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IntroductionIntroduction
Plant growth promoting rhizobacteria (PGPR) are Plant growth promoting rhizobacteria (PGPR) are 

free-living soil bacteria in the rhizosphere of plants free-living soil bacteria in the rhizosphere of plants 
promoting the growth of crops, increasing agricultur-promoting the growth of crops, increasing agricultur-
al productivity (1). In fact, all bacteria that live on al productivity (1). In fact, all bacteria that live on 
the plant roots and have positive effects on the plant the plant roots and have positive effects on the plant 
growth are known as PGPR (2-4). The PGPR pro-growth are known as PGPR (2-4). The PGPR pro-
mote plant growth through direct or indirect mech-mote plant growth through direct or indirect mech-
anisms. Direct mechanisms include the production anisms. Direct mechanisms include the production 
of phytohormones such as indoleacetic acid, gibber-of phytohormones such as indoleacetic acid, gibber-
ellic acid, cytokinins, ethylene (5-7), siderophores ellic acid, cytokinins, ethylene (5-7), siderophores 

(8) and 1-aminocyclopropane-1-carboxylate (ACC) (8) and 1-aminocyclopropane-1-carboxylate (ACC) 
deaminase (9-12), the ability of asymbiotic nitrogen deaminase (9-12), the ability of asymbiotic nitrogen 
fixation (13), and solubilization of insoluble miner-fixation (13), and solubilization of insoluble miner-
al phosphates and other nutrients (14,15). Indirect al phosphates and other nutrients (14,15). Indirect 
mechanism includes PGPR action as biocontrol mechanism includes PGPR action as biocontrol 
agents and results in a reduction in diseases (11). In agents and results in a reduction in diseases (11). In 
addition to the induction of disease resistance through addition to the induction of disease resistance through 
the indirect mechanisms, PGPRs can also increase the indirect mechanisms, PGPRs can also increase 
plant tolerance to abiotic stress. ACC deaminase plant tolerance to abiotic stress. ACC deaminase 
lowers the ethylene level in developing or stressed lowers the ethylene level in developing or stressed 
plants by cleaving the plant ethylene precursor, ACC, plants by cleaving the plant ethylene precursor, ACC, 
to ammonia and α-ketobutyrate (16-19). Different to ammonia and α-ketobutyrate (16-19). Different 
studies have confirmed that ACC is synthesized as a studies have confirmed that ACC is synthesized as a 
consequence of stressful conditions such as flooding consequence of stressful conditions such as flooding 
(20), heavy metals (21), the presence of phytopath-(20), heavy metals (21), the presence of phytopath-
ogens (22), drought (23), and high salt stress (24). ogens (22), drought (23), and high salt stress (24). 
In each of these cases, the ACC deaminase-contain-In each of these cases, the ACC deaminase-contain-

Molecular Identification of the Iranian Native ACC 
Deaminase Producing Rhizobacteria Using 16S rDNA 
Sequence Analysis

Behnaz Ouzhand, Mahmood Maleki ,  Mahdi Soltani, Shahryar Shakeri

Department of Biotechnology, Institute of Science and High Technology and Environmental Science, Graduate University of Advanced 
Technology, Kerman, Iran

* Mahmood Maleki, PhD
Assistant Professor of Plant Breeding, Department of Biotechnology, 

Institute of Science and High Technology and Environmental Science, 

Graduate University of Advanced Technology, Kerman, Iran

Email: Maleki.li@gmail.com
Submission Date: 17 Jan. 2016  Acceptance Date: 4 Feb. 2016

Research Article

Abstract
One of the important mechanisms utilized by the plant growth promoting Rhizobacteria (PGPR) is lowering 
of ethylene levels by the 1-aminocyclopropane-1-carboxylic acid (ACC) deaminase enzyme. The mechanism 
facilitates plant growth and development in the stress conditions. PGPR containing ACC deaminase can pro-
mote plant growth under stress and overcome the harmful effects. The study aimed to screen and identify the 
ACC deaminase producing rhizobacteria isolated from the soils of different regions in Iran. Fifty-seven isolat-
ed strains of rhizobacteria were cultured in the M9 medium with two different nitrogen sources (contains ACC 
and NH4Cl), in two replications. The control treatment was nitrogen free M9 medium. In this study, canola 
seeds, Sari Gol cultivar, were also inoculated with the ACC deaminase producing rhizobacteria for evaluating 
their effects on the shoot and root elongation during 5 days germination based on a completely randomized 
design with three replications. Finally, the best ACC deaminase producing rhizobacteria was identified by the 
sequencing of 16s rDNA gene. Results showed that just 8 isolated rhizobacteria strains (out of 57) produced 
ACC deaminase, of which Cma3 and Wah3 had the greatest effects on the stem and root length, respectively. 
Cma3 and Wah3 were identified as Klebsiella and pseudomonas genus, respectively. The identified strains can 
be useful for the crop growth in stress conditions.
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ing PGPR markedly lowered the level of ACC in the ing PGPR markedly lowered the level of ACC in the 
stressed plants, reduced the amount of stress ethylene stressed plants, reduced the amount of stress ethylene 
and prevented more damage to the plant. Therefore, and prevented more damage to the plant. Therefore, 
plants that are treated with ACC deaminase-contain-plants that are treated with ACC deaminase-contain-
ing PGPR are dramatically more resistant to the abi-ing PGPR are dramatically more resistant to the abi-
otic stresses. A model the describes the role of ACC otic stresses. A model the describes the role of ACC 
deaminase in plant-growth-promoting bacteria sug-deaminase in plant-growth-promoting bacteria sug-
gests that attached rhizobacteria to the surface of the gests that attached rhizobacteria to the surface of the 
plants seeds or roots can take up some of the ACC plants seeds or roots can take up some of the ACC 
that is exuded from the seeds or roots and cleave it, that is exuded from the seeds or roots and cleave it, 
which decreases the level of ethylene in the plant which decreases the level of ethylene in the plant 
(18). Therefore, this study aimed to screen, and iden-(18). Therefore, this study aimed to screen, and iden-
tify the native ACC-deaminase containing PGPRs tify the native ACC-deaminase containing PGPRs 
from the rhizosphere of plants from different prov-from the rhizosphere of plants from different prov-
inces of Iran and investigate their effects on the root inces of Iran and investigate their effects on the root 
and shoot growth of canola seedlings. and shoot growth of canola seedlings. 

Material and MethodsMaterial and Methods
Isolation of rhiobacteria Isolation of rhiobacteria 
We isolated different rhizobacteria from the rhiz-We isolated different rhizobacteria from the rhiz-

osphere soil of several plants (wheat, maize, alfalfa, osphere soil of several plants (wheat, maize, alfalfa, 
clover, and humus) at different locations of Iran. Plant clover, and humus) at different locations of Iran. Plant 
roots were transferred to the laboratory in polythene roots were transferred to the laboratory in polythene 
bags; the bulk soil was removed by gently shaking bags; the bulk soil was removed by gently shaking 
the roots and the rhizosphere soil was collected by the roots and the rhizosphere soil was collected by 
dipping the roots in the sterile water (25). The soil dipping the roots in the sterile water (25). The soil 
suspension was serially diluted (26) and appropri-suspension was serially diluted (26) and appropri-
ate dilutions were spread on nutrient agar medium ate dilutions were spread on nutrient agar medium 
plates. The plates were incubated at 30°C for 24 h. plates. The plates were incubated at 30°C for 24 h. 
Fifty seven bacterial isolates with different growth Fifty seven bacterial isolates with different growth 
characteristics (shape, size, color, and growth rate) characteristics (shape, size, color, and growth rate) 
were isolated and selected for further studies and were isolated and selected for further studies and 
stored at -80 °C for subsequent use.stored at -80 °C for subsequent use.

  
Screening of ACC deaminase producing Screening of ACC deaminase producing 

rhizobacteriarhizobacteria
We screened ACC deaminase producing bacterial We screened ACC deaminase producing bacterial 

isolates based on their ability to utilize ACC as a sole isolates based on their ability to utilize ACC as a sole 
nitrogen source. To isolate bacteria containing ACC nitrogen source. To isolate bacteria containing ACC 
deaminase, the strains of bacteria was inoculated in deaminase, the strains of bacteria was inoculated in 
M9 minimal medium (27) (5.8 g.L-1 Na2HPO4, 3 M9 minimal medium (27) (5.8 g.L-1 Na2HPO4, 3 
g.L-1 KH2PO4, 0.5 g.L-1 NaCl, 0.25 mM CaCl2, 1 g.L-1 KH2PO4, 0.5 g.L-1 NaCl, 0.25 mM CaCl2, 1 
mM MgSO4, 1 g.L-1 NH4CL and 0.15% glucose) mM MgSO4, 1 g.L-1 NH4CL and 0.15% glucose) 
for 24 h at 30°C, under shaking conditions (100 for 24 h at 30°C, under shaking conditions (100 
rpm). Then, three different media was prepared as rpm). Then, three different media was prepared as 
follows: M9 minimal medium without N source such follows: M9 minimal medium without N source such 
as NH4Cl and ACC; M9 with NH4Cl; and M9 with as NH4Cl and ACC; M9 with NH4Cl; and M9 with 
ACC. At this point, 120 μL M9 was added to each ACC. At this point, 120 μL M9 was added to each 
well of a 96-well micro-plate. The first two well rows well of a 96-well micro-plate. The first two well rows 
contained only M9 medium without ACC and con-contained only M9 medium without ACC and con-
sidered as the negative control, in the second 2 well sidered as the negative control, in the second 2 well 

rows, 15 μL 0.3 M NH4Cl was added as the positive rows, 15 μL 0.3 M NH4Cl was added as the positive 
control. Fifteen μL of 3mM ACC was filled in the control. Fifteen μL of 3mM ACC was filled in the 
next well rows. To inoculate each well, 15-μL bacte-next well rows. To inoculate each well, 15-μL bacte-
rial culture was used. The micro-plates were incubat-rial culture was used. The micro-plates were incubat-
ed at 30°C for 48 h. Optical density (OD) was meas-ed at 30°C for 48 h. Optical density (OD) was meas-
ured after 24 and 48 h at 630 nm wavelength. The ured after 24 and 48 h at 630 nm wavelength. The 
OD value of ACC and NH4Cl wells were compared OD value of ACC and NH4Cl wells were compared 
with the negative control wells to determine the abil-with the negative control wells to determine the abil-
ity of bacteria to use ACC for their growth (28). The ity of bacteria to use ACC for their growth (28). The 
growth rate of each strain in ACC wells was com-growth rate of each strain in ACC wells was com-
pared to the negative and positive controls and ACC pared to the negative and positive controls and ACC 
deaminase producing strains were selected based on deaminase producing strains were selected based on 
their growth, using ACC as a nitrogen source. All their growth, using ACC as a nitrogen source. All 
treatments were performed with two replications and treatments were performed with two replications and 
the data were analyzed based on a randomized com-the data were analyzed based on a randomized com-
plete block design. The mean comparisons were done plete block design. The mean comparisons were done 
based on the Duncan’s Multiple Range Tests.based on the Duncan’s Multiple Range Tests.

Gnotobiotic root and shoot elongation assayGnotobiotic root and shoot elongation assay
The gnotobiotic assay is used for measuring the The gnotobiotic assay is used for measuring the 

effect of various bacterial strains on the growth of effect of various bacterial strains on the growth of 
canola seedlings. Each isolated ACC deaminase-con-canola seedlings. Each isolated ACC deaminase-con-
taining soil bacteria was assayed by the root elonga-taining soil bacteria was assayed by the root elonga-
tion assay and showed the ability to promote canola tion assay and showed the ability to promote canola 
seedling growth under gnotobiotic conditions. The seedling growth under gnotobiotic conditions. The 
protocol described below is a modification of the protocol described below is a modification of the 
procedure developed by Lifshitz et al. (29) and was procedure developed by Lifshitz et al. (29) and was 
used to measure the elongation of canola roots from used to measure the elongation of canola roots from 
seeds treated with different strains of the bacteria. seeds treated with different strains of the bacteria. 
Germination tests were carried out to determine the Germination tests were carried out to determine the 
effect of inoculation with ACC deaminase producing effect of inoculation with ACC deaminase producing 
rhizobacteria on seed germination. The canola seeds rhizobacteria on seed germination. The canola seeds 
were surface-disinfected by dipping in 95% ethanol were surface-disinfected by dipping in 95% ethanol 
solution for few seconds, followed by 6-7 thorough solution for few seconds, followed by 6-7 thorough 
washing with sterilized water (30,31). The seeds washing with sterilized water (30,31). The seeds 
were inoculated by dipping in the rhizobacterial cul-were inoculated by dipping in the rhizobacterial cul-
ture for 40 min under shaking conditions (50 rpm). ture for 40 min under shaking conditions (50 rpm). 
Twelve inoculated seeds were placed in each Petri-Twelve inoculated seeds were placed in each Petri-
plate containing soaked (with distilled water) filter plate containing soaked (with distilled water) filter 
papers using sterilized forceps. The uninoculated papers using sterilized forceps. The uninoculated 
control was used for the comparison. The Petri-plates control was used for the comparison. The Petri-plates 
were incubated at 25 ± 2oC for 5 days. Each treat-were incubated at 25 ± 2oC for 5 days. Each treat-
ment was replicated three times. The length of prima-ment was replicated three times. The length of prima-
ry roots and shoots were measured after the 5th day ry roots and shoots were measured after the 5th day 
of the growth. Statistical procedures were applied to of the growth. Statistical procedures were applied to 
analyze the data (32) and the means were compared analyze the data (32) and the means were compared 
by the Duncan’s Multiple Range Tests (33).by the Duncan’s Multiple Range Tests (33).

PCR amplification of bacterial 16S rDNA genes PCR amplification of bacterial 16S rDNA genes 
and electrophoretic analysisand electrophoretic analysis

The most effective ACC deaminase containing The most effective ACC deaminase containing 
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strains on shoot and root elongation, were identified strains on shoot and root elongation, were identified 
by partial sequencing of the 16S rDNA. The genomic by partial sequencing of the 16S rDNA. The genomic 
DNA was extracted according to the method of Au-DNA was extracted according to the method of Au-
subel et al. (34). The 16S rDNA gene was amplified subel et al. (34). The 16S rDNA gene was amplified 
using standard PCR protocols (35) and 8F (5′-AGA using standard PCR protocols (35) and 8F (5′-AGA 
GTT TGA TCC TGG CTC AG-3′) and 1541R (5′-GTT TGA TCC TGG CTC AG-3′) and 1541R (5′-
AAG GAG GTG ATC CAG CCG CA-3′) primers. AAG GAG GTG ATC CAG CCG CA-3′) primers. 
The PCR products were separated by electrophore-The PCR products were separated by electrophore-
sis in a 1% agarose gel for 30 min and stained with sis in a 1% agarose gel for 30 min and stained with 
ethidium bromide. Amplified products were stored at ethidium bromide. Amplified products were stored at 
-20°C. The clean PCR product was subjected to cycle -20°C. The clean PCR product was subjected to cycle 
sequencing in forward direction.sequencing in forward direction.

Phylogenetic analysisPhylogenetic analysis
We used BLAST (National Center for Biotech-We used BLAST (National Center for Biotech-

nology Information [http://www.ncbi.nlm.nih.gov]) nology Information [http://www.ncbi.nlm.nih.gov]) 
and Mega 4.1 for sequence analysis and multiple-se-and Mega 4.1 for sequence analysis and multiple-se-
quence alignment, respectively. Bacterial identifica-quence alignment, respectively. Bacterial identifica-
tions were based on the 16S rDNA gene sequence tions were based on the 16S rDNA gene sequence 
similarity. Neighbors joining phylogenetic trees were similarity. Neighbors joining phylogenetic trees were 
generated using the top alignment matches (35). generated using the top alignment matches (35). 

ResultsResults
Specific isolation of the rhizobacteria containing Specific isolation of the rhizobacteria containing 

ACC deaminaseACC deaminase
The ability of the rhizobacterial isolates to utilize The ability of the rhizobacterial isolates to utilize 

ACC as a source of nitrogen was determined based ACC as a source of nitrogen was determined based 
on the bacterial growth. Using SAS software, all data on the bacterial growth. Using SAS software, all data 
were analyzed in a randomized complete block de-were analyzed in a randomized complete block de-
sign with two replications. The results showed that sign with two replications. The results showed that 
among the 57 strains of rhizobacteria, 8 isolates had among the 57 strains of rhizobacteria, 8 isolates had 
the ability of ACC deaminase production and there the ability of ACC deaminase production and there 
was a significant difference at 5% level between was a significant difference at 5% level between 
the three different media of these rhizobacteria for the three different media of these rhizobacteria for 
producing ACC deaminase enzyme (Table 1). The producing ACC deaminase enzyme (Table 1). The 
Duncan test showed that the growth of eight strains Duncan test showed that the growth of eight strains 
producing ACC deaminase in the M9 medium con-producing ACC deaminase in the M9 medium con-
taining N sources (NH4Cl and ACC) were higher taining N sources (NH4Cl and ACC) were higher 
than the M9 medium without nitrogen (Figure 1). than the M9 medium without nitrogen (Figure 1). 

Effect of rhizobacterial inoculation on the root Effect of rhizobacterial inoculation on the root 
and shoot growth of canola seedlings and shoot growth of canola seedlings 

Five days after treatment, the root and shoot Five days after treatment, the root and shoot 
length was measured and the data were analyzed length was measured and the data were analyzed 
based on a completely randomized design using SAS based on a completely randomized design using SAS 
software (version 9). Variance analysis of root length software (version 9). Variance analysis of root length 
(Table 2) showed that there were significant differ-(Table 2) showed that there were significant differ-
ences between the treatments at 1% level. Compari-ences between the treatments at 1% level. Compari-
son of means with the Duncan test showed that all the son of means with the Duncan test showed that all the 
strains were significantly different from the control strains were significantly different from the control 
group and the impact on the root length was positive group and the impact on the root length was positive 
(Figure 2). The most effective strain was the Cma3 (Figure 2). The most effective strain was the Cma3 
which improved the root length up to 9 cm in 5 days .which improved the root length up to 9 cm in 5 days .

 In comparison with other strains, the Ake10 strain  In comparison with other strains, the Ake10 strain 
had a minimal effect on the root growth. Shoot length had a minimal effect on the root growth. Shoot length 
analysis of variance (Table 2) showed significant dif-analysis of variance (Table 2) showed significant dif-
ferences between the treatments at 5% level. Com-ferences between the treatments at 5% level. Com-

Mean Square

Ake10Ver15Ver11Ver7Cma3Ama2Cke2Wah3DF Source Of
Variations

0.127*0.134*0.129*0.119*0.174*0.164*0.044*0.115*2Treatments

0.043*0.044*0.005*0.105*0.228*0.014*0.003*0.032*1Block

0.0020.0010.000020.0010.0010.00080.000050.0012Error

Table 1: Variance analysis of growth of rhizobacteria in three different medium

Figure1: Shows the comparison between different treatments in 
rhizobacteria containing ACC deaminase

Mean Square

ShootRootDF Source Of
Variations

2.94*38.78**8Treat

1.464.4818 Sample
Error

0.342.9154Error

Table 2: Variance analysis Effect of rhizobacterial containing 
ACC deaminase on root and shoot growth

ACC deaminase producing rhizobacteria
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parison of means showed that only the Wah3 strain parison of means showed that only the Wah3 strain 
was significantly different from the control treatment was significantly different from the control treatment 
and had the maximum effect on the shoot length (Fig-and had the maximum effect on the shoot length (Fig-
ure 2). No significant differences were found for the ure 2). No significant differences were found for the 
other strains. The results suggest that the ACC deam-other strains. The results suggest that the ACC deam-
inase producing strains had the greatest effect on the inase producing strains had the greatest effect on the 
root growth. root growth. 

Phylogenetic analysis Phylogenetic analysis 
Using 16S rDNA gene sequence analysis, the best Using 16S rDNA gene sequence analysis, the best 

ACC deaminase producing strains, affecting the root ACC deaminase producing strains, affecting the root 
and shoot seedling growth of canola, were identified and shoot seedling growth of canola, were identified 
as as KlebsiellaKlebsiella sp. and  sp. and Pseudomonas spPseudomonas sp., respectively. ., respectively. 
The BALAST search with partial 16S rDNA gene se-The BALAST search with partial 16S rDNA gene se-
quence of Cma3 and Wah3 showed that the genera of quence of Cma3 and Wah3 showed that the genera of 
KlebsiellaKlebsiella and  and PseudomonasPseudomonas had the highest scores,  had the highest scores, 
respectively. In order to find the most similar avail-respectively. In order to find the most similar avail-
able sequences, a BLAST search was done in NCBI able sequences, a BLAST search was done in NCBI 
database. The 16S rDNA sequence data of the closest database. The 16S rDNA sequence data of the closest 
related species of related species of PseudomonasPseudomonas and  and KlebsiellaKlebsiella were  were 
extracted and used in tree constructions to demon-extracted and used in tree constructions to demon-
strate the taxonomy of these isolates (Figures 3 and strate the taxonomy of these isolates (Figures 3 and 
4). Phylogenetic relationships derived from a neigh-4). Phylogenetic relationships derived from a neigh-
bor-joining analysis of the 16S rDNA gene sequence bor-joining analysis of the 16S rDNA gene sequence 
of of Pseudomonas spPseudomonas sp. Wah3 and . Wah3 and Klebsiella spKlebsiella sp. Cma3 . Cma3 
with the most validly described species are shown in with the most validly described species are shown in 
Figures 3 and 4.Figures 3 and 4.

DiscussionDiscussion
The 1-aminocyclopropane-1-carboxylate (ACC) The 1-aminocyclopropane-1-carboxylate (ACC) 

molecule in plants is a precursor of ethylene synthe-molecule in plants is a precursor of ethylene synthe-
sis. ACC oxidase is involved in the conversion of sis. ACC oxidase is involved in the conversion of 
ACC to ethylene, carbon dioxide, and hydrogen cya-ACC to ethylene, carbon dioxide, and hydrogen cya-
nide (36,37). There are also numerous reports that the nide (36,37). There are also numerous reports that the 
ethylene hormone is synthesized in response to the ethylene hormone is synthesized in response to the 
abiotic stresses and prevents root elongation of the abiotic stresses and prevents root elongation of the 
plants (36, 38). The precursor of ethylene is degraded plants (36, 38). The precursor of ethylene is degraded 
by ACC deaminase, reducing the substrate of ethyl-by ACC deaminase, reducing the substrate of ethyl-
ene production. Ethylene is one of the plant hormones ene production. Ethylene is one of the plant hormones 

in legumes that regulates nodulation (39). However, in legumes that regulates nodulation (39). However, 
many of the PGPRs are able to reduce high levels of many of the PGPRs are able to reduce high levels of 
ethylene in plants through ACC deaminase activity ethylene in plants through ACC deaminase activity 
and the hydrolysis of ACC to α-ketobutyrate and am-and the hydrolysis of ACC to α-ketobutyrate and am-
monia (18). This reduction improves the root system monia (18). This reduction improves the root system 
of the crops and the nodulation of the legumes. Some of the crops and the nodulation of the legumes. Some 
researchers (40-42) showed that all bacteria contain-researchers (40-42) showed that all bacteria contain-
ing ACC deaminase may reduce the stress induced ing ACC deaminase may reduce the stress induced 
ethylene in crops and the deleterious effects of ethyl-ethylene in crops and the deleterious effects of ethyl-
ene on nodulation. For this reason, many studies have ene on nodulation. For this reason, many studies have 
been conducted to isolate the rhizobacteria contain-been conducted to isolate the rhizobacteria contain-
ing ACC deaminase (27, 43-46). Cattelan et al. (47) ing ACC deaminase (27, 43-46). Cattelan et al. (47) 
reported the isolation of 116 different strains of bac-reported the isolation of 116 different strains of bac-
teria from rhizosphere of soybeen, eight of which had teria from rhizosphere of soybeen, eight of which had 
the ability to produce ACC deaminase (47). Bal et al. the ability to produce ACC deaminase (47). Bal et al. 
(48) isolated 355 bacteria from Coastral of 5 different (48) isolated 355 bacteria from Coastral of 5 different 
places in India, of them only 6 strains had the abili-places in India, of them only 6 strains had the abili-
ty to produce ACC deaminase. Our results showed ty to produce ACC deaminase. Our results showed 
that among the 57 strains of Rhizobacteria, just 8 iso-that among the 57 strains of Rhizobacteria, just 8 iso-
lates had the ability of producing ACC deaminase. lates had the ability of producing ACC deaminase. 
In this study the effects of ACC-deaminase produc-In this study the effects of ACC-deaminase produc-
ing rhizobacteria on the growth of canola seedling ing rhizobacteria on the growth of canola seedling 
were conducted under controlled conditions. Results were conducted under controlled conditions. Results 
showed that all of the rhizobacterial strains were able showed that all of the rhizobacterial strains were able 
to improve the root growth of the inoculated seed-to improve the root growth of the inoculated seed-
lings. Shaharoona et al. (49) reported a significant lings. Shaharoona et al. (49) reported a significant 
positive correlation between the ACC-deaminase ac-positive correlation between the ACC-deaminase ac-
tivity and the root elongation in maize due to inoc-tivity and the root elongation in maize due to inoc-
ulation with rhizobacteria. Gosh et al. (50) reported ulation with rhizobacteria. Gosh et al. (50) reported 
that inoculation with rhizobacteria containing ACC that inoculation with rhizobacteria containing ACC 
deaminase had positive effects on the plant growth deaminase had positive effects on the plant growth 
and root length. Ma et al. (27) showed that com-and root length. Ma et al. (27) showed that com-
pared to uninoculated alfa-alfa, inoculated ones with pared to uninoculated alfa-alfa, inoculated ones with 
ACC deaminase containing  ACC deaminase containing  Sinorhizobium melilotiSinorhizobium meliloti, , 
had more nodes and stems. Grichko and Glick (20) had more nodes and stems. Grichko and Glick (20) 
indicated that although rhizobacteria having ACC indicated that although rhizobacteria having ACC 
deaminase could improve plant growth, their main deaminase could improve plant growth, their main 
effect was on the root development. These findings effect was on the root development. These findings 
demonstrated that rhizobacteria with ACC deaminase demonstrated that rhizobacteria with ACC deaminase 
activity can improve plant growth because of their activity can improve plant growth because of their 
effect on ethylene content (51-53). Other scientists effect on ethylene content (51-53). Other scientists 
have reported similar kind of findings (18, 54-57). In have reported similar kind of findings (18, 54-57). In 
this study, the best strains of producing ACC deami-this study, the best strains of producing ACC deami-
nase with a greater impact on the growth of roots and nase with a greater impact on the growth of roots and 
stems of the plants belonged to the genus stems of the plants belonged to the genus KlebsiellaKlebsiella  
and and PseudomonasPseudomonas, respectively. Some researchers , respectively. Some researchers 
have reported that the strains of genus have reported that the strains of genus Pseudomonas Pseudomonas 
able to  produce ACC deaminas with other bacteria able to  produce ACC deaminas with other bacteria 
(58, 59). Also, Peng Zheng et al. (60) isolated 300 (58, 59). Also, Peng Zheng et al. (60) isolated 300 
bacterial strains from the rhizosphere of maize and bacterial strains from the rhizosphere of maize and 
apple, grown in four different locations in Loess apple, grown in four different locations in Loess 

Figure 2: Comparison of isolates containing ACC deaminase on 
the root and shoot length

Behnaz Ouzhand, Mahmood Maleki ,  Mahdi Soltani and Colleague
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Plateau, China, four of them had the ability of pro-Plateau, China, four of them had the ability of pro-
ducing ACC deaminase. 16S rDNA gene sequencing ducing ACC deaminase. 16S rDNA gene sequencing 
showed that these strains belonged to the showed that these strains belonged to the KlebsiellaKlebsiella, , 
PseudomonasPseudomonas and  and RaoultellaRaoultella..

As a result of this research, 8 strains of ACC pro-As a result of this research, 8 strains of ACC pro-
ducing rhizobacteria were introduced, among them ducing rhizobacteria were introduced, among them 
two strains, Cma3 and Wah3, had greater effects on two strains, Cma3 and Wah3, had greater effects on 
the root and shoot elongation, respectively. There-the root and shoot elongation, respectively. There-
fore, these strains are suggested as the best ACC fore, these strains are suggested as the best ACC 

deaminase producing strains that can be used to im-deaminase producing strains that can be used to im-
prove plant growth under stress conditions.prove plant growth under stress conditions.

Figure 3: Neighbor-joining tree based on 16S rRNA gene sequences, showing relationships of Klebsiella sp. Cma3 with closely related 
members of the different genus of bacteria.

Figure 4: Neighbor-joining tree based on 16S rRNA gene sequences, showing relationships of Pseudomonas sp. Wah3 with closely 
related members of the different genus of bacteria

ACC deaminase producing rhizobacteria
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