of diversity index and resolving power for

different primers

Primer Number of The average of Number Number of Average of Resolving Average of
amplified band in locus of total polymorphic  diversity index power resolving power
locus bands locus

UBC-239 15 4.8 72 15 0.307 11.72 0.78
UBC-465 17 5.76 98 17 0.300 12.54 0.73
UBC-775 26 6.19 161 26 0.353 18.68 0.71
OP- P12 19 6.10 116 19 0.357 13.72 0.72
UBC-556 22 5.86 129 22 0.327 16.13 0.73
UBC-337 16 431 69 16 0.267 12.86 0.80
UBC-336 17 4.82 82 17 0.293 13.27 0.78
OP- 115 17 3.35 57 17 0.236 14.40 0.84
OP- H8 24 6.54 157 24 0.340 16.86 0.70
OP- P14 20 5.25 105 20 0.310 15.22 0.76
UBC-292 22 6.04 133 22 0.361 15.95 0.72
UBC-301 9 5.22 47 100 0.277 6.86 0.76
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Figure 3- Agarose gel 1.5% of amplified products using OP-H8 primer

Gyl 5 esliiwl b Leaisi (guiseg,S

RAPD _JgSJg
sr 9 St slacn il oo S jslae 4
caye 3l s NTSYS S8l o 5l dagl (S5 g5
F USS 0l oolewl UPGMA g, 5l g 0,51 alis
23 oe (LA 1) Lagy ol 4525 5| Jol> ol 579050
Sy ks wlaw o lacn il wgaeg 5 el
Vo Jsl 09,5 50 cilods (gasuaids 09,5 aw yo ¢/\F
ogle Ul awgi)) 7o slacn ywl (Jols (p sl
o)y yhwgn) 80 (zS Loy shwgny) YOF
YO plrind; iy jawgn)) VUPES o(Lulgd
Wy hwgn)) O0F (Ol Wiy SRash)
g ) OA (Wgled g imgn ) TF ((plrid,
Ved g (bl ey jawgn)) T17-4 (z,5 lo
P9 05,5 5 9 9i)S 18 (gl LS o Hhsg )
5 (Olmd) 95 Jrwgn ) PA ol yiwl an
WD)5 yhagiy) VOF 5 (ol ol hwgiy) VYA
il (il A pges 09,8y g a8 F 18 (e
swgiy) F-68 (8 oblr e jhugyy) YF-
Gl oS Shwgn)) T26-2 (plrind), posS
PY g SLS 9 09595 yhwsi,) CHAQ
el hewsiny) FAP D (edllr 90,5 Resn)
AV (Ol iy Sagny) Tr (St
(OleyS b Swg)) A0 5 ()18 «OLS 1o o932
S cp il o o (F D) wilas 5 18 sl
g Qg &5 plag il sl 90



Yy

L oogd oo olpiion a5 S SS& Sbiwe saisls
Glagn sl (S35 g5 s eolaisl gla Sl

)5 (wyp ooligagdges

g S ygld aligagdgms mie Sl sl (S p (S5 55 ) e g (5 pa

Wl s sagled lax byl S0 5 bl i
5 bl gailaie bl 1) by il Cadlys

40

o

T2

CHAD o
-

e &
w

(1] 5

a0

1 %]

0.97

I_1_l
Cluster 2

B ]
] -
2 354
VP
25 —
i -
w0 =
w
= E]
‘ L | s
TiT4
T T T T T 1 _
gl 8di ] I
| similarity

U’"’5) 9 .))Lfb A.ALw.: w)..o L: RAPD L;Lb).o.:‘): Ll ol J.J}J LSLQ)‘P L‘wLw‘ » u,ubj.oso}.u OJ)'.M‘ YT rn‘/.fs)d.:é *f J.iw
UPGMA
Figure 4- Dendrogram of 22 pseudomonas strains based on produced bands by RAPD primers With
Jaccard similarity coefficient and UPGMA method
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Table 5- Two-dimensional plot (with vectors) of the 17 Pseudomonas fluorescent obtained using principal
coordinate analysis
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