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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.

UMV gy 4 (539 balpd 13 @3 b e VY 0 (539 hoyd g s (pS5ke dnlio I Y Jou
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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