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ABSTRACT

Corn (Zea mays) belongs to Poaceae family. In recent years, the cultivated area and its uses
have increased rapidly in most countries of the world. The Iranian johenson grass mosaic
virus is one of the most important potyviruses of cereals, and the most effective way to
combat it is to use resistant cultivars. In the present study, the response of 12 corn hybrids
to this virus was investigated using a randomized complete block design. The extract of
infected plants was inoculated mechanically on the leaves of corn hybrids at the four-leaf
stage. Indirect ELISA test and RT-PCR test were performed using specific primers in order
to ensure infection of the samples using IJMV specific antibody. One month after
inoculation, notes were taken of phonological and morphological characteristics and
measurements of the severity and percentage of infection showed significant differences
between treatments. The results of the indirect ELISA test showed that the inoculated
samples reacted positively with the virus. After performing the RT-PCR test, the
amplification of a fragment of 327 base pairs in the inoculated samples indicated the
presence of IJMV. By examining all traits, especially the severity and percentage of
infection and yield, the hybrids were categorized. So that hybrids No. 3 and 4
(KLM78023/35-1-1-1-1x MO17 and K47/2-2-1-4-1-1-1 x K18) were more susceptible to
IJMV virus, but hybrids No. 5 and 12 (KSC 705 and K47/2-2-1-2-2-1-1-1x K18 (KSC715)
were relatively resistant or tolerant to the virus. Therefore, they are recommended for use

in future corn breeding work.
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Table 1. The names of corn hybrids

investigated
By 0 By e 0)lowd
Names of hybrids Number of hybrids
KLM77021/4-1-2-1-2-4-1 x MO17 1
KLM78027/2-1-3-1-1-1 x K18 2
K47/2-2-1-4-1-1-1 x K18 3
KLM78023/35-1-1-1-1-1 x MO17 4
K47/2-2-1-2-2-1-1-1 x K18 (KSC715) 5
KLM77012/4-1-1-5-1-2-1 x MO17 6
K47/2-2-1-2-2-1-1-1 x K166B 7
KLM75010/4-4-1-2-1-1-1 x MO17 8
KLM77002/10-1-1-1-1-3-1 x K18 9
KLM78018/6-1-1-1-3-2 x K18 10
KSC 704 11
KSC 705 12
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Table 2. Required materials of the reverse
transcription reaction

ok gob
Type of material

[\ &’5‘5,15).5 .3‘50 )‘..\50
(549556) (6 yudg S

The amount of material per

reaction is 50 uM (UM)
2

dNTPs (10 mM)

DTT (Dithiotreitol) (100 mM) 2

Mmulv RT buffer (5x) 10
Reverse  Primer  (RCF1) 3

10uM

Mmulv Reverse Transcriptase 1

(200U/ul)(Fermentas)

Deionized water 32
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Table 3. Materials needed in PCR reaction
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The amount of material per

reaction is 25 yM (UM)
2.5

Taq buffer (10x)

MgCl, (50 mM) 0.75
dNTPS (10 mM) 0.5
Primer-forward (10 uM) 1
Primer-reverse (10 uM) 1
Tagq DNA polymerase (5 U/ul) 0.25
cDNA 2
Deionized water 17
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Table 4. Primers used in PCR reaction and their
binding temperature
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Forward 5'-ATg gTH Tgg

Oligoln TgY ATH gAR AAY gg 3’ 35
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1. Reverse Transcriptase, RT
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Table 6. The number pattern to evaluate the

inhibition rate of the extracts used on the Iranian
johenson grass mosaic virus
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Degree of symptoms Description of symptoms
0 IVJL“" oS
Healthy plant
1 ciid Sylie
Mild mosaic
3 Salise
Mosaic
5 s Spljee
Sever mosaic
7 SH9)S S 1S, (b Sp b S
One to two leaves with necrotic veins
9 Si59,S8 (oS LS, gl Sy g b
Tree to five leaves with necrotic veins
1 Bl j5,S

Stem necrosis
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Table 5. The list of characteristics measured in the
present study along with abbreviations
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Code. Adjective No.
N e e
DGEE  The number of days from germination to 1

the appearance of the crown

Sjgard ey B S 5ol 5l g ol
DEEM  The number of days from the appearance of 2
the crown to physiological maturity

Soidazd oy B A5 s § 59, Sl

DGM  The number of days from germination to 3
maturity

PH Sy el oy
Plant height
MW glas )

CH I el 5
Cob height
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The number of seed rows in the cob
M > > &l slass

SPRC P ) 2 7
The number of seeds in per row of cob

D Plokd g
Cob diameter

CWD Plog ki
Cob wood diameter

SD &ly s 10
Seed depth
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The weight of 1000 seeds

Y e sls
Yield

sI o Sless
Severity of infection

PI Sl ey

Percentage of infection
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Figure 2. Symptoms caused IJMV on (a) Johnson
grass leaves and (b) maize.
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Figure 3. Mosaic symptoms resulting from
mechanical inoculation of IMV on maize hybrids.
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Figure 4. Results of PCR reaction in agarose gel: well
1, 100bp marker, GenRulerTM100bp DNA Ladder
from Fermentas, wells 2 and 3, control samples, and
wells 4 and 5, respectively, amplified fragments related
to [JIMV isolated from treated hybrids.
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Figure 1. The results of the contamination of the
corn samples in the indirect ELISA plate (the
colored well has a positive reaction and the
colorless well has a negative reaction).
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Table 7. The analysis of variance of the studied traits between 12 corn hybrids under control conditions

Y WS SD CWD CD SPRC  SRC CH SPRC DGM DEEM DGEE ‘5‘3‘);:?)3 A
1089409ns 28173ns 042ns 1.491ns 2385ns 834ns 186* 1793ns 7523ns 3.94ns 6.74ns 0.854ns 3 B‘ligll:
1894824.8 ** 23834 ns 0.875* 5583 ** 1358 ** 11.55ns 4.93** 2732* 619.5ns 7.10ns 7.27ns 0.702ns 11 H‘\)Ig;::
1yl
497766.7 2570.7 0524 1.598 3.017 1126 0942 739 7.71 9.30 1.41 33 «J,:‘iuj‘ ol
Experiment error
15.54 15.88 6.80 4.90 6.68 9.95 6.50 11.01 2.56 5.52 224 Sl o5

Coefficient of variation

2oy3 ) 90 (gylel Jlainl prdaws 3 (16 J5 Gxe <085 )1 gine (oNBO U oy 4 s g % s
ns, * and **: indicate non-significance, significance at 5% and 1% probability levels, respectively.
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Table 8. The analysis of variance of the studied traits between 12 corn hybrids under IJMV infection conditions

Y WS SO CWD CD SPRC SRC CH SPRC DGM DEEM DGEE ‘5”:;;?:’ "-'”:c*s«g'véfu"
202083ns  W185*  0.1507ns  1.386ns 354ms  117ms  2977* 282* 56785* 4.75ns 11.5ns 2083ms 3 Bigt
AOTBTH I0003%  2.602%  6.821%F IR0 2000% 559 3786ms 1646ms 1903* BT 1M 11 e
5589962 5735 0823 0854 3708 1033 LI3 3495 13576 831 846 1416 33 Expeﬁ‘;ﬂ ;':T*:r‘

18.30 7.51 8.92 3.63 420 10.03 7.24 17.10

16.63 2.63 5.10 227

Oy gy
Coefficient of variation

0yd ) 90 (bl Jlaisl pdaw 1 (390 I3 Sxe (1395 I3 ime (godimI LIS b 5 4 1k g % 1S
ns, * and **: indicate non-significance, significance at 5% and 1% probability levels, respectively.
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Table 9. Comparison of the averages of the studied traits between 12 corn hybrids under control conditions

ol
Y SD CWD CD SRC CH Traits
(ar) (mm) (mm) (cm) (cm) e 8 ylou
Number of hybrid
4850 abed 113 a 26.8 abc 49.5 ab 15.5 abe 1175 abede 1
4387.5 cd 104 abc 254 abed 463 bed 13.5d 110 cde 2
4100 de 10.3 abc 24.5 cd 45.2d 13.5d 108.5 de 3
5525 a 10.7 abe 26.3 abed 478 abad 17 a 1245 abe 4
5237.5 ab 10.7 abe 27.1 ab 486 abc 16 ab 112.7 cde 5
47375 abed 99 ¢ 24.8 bed 447 d 1425 bed 103 e 6
4637.5 bed 105 abe 258 abad 4777 abad 155 abe 1227 abed 7
4550 bed 105 abe 239d 449d 1375 cd 1187 abed 8
4537.5 bed 11.1 ab 24.6 abc 487 abc 1575 ab 114 bede 9
32125 f 99 ¢ 25.8 abed 456 cd 155 abe 1152 bode 10
3462.5 ef 11.08 ab 278 a 50 a 14625 bd 127.7 ab 11
5225 abe 11.06 ab 244 od 465 bod 1425 bod 131 a 12

Similarity letters indicate no significant differences.. ol s gize BB pas oaimd lis S i By >
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Table 10. Comparison of the averages of the studied traits between 12 corn hybrids under IJMV infection conditions

Y ws sb cwb €D SPRC  SRC CH DGM  DEEM ''aits
(an) (gr) (mm) (mm) (cm) (cm)
4825abc  359a  1120a 265ab 489ab  32bc  1612ab 1155ns 110.5ab 5825 abe 1
3275d 293¢ 940bc 246cd 434def 302bc  13d  1065ms 106 c 55 be 2
2825d  3285b  9.75bc  23.8d 429ef 3218bc  13d  1142ns 109 abc  56.5 abe 3
5450 a  3117bc 1032ab 26.6bc 463 abede 3268abc 1687a 1155ns 111.7ab  59.2 ab 4
5250 a  3l4bec  1011ab 265ab 467abed 2925¢c 1537ae  92ns  1122a  59.7 ab 5
53002 3082bc 1032ab 24.6cd 452bedef 3075bc  lded  105ns  106c  535c 6
3125d  319bc  1024ab  256bc  461labadef 30.12bc 1525abc  116.5ns 109.5abc 56 abe 7
3750 bed  321.7b  104ab 239cd 447cdef 3312ab 1375¢d 1117ns  1125a  6la 8
3525cd  3242b  1126a 265ab  49.1a  3lbc 1487dxd 902ns  1102ab 577 abe 9
3100d  3065bc 879¢ 249bed  42.5f  305bc  1512a  1062nms  1077bc 53¢ 10
3500 cd  319.5bc 972bc  28.1a 475abc  36.12a 1462bd  1182ns  1102ab 572 abe 11
5100 ab  3197bc  1065ab 244 cd 457adef 36182 1437bed  11951ns  1085abc 56 abe 12

Similarity letters indicate no significant differences.. ol o gize BB pas odimd lis S i By >
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Table 11. The analysis of variance of severity and percentage of infection between 12 corn hybrids under
IJMV infection conditions

39l o yd S NEETSY) Ol i 2ol
percentage of infection Severity of infection Degree of freedom Sources of Variation
9.87™ 17.92™ 3 Sk
Block
74.58 ** 108.02 ** 11 et
Hybrid
23.05 15.33 33 oielesl olad

Experiment error

Oy oy
Coefficient of variation

15.1 12.2 -

2o ) g O praw jd I e BB (o ime BB pae o )5 4y sk g % 1S
ns, * and **: indicate non-significance, significance at 5% and 1% probability levels, respectively.
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Table 12. Comparison of the average severity and percentage of infection between 12 corn hybrids under
IJMV infection conditions

<390 o yd Sl KYPOVE N PO
Percentage of infection Severity of infection Number of hybrid

6.89 cde 27.7 cd 1

7.60 cd 31.2 abed 2

12.02 ab 343 a 3

14.90 a 345a 4
7.02 cde 28.9 bed 5
6.98 cde 28.5 bed 6

6.24 de 27.6 cd 7

6.24 de 26.5d 8

6.37 de 27.6 cd 9
9.16 bed 31.9 abe 10
10.51 be 32.7 ab 11

3.64 ¢ 216 ¢ 12

Similarity letters indicate no significant differences.
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Figure 5. Results of cluster analysis of the studied hybrids based on the percentage and severity infection to [IMV
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Table 13. Composite analysis of variance of studied traits between 12 corn hybrids under control and [IIMV
infection conditions

SD CwD  CD Iy s ) gptd 2alio
Y SPRC SRC PH DGM DEEM DGEE ey el
@@ (mm)  (mm)  (mm) (cm) DF sov
" - . - - - - - - islojl Ll
49277343 5.53 2.63 4.29 69.8 1.26ns 132762 453 735 127 1 ; i
Expriment Condition
* - MRS
9874479 ns 1.72 ns 8.63 ns 17708 60.19ns 14.53 192927 26.08 ns 54.8ns 8.81ns 6
ReplicationxCondition
- - - - * - . - - L
561459114 26.1 132.8 3204 230.6 1109 17074.1 2199 2246 155ms 11
HybridxCondition
* ‘ &,
9409453.1 6.05 ns 3.61ns 324ns 117.5ns 342ns 8272.1ns 67.6ns 1165ns 1L1ns 11 byt pmn
Hybrid
2ol oLzl
528381 0.674 1.22 3.36 10.7 1.037 1048.3 8.01 8.88 1.41 66 i
Experiment error
s .
16.8 7.89 432 394 9.9 6.87 13.8 2.60 531 225 - i

Coefticient of variation

2oy ) 90 paw )b e BMB! o gxe BB pas (35 &y i g % a1s

ns, * and **: indicate non-significance, significance at 5% and 1% probability levels, respectively.
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Table 14. Comparison of the averages of the studied traits between 12 corn hybrids under control and IIMV

infection conditions

N9 PO 8 ylowd
(Jr) (:1:1) frm)) (nfz) SPRC SRC (FC’S) DGM DEEM DGEE  whlej] 2y
Expriment Number of
condition hybrid
4825 11.1 26.5 48.9 32 16.1 224 110.5 58.2 52 1 1
4850 11.3 26.8 49.5 333 155 2377 107.2 53.7 523 2
3275 9.39 24.6 43.4 30.2 13 216.7 106 55 51 1 2
4387.5 10.4 25.4 46.3 35.4 13.5 236.5 107.2 54.5 52 2
2825 9.58 23.7 429 322 13 2432 109.2 56.5 52 1 3
4100 10.2 24.5 45.2 32.7 13.5 2352 109.7 57.2 53 2
5450 10.3 25.6 46.3 32.7 16.8 213.5 111.7 59.2 53 1 4
5525 10.7 26.3 47.8 35.6 17 246.2  109.7 57.2 52 2
5250 10.1 26.5 46.7 29.2 153 1957 1122 59.7 53 1 5
52375 10.7 27.1 48.6 342 16 228 109 56 53 2
5300 10.3 24.5 45.2 30.7 14 2432 106 53.5 51 1 6
47375 9.92 24.8 44.7 32 142 2472 106.5 54 52 2
3125 10.2 25.6 46.1 30.1 152 227.5 109.5 56 53 1 7
4637.5 10.5 25.8 47.7 34.8 155 256.5 109.5 56.2 53 2
3750 10.3 239 44.7 33.1 13.7 231 112.5 61 51 1 8
4550 10.4 239 449 33.6 13.7 265 108.5 55.2 53 2
3525 11.2 26.5 49.1 31 14.8 172 110.2 57.7 52 1 9
4537.5 11.1 26.4 48.7 31.8 15.7 239.7 107.7 54.7 53 2
3100 8.79 24.9 42.5 30.5 15.1 2245 107.7 53 52 1 10
3212.5  9.90 25.8 45.6 30.8 155 266.7 107.2 54.5 52 2
3500 9.70 28.1 47.5 36.1 146 227.7 110.2 57.2 52 1 11
3462.5 11.1 27.8 50 36.4 14.6 2432 10.5 55.7 53 2
5100 10.6 244 45.7 36.1 14.3 239 108.5 56 52 1 12
5225 11.1 24.4 46.5 33.7 142  258.7 106 53 53 2

Experiment conditions: 1- IIJMV infection and 2- no infection (control)
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ABSTRACT
Tea is native to East Asia, the Indian subcontinent and Southeast Asia, and its leaves are

used as one of the most popular drinks in the world. Environmental stresses are one of the
most important factors affecting the quantity and quality of agricultural and garden crops,
including tea. One of the prominent effects of environmental stresses on plants is the
increase in reactive oxygen species (ROS) production. Ascorbate peroxidase (APX) is a
key antioxidant enzyme to inhibit ROS in plants. This study was conducted to identify,
study the evolution, function of the APX gene family in tea. To identify APX homologous
proteins in the tea genome, protein sequences of the APX family from several monocot and
dicot plants were used. BlastP results identified 9 homologous sequences from the APX
gene family on different tea scaffolds. Based on phylogenetic relationships, APX gene
family proteins in tea and the studied plants, including Arabidopsis, rice, maize, and potato,
were divided into four distinct evolutionary groups. Due to the relatively equal distribution
of genes from monocot and dicot plants in phylogenetic groups, it seems that the evolution
of these genes occurred from a common ancestral gene before the divergence of monocot
and dicot plants. Investigation of the expression of APX homologous genes in different
tissues and various environmental stresses showed that CsAPX1, CsAPX3, CsAPX4,
CsAPX5, and CsAPX8 genes had moderate to high expression levels, indicating the
importance and key role of these genes in different growth stages and various abiotic
stresses in plants.
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Isigivs APX g o <8l Ipme Jsbo olSels e
PS8 L ie 4y | ato APX (CAPX)
APX 5 (SAPX) Log sl APX (tAPX) Mg,
PoiSI L lie ol ((92bgSeo (gLid &y Juato
s APX Giliee el b3l (MAPX) pg5 Sl o
e (JFylite Gl (Jaee 5 (Splie (b JUSow
.(Gangwar et al., 2014)
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.(Upadhyaya and Panda, 2013)
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loysSa (55 0dlgls 2,515 5 oS5 adlls 5 (plolis
Camellia ) sls olS pg5 0 S 3 (APX) jlasTy
A pladl (sinensis

PRI F (el 93

S pgi) 0 yunS ) APX Selgon gl (2wl
OLS 0535 (sld ooy 4w yiwd Kl 5 adgl le M
&5 — g9 (Arabidopsis thaliana) LG gl )|
(Zea mays) <> (Oryza sativa- Japonica) Lssl;
Lesl bl s (Solanum tuberosum)  uejuw o
4 APX (55 0dlgls (g slaJlg gl (ol
» Sslgan slagibsy ool can adyl J lsis
glie oy b lag]
sl lss ety (i 5 (V Jpiz) 2ol coms 4y (LS
S a EnsemblPlants ooly oL S0 5l gy

o 0)lodd g by pasl b gl
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5 40350 g dde Hlas 43S ya yd oad olwlis CAT
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Juis KalKs Jlide & do g b .oy sdcdsles s
2 55 sodlgls ool JolSS (ol Jale (ite i35
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(Yuetal, 2014)
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Kumar et al., ) & oy MEGAT 158 p 5 51 oslazul
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ClustalX lassly jI1U S o ololiis 1, FASTA
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4oxl (poxen 9 (o555 DNA 5 CDS sla JIp5
0,3 Newick JSis & a5 Ssjsld cs 0 5l fols

A oolawl ATy (W)

4 Gl 39 APX sla ) (Sl b9y (owyy
(s ) g S S
Jsls posy oyins P APX clacy o (gwyy o

S s Jlg do Jlgi plas il 51 e J(@l., 2020
B Dya0 ped 399 13U Cles 0 g 0ad Bis
4 SMART sleMbl S 5l eolaiwl | (PFO0141)
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505 d)lg Ly odly oL ol p> (Letunic et al., 2012)
PFAM o8 Clowl g gy sla Jlas cleMbl

WA wyp laidyge (63,58 (gl yed D99 dOMAINS

PAPX Selgar (o) (g yiod o)lad 5 pul Y Jgia
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Table 1. Name and accession number of
homologous APX genes in arabidopsis, rice, corn

and potato

Accession nhumber Genes Plant species
AT1G07890 AtAPX1
AT3G09640 AtAPX2
AT4G35000 AtAPX3
AT4G09010 AtAPX4 Arabidopsis
AT4G35970 AtAPX5 thaliana (At)
AT4G32320 AtAPX6
AT4G08390 SAPX
AT1G77490 TAPX
0S03G0285700 OsAPX1
0S07G0694700 OsAPX2
0S04G0223300 OsAPX3 Oryza sativa
0S08G0549100 OsAPX4 Japonica
0S12G0178200 OsAPX5 (0s)
0S12G0178100 OsAPX6
0S04G0434800 OsAPX7
0S02G0553200 OsAPX8
Zm00001d016802 APXal
Zm00001d003643 APXa2
Zm00001d023582 APXa3
Zm00001d025047 APXb1 Zea mays
Zm00001d053223 APXb2 (Zm)
Zm00001d047757 APXcl.1
Zm00001d028709 APXcl.2
Zm00001d007234 APXc2
PGSC0003DMG401001731 StAPX2
PGSC0003DMG400006175 StAPX3
PGSC0003DMG402003646 StAPX5 Solanum
PGSC0003DMG400000894 St2341 tuberosum
PGSC0003DMG400030056 St7268 (St)
PGSC0003DMG400030063 St7286
PGSC0003DMG400003645 St9378

o yimS 33 APX sld (piiig py gL (S 9 (o x

sk pds
(35950 0jg wle APX (slay g cogoe (sl S
Coliw l asual (ladwl dlass ¢ (P1) S Sy ) alais
S i d ,» Expasy
A el (https:/Aweb.expasy.org/protparam/)
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CSAPXL j) Lis sy (g HeSabs esi i oyl s i o3l
(Y Jodo) cdl aeils CSAPXO b g £,
o ol s ead bl slay; esee lasuie
SM- DFO ¥R FAY cblgblSnl (o) cui s 4 by
Oje A 5 YEFY 5 SYAD XAAY XAVD SYSY
o5IBkS WV/POV e 005 ool slo oyBiays JsSse
CSAPX2 (dlys oyslosks AF/\¥D b CSAPX3 (o,
5 CSAPXS & 3bio 35 sy Jgo cyieS 251 it

Shio (35531 Job st 5 sl YA L CSAPX4
(O1) <SSy a6y digolipud VED | CSAPX2 4,

(CSAPX1) 4/\) 5 (CSAPXE) oY yolis oy jo
CSAPX4 CSAPX3 (gl ysfis s Codlleb oo 395 yesio
5 CSAPX6 (CSAPX5 oudlsinw ,» CSAPX9
Loty slié 5 CSAPX2 o casdly)S 5> CSAPX8
Jsks olSils 53 CSAPXL yiy cly i sin
ROt D degbe S gk g gt Jold
oSils 95 ) g5 CSAPXT gy cly ol e
{V Jgi2) 290 (oo 2B 5 6345 50

as oy )l g 0 APX 55 ealgld Ly ls
pdonl 90 iy 4 & Cuwl gae cula gl
PisRl ez 9 oaiesSln ponl 90 (Jajgee
(Teixeira et al., 2004) .S’ o 381y g8

sl olS calises sl & oo RNA-seq (slaodls
e Sy @il @iy g S sl dlos ol
ol chlizee i speé SIS 4 Gl 22 9 9 L
J Jols Sbgousle Jto g Loy (J3SlS il (b 5590
(http://tpia.teaplant.org/) sluis & TPIA ssb 654
51 TPIA o3l oLl (Xia et al., 2019) s ool ul
Shi et al., ) l)LSen 5 i Slllas jl Jols laodls
9 9 (Wang et al., 2013) - ,LSen 4 Sy (2015
Zhang ) ,\Ken 3 S5 o (Wei etal., 2018) |, Kon
«lgowl> Jio Jlas b g pe iy 4 (et al., 2017
B (S g (6y9h W 9 608 Jelye oy i
SIAPX Gl ys ol (Heat map) (o)l aids ool oad

(Chen et al., 2018) 13 waw s TBOOIS 33le 5 5,1

SRy R Sbasl
22 9APX (5 03lgils o (puiig p (o2l
Sz Py 0 S 1o LT soges wlasiv
Sl P30S ) Selsen glo gy 2lolid 4l
SBlS 5l olass )3 APX ool iutisy csla s ;]
o i s cgy el 1 A olitol ddgd 5 4JS

o= Cim 9 O3 5 g5 gl (S0
b o oolawl adgl g laie & e jeumw | gy
lolid sl Solsen sl Sy BlastP bl L
e 3929 205 5 ()5 S JIg Bl Iy K9
5 03lgLS 3l Selgen JIgi & olass lai 390 (63,58
iy pes GLs STl ol 5l olulis APX

Sl pg5j 0yS 3 APX (G5 0dlgls (slag)] (sages Claseia Y Jgaa
Table 2. General characteristics of APX genes family members in the tea genome

o Isoelectric Protein Weight Gene Gene Gene

Cellular localization point length(aa) (Kilo Daltons) end start Scaffold name Gene ID
Cytoplasm

g . 9.11 551 61.912 908111 897441  Scaffold282  CsAPX1 TEA026035.1
Mitochondria
Plasma membrane 6.02 745 84.145 3034087 3016631  Scaffold399  CsAPX2 TEA030817.1
Cytoplasm 6.72 288 31.657 399209 388039  Scaffold565 ~ CsAPX3 TEA000543.1
Cytoplasm 7.06 288 31.895 420631 414081  Scaffold2880  CsAPX4 TEA019211.1
Chloroplast 6.73 421 45.658 685085 678480  Scaffold3364  CsAPX5 TEA012379.1
Chloroplast 5.03 406 44517 79075 72572 Scaffold3815  CsAPX6 TEA021205.1
Extracellular Mitochondria 6.07 384 41.991 1055211 1048196 Scaffold3982  CsAPX7 TEA018635.1
Chloroplast 5.53 352 382 803466 797035  Scaffold6255 CsAPX8 TEA028541.1
Cytoplasm 6.11 450 49.897 647887 641965 Scaffold12447 CsAPX9 TEA017156.1
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oy 13200 JolS5 05,5 )le> 4 (Felsenstein, 1985)
05 9% = Joimdio 0 WY Jold Sl o9, S xia i
OF A 435 0 A @ () 9 B g
S5 05 Vel pgd 09,5 g Sla ()] 93 5 (eejiome
3 05 99 dBWL Guamggial)] 51 05 93 Jold 45 00
03 9 9 e J 05 93«03 5 0 93 @
0SesS oy Sl s 5l a4 pgw 09,5 el sy
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Akbudak ) ps5 9w ;> APX adlgls jl gae & pizmen
bow » APX 553+ 5 V) iy & et al., 2018
2 gae Cua (Aleem et al., 2022) iog 5 =)
Panchuk et al, 2002; Narendra et al, ) s giol,]
Populus ) oS ypeuo » aae VY (2006
poi; » g2 VY (Leng et al., 2021) (trichocarpa
aac V) (Liao et al., 2020) (Hongyang :e3,) 555
sac & 9V g & 4 (Tyagi et al., 2020) pu5 >
Vermaetal., ) B. rapa 4B. juncea laasS 35" )
ol 08 glwlis (2022

5 sl ) APX (5 eolgils (Suijelud anllle
P LA ple
P APX (55 odlgils la gy (SiBiold cb s
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Figure 1. Phylogenetic tree of APX gene family proteins in the tea genome and other plant species including
arabidopsis, rice, corn and potato
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Figure 2. Exon-intron structure and splicing phase of APX gene family homologs in tea
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Figure 3. Expression pattern of APX genes in different tea tissues. Green color indicates low expression, red
color indicates high expression of the genes.
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ABSTRACT

Cereals, especially wheat, is one of the most important food sources for humans. Approximately 55%
of proteins, 15% of fats, 70% of glucosides, and generally 50-55% of calories consumed by human
come from cereals. Water scarcity is an important limiting factor in wheat production in rainfed and
irrigated farming can affect different traits. Therefore, adaptation of plants to drought stress is critical to
increase production. Many factors such as genotype, growth stage, intensity and duration of stress,
physiological growth stage, different patterns of gene expression and environmental factors can
influence the response of plants to drought stress. Different methods have been used to study the
expression of genes, and proteomic analysis has priority for the study of the final gene product. In this
regard, the seeds of wheat cultivars were gown in plastic pots in a greenhouse and divided into two and
root random groups one month after growing in which water deficit stress was imposed to half of the
pot, randomly, by increment of irrigation internal. Twenty days after imposing stress, shoot and root
length, shoot dry and wet weight, root volume and proline content were measured in both groups.
Protein extraction was performed by phosphate buffer method and two-dimensional electrophoresis
was performed by IEF in 1% dimension and SDS-PAGE in 2™ dimension. Proteomic analysis of root
tissue by two-dimensional electrophoresis with Coomassie brilliant blue staining revealed 99
repeatable protein spots each gel. Among the identified protein spots, 15 spots were shown a
significant change in expression under water deficit stress condition compared with the control, in such
a way 13 spots increased expression and 2 spots with reduced expression. These spots were identified
according to the isoelectric point and the molecular weight. These proteins based on functional groups
were classified in starch synthesis, light respiration and metabolism, proteins involved in cell structure,
stress response and defense, and various proteins. Proteins Peroxidase, Phosphoglycerate mutase,
Triose phosphate-isomerase, Adenosine diphosphate glucose pyrophosphorylase, Glutathione S-
transferase, Monomeric alpha-amylase inhibitor, Cytosolic-3-phosphoglycerate kinase, Probable
voltage-gated potassium channel subunit beta, Serine hydroxy methyltransferase, late embryogenesis
abundant protein D-29, B-Hydroxyisobutyryl-CoA hydrolase, 2-Cys peroxiredoxin BAS1 and other
late embryogenesis abundant proteins were identified with increased changed expression under water
deficit stress conditions indicating the importance of these proteins in reducing the effects of water
deficit stress. The proteins S-Adenosylmethionine synthetase 3 and Germin-Like protein were shown
reduced changed expression. The result of this research indicated that different groups of proteins
interfering in reduction of destructive effects of water deficiency stress but the contribution of response
/ defense and metabolism proteins were more than the others.

KEYWORDS
Iso-electric focusing (IEF), Mass spectrometry, SDS-PAGE, Two-dimensional
electrophoresis.
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Table 1. The mean of traits studied in wheat cultivar Baran and significance level of t-statistic for normal and
water deficit stress conditions
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Figure 1. (2) The mean of root volume (a) and root prolin content (b) under normal and water deficit stress
conditions in wheat cultivar Baran
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Figure 2. The volume percentage of the protein with significant expression changes under normal and water

deficit stress conditions in wheat cultivar Baran
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ABSTRACT

Growth-promoting bacteria or plant probiotics are an effective part of biocompatible
and sustainable agriculture. In this study, changes in some vegetatative i and plant
physiological indicators and the biocontrol of P. ultimum (damping-off disease agent)
in Lettuce plants treated with two types of growth stimulating bacteria (A lipoferum
and A. brasilense) and a biocontrol species (B. subtilis and two gamma irradiated
mutant isolates 419 and 600) were investigated in greenhouse conditions in the form of
a completely randomized design (CRD) with four replications. The results showed
bacterial treatments inthe all growth and physiological indicators, were significantly
different from the control at the 5% level. In the P. ultimum inoculated treatments, the
damping-off and diseases severity(DI) were significantly reduced as a result of the
treatment with B. subtilis mutants obtained from gamma ray irradiation, but
Azospirillium strains were not effective in biocontrol. The comparison of physiological
inddexs in infected plants showed that peroxidase, polyphenol oxidase enzymes and
proline increased and malonaldehyde decreased as a result of treatment with B. subtilis
mutants. From the total results of this research, it can be concluded that the induction of
mutation with gamma ray due to the improvement of antagonistic potential of B.
subtilis ,leaded to increase the biological control activities of B. subtilis mutants
without adverse effects on the growth and physiology of lettuce, so that the efficiency
of these mutants in the biocontrol of pseudo-fungus P. wltimum and induction of
physiological indicators of resistance in the lettuce plant is higher than that of
Azosprilium efficiency.
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Pythium ultimum, Azospirillum lipoferum, Azospirillum brasilense, Bacillus subtilis,
Biological control.
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Figure 3. Comparison of vegetative characteristics of lettuce plants treated with P. ultimum, A. lipoferum and A.

brasilense strains with the control; A. lipoferum: plants treated with 4. lipoferum; A. brasilense: plants treated with

A. brasilense; Control: control plant without pathogen treatment; and P. ultimum: plants treated with pathogen; 4.

lipoferum+ P. ultimum: plants treated with A. lipoferum and P. ultimum; A. brasilense+ P. ultimum: plants treated

with 4. brasilense and P. ultimum. (Different letters in each column indicate a statistically significant
difference between different isolates p<0.05).
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Figure 2. Comparison of vegetative characteristics of lettuce plants treated with P. ultimum, wild type and mutants
of B. subtilis with the control; B.subtilis: plants treated with wild type B. subtilis; B. sM600: plants treated with

mutant 600 of B. subtilis; B. Sm419: plants treated with mutant 419 of B. subtilis; Control: control plant without

treatment; P. ultimum: plants treated with pathogen; B.subtilis+ P.ultimum. plants treated with wild type B. subtilis
and P.ultimum; B. sM600+: P.ultimum plants treated with mutant 600 of B. subtilis and P. ultimum; BsM419+

P.ultimum: plants treated with mutant 419 of B. subtilis and P. ultimum. (Different letters in each column indicate

a statistically significant difference between different isolates p<0.05).
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Figure 3. Comparison of the of seedling damping off percentage caused by P. ultimum in lettuce plants treated
with A. lipoferum and A. brasilense strains and wild type and mutants of B. subtilis with the control. B. subtilis:
plants treated with wild type B. subtilis and pathogen; B. sM600: plants treated with mutant 600 of B. subtilis and
pathogen,; BsM419: plants treated with mutant 419 of B. subtilis and pathogen; A. lipoferum: plants treated with A4.
lipoferum and pathogen; 4. brasilense: plants treated with A. brasilense and pathogen; Control: control plant

without pathogen treatment and P. ultimum: plants treated with pathogen (Different letters in each column indicate
a statistically significant difference between different isolates p<0.05).
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Figure 4. Comparison of the of diseases severity caused by P. ultimum in lettuce plants treated with 4. lipoferum
and A. brasilense strains and wild type and mutants of B. subtilis with the control. B. subtilis: plants treated with
wild type B. subtilis and pathogen; B. sM600: plants treated with mutant 600 of B. subtilis and pathogen; BsM419:
plants treated with mutant 419 of B. subtilis and pathogen; A. lipoferum: plants treated with 4. lipoferum and
pathogen; A. brasilense: plants treated with A. brasilense and pathogen; Control: control plant without pathogen

treatment and P. ultimum: plants treated with pathogen. (Different letters in each column indicate a statistically
significant difference between different isolates p<0.05).
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Figure 5. Comparison of Total protein (mg/g fw) of lettuce leaves treated with P. ultimum, A. lipoferum and A.
brasilense strains and wild type and mutants of B. subtilis and control; Control: control plant without treatment;
B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated with mutant 419 of B. subtilis; B.
sM600: plants treated with mutant 600 of B. subtilis, A.brasilense: plants treated with 4. brasilense and pathogen;
A.lipoferum: plants treated with A. lipoferum and pathogen; B.s+P: plants treated with wild type B. subtilis and
pathogen; BsM419+ P: plants treated with mutant 419 of B. subtilis and pathogen, B. sM600+P :plants treated
with mutant 600 of B. subtilis and pathogen, 4. [+P: plants treated with 4. lipoferum and pathogen; A. b+P: plants

treated with A. brasilense and pathogen; P. ultimum: plants treated with pathogen (Different letters in each column
indicate a statistically significant difference between different isolates p<0.05).
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Figure 6. Comparison of Chlorophyll a and b and carotenoids (ng/g fw) of lettuce leaves treated with P.
ultimum, A. lipoferum and A. brasilense strains and wild type and mutants of B. subtilis and control; Control:
control plant without treatment; B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated
with mutant 419 of B. subtilis; B. sM600: plants treated with mutant 600 of B. subtilis; A.brasilense: plants
treated with 4. brasilense and pathogen; A.lipoferum: plants treated with A. lipoferum and pathogen; B.s+P:
plants treated with wild type B. subtilis and pathogen; BsM419+ P: plants treated with mutant 419 of B.
subtilis and pathogen, B. sM600+P :plants treated with mutant 600 of B. subtilis and pathogen, A. [+P:
plants treated with A. lipoferum and pathogen; A. b+P: plants treated with 4. brasilense and pathogen; P.
ultimum: plants treated with pathogen (Different letters in each column indicate a statistically significant
difference between different isolates p<0.05).
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Figure 7. Comparison of Peoxidase activity (U/g fw) of lettuce leaves treated with P. ultimum, A. lipoferum and A.
brasilense strains and wild type and mutants of B. subtilis and control; Control: control plant without treatment;
B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated with mutant 419 of B. subtilis; B.
sM600: plants treated with mutant 600 of B. subtilis, A.brasilense: plants treated with 4. brasilense and pathogen;
A.lipoferum: plants treated with A. lipoferum and pathogen; B.s+P: plants treated with wild type B. subtilis and
pathogen; BsM419+ P: plants treated with mutant 419 of B. subtilis and pathogen, B. sM600+P :plants treated
with mutant 600 of B. subtilis and pathogen, 4. [+P: plants treated with 4. lipoferum and pathogen; A. b+P: plants

treated with A. brasilense and pathogen; P. ultimum: plants treated with pathogen (Different letters in each column
indicate a statistically significant difference between different isolates p<0.05).
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Figure 8. Comparison of Polyphenol oxidase activity (U/g fw) of lettuce leaves treated with P. ultimum, A.
lipoferum and A. brasilense strains and wild type and mutants of B. subtilis and control; Control: control plant
without treatment; B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated with mutant 419 of
B. subtilis; B. sM600: plants treated with mutant 600 of B. subtilis, A.brasilense: plants treated with 4. brasilense and
pathogen; A.lipoferum: plants treated with 4. lipoferum and pathogen; B.s+P: plants treated with wild type B.
subtilis and pathogen; BsM419+ P: plants treated with mutant 419 of B. subtilis and pathogen, B. sM600+P
:plants treated with mutant 600 of B. subtilis and pathogen, 4. [+P: plants treated with 4. lipoferum and pathogen;

A. b+P: plants treated with 4. brasilense and pathogen; P. ultimum: plants treated with pathogen (Different letters
in each column indicate a statistically significant difference between different isolates p<0.05).
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Figure 9. Comparison of Malondialdehyde (ng/g fw) of lettuce leaves treated with P. ultimum, A. lipoferum and A.
brasilense strains and wild type and mutants of B. subtilis and control; Control: control plant without treatment;
B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated with mutant 419 of B. subtilis; B.
sM600: plants treated with mutant 600 of B. subtilis, A.brasilense: plants treated with 4. brasilense and pathogen;
A.lipoferum: plants treated with A. lipoferum and pathogen; B.s+P: plants treated with wild type B. subtilis and
pathogen; BsM419+ P: plants treated with mutant 419 of B. subtilis and pathogen, B. sM600+P :plants treated
with mutant 600 of B. subtilis and pathogen, 4. [+P: plants treated with 4. lipoferum and pathogen; A. b+P: plants

treated with A. brasilense and pathogen; P. ultimum: plants treated with pathogen (Different letters in each column
indicate a statistically significant difference between different isolates p<0.05).
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Figure 10. Comparison of Proline (ng/g fw) of lettuce leaves treated with P. ultimum, A. lipoferum and A.
brasilense strains and wild type and mutants of B. subtilis and control; Control: control plant without
treatment; B.subtilis: plants treated with wild type B. subtilis; B. sM419: plants treated with mutant 419 of B.
subtilis;, B. sM600: plants treated with mutant 600 of B. subtilis; A.brasilense: plants treated with 4. brasilense
and pathogen; A.lipoferum: plants treated with A. lipoferum and pathogen; B.s+P: plants treated with wild
type B. subtilis and pathogen; BsM419+ P: plants treated with mutant 419 of B. subtilis and pathogen, B.
sM600+P :plants treated with mutant 600 of B. subtilis and pathogen, A. [+P: plants treated with A.
lipoferum and pathogen; 4. b+P: plants treated with 4. brasilense and pathogen; P. ultimum: plants treated

with pathogen (Different letters in each column indicate a statistically significant difference between
different isolates p<0.05).
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ABSTRACT

Saffron (Crocus sativus L.), a perennial plant of the Iridaceae family, is predominantly
cultivated in Iran. Despite its high economic value both domestically and globally as a
precious spice, its cultivation faces substantial challenges from numerous pathogens
which significantly impact both yield and quality. Resistance genes (R-genes) encode R-
proteins that play a crucial role in activating plant defense mechanisms against
pathogens. Nucleotide-binding site leucine-rich repeat (NBS-LRR) genes are a family of
intracellular R-genes that confer resistance to plants by initiating Effector-Triggered
Immunity (ETI). In this study, an in silico study was conducted on the transcriptome of
saffron corms infected with Fusarium oxysporum to identify NBS-LRR genes at 48 and
72 hours after inoculation using bioinformatics software and databases. Arabidopsis
NBS-LRR gene sequences were used to identify NBS-LRR members in the saffron corm
transcriptome. Then, the expression profile of NBS-LRR candidate genes was studied.
Based on the results of BLASTX algorithms, 63326 transcripts were documented. The
results of this study revealed the presence of 30 NBS-LRR gene transcripts in the
transcriptome of saffron corms. The expression of the selected genes was significantly
up-regulated in infected corms compared to healthy control corms. Furthermore, analysis
of the selected NBS-LRR genes indicated that their expression levels were higher at 72
hours after inoculation compared to 48 hours. The LRR1 gene had a higher expression
level than the LRR2 gene at 48 and 72-hours post-inoculation. Plus, the results of this
study revealed that NBS-LRR genes are expressed in almost all saffron tissues,
suggesting their involvement in the saffron's response to fungal infections. The findings
of this study suggest that NBS-LRR genes hold significant potential for utilization in
future saffron breeding programs.
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Bioinformatics, Fusarium oxysporum, Gene expression, NBS-LRR gene.
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Table 3. Summary of the quantity and quality of read data for the saffron transcriptome reference
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Parameters Value
Number of transcripts 63326
Size of the smallest transcript (nt) 200
Size of the largest transcript (nt) 16256
Number of bases (nt) 64651404
Mean length of the transcripts (nt) 9301020
Number of transcripts greater than 1kb 23146
Number of transcripts with ORF 22388
N90 482
N70 935
N50 1413
N30 2100
N10 3571
%GC 36.43
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Figure 1. BLASTX results of the saffron transcriptome against the NR database and their mapping to the GO database
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Figure 3. Expression profile of NBS-LRR genes identified in different tissues of saffron
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ABSTRACT
The wild barley (Hordeum spontaneum) plays a crucial role in enhancing drought

resistance in cultivated barley varieties. The genetic diversity of wild barley genotypes in
Iran indicates their superiority in drought tolerance and agronomic traits. Proteomic studies
help identify key pathways involved in plant stress responses and facilitate the
development of drought-resistant cultivars. In this research, based on the grain yield data of
114 wild barley genotypes under both rainfed and irrigated conditions over two agricultural
years (2019-2020 and 2020-2021) and using the STS index, drought-resistant and sensitive
genotypes were identified. The experiment was conducted under two conditions: absence
of drought stress and severe drought stress, with various genotypes examined. After
seedling growth, drought stress was applied at the two-leaf stage, based on soil field
capacity (FC), at two levels: 90-95% and 25-30% of field capacity. Following protein
extraction, IPG strips with pH 3-10 and 13 cm in length were used for the first dimension,
while 14% polyacrylamide gel was used for the second dimension. Results from two-
dimensional electrophoresis showed that 224 protein spots were reproducible. In the
drought-resistant genotype, 32 spots and in the sensitive genotype, 29 spots exhibited
significant changes. The resistant genotype had 22 spots with increased expression and 10
with decreased expression, while the sensitive genotype had 16 spots with increased
expression and 13 with decreased expression. Eight spots showed shared expression. These
results indicate that various proteins are differentially expressed in response to drought
stress in resistant and sensitive genotypes, highlighting the diverse strategies of plants in
coping with environmental stresses.
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Voltage Stage Time
Volt 500 Gradiant 1 hour
Volt 500 step 2 hour

Volt 5000 Gradiant 2.5 hour
Volt 5000 step 4 hour
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Material Concentration
Tris-Hel pH=7.5 30 millimolar
Urea 7 molar
Glycerol 30%
SDS 2%

Bromophenol blue A few crystals
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Figure 2. Percentage of proteins with significant changes based on their role and action. A: Resistant
genotype and B: Sensitive genotype
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Table 3. Proteins with significant changes in the resistant genotype

Match ID  pl MW Name QOrganism Function

861 5900 80.860 Melanoma-associated antigen p97 Gallus gallus Stress response
276* 6.960 37.754 Glyoxysomal malate dehydrogenase Zea mays Metabolic

965 6.300 25.100 Ribulosebisphosphate carboxylase large chain (RuBisCO large subunit) Welwitschia mirabilis ~ Photosynthesis
204* 8.700 44.000 Thioredoxin M-type, chloroplast precursor (Trx-M) Spinacia oleracea Metabolism

170 6.010 53.979 ATP synthase subunit alpha Secale strictum Metabolic

649 7.000 21.000 Alternative oxidase Triticum aestivum Photosynthesis
405* 6.670 36.605 cytosolic glyceraldehyde-3-phosphate dehydrogenase Pisum sativum Glycolytic process
401 5.710  35.765 Stress-responsive protein Zea mays Stress response
717* 6.400 31.000 Ribulosebisphosphate carboxylase large chain precursor Pisum sativum Photosynthesis
227* 4.500 31.900 Cp31AHv protein Hordeum vulgare Transcription
233* 8.000 41.800 Ribulose bisphosphate carboxylase/oxygenase activase, chloroplast precursor Hordeum vulgare Photosynthesis

52 7.200 53.000 Putative dihyrolipoamide Dehydrogenase Oryza sativa Metabolic

42 6.880 83.000 Ribulosel ,5 biphosphate carboxylase /oxygenase Hordeum vulgare Photosynthesis

625 5400 21.400 Elongation factor G

916 6.000 18.500 Pyruvate, phosphate dikinase 1, chloroplastic
661 5.500 23.300 Adenosylhomocysteinase

642 6.800 18.000 chloroplast-localized cyclophilin

712 4.600 26.100 Proteasome subunit alpha type 5

T11* 6.300 26.500 Dehydroascorbate reductase (DHAR)- Oxidoreductase

600 7.700 28.600 Thylakoid lumenal 29.8 kDa protein

146 5.100 53.500 ATP synthase beta subunit

251 4.650 334.48 Chitinase class I

132* 4350 40.000 putative cytochrome ¢ oxidase subunti 6b-1
961 5200 28.100 LHCI

699 6.700 22.000 Thaumatin-like protein

266 7.000 48.300 Glyceraldehyde-3-phosphate dehydrogenase, cytosolic

131 8290 62.179 Chloroplastic leucine aminopeptidase
662 7428 25.000 type homeodomain protein — 1BE
912 5.500 15.100 Transketolase, chloroplast

700 7.850 20.000 High-affinity phosphate transporter PT1- transmembrane

650 6.900 24.000 Glyceraldehyde-3-phosphate dehydrogenase

Arabidopsis thaliana ~ Amino-acid biosynthesis

Oryza sativa Photosynthesis
Nicotiana tabacum Amino-acid biosynthesis
Triticum aestivum Metabolic

Glycine max Metabolic

Triticum aestivum Stress response
Ricinus communis photosynthesis
Catabrosa aquatica Energy

Triticum aestivum Metabolic

Oryza sativa Photosynthesis
Hurdeom vulgare Photosynthesis
Triticum aestivum Metabolic

Zea mays Stress response
Oryza sativa Photosynthesis
Arabidopsis thaliana  Stress response
Zea mays Photosynthesis
Medicago sativa Photosynthesis

Triticum aestivum Stress response

*: Common proteins in resistant and sensitive genotypes
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Table 4. Proteins with significant changes in sensitive genotype

Af

MatchID _ pl MW _ Name Organism Function
159 7430 55.900 Glucose-6-phosphate 1-dehydrogenase, cytoplasmic isoform 1- Oxidoreductase Oryza sativa Biosynthesis
135 6.9 642 Elongation factor EF-G Brassica napus Metabolic
405* 6.670 36.605 cytosolic glyceraldehyde-3-phosphate dehydrogenase Pisum sativum Glycolytic process
T17* 6.6  52.73 Ribulosebisphosphate carboxylase large chain precursor Pisum sativum Photosynthesis
826 5.6 19 FTSHI (FtsH protease 1); ATP-dependent peptidase/ATPase/ metallopeptidase Arabidopsis thaliana ~ Stress response
136 6.200 53.400 Ribulose-1,5-bisphosphate Oryza sativa Photorespiration
204* 8.7 44 Thioredoxin M-type, chloroplast precursor (Trx-M) Spinacia oleracea Metabolism
688 7.890 25.000 Manganese superoxide dismutase- Oxidoreductase Zea mays response to xenobiotic
233* 8 41.8  Ribulose bisphosphate carboxylase/oxygenase activase, chloroplast precursor Hordeum vulgare Photosynthesis
694 742 36.500 G protein beta-subunit-like protein Arabidopsis thaliana ~ Defense
195 7.720 48.500 Putative fructose 1-,6 biphosphate aldolase Arabidopsis thaliana ~ Carbohydrate metabolism
733 6.300 25.000 Oxygen-evolving enhancer protein 2, chloroplast Arabidopsis thaliana  Photosynthetic
553 7.700 29.800 Probable glutathione S-transferase DHAR2, chloroplastic Oryza sativa Metabolism
798 53 293 Glutathione S-transferase 1 Triticum aestivum Stress response
176 6.300 55.000 Adenosyl homocysteinasel NP Lupinus luteus Metabolism
711* 6.3 25.000 Dehydroascorbate reductase (DHAR)- Oxidoreductase Triticum aestivum Stress response
267 9.700 39.200 Enoyl-[acyl-carrier-protein] reductase [NADH] 2, chloroplastic Oryza sativa subsp Biosynthetic
227* 4.500 31.900 Cp31AHv protein Hordeum vulgare Transcription
346 6.040 39.500 putativ fructose 1,6 by phpsphat carbohydrat metabolism aldolas Solanum lycopersicum ~ Metabolism
276* 6.854 40.000 Glyoxysomal malate dehydrogenase Zea mays Metabolism
132* 4.350 40.000 putative cytochrome c oxidase subunti 6b-1 Oryza sativa Photosynthesis
437 6.2 43 Sedoheptulose-1,7-bisphosphatase Triticum aestivum Photosynthesis
888 5.7 15 Rubisco small subunit Triticum aestivum Drought responsive
113 7.640 33.733 Triosephosphate isomerase, chloroplastic Fragaria ananassa Metabolism
85 5.830 92.863 Sucrose synthase Triticum aestivum Metabolism
835 4.6 18.8  Type I chlorophyll a/b-binding protein b Amaranthus tricolor Photosynthesis
418 5.900 28.000 Ribulose bisphosphate carboxylase small chain Nicotiana tabacum Photorespiration
427 6.600 28.000 Oxygen- evolving enhancer protein Zea mays Photosynthetic
376 6.800 32.600 ATP-dependent Clp protease proteolytic subunit Oryza sativa subsp Metabolism

*: Common proteins in resistant and sensitive genotypes
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ABSTRACT

Genetic diversity is a crucial component of biodiversity, essential for preserving gene
banks and enriching plant genetic resources. One way to assess genetic diversity is using
band patterns (0 and 1) produced by PCR-based DNA markers (such as RAPD, SSR, ISSR,
AFLP, SCoT etc.). After achieving reproducibility, the bands are selected, scored, and
analyzed. The data is analyzed using multivariate statistical methods, including cluster and
principal coordinate analysis. Genetic similarity or dissimilarity coefficients are used based
on 0 and 1 data (for dominant and codominant markers), and allelic frequency coefficients
(for codominant markers). Some algorithms such as UPGMA and Ward are employed to
group the studied individuals and investigate their genetic relationships. Quantifying
polymorphism and assessing genetic diversity within and between populations will depend
on the type of marker (dominant and codominant) and reproduction mode. Parameters such
as polymorphic information content (PIC), resolving power (Rp), marker index (MI),
polymorphic loci/marker ratio, heterozygosity (H)/gene diversity, allelic diversity (A), the
effective number of alleles (Ae), Shannon's index (I), Wright’s F statistic (Fir, Fst, Fis), G
and analysis of molecular variance (AMOVA) are evaluated. Software tools (NTSY Spc, R,
DARwin, PAST, Excel, PowerMarker, Popgen, and GenAlEx) can assist with grouping
and estimating genetic diversity.
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Table 3. Some of the most common software programs for analyzing genetic diversity (Govindaraj et al.,

ee, 2016; Bhandari et al., 2017)
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