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Abstract

Frost stress is one of the most important factors limiting the crop production, especially horticultural products and
pistachio plant in Kerman region. Because of the economic value of pistachios, the frost management of this
product is very necessary. One of the novel methods is the use of anti-ice nucleating bacteria on the surface of
plants, including pistachios. Some of these epiphytic bacteria can produce antifreeze proteins that bind to water
molecules in order to suppress crystal formation in the target sites. In this study, 100 epiphytic pistachio bacteria
were assessed in anti-freeze activity, out of which, four isolates were effective both in vitro and wheat seedling
bioassays. These were identified by biochemical and molecular tests. PCR primers 63f and 1387r were used for
amplification of 16SrDNA genes sequencing. Sequences were then compared with other isolates in NCBI
GenBank using blast methods. With 99% sequence similarity, the bacteria were identified as Serratia sp,
Pseudomonas sp., Erwinia iniecta and Escherichia fergusonii. Sequences recorded at GenBank under the
accession numbers MH704448, MH704263, MH703583 and MH703535 respectively. Obviously this study could

open up a new horizon in the management of frost damage of agricultural products.
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Table 1. PCR program used to amplify 16S rDNA gene

Step Temperature(°C) Time(Min) Cycle
Initial Denaturation 94 5 1
Denaturation 94 1 30
Annealing 56 1
Extension 72 2
Final extension 72 10 1
Hold 4
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Figure 1. Evaluation of antifreeze activity and not-freezing in the tube containing antifreeze isolate.A:

Suspension containing ice nucleation active bacteria with antifreeze isolate. B: Ice nucleation bacteria. C:
Control Suspension containing ice nucleation active bacteria with automobile antifreeze.
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Figure 2. Ice nucleation test in micro centrifuge tubesin -7-C
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Figure 3. Symptoms of frostbite (loosening and water-soaking) in seedlings treated with suspension of ice
nucleation bacteria (P. syringae) after exposure to -5 ° C for 40 minutes.
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Figure 4. Spraying with antifreez isolates in pots 1, 3, 4 and 6 prevented wheat seedlings from freezing . | ;e

after treatment with ice nucleation isolate. Pots 2 and 5 are only treated with ice nucleation isolate. Pot No.
10: Control plant treated with sterile distilled water.



V4 el ool b ey L5 s (Sosle r Soislan J oS anlllas o) Ko g > als

Taimd s salas Joi i 9 (Lol Sl o plelp Jse ol
ol e e aeas gbale Jlg s asxs i 16SrDNA
S 05 Sk s vsrse Gl Jlg b avalie 5 addlas 3 HL’ e
Serattia sp., sloaiss 4 oo, 14 YL cwls sla,S5lel vy sleh lo,—xm; SiSy
Escherichia JPseudomonas sp., Erwinia iniecta Sk o agla= F 511387 5 63F o eges
Jsoz 3 o yiws S olyen 4 45 ol fergusonii ols glas b cdx Ve g ojluil a4 xSl

Cewloalosls ylid (V) (0 JS&)

Ol Ay (1350 vl ead (lulaz fdtesns sbalia lerlon Slogas ¥ Joux
Table 2. Biochemical properties of antifreeze isolating from Rafsanjan pistachio trees.

Serratia sp. Pseudomonassp. strain Erwinia iniecta strain Escherichia fergusonii Biochemical Tests
strain 17-3 10-1 4-63 strain 69-3

_ _ - - Gram Stain

_ - - - Oxidase

+ + + + Catalase

+ - + + Oxidase/Fermentation

_ - - - Arbutin hydrolysis
_ - - - Arginine dihydrolase

+ + + + Esculin hydrolysis

+ + + + Tween hydrolysis

+ + - - Gelatin hydrolysis

_ - - - Sucrose reduction

+ + + + Anti-Freeze

. - + + Metallic green sheen
on EMB agar
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Table 3. GenBank 16 SrDNA sequence accession numbers, The length of the amplified piece, and
similarity percentage of antifreeze strains obtained from pistachio trees in Rafsanjan city.

Antifreeze bacteria Accession numbers Amplified piece length(bp)
Serratia sp. strain 17-3 MH704448 1300
Pseudomonas sp. strain 10-1 MH704263 1300
Erwinia iniecta strain 4-63 MH703583 1300
Escherichia fergusonii strain 69-3 MH703535 1300

A387r 4 63f 55kl ci> by o atmnss slaaslaz I6SIDNA axb 5L cax )Y o axkd L0550 S
M: Lader, A: serattia sp., B: Pseudomonas sp.C: Erwinia iniecta, D: Escherichia fergusoni

Figure 5. Amplification of 1300 bp fragment of 16SrDNA region of anti-ice isolates by primer pairs 63f and
1387r.
M: Lader, A: serattia sp., B: Pseudomonas sp.C: Erwinia iniecta, D: Escherichia fergusoni
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Figure 6. Phylogenetic tree showing the relationship between the 16S rDNA gene sequences of antifreeze
bacteria (Serratia sp .Pseudomonas sp. Erwinia iniecta .Escherichia fergusonii ) and closest strains for each

isolate in GenBank. Bootstrap analyses were made with 1000 cycles.
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