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ABSTRACT
Cyanobacteria improve soil fertility and organic product productivity by

synthesizing growth-promoting substances, phosphate solubilization, and biological
nitrogen fixation. We investigated the effect of eight various cyanobacterial strains
on the germination-stage development of three different rice varieties namely Fajr,
Roshan, and Tarem. The ammonium transporter (AMT) gene family was studied
because ammonium is the most favored form of nitrogen that flooded rice can
absorb. The majority of the experimental parameters were considerably impacted by
cyanobacteria. In contrast to the qualitative cultivar Tarem Hashemi, germination
characteristics were considerably enhanced when eight cyanobacteria strains were
co-cultivated with two high-yielding cultivars, Roshan and Fajr. The amounts of
nitrate and ammonium were highest in strain 7, with concentrations of 0.08 pg/ml
and 0.010 pg/ml, respectively, out of the eight strains tested for nitrogen excretion.
In silico analysis discovered 12 gene loci and 15 OsAMT isoforms in the rice
genome. Examining the OSAMT gene family members in protein domain-specific
databases revealed that all of the examined genes (excluding OsAMT3;4) include an
ammonium-transporting protein domain. Three groups of OsSAMTs were identified
based on their gene structures and evolutionary relationships; each group shared
common motif patterns and exon/intron order. The identification of active and
inactive OSAMT genes in bioinformatic analysis could bring new insights into
functional genomics studies of the rice ammonium transporter gene family,
particularly in co-cultivation with cyanobacteria.
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Table 1. Access code of cyanobacterial strains in the microbial bank of Tabaristan Genetics and Biotechnology
Research Institute, Sari University of Agricultural Sciences and Natural Resources.
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Figure 1. Primary purification steps of cyanobacteria in the microbial bank of Tabaristan Agricultural Biotechnology and
Genetics Research Institute, Sari University of Agricultural Sciences and Natural Resources.
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Table 2. Analysis of variance Cyanobacteria in rice cultivars.
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Frgsh weight of Dry weightofa  Root to stgm Root length Stem Germination percentage freedom
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g 53 o) S
0.0142%* 0.000099** 0.16** 616.16**  16.44ns 1.65%* 185.72** 16 Effect of cultivar on
strain
Olyds oy
1.29 4.92 12.38 11.22 5.84 5.09 6.91 - coefficient of
variation
**: Significant at 5% and 1% probability levels ,ns: Not significant (S me pas NS g doyd Vo (0 () gxe Jleis! e
ul_@ Col 0dg f)SL;L:.o o[\ ).3‘).3 FLERTY I )'.o.:.’ 2 O cﬁlﬁ)‘ u»[o,.u Co Ltbé\:gyw ):‘ WP 0
A wloge (pyieS g (i b gy By 43 3D Joda llas g 0 d b o bayled Sid 59 9

Sd i eSS g pyS e /YL ply 05 sl ojloss dyguw b (LiSon Uy y2x8 18, )0 &S 0dgy (g, dxe
foed ade 4 Voojlod g w b (S iSon 4 baye B oY ojled dygw g oy yihio pS deo /oYY fjsa F



oy VY 50l SV ol o) oyled ead)lea Jlo o sly; el (g)sldcuny; ole &y

Y ) 05 e p S e 108 g Lo aald 5SS Gy (e p S e [ YF LD lad g
(e Sl bl 3 1) Sitid g (S Y gV ojlad g

Germination percentage Germination rate
150~ T T T T T T L a— 10T

T
, - e
B A & As_;/ . ./: il Bu
R 2 N T Rt H 1 E " e i
g 7 ~&- _-/ 2
) :/1/\/]\‘/{\/1— E i
Bl o [~ I/‘YI__N
i .k

1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1
& N > s e A @ N % s h e o A @
S &S S S S FFEF P LTSS &
e S S S & T S a aS
- Roshan - Roshan
Treatments -® Fajr Treatments - Fajr
—#& Tarom ~&— Tarom
Po
Shoot length Root length To
T T T T T T T T T 1 T T T T T T T T T
ol 7 ~@=W= o -

mm

S0

20 L, '\ /

PR T TR T T TR T N rE R
A NN S > s s AR @ D X s & A&
F& S S S S F e &M o
S CARC AT IC I T o o o o o o
- Roshan - Roshan
Treatments -® Fajr Treatments -® Fajr
&~ Tarom —& Tarom
Ce Je
. < . o
Root/shoot ratio length Dry seedling weight
2.0 T T T T T T T T
- B

e 5

0.0l—L 1 1 1 1 1 L 1 L
" “

\&& "\\\\\ \\\\", \\\\:: ;&b & %&b %&'\ $~°% .

[T T o o o o o S o o o o o PSS
- Roshan - 'Roshan

e - Fajr
Treatments -® Fajr Treatments

~&- Tarom & Tarom

He
Wet seedling weight

08T T T T T T T T T

- Roshan
Treatments o pyj.

~#&~ Tarom
Jsb it dpady; Jsb 10 dpabls Job 1o Sjaler ey 1o (Sl 2ol Gl (gla el )l (6ol Y S
5 0j9 T SIS )y g dile 4 dddy,

Figure 2. Measurement of germination parameters A: Germination percentage B: Germination rate P: Stem length T:
Root length C: Root to stem length ratio J: Dry weight H: Fresh weight.
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Table 3. Interaction effects Strain and cultivars on germination parameters
o en e cons Adyy Job Comd . o i
G Foj S S S oj s & adydib Gilp e Gl e drgm
Fresh weight Dry weight of root Germination ~ Germination .
ofsingleplant  asingle plant Root to stem length speed percentage strain
length ratio
0.46g®© 0.013hij® 0.63gh© 39.33ij@ 8.16h® 100.0a® Control Jys
0.41h®™ 0.014efg® 0.35jkI®8) 18.66mp®© 9a® 100.0a® Strain 1 \ays..
0.63a® 0.007m® 0.84f® 56.33fg® 8.5ah® 100.0a® Strain 2 yeys.. -
0.55¢© 0.016d© 0.81f® 53.66¢® 6.8cd© 77.77ef® Strain 3 v;. ‘}
0.38jk® 0.0111© 0.25k-0® 13.60pq® 6.5de® 83.33cde® Strain 4 v4ys.. g
0.61b® 0.0072mn® 0.84f® 51.00gh® 7.2¢© 88.89hc© Strain 5 o4 5. S
0.51d® 0.024p® 1.11de® 69.33de® 8.33p© 94.44ah® Strain 6 5. ©
0.50e® 0.0150e® 0.52hi®° 32.33jk© 9a® 100.00a® Strain 7 vays.
0.49f® 0.020c® 0.86f® 53.869® 8.41h® 97.22a4B) Strain 8 Aagw
0.408i® 0.016d® 0.72Fg® 44.00nif® 6.66cde®°) 66.679 Control =5
0.460g®W 0.013ghi® 1.57a® 92.00a® 8.58ab® 86.11cd® Strain 1 V4.
0.3441® 0.004r® 1.28bc® 85.66ab*“®) 8.08b"W 86.11cd® Strain 2 Yeyg. -
0.310n@ 0.0111® 1.36b® 88.00ab*®) 6.25¢© 75.00f€C) Strain 3 ¥4.. 2
0.377k® 0.0101® 0.221-0® 11.33pg® 8.58ab™ 86.11cd® Strain 4 ¥4.. g
0.387j© 0.006n0® 1.24bcd®® 73.33cd© 8.08h" 80.550ef“® Strain 5 dagu é
0.323m® 0.012jk® 1.23bcd®® 81.00Bch© 6.91cd® 75.00f%) Strain 6 £4..
0.3431® 0.005gr® 1.00e® 63.33ef® 8.16bW 88.89bc® Strain 7 vayg.
0.2070" 0.007mn® 1.16¢d@ 74.66¢d© 8.16bW 88.89bc® Strain 8 A s.
0.0322rs® 0.00600p® 0.329j-m*&% 19.001-p® 2.41h© 30.55m® Control s
0.04149® 0.0052pg® 0.1470® 8.009® 2.83gh®° 38.89kICD Strain 1 vays.
0.0365qrs© 0.0049qr® 0.328j-m®“&0 22.33Imn®*® 2.5h© 50.00ij4® Strain 2 vas.. -
0.0249t® 0.0141fgh®® 0.29j-n®A 20.331-0® 2.83gh®© 33.33mI® Strain 3 vay. ;__&
0.0309st®® 0.0149¢f® 0.166n0® 8.46q© 2.75gh®9 52.77hi*® Strain4ve,. S
0.0365qrs© 0.0260a® 0.202mno®" 13.000pg©> 3.66f" 44,44jk®O Strain 5 a4 g. §
0.0306st® 0.0123k® 0.376jk*® 26.33kIm® 3.08¢® 58.33n® Strain 6 Seg.
0.1038p9®W 0.0048qr® 0.273j-0P) 17.66nop®° 2.66gh®° 38.89KkI® Strain 7 vays.
0.0373qr© 0.0130ijke™ 0.397ij® 26.66kIA 3.75fA 58.33h® Strain 8 A« s
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1: Cultivar Fajr 2: Cultivar Roshan 3: Cultivar Tarem Hashemi *Lower-case letters: comparison of the average interaction effect before cutting *Capital letters
(power): comparison of the average of different cyanobacteria strains after cutting at the level of each cultivar.
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Table 4. Physicochemical characteristics of OSAMT gene family.

ol oSk 3] el o3 e o .
gyt S S S FNg St lginol <o [S3N
L . Molecular Number of Locus Gene name
GRAVY Aliphatic index Theoretical pl h . .
weight amino acids

0481 91.99 6.82 52649.55 498 LOC4336365 OSAMT 1;1
0,539 9373 6.88 52287.21 496 LOC4330008 OSAMT 1;2
0.444 89.60 7.58 53163.20 498 LOC4330007 OSAMT 13
0.569 105.66 8.63 51411.15 486 LOC4339064 OSAMT 2;1
0.490 9836 6.45 53739.83 501 LOC4327434 OSAMT 2;2
0,519 101.93 7.74 52765.58 497 LOC4327433 OSAMT 2;3
0.420 94.38 761 53794.49 498 LOC4324937 OSAMT 3;1
0.649 105.47 6.6 50853.46 479 LOC4334717 OSAMT 3;2
0.557 102.06 6.18 51660.19 480 LOC4329628 OSAMT 3:3
-0.369 76.00 6.56 44460.60 402 LOC4324937 OSAMT 3:4
0.420 94.38 761 53794.49 498 LOC4324937  OsAMT 3;1- like 1
0.420 94.38 761 53794.49 498 LOC4324937  OsAMT 3;1- like 2
0.546 93.99 6.06 34717.40 326 LOC107277383  OSAMT 3;1-like3
0.586 97.17 6.66 4947364 470 LOC107278274 OSAMTj’;l’ llike
0423 104.98 6.15 33109.42 315 LOC107276876 OSAMT 4;1

1Sub-cellular localization
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