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Table 1- Primer pairs used in this study

SRR eyl 30 ooliiwl 3390 S FILT Cé — ) Sy

Prime Annealing

Size of Target

5- 3" sequence . ) . Reference
name Temperature amplicon  species/region
3076f AGYTCGCTGATTGCGGGNC 53°C 421bp Ina Hill et al., 2014
3463r STGTAVCKTTTNCCGTCCCA
3308f GGCGATMGVAGCAAACTSAC 53°C 192bp Ina Hill et al., 2014

3463r STGTAVCKTTTNCCGTCCCA
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A Burkholderia fungorum, :¥-A (Curtobacterium flaccumfaciens pv. flaccumfaciens UTMCO00162) e
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Fig 1. Agarose gel of PCR products obtained with the primers 3076f/3463r, to detect the ice nucleating gene in
strains isolated from sugarcane. Well No. M: Thermo Scientific GeneRuler (Schwerte, Germany) 1-k DNA
ladder (#SMO0311), 1: positive control (Pseudomonas syringae), 2: negative control (Curtobacterium
flaccumfaciens pv. flaccumfaciens UTMC00162), 3-8: Burkholderia fungorum, 9: Burkholderia contaminant, 10:
Ralstonia solanacearum, 11-12: Mesorhizobium huakuii, 13: Ochrobactrum ciceri, 14-16: Ralstonia
solanacearum, 17-18: Microbacterium foliorum and 19: Xanthomonas campestris.

38 Gt i W90 OF (b3 Cager < 3308F/3463r 57 HET Sz 3 odliiul b PCR Jguaze (53999 U1 g —F IS
:¥ (Pseudomonas fluorescens) oo sl Y (83 i Vv J90g0 ;O M L Ko ol 31 oul Tur (Sl gyl
:'¥Y-A Ochrobactrum ciceri :1 {Mesorhizobium huakuii :0 :Burkholderia fungorum : :¥'-¢ Burkholderia gladioli
(Curtobacterium flaccumfaciens pv.  —aw aall:)+ 9 Xanthomonas campestris :4 (Ralstonia solanacearum

flaccumfaciens UTMC00162)

Fig 2. Agarose gel of PCR products obtained with the primers 3076f/3463r, to detect the ice nucleating gene in
strains isolated from sugarcane. Well No. M: Thermo Scientific GeneRuler (Schwerte, Germany) 1-kb DNA

ladder (#SMO0311), 1: positive control (Pseudomonas syringae), 2: Burkholderia gladioli, 3— 4: Burkholderia
fungorum, 5: Mesorhizobium huakuii, 6: Ochrobactrum ciceri, 7- 8: Ralstonia solanacearum, 9: Xanthomonas
campestris, 10: negative control (Curtobacterium flaccumfaciens pv. flaccumfaciens UTMC00162).
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Table 2. Characteristics of the bacterial strains in which both Ice-nocleation genes were detected, as
well as the result of freezing test in the tubes on these strains

Type of Separated Freezing test

Characteristics of isolates Accession no.

bacteria source in the tube
Hit in NCBI database Strain
Burkholderia gladioli SC107 MH256555 Epi’ Leaf +
Burkholderia fungorum SC111  MH256497 Endo? Leaf -
B. fungorum SC112  MH256498 Endo Leaf +
B. fungorum SC113  MH256499 Endo Leaf -
B. fungorum SC115 MH256501 Endo Leaf +
B. fungorum SC117  MH256503 Endo Leaf -
B. fungorum SC123  MH256509 Endo Sheath -
B. fungorum SC128 MH256514 Endo Leaf -
Burkholderia contaminans SC138 MH256524 Endo Sheath +
Mesorhizobium huakuii SC139  MH256525 Epi Leaf +
M. huakuii SC140 MH256526 Endo Leaf -
Microbacterium SC151  MH256537 Endo Leaf ¥
proteolyticum
M. foliorum SC153 MH256539 Endo Leaf +
Ochrobactrum ciceri SC144  MH256530 Endo Sheath +
Ralstonia solanacearum SC136 MH256522 Endo Leaf +
R. solanacearum SC157 MH256542 Endo Leaf +
R. solanacearum SC158 MH256543 Endo Leaf -
R. solanacearum SC162  MH256547 Endo Leaf -
R. pickettii SC160 MH256545 Endo sheath +
Xanthomonas campestris SC166  MH256552 Epi Leaf +
TEpiphytic bacteria
2Endophytic bacteria
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Table 3- Relationship between time and ice nucleation activity of bacterial strains isolated from
sugarcane by droplet freezing test at -20°C

Time (min.) Strain name
Pf Bf Bf Bg Rs Rs Xc Oc Mf Bc Mh Rp Mp DW
1 4 0 1 1 3 0 2 0 0 0 2 3 0 0
1.5 8 5 4 2 6 3 2 0 0 2 2 4 0 0
2 10 5 6 2 6 5 2 2 3 6 2 5 0 0
3 10 8 9 3 9 6 3 3 3 6 4 7 1 0
5 10 9 10 4 9 6 5 5 4 7 7 8 2 0
10 10 10 10 8 10 7 6 6 4 9 8 8 3 2
15 10 10 10 10 10 9 8 6 5 9 10 9 3 3

Numbers 0-10: Indicates the number of frozen droplets in 15 minutes

P.f=Pseudomonas fluorescens, B.f=Bulkholderia fungorum, B.g=Bulkholderia gladioli, R.s=Ralstonia solanacearum,
X.c=Xanthomonas campestris, O.c=Ochrobactrum ciceri, M.f=Microbacterium foliorum, B.c=Bulkholderia contaminans,
M.h=Mesorhizobium huakuii, R.pi=Ralstonia pickettii, M.p=Microbacterium proteolyticom, DW=Distilled Water
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Table 4. Analysis of variance of interaction of bacterial strains and sugarcane
commercial cultivars on leaf frost percentage

Squares of means-

Source of variation df
Percentage of frost
Strain 11 6072.16"
Cultivar of sugarcane 4 21058.6
Strain* Cultivar of sugarcane 44 235.39
Error 120 37.04
Coefficient of variations - 14.01

*and ** have a significant at P<0.05 and P<0.01, respectively.
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Table 5- A. Comparison of means in interaction of bacterial strains on leaf frost percentage by
Duncan's test

Bacterial strains Percentage of frost
P.f 75.56a
B.f 64.45b
B.g 56.67¢c
R.s 56.67¢c
X.c 62.22bc
O.c 45.56d
M.f 37.78e
B.c 24.44f
M.h 32.22¢
R.pi 35.56e
M.p 21.11f

D.w 8.89g
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Table 5- B. Comparison of means in interaction of sugarcane commercial cultivars on leaf frost

percentage by Duncan's test

Cultivar of sugarcane

Percentage of frost

CP57-614
CP69-1062
CP48-103
CP73-21
SP70-1143

56.019b
72.686a
51.389¢
15.278e
21.759d

Treatments having at least one similar letter do not show a significant

difference at P<0.01

mCP69-1062  BCP48-103  @CP57-614  @mSP70-1143  @CP73-21
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Strain

“Means followed by same letters are not statistically different
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Fig 3. Interaction of bacterial strains and sugarcane commercial cultivars on leaf frost percentage.
P.f=Pseudomonas fluorescens, B.f=Bulkholderia fungorum, B.g=Bulkholderia gladioli, R.s=Ralstonia solanacearum,

X.c=Xanthomonas campestris, O.c=

Ochrobactrum ciceri,

M.f=Microbacterium foliorum, B.c=Bulkholderia

contaminans, M.h=Mesorhizobium huakuii, R.pi=Ralstonia pickettii, M.p=Microbacterium proteolyticom, DW=

Distilled Water.
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Table 6. Analysis of variance in frost rate of weak (Microbacterium proteolyticom) and strong
(Bulkholderia fungorum) strains on five commercial sugarcane cultivars under greenhouse

conditions

Source of variation df Squares of means-
Percentage of frost

Strain 3 12108.04™

Cultivar of sugarcane 4 5759.22"

Strain* Cultivar of sugarcane 12 533.96"

Error 40 137.71

Coefficient of variations - 30.6

*and ** have a significant at P<0.05 and P<0.01, respectively.

O 90T 3 oolatul b Cid pB 1  F33lo g Mo 33 3 b 3L (S gy sl (iod 9 (S 1aSilio dugio —AHT-Y Jouer
Table 7. Comparison of means of interaction of bacterial strains on sugarcane cultivars frost

percentage by Duncan's test

Bacterial strains

Percentage of frost

p.f
B.f
B.g
R.s
X.c
O.c
M.f
B.c
M.h
R.pi
M.p
D.w

75.56a
64.45b
56.67¢
56.67¢
62.22bc
45.56d
37.78e
24 .44f
32.22e
35.56e
21.11f
8.89g
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Table 7- B. Comparison of means of interaction of sugarcane commercial cultivars on sugarcane

cultivars frost percentage by Duncan’s test

Cultivar of sugarcane

Percentage of frost

CP57-614
CP69-1062
CP48-103
CP73-21
SP70-1143

56.019b
72.686a
51.389¢
15.278e
21.759d

Treatments having at least one similar letter do not show a significant

difference at P<0.01.
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Fig 4. Frost rate of two weak (Microbacterium proteolyticom) and strong (Bulkholderia fungorum)
strains on five commercial sugarcane cultivars under greenhouse condition. P.f=Pseudomonas
fluorescens, B.f=Bulkholderia fungorum, M.f=Microbacterium foliorum, , DW=Distilled Water.
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Abstract
Background and Objectives
Khuzestan is the only province with sugarcane cultivation. One of the limiting factors in the
production of this crop is the occurrence of frost damages in some years. Since no
comprehensive research has yet been conducted on detection and evaluation of bacteria with
the potential to form nuclear ice in frostbite, this study was carried out to evaluate this
subject.
Materials and Methods
This study was carried out in the laboratory of Institute for Research and Training of Sugar
and Auxiliary Industries. Endophytic and epiphytic strains of bacteria were isolated from
sugarcane. To test the freezing potential of representative strains, four tests including,
"determination of Ice nucleation activity by freezing in the tube", "freezing droplet test at -20
°C", "Ice nucleation test on sugarcane cut leaves in vitro” and "lce nucleation test on
sugarcane plant in greenhouse conditions™ were performed. Also the genes of the nucleus
were detected by 3076f / 3463r and 3308f / 3463r specific primers.
Results
Results show that bacteria species B. gladioli, B. fungorum, B. cantaminans, M. huakuii, O.
ciceri, M. proteolyticum, M. Foliorum, R. solanacearum , R. picketii and X. campestris had
different degrees of symptoms. In addition, the genes of the nucleus were detected by 3076f /
3463r and 3308f / 3463r specific primers. For all of above mentioned bacterial strains,
specifically strain X. campestris, no references have been reported of ice nucleation activity.
To assess susceptibility or resistance of sugarcane, cultivar CP69-1062 were the most
susceptible and highly damaged in the tests including "lce nucleation test on sugarcane cut
leaves in vitro™ and "lce nucleation test on sugarcane plant in greenhouse conditions”. In
addition, CP57-614 and CP48-103 cultivars showed minimum variation in frosting in
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compression to CP69-1062 cultivar. Two cultivars including CP73-21 and SP70-1143
exhibited a high degree of resistance to frostbite.

Discussion

Due to the high variation among Ice-Nucleating bacteria and the sensitivity of commercial
cultivars, our finding can be a suitable option for producers and encourage them to use
resistant cultivars in the field.

Keywords: Endophytic bacteria, Ice Nucleation-Activity, Burkholderia sp., freezing
droplet



