Crop Biotech.
Spring (2021) 10(3): 79-96. DOI: 10.30473/cb.2021.58562.1835

55 QLS (5 )gldcuns ; (ole dlone
(VAAZ) V-« )l cpomgiom (il pows oylasd o Jlo

« 9% Ulaoy
9 B985 M ¢ 5 955 Sy S slow b fad 40 SCOT 9 CBDP (sl S o Ll
oolg PAT S §i5 98 (b oghw 5 g 4T

f n dogans { Sogre e Sy ilis Tl SB S OLT Rl oo 3 50
O\ PPRVEL U SR WL G L] PPN & e 5 83508 ke 0aSiils (ALS DI 5 05 8 (55 A s Ll i) (g gl
B IRVEL S (SR WL S L -+ ERPPIN = b 5 6538 pske 0dSCEls (ALS Sl 5 05 S Lslaal Y
Ol S ¢ upslS 128 Ky b sl 5 (35518 g she a2 (ALS Sl 55 05 8 Ll Y

u‘))‘u\.uf‘w}}ls.,\f@.ybCb}d})}w\)u?ﬁ;fcwuﬁ)w&h}}gg;vjé-f

O£ PV 2y B = P8/ VS 2l 5o ,6)

Investigation of informative CBDP and SCoT markers for leaf rust, powdery mildew
and septoria leaf blotch diseases in spring wheat genotypes

Behzad Naeimi Nezam abad?, Fakhtak Taliei®*, Abbas Biabani®, Hossein Sabouri®, Masoumeh Kheirgu*

1. M.Sc. Student, Department of Plant Production, College of Agriculture and Natural Resources, University of Gonbad Kavous, Gonbad, Iran.
2. Assistant Professor, Department of Plant Production, College of Agriculture and Natural Resources, University of Gonbad Kavous,
Gonbad, Iran.

3. Associate Professor, Department of Plant Production, College of Agriculture and Natural Resources, University of Gonbad Kavous,
Gonbad, Iran.

4. Department of Horticulture and crop research, Golestan Kavous Agricultural and Natural Resources Research and Education Center,
Agricultural Research, Education and Extension Organization (AREEO), Gonbad Kavous, Iran.

(Received: Jan. 14, 2021 -Accepted: Jun. 17, 2021)

Abstract oS>

e

Fungal leaf diseases are the most destructive factors to
wheat (Triticum aestivum L.) vyield. Therefore,
identification of resistance sources to important fungal
diseases is a great importance to increase wheat yield.
In order to identify informative CBDP and SCoT
markers for leaf rust, powdery mildew and septoria leaf
blotch disease, 63 wheat genotypes were planted
through the augment design in agricultural research
station of Araghimahaleh (Gorgan) during 2018-19.
Clustering based on UPGMA, put the genotypes into 3
groups with 24, 17 and 22 individuals. Among the
studied genotypes, genotypes No. 49 and 60 showed
highest resistance to all three diseases. Association
analysis showed that from 16 CBDP and SCoT
primers, 99 bands produced in total, which 43 bands
were polymorph. The maximum percent of

polymorphism belonged to SCoT primers and the
minimum polymorphism belonged to CBDP. SCoT11-
2, CBDP 10-2 was shown significant correlation with
all three diseases. SCoT21-3 was also significantly
(P<0.05) associated with powdery mildew and leaf
rust. Furthermore SCoT4-5 SCoT8-6 and CBDP 15-6

had significant relation to brown rust and Septoria leaf
blotch. Use of this technique individually or in
combination with other molecular markers is
recommended for other breeding programs such as
gene mapping.
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Table 2. Pedigree of 63 different wheat genotypes

Pedigree Entry
Karim 1
Ghabous 2
PAVON (dwarf)/KAUZ (tall) IRW 05-06-84-OMAR-OMAR_OMAR 3
CROC-1/AE.SQUARROSA (205)// KAUZ/3/SASIA/4/CHEN/ AEGILOPS QUARROSA(TAUS)//BCN /3/VEE#T/ 4
IRW 05-06-221-OMAR-OMAR_OMAR
ZARGANA-3//JUN/BOMB IRW 05-06-333-OMAR-OMAR_OMAR 5
SOROCA//SAULESKU #44/TR810200 IRW 05-06-171-OMAR-OMAR_OMAR 6
SERI 82/SHUHA'S//GRU90-204782/3/SARDARI/KAU"s"/NAO IRW 05-06-210-OMAR-OMAR_OMAR 7
ALTAY/GAHAR IRW 05-06-41-OMAR-OMAR_OMAR 8
NGDA146/4/Y MH/TOB//MCD/3/LIRA/5/F130L1.12/ 6/PELSART /3/DONG87//TJB368.251/BUC/4/RSK/NAC IRW 9
05-06-138-OMAR-OMAR_OMAR
NGDA146/4/YMH/TOB//MCD/3/LIRA/5/F130L1.12/ 6/PELSART /3/DONG87//TJB368.251/BUC/4/RSK/NAC IRW 10
05-06-138-OMAR-OMAR_OMAR
GAHAR/3/SKAUZ/PASTOR//PASTOR*2/OPATA IRW 05-06-145-OMAR-OMAR_OMAR 11
Sardari/Ardabil 82 - 33 IRBWO07-23-54-36 |IRBW07-23-54-36-0SAR-0SAR_OMAR 12
MV14-2000//SHARK/F4105W2.1 13
37025 Turkey/Sabalan//AKSEL IRW08-291-0Mar-OMar 14
RAN/NE701136//C113449/CTK/3/CUPE/4/SXL/VEE/5/1D13.1/MLT//TRK13/3/PKL70/LIRA/6/5299 IRWO08-540- 15
OMar-OMar
Altay/3/PTZ NISKA/UT1556-170/UNKNOWNT IRW08-076-0Mar-OMar 16
Sabalan//Fenkang/Sefid IRW08-102-0Mar-OMar 17
Fgs/Azar-2 IRW08-220-0Mar-OMar 18
Fenkang/Sefid/6/RAN/NE701136//C113449/CTK/3/CUPE/4/SXL/VEE/5/1D13.1/MLT//TRK13/3/PKL70/LIRA IRW08- 19
250-0Mar-OMar
WESTON/VEE/6/RAN/NE701136//C113449/CTK/3/CUPE/4/SXL/VEE/5/1D13.1/MLT//TRK13/3/PKL70/LIRA 20
IRW08-323-0Mar-0Mar
PAVON DWARF/Azar-2 IRW08-151-0Mar-OMar 21
PAVON DWARF/Azar-2 IRW08-151-0Mar-OMar 22
Trakia//Maga"s"74/Mon"s"/3/Shahi/4/91-142 a 61/3/F35.70/MO73//1D13.1/MLT IRW08-232-0Mar-OMar 23
Bayrak tar/4/DONSKAYA POLUKARLIKOVAYA/OLVIA /3/2*AGRI/BJY//VEE IRW08-126-0Mar-OMar 24
GB 25
GB 26
Vee/Nac//SARA-BW-F6-06-85-86-2-5 |IRW2009-10-048-0MA-OMA-OMA-OMA-OMA-IMA 27
Maroon/3/Sardari//Ska/Aurifen  IRW2009-10-003-0MA-OMA-OMA-OMA-OMA-3MA 28
Maroon/3/Sardari//Ska/Aurifen IRW2009-10-003-0MA-OMA-OMA-OMA-OMA-4MA 29
Maroon/Gahar  IRW2009-10-006-0MA-OMA-OMA-OMA-OMA-5MA 30
Arvand//78Zhong291/Azar2 IRW2009-10-058-0MA-OMA-OMA-OMA-OMA-4MA 31
Chenab/GB-SARA-2 IRW2009-10-023-0MA-OMA-OMA-OMA-OMA-6MA 32
Chenab/GB-SARA-27 IRW2009-10-023-0MA-OMA-OMA-OMA-OMA-TMA 33
Wang shui bai//78Zhong291/Azar2 IRW2009-10-070-0MA-OMA-OMA-OMA-OMA-4MA 34
Sorkhtokhm/Desconciod-7 IRW2009-10-112-0MA-OMA-OMA-OMA-OMA-SMA 35
Kavir//78Zhong291/Azar2 IRW2009-10-087-0MA-OMA-OMA-OMA-OMA-4AMA 36
K5-0MA-OMA-OMA-OMA-OMA-4AMA 37
K50-0OMA-OMA-OMA-OMA-0MA-3MA 38
Arvand//78Zhong291/Azar2  IRW2009-10-058-0MA-OMA-OMA-OMA-OMA-4MA 39
KARL/NIOBRARA/ITAM200/KAUZ/3/TAM200/KAUZ 40
Mahooti/6/Vee"s"/Pvn"s"/4/Cc//Cal/Sr/3/Kal/Bb/5/Sabalan IRW2009-10-115-0OMA-OMA-OMA-OMA-OMA 41
Bocro-4/Shahi(Ir64. . .Ste//Weebilll  IRW2009-10-142-0MA-OMA-OMA-OMA-OMA 42
Systani/3/KS82W409/SPN//TAM106/TX78V3630 IRW2009-10-143-0OMA-OMA-OMA-OMA-OMA 43
Azar-2/14- Gen Bank  IRW2009-10-171-0MA-OMA-OMA-OMA-OMA 44
F130-L-1-12//PONY/OPATA/3/Kharchia IRW2009-10-217-0MA-OMA-OMA-OMA-OMA 45
Shahi/Prl"S"//Fenkang15/Sefid/3/316 Collection IRW2009-10-230-0MA-OMA-0MA-OMA-OMA 46
Int F5 2014-44-0MA-1MA 47
Int F5 2014-54-0MA-1MA 48
Int F5 2014-70-OMA-3MA 49
Int F5 2014-78-0OMA-1MA 50
MK 3744/BWKLDN-95 (23FAWWON) 51
TX71A983.4/TX69D4812//PYN/3/VPM/MOS83.11.4.8//PEW/4/NS-55-25 (23FAWWON) 52
DAGDAS/APCB-40 (23FAWWON) 53
Mahooti/6/Vee"s"/Pvn"s"/4/Cc//Cal/Sr/3/Kal/Bb/5/Sabalan IRW2009-10-z-0MA-OMA-OMA-OMA-OMA 54
Maroon/Gahar  IRW2009-10-006-0MAR-00SAR-0SAR-0SAR-0SAR-1SAR 55
Bocro-4/Shahi(lr64Ste//Weebilll IRW2009-10-142-0Mar- -OMAR-00SAR-0SAR-0SAR-0SAR-2SAR 56
SARDARI-HD83//LINFEN875072/KAUZ/4/92 ZHONG 257//CNO79/PRL/3/ OK82282/ IBOW/NKTT IRW2009-10- 57
214--0MAR-00SAR-0SAR-0SAR-0SAR-1SAR
KROSHKA/4/\VVORONA//MILAN/SHA7/3/MV17 58
CITARI-9/MV18-2000//STARSHINA 59
ZCL/3/PGFN//CNO67/SN64/4/SERI/5/UA.2837/6/ATTILA/3*BCN/7/ZARGANA-6 60
Sardari 61
Azar2 62
Homa 63
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Table 2.Materials for amplification of CBDP and SCOT marker using PCR

Components Concentration Amount (ul)

Buffer PCR10X 1

MgCl2 50 mM 0.48
dNTP 0.6

Tag DNA Polymerase Enzyme 0.12
Primer 1.5u
DNA diluted 0.75-0.5ng 25ul
H20 3.8 ul

the Final content 10 ul

- CBDP 15- SCOT2- CBDP 10- CBDP 11 (¢leolSsls 1S5 (gl () aslip ¥ Jgas
Table 3. Thermal Program for amplification of the SCOT2- CBDP 10 - CBDP 11- CBDP 15 marker

Num. of cycle  Time (minute) Temperature (C ) Step
1 5' 95 Primary denaturing DNA
1 95 Denaturing DNA
35 { 1 61 Annealing
1 72 Synthesis
1 5' 72 Final duplication

SCOT4- SCOT5-SCOT8-SCOTY- SCOT11- SCOT12- SCOT14- SCOT21- claolKls 1SS (gl Iyl asliy F Jgio

SCOT24 -SCOT26- CBDP 4 - CBDP 12
Table 4. Thermal Program for amplification of SCOT4-SCOT5-SCOT8-SCOT9- SCOT11-SCOT12-SCOT14-SCOT21-
SCOT24-SCOT26- CBDP 4- CBDP 12 marker

Num. of cycle Time (minute & second) Temperature (€ ) Step

1 5' 94 Primary denaturing
1 94 Denaturing

10 1 55 Annealing
1 72 Synthesis
1 94 Denaturing

25 { 1 50 Annealing
1 72 Synthesis

1 5'

72 Final duplication
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Table 5. Characteristics of used primer

Sequence

Marker Annealing
SCoT2 61
SCoT4 50-55
SCoT5 50-55
SCoT8 50-55
SCoT9 50-55
SCoT11 50-55
SCoT12 50-55
SCoT14 50-55
SCoT21 50-55
SCoT24 50-55
SCoT26 50-55
CAAT 4 50-55
CAAT 10 61
CAAT 11 61
CAAT 12 50-55
CAAT 15 61

5-CAACAATGGCTACCACCC-3
5-CAACAATGGCTACCACCT-3
5-CAACAATGGCTACCACGA-3
5-CAACAATGGCTACCACGT-3
5-CAACAATGGCTACCAGCA-3
5-AAGCAATGGCTACCACCA-3
5-ACGACATGGCGACCAACG-3
5-ACGACATGGCGACCACGC-3
5-CACCATGGCTACCACCAT-3
5-CCATGGCTACCACCGCCA-3
5-ACAATGGCTACCACCATC-3
5-TGAGCACGATCCAATAAG-3
5-TGAGCACGATCCAATGTT-3
5-TGAGCACGATCCAATTGC-3
5-TGAGCACGATCCAATATA-3
5-TGAGCACGATCCAATTGA-3
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Table 6. Evolution of variance in different truncation for evaluating resistance in studied wheat
genotypes to Leaf rust, Septoria leaf blotch and powdery mildew

Variance/class 2 3 4 5 6
Variance between class 184.67 66.44 35.53 17.73 15.70
Leaf Rust Variance within class 978.51 1096.74 1127.65 1145.45 1147.48
F- value 5.30 " 16.51" 31.74™ 64.62™ 73.10™
Septoria ~ Variance between class 48.20 19.17 15.17 5.80 1.58
leaf Variance within class 162.47 191.51 195.50 204.88 209.09
blotch F- value 3.37"™ 9.99™ 12.89™ 35.34™ 132.25™
Powder Variance between class 160.85 122.54 35.54 14.02 12.85
mildewy Variance within class 44.85 83.16 170.15 191.67 192.84
F- value 0.28 " 0.68 " 4,79 13.67 15.00™
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Figure 1. The relationship between dendrogram cutting in different locations and the within-class
variance for A) Leaf rust, B) Septoria leaf blotch and C) powdery mildew in different wheat genotypes
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Table 7. Mean disease severity for Leaf rust,
Septoria leaf blotch and powdery mildew in

different classes based on cluster analysis of
wheat genotypes using UPGMA method

Class Class Class Class

Disease 1 5 3 4

Leaf Rust 78.333 30.067 2.593
Septoria leaf blotch  39.576 22.593 2.433
Powdery Mildew  73.460 42.161 21.962 0.000
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Figure 2. Dendrogram of studied wheat genotypes using UPGMA method, based on A) leaf rust, B)
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Figure 3. Cluster Analysis of 63 wheat genotypes based on SCOT and CBDP markers.
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Table 8. Results from investigating on 63 wheat genotypes using SCoT and CBDP primers

5 £ g2 ¢ T - 8 3 5 5
S = >© = £
> z & E =
6 10 4 1.76775 0.42272 0.60987 0.456 0.730 62.500 SCoT2(PR1)
4 9 5 1.36253 0.24276 0.39446 0.402 1.117 69.231 SCoT4(PR3)
5 10 5 1.61602 0.36345 0.54774 0.490 1.225 66.667 SCoT5(PR4)
3 13 10 1.76473 0.42243 0.61002 0.495 3.808 81.250 SCoT8(PR6)
6 9 3 1829633 0.450211 0.641722 0.476 0.476 60.000 SCoT9(PR7)
9 10 1 1.57093 0.3556 0.48925 0.487 0.049 52.632 SCoT11(PR8)
8 11 3 1537009 0.312172 0520690 0.479 0.392 57.895 SCoT12(PR9)
6 11 5 1.5404 0.3408 0.520854 0.480 1.091 ©64.706 SCoT14(PR10)
3 8 5 1.24395 0.17835 0.310225 0.316 0.988 72.727 SCoT21(PR12)
7 9 2 1.725666  0.402477 0.585644 0.492 0.219 56.250 SCoT24(PR13)
5 6 1 1.759733  0.423216 0.6118 0.482 0.080 54.545 SCoT26(PR14)
3 7 4 1.430357 0.286985 0.454042 0.440 1.006 70.000 CBDP 4(PR18)
5 11 6 1.681054 0.3936 0.579345 0.500 1.636 68.750 CBDP 10(PR24)
4 11 7 1.7143 0.404154 0589527 0499 2.223 73.333 CBDP 11(PR25)
7 11 4 1.058090 0.384485 0.566714 0.499 0.726 38.889 CBDP 12(PR26)
8 13 5 1517384 0.330723 0509169 0.474 0.912 61.905 CBDP 15(PR29)
5.56 9.93 4,37 1.5699 0.3571 0.5338 0.466 1.042 63.205 mean

NE: Number of Efficient allele, HE: Nee genetic diversity index, I: Shanon index, PIC: Polymorphic Information Content, MI: Marker Index.
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Figure 4. Amplification patterns of the selected markers A) SCoT2(PR1) and B) CBDP 15(PR29)
in 63 wheat genotypes
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Table 9. Associate analysis of molecular markers for response to Powdery mildew, Septoria leaf
spot and Leaf rust

Standard Regression . Standard Regression .
F - Primer F o Primer
error coefficient error coefficient

18.288 8.37 -6.792" (SCoT24)-3 13.559 13.07 9.091™ (SCoT9)-5 >
17.943 8.03 5.120" (SCoT5)-4 15.704 11.81 13.502™ (CBDP 4)-4 3
18.343 7.64 6.196" (CBDP 10)-2 17.068 10.75 6.383" (CBDP 4)-3 =
18.072 7.40 -14.019" (SCoT21)-3 16.553 10.16 11.900™ (SCoT11)-2 >
18.448 7.08 4.952" (CBDP 12)-7 16.694 9.52 10.020™ (SCoT4)-7 3
18.547 6.84 4.363" (CBDP 4)-2 17.026 8.97 10.519™ (SCoT9)-2 %

Adjusted R? 0.816 8.561 (intercept) o
14.613 7.85 7.975™ (SCoT12)-2 18.706 12.80 -14.492™ (SCoT11)-2
14.860 7.56 -6.776™ (SCoT8)-6 12.426 11.64 5.893" (SCoT11)-3 ”
15.224 7.27 7.144" (CAAT 10)-3 11.365 11.23 14.018™ (SCoT5)-6 2
15.559 7.00 4.749" (SCoT12)-1 11.401 10.70 -8.592™ (SCoT2)-2 5
16.341 6.68 -12.447™ (SCoT4)-5 11.814 10.14 -5.152" (SCoT21)-5 ‘g
17.543 6.32 -5.730" (CBDP 15)-6 12.984 9.46 -16.243™ (SCoT14)-6 @
18.808 5.98 -6.064" (CBDP 10)-2 13.160 9.05 5.188" (CBDP 10)-5 §
20.154 5.66 -4.542" (SCoT8)-2 14.147 8.51 -8.072" (CBDP 11)-5

Adjusted R2 0.891 29.045 (intercept)
12.819 20.696 -15.497" (SCoT11)-6 15.358 30.732 -8.087" (CBDP 4)-5
13.137 19.831 21.890" (SCoT21)-3 12.011 29.297 23.715" (SCoT4)-5
13.849 18.832 -15.392" (CBDP 10)-2 11.765 27.655 25.846™ (SCoT8)-6 -
14.673 17.860 20.765" (SCoT8)-4 13.613 25.324 -28.406™ (CBDP 15)-3 3
15.068 17.161 15.939" (CBDP 12)-8 12.767 24.430 -15.897" (CBDP 15)-6 r
15.769 16.381 13.067" (SCoT11)-2 12.037 23.716 -23.909™ (SCoT2)-5 §
16.616 15.602 11.616" (CBDP 10)-6 11.938 22.813 27.294™ (SCoT2)-3

12.750 21.601 -16.891" (SCoT8)-7
Adjusted R? 0.841 22.665 (intercept)
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