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Extended Abstract

1. Introduction: Beans (Phaseolus vulgaris L.) are a plant in the legume family (Fabaceae). Beans contain polyphenolic
compounds, anthocyanins and flavonoids that are nutritionally and pharmacologically important, have genetic diversity, and
are the most valuable and economical part of global biodiversity, which is crucial for future global production. Allelic diversity
of MYB genes is important in the control of pigment and anthocyanins. Bean seed dye coating is one of the most important
traits in consumer marketing. Recent studies show that bean seeds have a pigmented coating, higher anthocyanins that have
anti-cancer and antioxidant properties. Increasing the consumption of legumes in the diet and antioxidants requires the study
of the amount and genetics of genes that control bean seed coat.

2. Materials and Methods: 12 bean cultivars of different genera were collected from different regions of llam province and
Ilam University Gene Bank and in 1397 in the greenhouse of Ilam University were planted in a randomized complete block
design with 3 replications. Leaf sampling was performed in 2 to 3 leaf stage. Giusti and Wrolstad (2001) methods were used
to measure anthocyanins. Mean comparisons were performed using Duncan test at 5% probability level using SAS 1.9 software.
Genomic DNA was extracted by Doyle (1987) method. PCR reaction was performed in a volume of 25 pl. BLAST method
was used to check the accuracy of the sequences obtained with the samples in NCBI. BioEdit, CLC sequencer Viewwer6,
Geneious and MEGADS.2 were also used for other bioinformatics analyzes.

3. Results and Discussion: Examination of 12 bean genotypes showed that there was a significant difference between different
bean genotypes in terms of anthocyanin trait. In terms of anthocyanin trait, cultivar 6 (black bean) was superior to all cultivars.
Examples of common eye beans are 1 and 2. The reason for this difference is that the mutant eyebrow sample has more coverage
with black areas. The dark color of the seed coat of this cultivar indicates more anthocyanin than two normal ocular samples.
It should be noted that black seed dye is directly related to anthocyanins. Molecular analysis of MYB and AF genes showed
that MYB gene was amplified in samples of ordinary ocular beans 1, 2, mutant and bride beans, while AF gene was amplified
only in ocular samples 1, 2 and mutant beans. Bioinformatics analyzes showed that the sequences of these two genes are very
similar to the samples in NCBI, so that in the AF gene, two new alleles were identified compared to the sequences introduced
to control pigment coverage in beans. Also, the phylogenetic diagram of the samples using the UPGMA method showed that
the samples could be separated based on the color of the grain coating.

4. Conclusion: Seed black color is controlled by anthocyanin biosynthesis by genes related to MY B transcription factor, which
in addition to affecting the color of the seed coat, which has a more attractive appearance than ordinary ocular cultivars, also
contains more anthocyanin. Therefore, due to the presence of MYB and AF genes that are involved in the synthesis of
anthocyanins, has made the bean product more attractive and marketable, which have higher levels of anthocyanins and can be
given special attention in the diet. According to the results of this study, it can be said that Mutant ocular cultivar due to more
anthocyanins and more attractive appearance compared to other ocular bean cultivars can replace the common cultivars of this
type of bean and is a good option for further studies and introduction to farmers in the future.
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Table 1- Genotypes studied in this study

oslet English name w8 el . @J.: Pl
No. Scientific name
1 Pinto Bean 1 V sz bed Phaseolus vulgaris L. cv. 1
2 Pinto Bean skunk skunk 3, x> Lo Phaseolus vulgaris L. cv. skunk
3 Pinto Bean 2 Visez byl Phaseolus vulgaris L. cv. 2
4 Navy Bean i Lol Phaseolus vulgaris L.
5 Kidney Bean 30,8 Loyl Phaseolus coccines L.
6 Black Beans ol Log) Phaseolus vulgaris L. var. black bean
7 Cowpea Mutant ibge btz Lug! Vigna unguiculata (L.) Walp. var. Mutant
8 Cowpea 1 ) shbeia beol Vigna unguiculata (L.) Walp. cv. 1
9 Cowpea 2 Y lbeizlog Vigna unguiculata (L.) Walp. cv. 2
10 Swedish brown beans G¥gm slosed slug) Phaseolus vulgaris L.cv. Swedish brown beans
11 Pinto Bean 3 Vo sz by Phaseolus vulgaris L. cv. 3
12 Christmas Lima Bean oot )5 b g ye Lo Phaseolus lunatus L.
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Figure 3- Results of DNA extraction by Doyle and Doyle (1987) methods from fresh bean leaves
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Figure 5- Results of AF gene sequencing using CLC-sequence viewer software
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Table 3- Estimation of nucleotide substitution using the maximum likelihood method

A T/U C G
A - 8.33 4.90 6.59
T/U 9.00 9.94 6.46
Cc 9.00 16.89 - 6.46
G 9.19 8.33 4.90 -
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Table 4- Estimation of nucleotide substitution using the maximum likelihood method

A T/U C G
A - 7.16 6.29 10.82
T/U 8.81 7.94 6.53
o 8.81 9.05 - 6.53
G 14.59 7.16 6.29 -
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Table 5- Examples in the matrix of similarities and differences of AF gene

1 Vigna unguiculata (L.) Walp. cv. 1

2 Vigna unguiculata (L.) Walp. cv. 2

3 Vigna unguiculata (L.) Walp. var. Mutant
4 mRNA

5 mRNA

6 MRNA

XM028074066.1 PREDICTED: Vigna unguiculata transcription factor MYB 90 like (LOC114186063)
XM028074195.1 PREDICTED: Vigna unguiculata transcription factor MYB 90 like (LOC114186169)

XM028074234.1 PREDICTED: Vigna unguiculata transcription factor MYB 114 like (LOC114186193)
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Table 6- Matrix of similarities and differences of AF gene

lid vwo o

Similarities 7.

2 3 4 5 6
1 94.7 55.8 26.4 59.9
L, 2 95.7 57.0 62.2 59.5
) § 3 35 65.5
3 é 4 6.8 5.6
- 5 12.7 134
6 3.0 3.2
1 2

05,5 > MYB114 3 MYBO0 __sis, ,5S
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G5 Gl oyt g A48, S 1505, § S, 0 Y

Ayl o |,
B Viunguiculata 2
100
a0 B Viunguiculata mutant
B Vunguiculata
94
0.06.08.06.02 0m.00
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’ XM 028074066.1 PREDICTED: Vigna unguiculata transcription factor MYBO0-like (LOCI14186063) mRNA

’ XM 028074234 1 PREDICTED: Vigna unguiculata transcription factor MYB114-like (LOCI 141586193 ) mRNA

@ M 028074195. 1 PREDICTED: Vigna unguiculata transcription factor MYB90-like (LOCI114156169) mRNA

DNA #bws ;0 UPGMA 35,651 b bootst 3810 5 b Suijelud C 50 a5 —F JSC0
Figure 6- Drawing a phylogenetic tree with bootst software with UPGMA algorithm at DNA level
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M_028074195.1: 331-572 4gas
PREDICTED: Vigna unguiculata
transcription factor MYB90-like
(LOC114186169), MRNA

XM_028074066.1: 364-605 PREDICTED: ,

Vigna unguiculata transcription factor
MYB90-like (LOC114186063), mRNA
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Table 7- Examples of matrices of similarities and differences

! Vigna unguiculata (L.) Walp. cv. 1

2 Vigna unguiculata (L.) Walp. cv. 2

3 Vigna unguiculata (L.) Walp. var. Mutant

4 Phaseolus lunatusL.

5 XM 007139478.1: 294-523 Phaseolus vulgaris hypothetical protein (PHAVU_008G038600g) mRNA,
complete cds.

6 KP238102.1: 41-273 Lablab purpureus p XM_007139478.1: 294-523roduction of anthocyanin pigment
1 (papl) mRNA, partial cds

7 XM 017560892.1: 296-531 PREDICTED: Vigna angularis transcription factor MYB90-like
(LOC108327158), mMRNA

8 AP015037.1: 4241108-4241343 Vigna angularis var. angularis DNA, chromosome 4, almost complete
sequence, cultivar: Shumari

° CP039354.1: 56671044-56671282 Vigna unguiculata cultivar Xiabao 2 linkage-group LG10

10 CP039354.1: 56676056-56676294 Vigna unguiculata cultivar Xiabao 2 linkage-group LG10

1 CP039354.1: 56762155-56762390 Vigna unguiculata cultivar Xiabao 2 linkage-group LG10

12 CP039354.1: 56713372-56713613 Vigna unguiculata cultivar Xiabao 2 linkage-group LG10

13 XM 028074195.1: 331-572 PREDICTED: Vigna unguiculata transcription factor MYB90-like
(LOC114186169), mMRNA

14 XM 028074066.1: 364-605 PREDICTED: Vigna unguiculata transcription factor MYB90-like

(LOC114186063), MRNA

g1 A XMO017560892.1:296-531 PREDICTED: Vigna angularis transcription factor MYB90-like (LOC108327158) mRNA

o |! A AP015037.1:4241108-4241343 Vigna angularis var. angularis DNA chromosome 4 almost complete sequence cultivar: Shumari
A X11028074195.1:331-572 PREDICTED: Vigna unguiculata transcription factor MYB30-like (LOC114186169) mRNA

sl A XM 028074066.1:364-605 PREDICTED: Vigna unguiculata transcription factor MYB90-like (LOC114186063) mRNA

A X11007139478.1:294-523 Phaseolus vulgaris hypothetical protein (PHAVU 008G038600g) mRNA complete cds

A KP238102.1:41-273 Lablab purpureus production of anthocyanin pigment 1 (pap1) mRNA partial cds

B Phaseolus lunatus

@ Vigna unguiculata 2

@ Vigna unguiculata 1

@ Vigna unguiculata mutant

@ CP039354.1:56762155-56762390 Vigna unguiculata cuttivar Xiabao 2 linkage-group LG10

4@ CP039354.1:56713372-56713613 Vigna unguiculata cuttivar Xiabao 2 linkage-group LG10
5 € CP039354.1:56671044-56671282 Vigna unguiculata cultivar Xiabao 2 linkage-group LG10
gl @ CP039354.1:56676056-56676294 Vigna unguiculata cultivar Xiabao 2 linkage-group LG10
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Figure 7- Drawing a phylogenetic tree with bootst software with UPGMA algorithm at DNA level
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Table 8- MYB gene similarities and differences matrix

Loyl
Differences
7 8 9 10 11 12 13 14
375 375 | 1234 | 1234 | 132.1 | 1255 39.8 39.0
375 375 | 121.2 | 121.2 | 128.8 | 123.3 39.8 39.0
375 375 | 1234 | 1234 | 131.2 | 1255 39.8 39.0
16.9 16.9 | 1235 | 1235 | 134.0 | 129.2 191 191
10.2 10.2 | 133.3 | 133.3 | 143.8 | 1415 11.7 11.7
131 13.1 | 129.0 | 129.0 | 143.8 | 139.3 13.6 13.6

9 36.7 | 371 | 36.7 | 335 | 393 | 400 | 40.0 | 400
10 36.7 | 371 | 36.7 | 335 | 393 | 40.0 | 40.0 | 40.0
11 353 | 356 | 353 | 320 | 393 | 385 | 389 | 389
12 371 | 375 | 371 | 335 | 393 | 40.0 | 40.0 | 40.0
13 61.1 | 61.1 | 61.1 | 749 | 865 | 86.2 | 916 | 916
14 615 | 615 | 615 | 749 | 865 | 862 | 916 | 916
1 2 3 4 5 6 7 8

Similarities
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Table 9- Anthocyanin content and MYB and AF gene amplification

PROIR WWICH |

English name )8 pb AF MYB
Seed anthocyanin content

Pinto Bean 1 Vs Loyl 5.33
Pinto Bean skunk skunk 8, ez Lol 10.19
Pinto Bean 2 AT 3 WY 5.64
Navy Bean At Lo 2.89
Kidney Bean 08 Laol 10.81
Black Beans olew Loyl 13.23
Cowpea Mutant Cilige Gl pi Lol 4 v 6.46
Cowpea 1 V Jgere Lbpio Loyl v v 4.64
Cowpea 2 Y Jyene Lbpio Loy v v 4.64
Swedish brown beans S5 (glogad Lo 6.94
Pinto Bean 3 Y ez bay 4.16
Christmas Lima Bean o9, Logl v 7.41
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