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Edible Pepper Genotypes to Damping-off Disease (Phytophthora capsici)
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Table 1. The list of used pepper genotypes including genotype number, registered name, company, and reaction
to Phytophthora capsici.

@, oBolBo s Slaxie S 8, dasie al 4 2Sly
S/No Genotype  Properties Company  Genotype registered Sty
No. name Reaction to
P. capsici
1 18 el - pan - by e - su;  PBI 180rnP-ConPurltaly PS
Ornamental-Conical-Purple- Italian
2 8 POV oS - glpl- oy - 80rnP-IR657 PR

Ornamental-Iranian-657
3 30 saila -l -F2 - 5 PBI 300rnP-F2NethAlv PR

Ornamental-F2-Alvan-Dutch

4 14 sy PBI 140rnP-PBI PS
Ornamental

5 19 sy PBI 190rmP-PBI R
Ornamental

6 16 sy PBI 160rnP-PBI PR
Ornamental

7 21 SSssse — iy - 210rnP-Banana PS
Ornamental-Banana-shaped

8 32 R T 320rnP-China R
Ornamental-Chinese

9 17 25 el — iy - g e - sy PBI 170rmP-ConPurUSA  PS
Ornamental-Conical-Purple-
American

10 1 Stew e -F2 - oy PBI 10rnP-F2Hun PS

Ornamental-F2-Hungry
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Table 1. Continued...
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@, o ols o leds Slasin S o8, dasie sl 4 STy
S/No Genotype  Properties Company  Genotype registered S oo
No. name Reaction to
P. capsici

11 35 blob-5)) - Ssb - 35BlockyP-YBachata PS
Blocky-Yellow-Bachata

12 3 Syly—pe 8 - Sk - 3BlockyP-RZam PS
Blocky-Red-Zambuni

13 7 RZ |0 -305 - Sk SeR 7BlockyP-RHoraRZ ~ PS
Blocky-Red-HoraRZ

14 11 RZ gil,55 -5, - S5k SeR 11BlockyP-Y Toran R
Blocky-Yellow-TorantoRZ

15 34 o - Ssb - 34BlockyP-Lirika PS
Blocky-Lirika

16 15 it — oS - 15SweetP-cherry PR
Cherry-Sweet

17 23 POURJ RO 23CherryP-Orsh R
Cherry-Jerusalem

18 12 M.-s,; Syngenta  12YP-Billa PS
Yellow-Billa

19 31 LSS, T -zl - 310rP-Arankia S
Orange-Arankia

20 36 sl — st Siminis 360rP-Paramo PS
Orange-Paramo

21 20 s PBI 20GreenP-PBI PS
Green

22 13 by, —eaas - 13LongP-Royan PS
Long-Royan

23 25 SosS —oapiS - 25LongP-Small PS
Long-Small

24 9 by =S5 505 s = oo e —ensS PBI 9LongConicP-Gsirna S
Long-Conical-Pale Green-Sirna

25 27 Sed—as - 27ChilP-Fogo PS
Chili-Fogo

26 37 9l —as EWSI 37ChilP-Paleo R
Chili-Paleo

27 33 R~ ey ES 33GladiateP S
Gladiate-Sweet

28 10 8 - oo s~ EWSI 10SweetP-Ganga S
Green-Sweet-Ganga

29 2 slaels  PBI 2BP-PBI S
Bell Pepper

30 4 slaads  ES 4BP-12-Eastern PS
Bell Pepper

31 5 I5bgs ~glacds - 5BP-Bonanza PS
Bell Pepper-Bonanza

32 6 slads  SuS 6BP-Sums PS

Bell Pepper

Yye
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Table 1. Continued...
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o, oBols o leds  Slasine S 03, dasivn el @ Sl
S/No Genotype  Properties Company  Genotype registered S ety
No. name Reaction to
P. capsici
33 22 0 45 58 -0 5 —slaeds - 22BP-YD€I‘by PS
Bell Pepper-Yellow-Hybrid-Derby
34 24 Yoy glaads - 24BP-301 S
Bell Pepper-301
35 26 bl a5 95— 3~ glants - 26BP-RStarlet S
Bell Pepper-Red-Hybrid-Starlet
36 28 RnineRhzne - glasds - 28BP-RnineR S
Bell Pepper-Rnine Rhzne
37 29 60D glasds - 29BP-60D PS

Bell Pepper-60D

R Geals )30 e85 ,5 SUS (B,5 50 5,5 ES 05,0 0 Ml 5 8 EWST g, olales <85 :SeR 4,5, «5 5 PBI

u»Low :PS sJWW PR quLM} S ‘Jw

PBI: Pakan Bazr-e-Isfahan Co., SeR: Sepahan Ruyesh Co., EWSI: East West Seed International Co., ES: Eastern
Seed Co., SuS: Sums Seed Co., R: Resistant, S: Susceptible, PR: Partially Resistant, PS: Partially Susceptible.
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Table 2. ISSR primers used for genetic diversity assessment of pepper genotypes, including the primer
names, primers sequence, and annealing temperature.

s, STt S5l Jlgs Jlasl sles
S/No.  Primer name Primers sequence Annealing temperature (°C)
1 MBP-1 5'-CG AAAAAAA-3° 50
2 MBP-2 5'-GAC GAC GAC GC-3° 44
3 MBP-3 5'-CTC CTC CTC GC-3' 44
4 MBP-4 5'-GTG GTG GTG GC-3° 44
5 MBP-6 5'-GACA GACA GACA-3' 50
6 MBP-7 5'-CA CA CA CA CA CA AG-3 45
7 MBP-8 5'-GT GT GT GT GT GT GG-3° 45
8 MBP-9 5'-GT GT GT GT GT GT CC-3* 42
9 MBP-10 5'-GTG GTG GTG GTG RC-3° 50
10 MBP-11 5'-GC GC CGC CGC CGC C-3° 50
11 MBP-12 5'-TACA GCA GCA GCA G-3° 50
12 MBP-13 5°-GA GA GA GA GA GA GG-3° 44
13 MBP-14 5'-GA GA GA GA GA GA CC-3° 44
14 MBP-15 5"-GACA GACA GACA GC-3° 50
15 MBP-16 5°-AGTG AGTG AGTG GG-3° 50
16 MBP-17 5°-GT GT GT GT GT GT GT GT YG-3° 50
17 MBP-18 5°-CTC GT GT GT GT GT GT GT GT-3° 47
18 MBP-19 5°-GT GT GT GT GT GT GT GT CTC-3° 50
19 MBP-20 5'-CCA CCA CCA CCA CCA CCA CCA-3° 47
20 MBP-21 5'-CGA CGA CGA CGA CGA CGA CGA-3° 50

Y: Pyrimidine, R: Purin.
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Table 2. ISSR primers used for genetic diversity assessment of pepper genotypes, including the primer
names, primers sequence, and annealing temperature.

s, STt S5l Jlgs Jlasl sles
S/No.  Primer name Primers sequence Annealing temperature (°C)
1 MBP-1 5-CG AAAAAAA-3 50
2 MBP-2 5'-GAC GAC GAC GC-3° 44
3 MBP-3 5-CTC CTC CTC GC-3 44
4 MBP-4 5-GTG GTG GTG GC-3° 44
5 MBP-6 5'-GACA GACA GACA-3" 50
6 MBP-7 5-CA CA CA CA CA CA AG-3° 45
7 MBP-8 5'-GT GT GT GT GT GT GG-3° 45
8 MBP-9 5'-GT GT GT GT GT GT CC-3° 42
9 MBP-10 5-GTG GTG GTG GTG RC-3" 50
10 MBP-11 5'-GC GC CGC CGC CGC C-3° 50
11 MBP-12 5'-TACA GCA GCA GCA G-3° 50
12 MBP-13 5°-GA GA GA GA GA GA GG-3° 44
13 MBP-14 5°-GA GA GA GA GA GA CC-3° 44
14 MBP-15 5-GACA GACA GACA GC-3° 50
15 MBP-16 5°-AGTG AGTG AGTG GG-3° 50
16 MBP-17 5°-GT GT GT GT GT GT GT GT YG-3° 50
17 MBP-18 5'-CTC GT GT GT GT GT GT GT GT-3" 47
18 MBP-19 5'-GT GT GT GT GT GT GT GT CTC-3" 50
19 MBP-20 5'-CCA CCA CCA CCA CCA CCA CCA-3° 47
20 MBP-21 5'-CGA CGA CGA CGA CGA CGA CGA-3° 50

Y: Pyrimidine, R: Purin.
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S ) ) e, Group Group
S/No.  Morphological trait number’ situation
1 Plant growth habitels a, cole 1 a
2 Stem length «sl. ¢las,) 16 a-p
3 Node anthocyanin pigment o 3 psbowgs] aloSs, 2 a-b
4 Node anthocyanin pigment intensity o,5 byl alo, was 5 a-e
5 Node woolly o5 ;o5: Jus,s 3 a-c
6 Lamina length i Job 13 a-m
7 Lamina width g 5, 12 a-1
8 Lamina length/width Sy o, 4 Jsb s 3 a-c
9 Leaf green color intensity 5, jow S, oo 4 a-d
10 Leaf shining 5, o0 3l» 4 a-d
11 Peduncle situation |Kes consy 2 a-b
12 unripe fruit color b ogee S5, 3 a-c
13 Fruit situation cge condy 2 a-b
14 Fruit length g Jsb 11 a-k
15 Fruit diameter o5 ;b3 8 a-h
16 Fruit length/diameter ogo Jhad a4y Jsb s 7 a-g
17 Fruit shape in longitudinal section Jsb 5, ;3 o0 JSo 5 a-e
18 Fruit shape in latitudinal section _s,e o ;0 ogue JS& 2 a-b
19 Exocarp wavy in fruit base og.e oacld ,o poysp (09 jlozge 3 a-c
20 Exocarp wavy except in fruit base g oacls 10 50 pojgp o092 Jlogse 3 a-c
21 Fruit surface oo s 1 a
22 Ripened fruit color eow, oge S5, 3 a-c
23 Hollow in fruit base oge oacls ;0 0,0> 2 a-b
24 Hollow depth o,i> 3ec 3 a-c
25 Fruit tip shape cge S5 JS2 4 a-d
26 Fruit tail length oge0 ps Jsb 12 a-1
27 Calyx situation JSauls consy 1 a

©) e

A3 S gy 3550 SOOI (8 s S9TUs iy (stron S et b iy, Sl
fMorphological trait with more group number, showed more diversity between the evaluated genotypes.
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Fig. 1. Cluster analysis obtained from morphological characteristics of 37 tolorance and susceptible to
Phytophthora capsici genotypes of pepper.
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Fig. 2. Banding pattern resulted from LMB-20 (above) and LMB-15 (below) primers. M: Size Marker (100-3000
bp): Lane 1-37: the studied pepper genotypes according to Table 1.
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Fig 3. Cluster analysis obtained from polymorphism pattern of 37 tolerance and susceptible pepper genotypes to
Phytophthora capsici by ISSR markers using NTSYS software and UPGMA algorithm and Jaccard
similarity coefficient.
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Table 4. Genetic diversity statistics of ISSR markers in pepper genotypes using 19 primers.

s, e o5 o i ot RO sbosls slgime s
S/No. Primer code TBN Sz b b MI
PBN P % PIC
1 MBP-2 10 10 100 0.413 4.13
2 MBP-3 6 6 100 0.479 2.87
3 MBP-4 10 10 100 0.498 498
4 MBP-6 11 11 100 0.469 5.16
5 MBP-7 11 11 100 0.412 4.53
6 MBP-8 10 10 100 0.499 4.99
7 MBP-9 10 10 100 0.446 4.46
8 MBP-10 9 7 78 0.482 3.37
9 MBP-11 14 13 93 0.458 5.95
10 MBP-12 11 11 100 0.406 4.47
11 MBP-13 9 9 100 0.440 3.96
12 MBP-14 8 8 100 0.431 3.45
13 MBP-15 4 4 100 0.499 2.00
14 MBP-16 13 13 100 0.355 4.62
15 MBP-17 10 10 100 0.454 4.54
16 MBP-18 12 12 100 0.496 5.95
17 MBP-19 4 4 100 0.499 2.00
18 MBP-20 8 8 100 0.427 3.42
19 MBP-21 18 18 100 0.367 6.61
Mean .Sl 9.9 9.7 98.5 0.449 4.29
Total Js 188 185 - - -

TBN: Total Band Number, PBN: Polymorphic Band Number, P%: Polymorphism Percent, PIC: Polymorphism
Information Content, MI: Marker Index.
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Fig. 4. Two-dimensional diagram for principal coordinate analysis in pepper genotypes using ISSR markers. G1,
G2, G3, G4 and G5: Genotype grouping.
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Fig. 5. Dendrogram designed for 37 ornamental and edible pepper genotypes using combined data from ISSR
and morphological markers as well as grouping based on tolerance to Phytophthora capsici based on
UPGMA algorithm and Dice similarity coefficient. R: Resistant, S: Susceptible, PR: Partially Resistant,
PS: Partially Susceptible.
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Morpho-Genetic Diversity of Tolerance and Susceptible Ornamental and
Edible Pepper Genotypes against Damping-Off Disease (Phytophthora
capsici)

L. Mohammad Bagheri, M. Nasr-Esfahani*, V. Abdossi and D. Naderi!

Pepper (Capsicum sp.) with numerous variations having abundant utilizations such as
ornamental, food and pharmaceutical aspects. In this research, the genetic diversity of 37
resistant and susceptible ornamental and edible pepper genotypes to damping-off disease,
caused by Phytophthora capsici, was analyzed by 47 morphological attributes and 20 ISSR
primers. Results of ISSR assay indicated that 19 primers out of 20 primers produced scorable
polymorphic bands. Totally, 188 bands were produced, which 185 bands were polymorphic.
The polymorphism mean percent (P%) in ISSR markers was 98.5% and on average, 9.9 bands
were produced using each primer. Polymorphism percent varied from 78% to 100%. Average
of polymorphism information content (PIC) was 0.449. Based on the results of ISSR analysis,
the genotypes were divided into five main groups. Morphological attributes also divided the
genotypes into five distinct groups. Correlation between molecular and morphological
similarity coefficients was non-significant. The screening results of resistance to damping-off
disease demonstrated that five genotypes including 11BlockyP-YToran, 190mP-PBI,
23CherryP-Orsh, 320mP-China and 37ChilP-Paleo, which have the lowest mortality at
seedling and maturity stages, were belong to ornamental and long peppers groups. The
correlation coefficient of genetic diversity and resistant of the related genotypes to damping-
off, Phytophthora capsici clustered the five resistant genotypes except 37ChilP-Paleo in one
morphological group and all five genotypes were placed in four different molecular groups.
Keywords: Bell pepper, Capsicum sp., ISSR, Morphology, Phytophthora.
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