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Abstract

Iran is an arid and semi-arid country and more than 70% of its agricultural lands are rainfed. So far, no
oilseed plant suitable for different regions of the country has been introduced. Camelina (Camelina sativa
L.) is an oily-medicinal plant of the Brassicaceae family, a low-input plant, with low water-fertilizer
requirements, resistant to a variety of common diseases and pathogens and suitable for cultivation in grain
rotation. In this study, genetic variation of 32 doubled haploid lines of Camelina was evaluated by using
11 REMAP primers. Eight primers produced clear and scorable strips and totally, 74 bands were
produced which 59 of them were polymorphic (79/72 %). IRAP1+P6 and IRAP1+P8 primers produced
the lowest number of bands (4 bands) and IRAP979+P4 marker produced the most of bands (15 bands).
The amount of primer polymorphism varies from 23.69% to 100% and the amount of PIC varies from
0.38 to 0.41. Clustering based on the Jaccard similarity placed the lines in six main groups. According to
the principal components analysis, the first two components contributed 21.51% of the variance, which
indicated the appropriate coverage of the markers at the genome level. Thus, it seems that the REMAP
marker, with its high polymorphism and high distribution in the Camelina genome, is a suitable marker
for investigating the genetic diversity in this plant.

Keywords: Camelina, genetic variation, PCR, primer, REMAP marker
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Table 1. The numbers of the investigated lines, their parents and their origin

Parental (&) Maternal (9)
Line number Origin Cultivar name Origin Cultivar name
9 Russia Irkutskij Mestnyj  Russia Omskij Mestnyj
66, 40 , 24 Poland Bronowska Russia Saratouskij
26 Poland Brzybrodzka 1l Russia  Krupnosemjannyj
98 Poland Volynskaja Germany Came
35 Russia Omskij Germany Came
27 Russia Ukrajinskij Sweden Svalof
30, 47, 80, 83, 101, 114, 135 Greece Blaine Greek Germany Calena
21,45, 67 Russia Sortandinskij Russia Zavolzskij
57,74 Poland Borowska Russia VNIIMK 17
10, 54, 61, 133 Poland Czestochowska Russia Voronezh 349
64, 65, 33, 92, 107, 122 Russia Ukrajinskaja Germany Lindo
97 Poland Volynskaja Denmark Boha
2 Kazakhstan Kirgizskij 1 Russia Voronezskij 349
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Table 2. Doubled haploid lines of Camelina and their characteristic traits

The studied lines

Biochemical traits

133-40-10-54

-27

98 — 64 — 57 — 26 — 107

45 -27—-2- 65—

74

67— 61-40-54 21
135-47-98-30-24
21- 9-122-92 67
65— 27 — 66— 35— 33
83 135- 80 — 114 -101

High protein

Low protein

High oil

Low oil

High erucic acid

Low erucic acid

High omega-3 and tocopherol

Low omega-3 and tocopherol

LlelS sdddolan dy shls Gl g5 ) 3 e3liul 3,50 REMAP S ISSR (IRAP (sls S5l lasiin Y J g

Table 3. The characteristics of IRAP, ISSR and REMAP primers used in investigating the diversity of doubled haploid lines of Camelina

Row IRAP Primer IRAP sequence (5'to 3) Primer annealing temperature (°C)

1 IRAP979 5-CCG GGA GCC CAT TCG AAC-3 60.7

2 IRAP978 5-GGT GTG TCC GGG CGT TAC -3 52.1

3 IRAP1 5-TGA TCC ACT CCC CTG GGC GAT GTG G-3 60.5

Primer ISSR ISSR sequence (5’ to 3) Primer annealing temperature

(¢C)

4 P4 CTG(GT)s 59

5 P6 (AG)sGCC 64

6 P7 (AG)sACC 56

7 P8 (GA)sACC 59

8 P9 (GA)BATC 52

9 mm15 A(CA)TYA 53

10 P13 (CA)G 54

REMAP primer Primer annealing temperature

(C)

1 IRAP1-P4 61

2 IRAP1-P8 61

3 IRAP1-P7 61

4 IRAP979-P6 56.2

5 IRAP979-P8 60.7

6 IRAP1-P6 61

7 IRAP978-P13 56.1

8 IRAP979-P4 58.5

9 IRAP978-P9 56.1

10 IRAP978-mm15 50.1

11 IRAP979-P7 60.1
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Fig 1. IRAP979+P6 primer banding pattern in doubled haploid lines of Camelina M: Size marker 1Kb
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Table 4. Results of calculated indices for REMAP primers in doubled haploid lines of Camelina

Row Marker name Number Number of Polymorp Polymorphic Resolving Effective Marker
of total polymorphic hism Information Power Multiplex index
bands bands percent Content (PIC) (RP) Ratio (EMR) (M1)
1 IRAP1+P6 4 0 0 0 0 0 0
2 IRAP1+P8 4 0 0 0 0 0 0
3 IRAP1+P7 5 3 60 0.38 1.75 1.8 0.69
4 IRAP979+P6 13 9 69.23 0.19 2.687 6.24 1.18
5 IRAP979+P8 10 10 100 0.33 4.69 10 3.3
6 IRAP1+P4 11 11 100 0.26 4.06 11 2.86
7 IRAP978+P13 12 11 91.67 0.41 7.31 10.08 4.13
8 IRAP979+P4 15 15 100 0.38 8.625 15 5.7
Total - 74 59 - - - -
Average - 9.25 7137 65.11 0.24 3.13 6.765 8.98
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Table 5. Results of principal component analysis in doubled haploid lines of Camelina based on REMAP markers

Component Eigenvalue Percent Cumulative
1 1.94 11.92 11.92
2 1.56 9.59 21.52
3 1.31 8.07 29.60
4 1.23 7.58 37.18
5 1.02 6.27 43.46
6 0.81 4,98 48.45
7 0.70 4.34 52.79
8 0.66 411 56.91
9 0.62 3.81 60.73
10 0.61 3.75 64.48
11 0.54 3.31 67.80
12 0.51 3.18 70.98
13 0.48 2.99 73.97
14 0.42 2.62 76.60
15 0.40 2.51 79.11
16 0.35 2.20 81.32
17 0.32 2.01 83.34
18 0.31 1.92 85.26
19 0.29 1.83 87.10
20 0.25 1.57 88.68
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