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Figure 1. Different stages of potato stolone development: A (Pourfarid, 2019), B (Kloosterman et al, 2005), The effect of drought (C) and
salinity (D) stresses on potato plants compared to control (E) conditions (Pourfarid, 2019)
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Table 1. Primer sequence used in gRT-PCR

Name Sequence(5'- 3") Tm® Product (length bp)
StABC-001-F TGGGAGTGCTGTACTTGCTG 59.96 390
StABC-001-R TGGAGACTGTTTCGTCGTGG 59.97
StABC-012-F TGGAATGACCGTGGATAGCG 59.90 768
StABC-012-R TGCAAGCATGGAGATGCGTA 60.11
StABC-024-F AGTGTCCTTCAGAGTGCTGC 59.97 975
StABC-024-R AGGGCCAGTTACAAGAAGGC 59.96
StABC-050-F CACCTGCCGTCTCCATCTAC 59.90 849
StABC-050-R ACTCCCTTGCGTAGCCTTTC 60.04
StABC-084-F GCAGTTCAAGGAAACGTCGG 59.77 578
StABC-084-R AATTCACCCTCGGCAACCTT 59.89
StABC-002-F CGGTGTATGAGTAGTCGGGC 59.97 638
StABC-002-R AGACCAGACGTTGGTTCGTC 59.97
StABC-138-F AGGCTTGCGTGTGGTTAGAA 58 286
StABC-138-R TGTGCTTGACGGGCTAGTTT 58
StABC-124-F ATTGGAAGGCTCGTGCAGAT 58 327
StABC-124-R GTTGCTGCGTGCTACTCTTG 60

EIf-F GTCACACTTCCCACATTGCT 60 293

EIf-R CCAGCATCACCGTTCTTCAA 60

Sec3-F CGAGCAACTCCCTCTCTTCA 60.1

Sec3-R GCAAGCGTGGCAAATCTACA 60 215

oled Jga panme JS5e 055 S 5 (TWAYHYYY)
oS a Sl akd S 5 o e 5 (B42Y) Y
s (GAV) TVE I 5 (AV) VEA s)led Iy & by
foars b bl e O s, sl &S boles
slis ol gl 5 Jldl > WABC transporter &

ﬁ;."q‘g@l:}

J3 51 ABC transporter gla 5 (S5 Sleo sas
$355005 255 w5 gt abE (eSS Loadse
OEan A SN 03 5 Sl dal (S b
Lo Jools sboasl oS Sl A5 asls 0L Y Jsde
SF by Jg dsb i S 3 O Ve a8
YA slad Iy a0 by Jgb S 5 (WEV) £Ve Lt

Ya)l.a.:-: uj‘f “ .19_9.1]& ujﬁg)ﬁ O)j u{_j«’-@-y D4 (YNQ)

e e oS 53 0s sLulis GWABC ransporter slaos sesises S Js 5 o5 Jsb sl o =Y g

Table 2. Position, sequence length and chromosolal localization of ABC transporters identified in potato

Generic Name Sequence Pl MW(Kda) Subcellular Start End
length Localization position(bp) position(bp)
StABC transporter-001 6238 6.68 212331.56 Plasma membrane 7831967 7831258
StABC transporter-002 6295 7.92 238303.23 Plasma membrane 57399479 57401137
StABC transporter-003 3887 8.58 137052.5 Plasma membrane 1045965 1046700
StABC transporter-004 4430 8.31 139513.87 Plasma membrane 3337157 3336266
StABC transporter-005 4097 7.48 139209.54 Plasma membrane 3329919 3329019
StABC transporter-006 4170 6.74 139783.65 Plasma membrane 66331849 66330973
StABC transporter-007 3651 8.88 133255.89 Plasma membrane 59218130 59216756
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AL 5 5, s

;36T s ABC-Transporter 5 esl sl Lol

StABC transporter-008
StABC transporter-009
StABC transporter-010
StABC transporter-011
StABC transporter-012
StABC transporter-013
StABC transporter-014
StABC transporter-015
StABC transporter-016
StABC transporter-017
StABC transporter-018
StABC transporter-019
StABC transporter-020
StABC transporter-021
StABC transporter-022
StABC transporter-023
StABC transporter-024
StABC transporter-025
StABC transporter-026
StABC transporter-027
StABC transporter-028
StABC transporter-029
StABC transporter-030
StABC transporter-031
StABC transporter-032
StABC transporter-033
StABC transporter-034
StABC transporter-035
StABC transporter-036
StABC transporter-037
StABC transporter-038
StABC transporter-039
StABC transporter-040
StABC transporter-041
StABC transporter-042
StABC transporter-043
StABC transporter-044
StABC transporter-045
StABC transporter-046
StABC transporter-047
StABC transporter-048
StABC transporter-049
StABC transporter-050
StABC transporter-051
StABC transporter-052
StABC transporter-053
StABC transporter-054
StABC transporter-055

3609
4509
3961
4005
4174
4180
3765
3792
4394
3834
4476
3617
4357
4566
5057
4562
4728
3630
4668
5064
5082
5028
5605
4713
4654
4717
4633
5133
4518
5205
4810
4848
4921
4580
4241
4964
4526
4828
4089
6347
4914
4867
5507
5052
4801
4880
5008
2149

9.05
8.03
6.99
8.67
6
8.59
9.01
8.25
8.1
8.5
8.28
9.18
8.81
8.78
8.24
7.11
9.12
7.91
8.66
8.07
8.08
8.43
6.11
5.82
9.12
9.12
8.32
7.94
7.74
7.74
6.15
6.52
7.12
6.51
8.17
8.21
6.78
6.67
6.8
8.77
6.52
6.34
7.25
7.93
7.12
7.12
6.11
9.07

132251.83
138575.71
136961.15
137797.09
138650.47
126242.12
137231.31
137488.42
136236.51
134333.68
159710.54
130203.08
157358.17
159992.74
170088.85
162135.55
150809.9
134756.93
160746.52
163997.32
164722.05
166842.45
181889.23
154801.71
150809.9
150809.9
150809.9
154923.85
167164.89
169233.35
169233.35
135697.03
169799.96
163624.13
164784.44
155422.21
162716.4
157675.61
162221.46
146163.95
164312.44
169799.96
168573.02
170370.09
163620.09
163624.13
167703.48
64235.05

Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Extracellular
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Extracellular
Extracellular
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Extracellular
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Extracellular

59197421
3337157
52011910
35706984
66308955
37412089
10531411
67875236
67545860
52011925
52692719
46229864
58819553
44412175
47188030
20888571
43882852
15840250
15840250
15840250
15840250
15840250
1402315
4513473
43882852
43882852
15840250
15840250
15840250
15840250
33038658
43853486
17926196
42642801
11316470
11360883
42954106
58353936
35541172
34000368
43853496
66767362
22626607
15840250
17926196
17926056
52794091
40722731

59196047
3336266
52012705
35707644
66309813
37412899
10529457
67876625
67547412
52012419
52693183
46227930
58819968
44411841
47187408
20889008
43882433
15841010
15841010
15841010
15841010
15841010
1403075
4512212
43882397
43882397
15841010
15841010
15841010
15841010
33040997
43851327
17928236
42644851
11315039
11362316
42954399
58351997
35539625
34003964
43851320
66769618
22624309
15841010
17928236
17928236
52796531
40723076
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VFoo Ll g jleg /Y o lols /003 090 [ (s § (o] § Sl (oo

w5361 s ABC-Transporter 5 esl sl lubs O 5 5,
StABC transporter-056 3346 6.96 106494.57 Plasma membrane 37698952 37699608
StABC transporter-057 3113 7.13 106066.45 Plasma membrane 37716811 37717281
StABC transporter-058 4714 6.51 164784.44 Plasma membrane 42642801 42644851
StABC transporter-059 4650 6.78 163284.11 Plasma membrane 42954106 42954399
StABC transporter-060 4485 6.94 167526.64 Plasma membrane 34424325 34426659
StABC transporter-061 3087 8.62 107399.21 Endoplasmic 46747932 46748415
StABC transporter-062 2011 6.35 72630.93 Plasma membrane 88125521 88124797
StABC transporter-063 1362 7.02 49462 Plasma membrane 47715759 47715404
StABC transporter-064 2448 8.7 84928.28 Plasma membrane 48163277 48162847
StABC transporter-065 2321 9.05 73596.49 Plasma membrane 3580235 3579370
StABC transporter-066 2330 9.05 73853.78 Plasma membrane 3580235 3579370
StABC transporter-067 3709 9.01 72067.86 Plasma membrane 34483145 34480933
StABC transporter-068 1912 8.59 70195.73 Plasma membrane 813719 814520
StABC transporter-069 1964 8.47 69913.27 Plasma membrane 809427 810228
StABC transporter-070 2146 8.92 77557.45 Plasma membrane 52375900 52375542
StABC transporter-071 2171 8.22 68527.69 Extracellular 40722731 40723076
StABC transporter-072 2260 8.68 68411.61 Extracellular 40722731 40723076
StABC transporter-073 2513 7.03 78004.55 Plasma membrane 3771696 3771347
StABC transporter-074 2655 5.93 79359.91 Plasma membrane 3772093 3771347
StABC transporter-075 2556 5.71 80342.62 Cytoplasmic 41759391 41759001
StABC transporter-076 1507 6.96 34098.38 Extracellular 31265547 31266061
StABC transporter-077 2388 9.03 74308.46 Plasma membrane 10705261 10703953
StABC transporter-078 4159 8.56 74439 Plasma membrane 88144433 88142220
StABC transporter-079 2230 8.87 74113.58 Plasma membrane 48400224 48400686
StABC transporter-080 3118 6.64 106162.68 Extracellular 37676346 37675877
StABC transporter-081 2300 9.02 69779.19 Extracellular 6928149 6928847
StABC transporter-082 2387 9.02 72770.87 Extracellular 6928149 6928843
StABC transporter-083 2271 8.2 68097.62 Plasma membrane 6044058 6043742
StABC transporter-084 2347 8.2 68097.62 Plasma membrane 6044261 6043742
StABC transporter-085 2329 9.11 76616.04 Plasma membrane 3581726 3581217
StABC transporter-086 2226 8.88 76095.73 Plasma membrane 34885907 34886368
StABC transporter-087 2364 9.35 76080.77 Plasma membrane 34877671 34878244
StABC transporter-088 2526 9.27 81057.78 Extracellular 4673741 4671216
StABC transporter-089 2166 9.05 80878.65 Extracellular 4665557 4667722
StABC transporter-090 2267 8.32 68181.96 Plasma membrane 34409687 34409260
StABC transporter-091 2917 6.78 100151.09 Plasma membrane 46736887 46736468
StABC transporter-092 3128 8.66 105488.87 Extracellular 46735574 46736088
StABC transporter-093 3114 5.58 104017.4 Plasma membrane 46724799 46724256
StABC transporter-094 2625 7.94 78919.32 Plasma membrane 19522881 19523380
StABC transporter-095 2050 8.59 72455.58 Plasma membrane 4265609 4265144
StABC transporter-096 2050 7.53 69765.02 Plasma membrane 88152188 88151404
StABC transporter-097 2607 8.6 79063.15 Plasma membrane 37255025 37254191
StABC transporter-098 1919 8.76 68618.94 Extracellular 46716636 46718554
StABC transporter-099 2678 8.83 82927.88 Plasma membrane 2061389 2060845
StABC transporter-100 2227 8.78 69167.78 Extracellular 49091716 49093942
StABC transporter-101 2654 8.91 93962.11 Extracellular 81288934 81287210
StABC transporter-102 2001 7.99 74543.87 Plasma membrane 48391986 48392343
StABC transporter-103 2519 9.12 80851.98 Plasma membrane 49920084 49920709
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AL 5 5, s

;36T s ABC-Transporter 5 esl sl Lol

StABC transporter-104
StABC transporter-105
StABC transporter-106
StABC transporter-107
StABC transporter-108
StABC transporter-109
StABC transporter-110
StABC transporter-111
StABC transporter-112
StABC transporter-113
StABC transporter-114
StABC transporter-115
StABC transporter-116
StABC transporter-117
StABC transporter-118
StABC transporter-119
StABC transporter-120
StABC transporter-121
StABC transporter-122
StABC transporter-123
StABC transporter-124
StABC transporter-125
StABC transporter-126
StABC transporter-127
StABC transporter-128
StABC transporter-129
StABC transporter-130
StABC transporter-131
StABC transporter-132
StABC transporter-133
StABC transporter-134
StABC transporter-135
StABC transporter-136
StABC transporter-137
StABC transporter-138
StABC transporter-139
StABC transporter-140
StABC transporter-141
StABC transporter-142
StABC transporter-143
StABC transporter-144
StABC transporter-145
StABC transporter-146
StABC transporter-147
StABC transporter-148
StABC transporter-149
StABC transporter-150
StABC transporter-151

2935
3142
2726
2313
2520
2326
3033
1162
2120
2425
2190
2109
2219
2759
2382
2605
1511
4254
1417
1521
1890
1318
1654
1882
4533
1078
1197
1017
1569
1449
1677
2497
2601
2983
2452
3708
1881
1015
924
793
1382
1474
1265
874
1550
1590
887
462

8.89
6.47
8.96
8.85
8.86
6.18
8.78
6.24
8.86
8.76
9.12
9.31
9.09
9.3
8.55
7.21
5.52
8.92
5.42
7.8
7.8
8.85
8.63
8.63
8.87
6.11
5.42
8.37
8.75
8.63
8.63
5.83
5.62
5.6
5.97
8.96
9.66
9.2
9.2
9.24
5.93
8.99
9.35
5.9
9.71
7.69
8.73
9.2

83430.34
106941.57
76793.04
69814.41
80509.68
67124.76
111527.58
30902.92
73737.43
82065.58
81481.54
66398.86
72186.33
82584.39
74141.98
82513.76
28968.45
121783.73
14641.06
29920.67
29920.67
32304.27
34853.23
34853.23
42750.7
28544.98
14641.06
28814.08
30436.19
34853.23
34853.23
78812.91
81293.97
81327.95
67849.7
125698.58
61494.98
27729.76
27729.76
28115.44
32143.91
36884.57
18637.2
15326.73
25709.16
31791.65
25269.93
16721.29

Extracellular
Plasma membrane
Extracellular
Extracellular
Plasma membrane
Nuclear
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Extracellular
Extracellular
Extracellular
Extracellular
Extracellular
Extracellular
Plasma membrane
Plasma membrane
Plasma membrane
Extracellular
Extracellular
Extracellular
Extracellular
Extracellular
Plasma membrane
Extracellular
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Plasma membrane
Cytoplasmic
Cytoplasmic
Cytoplasmic
Plasma membrane
Mitochondrial
Chloroplast
Chloroplast
Plasma membrane
Cytoplasmic
Cytoplasmic
Plasma membrane
Plasma membrane
Plasma membrane
Chloroplast
Chloroplast
Plasma membrane

59633854
37676346
13384926
6928151
39179569
38190848
49852192
45244978
55629652
55674573
52864024
15849510
60925523
1412754
39375211
10033313
43119754
38937928
56311379
48452765
48434395
48452756
48452765
48452765
47718662
38368515
56311379
48433424
48452765
48452765
48452765
44761641
6557873
5451647
49961770
27934956
2
48433424
48433424
4485316
39513498
84516824
88171209
11454092
2136302
48452765
48433424
4479228

59635680
37675877
13384276
6928843
39180219
38192315
49851327
45244502
55629149
55673996
52863285
15851618
60923305
1415512
39377592
10033755
43119133
38937037
56310881
48453095
48434929
48453095
48453095
48453095
47714906
38368119
56310878
48433656
48453095
48453095
48453095
44760574
6560332
5454502
49960273
27934023
859
48433656
48433656
4484524
39512847
84517335
88170418
11454739
2134902
48453095
48433656
4478767
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w5361 s ABC-Transporter 5 esl sl lubs O 5 5,
StABC transporter-152 1543 5.07 11157.66 Plasma membrane 47720345 47718803
StABC transporter-153 2031 8.48 58783.92 Extracellular 49217009 49218778
StABC transporter-154 891 8.73 25269.93 Chloroplast 48433424 48433656
StABC transporter-155 3416 4.92 108238.64 Extracellular 83919474 83921496
StABC transporter-156 1861 8.3 50017.41 Extracellular 8377564 8378826
StABC transporter-157 2002 8.65 53762.95 Extracellular 8377560 8378826
StABC transporter-158 672 8.73 16971.57 Extracellular 25990001 25990184
StABC transporter-159 4272 5.95 160427.2 Plasma membrane 27434304 27433967
StABC transporter-160 3519 6.29 131184.3 Plasma membrane 84798104 84797719
StABC transporter-161 3099 6.26 116894.68 Plasma membrane 44406158 44405827
StABC transporter-162 4689 5.98 156402.13 Plasma membrane 50201299 50202078
StABC transporter-163 546 4.95 17140.61 Plasma membrane 27434186 27433647
StABC transporter-164 565 54 17041.6 Plasma membrane 84791077 84790513
StABC transporter-165 550 5.69 17136.75 Plasma membrane 50199353 50199902
StABC transporter-166 547 6.38 16853.66 Plasma membrane 44406047 44405501
StABC transporter-167 4272 5.95 160427.2 Plasma membrane 27434304 27433967
StABC transporter-168 4689 5.98 156402.13 Plasma membrane 50201299 50202078
StABC transporter-169 4635 7.72 163258.98 Plasma membrane 84798279 84797719
StABC transporter-170 3780 9.01 137937.76 Plasma membrane 50607450 50605475
StABC transporter-171 4560 6.78 166948.08 Plasma membrane 6243899 6242994
StABC transporter-172 4325 6.44 160289.39 Plasma membrane 6234839 6233928
StABC transporter-173 4483 7.55 166911.88 Plasma membrane 6234839 6233928
StABC transporter-174 4389 7.93 166236.66 Plasma membrane 6225621 6224710
StABC transporter-175 4389 7.92 166163.54 Plasma membrane 6225621 6224710
StABC transporter-176 4901 7.24 166719.31 Plasma membrane 37053348 37052445
StABC transporter-177 5021 8.16 166969.97 Plasma membrane 60043216 60042310
StABC transporter-178 4436 8.15 164865.1 Plasma membrane 27420992 27420590
StABC transporter-179 4632 6.32 164815.83 Plasma membrane 27439325 27438888
StABC transporter-180 4630 8.55 162634.28 Plasma membrane 67428695 67429182
StABC transporter-181 4356 7.94 164785 Plasma membrane 6225621 6224710
StABC transporter-182 4484 6.02 161618.19 Plasma membrane 50194438 50194890
StABC transporter-183 4701 6.64 162565.07 Plasma membrane 50178938 50179489
StABC transporter-184 4468 6.88 161241.39 Plasma membrane 65674958 65674511
StABC transporter-185 5019 7.54 167893.44 Plasma membrane 60028230 60029142
StABC transporter-186 4090 8.29 143500.53 Plasma membrane 4463724 4462265
StABC transporter-187 4090 8.29 143500.53 Plasma membrane 4463724 4462265
StABC transporter-188 3872 8.29 143500.53 Plasma membrane 4463724 4462443
StABC transporter-189 3942 8.29 143500.53 Plasma membrane 4463724 4462443
StABC transporter-190 3942 8.29 143500.53 Plasma membrane 4463724 4462443
StABC transporter-191 3942 8.29 143500.53 Plasma membrane 4463724 4462443
StABC transporter-192 3942 8.29 143500.53 Plasma membrane 4463724 4462443
StABC transporter-193 3942 8.29 143500.53 Plasma membrane 4463724 4462443
StABC transporter-194 3705 6.1 139869.13 Plasma membrane 27434302 27433967
StABC transporter-195 3914 8.52 137720.46 Plasma membrane 42396653 42397121
StABC transporter-196 1744 6.73 47853.97 Chloroplast 42429277 42429748
StABC transporter-197 4276 5.87 152953.46 Nuclear 58461667 58461994
StABC transporter-198 3530 8.71 120851.93 Extracellular 18771577 18768135
StABC transporter-199 3692 9.2 121166.75 Nuclear 4148326 4147422
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O 55, ;36T s ABC-Transporter 5 esl sl Lol
StABC transporter-200 4129 8.47 141046.51 Nuclear 53966881 53967576
StABC transporter-201 3672 5.85 120572.03 Extracellular 71269122 71268733
StABC transporter-202 4116 6.19 141603.25 Nuclear 67473157 67472819
StABC transporter-203 2564 7.32 77303.68 Extracellular 72761044 72761812
StABC transporter-204 3407 8.65 115894.33 Extracellular 18771577 18768479
StABC transporter-205 4842 6.23 117608.8 Extracellular 49038440 49037323
StABC transporter-206 4966 6.23 117608.8 Extracellular 49038440 49037115
StABC transporter-207 3852 7.94 126902.86 Extracellular 49001092 49000363
StABC transporter-208 3999 6.54 139578.3 Nuclear 49579684 49579932
StABC transporter-209 2542 7.32 77303.68 Extracellular 72761044 72761812
StABC transporter-210 4035 7.52 131587.66 Nuclear 36459028 36458345
StABC transporter-211 3288 5.97 105715.24 Nuclear 45939373 45938299
StABC transporter-212 3509 6.58 118890.88 Nuclear 20979683 20979054
StABC transporter-213 3845 7.81 126647.54 Extracellular 49001092 49000363
StABC transporter-214 3240 4.87 93408.83 Extracellular 17756824 17756263
StABC transporter-215 3761 8.27 136661.07 Cytoplasmic 1360274 1359178
StABC transporter-216 1692 7.53 63316.49 Plasma membrane 34179187 34178866
StABC transporter-217 4016 6.23 123746.89 Nuclear 18698057 18699234
StABC transporter-218 1184 8.06 40007.22 Chloroplast 42429277 42429748
StABC transporter-219 3745 8.83 130228.47 Cytoplasmic 47133142 47131799
StABC transporter-220 3869 8.26 140713.7 Cytoplasmic 1360274 1359178
StABC transporter-221 2450 8.63 88875.85 Extracellular 310558 310347
StABC transporter-222 4020 6.23 123671.76 Nuclear 18698057 18699234
StABC transporter-223 2411 8.01 76433.87 Extracellular 44431744 44431025
StABC transporter-224 4264 5.98 145691.4 Nuclear 68913706 68914752
StABC transporter-225 3328 8.83 92651.47 Extracellular 22498023 22498927
StABC transporter-226 2928 5.84 100575.48 Extracellular 55339357 55338422
StABC transporter-227 771 7.84 29104.15 Nuclear 53978097 53978373
StABC transporter-228 219 9.45 8837.32 Plasma membrane 50186302 50186519

StABC transporter-001 ;I 45 4l s> 4 transporter
bl L JIg ol ias L5)|.1_<T¢u StABC-transporter-228
P LA S 2oy SA 5 Lol s SA 4 b el
» S el sy ALk e bl el S A
MUTSel o5 o w5 I3 o glaoslilbs g
5> TIR:ws StABC-226 JIy s SMR MUTSac

StABC-214 JJi5 ;5  GYlc,ms  StABC-221 Jis
53 PHD 5 Ringwes 5 StABC-211 I 5 ;5 SMC-hinge -, e
Sl slacusd 3 gs5 olply sy STABC-155 5
e bl (S s ke U3 g5 edias DL e

(g -7 IS8 st

SO oKL Sl eslid b sk 53 s, e O
San YA Sl edel s w4 s Gb . Ad e Softberry
0) O 5 sleudly lis s (W) 85, VE1 O
> WD i A sk 51 2o s (YY) (055 5
22 (UD) 58,0 Y meMysi 5 oDy IS 5 (6, 5
ABC ol s a (il Y K2) di L be s
JUzl 5 obwls 55 &S Lol i 4 4> L s transporter

A e eleedl gl s a0l rin O 5 63 p sl
sla JI 55 ABC transporter .s5 s 55 ede L 3 5 Lol (s 5
s Pfam Sledlbl oKL b 5l etel s 4 B p
ABC 03 YYA Culg 5o . S 13 ) 355 SMART

YFeo lusli g 5les /Y o )lols /o200 0,90 [ S (0w ] 9 S f  cwidibeo


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.1.2.2
https://gebsj.ir/article-1-371-en.html

[ Downloaded from gebg.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1400.10.1.2.2 ]

O 55,5

;36T s ABC-Transporter 5 esl sl lubs

A SMART-StABC-001
N (S

B SMART-SIABC-012

HiHneE) -l &)

© SMART-S1ABC-050

D SMART-SIABC-024 - - - -
=) &)

F SMART-SUARC-075 —

G SMART-StABC-078 _ II IlI I

1 SMART-S1ABC-111 ‘N\ '

E SMART-SIABC-084

X SMART-SIABC-22T  mw ‘ MuTSd };_J ﬂum:'f_] Gua
X SMART-SIABC-221 = ) ‘A-\ --H ‘L] :=|
X SMART-StABC-216 - - -Ii] L Ii]

’ & ] i
X SMART-SIABC-21 -

|
|
9

¢

IW

X SMART-SIABC-2

X SMART-SIABC-207 - - - ﬂm)

{1 4
e —— _.d &
X SMART-SHABC-199 " | -l ] || “ l @

X SMART-S(ABC-155 =

- e e -l &)

Cm

2%

30
5 25
25 2
18 18 18
0 16 16 -1 =
15
10
10
3

: |k
0 ra - Li el a ki by 7

& &

S 840D > a SN
¥ P P f o of S S

o 5> ABC transporter s sias lubis gla fues o 5 Jool sy S (C,ABC transSPOrter ay5se5,5 (Sl (o« b Cumbse i (A=Y YK

Figure 2. A) Cell position prediction, B) chromosomal distribution of ABC transporter and C) main and subgrouping of domains identified
in ABC transporter in potatoes
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Figure 3. A) Motif display among ABC transporter proteins in potato plant, B) Phylogenetic tree 228 protein sequences identified in potato

plant
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Figure 4. Comparison of orthologous relationships between StABC transporter genes in potatoes and four plants A) soybean, B)
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Figure 8. Go ontology of biological process of identified ABC transporter genes: A) Molecular function, B) Cellular content and C)
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Table 3. Cis elements of regions promoters ABC transporter genes under drought and salinity stress
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Figure 7. Distribution of ABC transporter identified on 12 chromosomes of Solanum tubersoum L.
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Table 4. Changes in relative water content (RWC) in developmental stages of potato under drought stress compared to control plant
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Table 5. Comparison of average sodium and potassium concentrations (mg/g dry weight) of potato developmental stages under different

levels of salinity and control stress
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Table 6. Comparison of average free proline content in different developmental stages of potato under stress and control conditions
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Figure 8. Relative gene expression of StABC transporter in different developmental stages in response to drought and salt stress
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\f.o QL’MUS)L@ A o)‘.o.&/pbé 0590 /‘f"w.u) wlg&waj (I



https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.1.2.2
https://gebsj.ir/article-1-371-en.html

[ Downloaded from gebg.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1400.10.1.2.2 ]

O 55,5

;36T s ABC-Transporter 5 esl sl lubs

ol b AS e o gl ekl Cilie el Ol se
Al e e red D3 el tpl eslns (oS slaanadls s
bl VJS 4> ABC transporter o5 V4 Yan et al. (2017)
s 3V egises S sy OF 05 WY A K
ABC -3l s Sl 5 (Sishd Lo 5 ases alad
VY &S Ll sduaik ABCI b ABCA 5l aslgls A O3
o3 Bl JIg WV 5 5 NBD psd i U G glils JIg
s> ABCC 3 ABCI ABCB ABCG (slaesl il 54
meslglt sy s2e VY 5 Y YA AY (o 5w Lael o i
VsV Jli s« 55 ABCF; ABCA ABCE e
Rl 23S S ABCD o5 5 00 pas Y LS Ly sas
(AN o skl Al (5 S0 OLLS L3 8L
Y Gl 5w S Wledd glalis s 5l g
L ABC s b sleosl bt il o 05 5VEV DAY (VY (Yed
Olgs 4 Ol o5 ,See b Gl ad 5l sladd gl 5l dns J gama s 5
PDR: Pleiotropic Drug ) o555k oo)ls cwslis Jlo
MRP: ) sslsds cwslie 4 fate 255, 5 (Resistance
Ly e 6 AL (Multidrug Resistance-associated Protein
055 Slye IS s (Sanchez-Fernandez et al. 2001)
53 S sl ol L) s Cakir and Kilickaya (2013) L 45
o33 Y LY LABC 55 5 YY0 ¢ sl T olS L as lis
Ll S5l sde Ve olis opl 51l odd plulid gus S
BB Ol g V0 5 S o (IS |, plis lacss
S 03,8 WY 05,5 ABC (slacyiy A3l o TMD s
Ghls sae £V 5 S kb glls LT 51 sae VA &S s
Ly e LB glacss o TSl sas 10 5 LolS aes Slla
Sz 055 35 Hyam 5550 53 ABCesl sl ol (gaaseins
sty Cuslis 53 w85 4 & s, ABCC, ABCG
G gk Caslie b ks e slanSs 5 Ko sk

edls

Lopez-Ortiz et al. L., ABC-transporter asflzs 5 lulis

-ebblb'-ﬁj 6@0); aS Wsls QL.:..: J&L‘? el:f SS9 » (2019)
el gl pbe JUKl )5 ege 28 ABCG 3 ABCC sla

05 S, sbay MDRL 5 ABCI fz ABC 05 cpiir 45 S|
Gl il g Bl Sk Js clleds adlas
5 3 e B Slas s 05 (Allikmets, 1996)
S, 205 i 5 ) SN 4 bl 5 LS
IS s SbusSE el gl Gl Sl S eSag S
ol Il 5l 56 GT (sl 551 asle 5 LIOWLS s o
2 Skag s 05 Y dled S e GT obe a4 o
GT-1 ol a4y OIS 0 55 48 ol 03 S Lol oy 5]
DNA binding .3 .J.jl‘u.éjf U138 GTY 4 SIPI SH-4 GT-2
Sl oSa s sl Sl ol g5 GT sl g5
5 ol 0l (gtuastls GT-1 3 s sl )T Lol 5l ot
O58L S s Goss b A« 'C“li 45> GT-3b 5 GT-3a
P S S sy s sSE el sl esls 0L
(AL S 9) b s ba IS wxn 5 AT oelih 5 age
it 3 s ST @ el s LS B e s
15 BA) doul Sileedle 5 ABA tile el yo 58 525
s, Zhanchao Wang et al. (2016) w g a5 5,158 b
A o 3 Jisb 05 0T s S ) A8 pe
Jol mlo Ls S s aib 03 S0 3 aS s S plulid
5 alie lle b Sla 5 sed) i o« ol 0L
-5 Obe 3 WO opl iy sdic bl Sl glacis s
Jeos 5 s il (g slawl s sl g sl
Jold o Sdas 5 glad) pha oS 315 L e ole iy
05 Sl BBy Al e pole 4 b e a0 e 5
5 LS 5 s Jol s 5o T &8 s ol Sas 5 gl
Sy oy RSty Lo 5 agjmd Lpd e Ol baady
65 05 sl slael & sls OLi Ll Oley s e sSas
D5 Syl GBS 4 el 5o s LB b 4 Sl
el s G e s Slpenls e el LIl ABA
Lty o aba 5l WSdas 5 05 oslss ) sl iy asdllas
4 oS A Al 2IS pse sl IS 5 Sk
G035l sl s ib ayls edn] L3 (g3 8 Slallas
oS n oS el S8 Kos sk S w Gl oS
o ATP 055 5Js,ame L wils o ABC transporter sls

Voo Ll g jleg /) o losds /p0d 0590 / (s § (Fod] § Sl (koo -


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.1.2.2
https://gebsj.ir/article-1-371-en.html

[ Downloaded from gebg.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1400.10.1.2.2 ]

AL 5 5, s

;36T s ABC-Transporter 5 esl sl Lol

5 bl Ol agd oKl S Wl OB a5 15, Rwlow
Oasn bl e oles b oK e B3l S

Al e Sla,ds s S5 ol

&lw

Allikmets R, Gerrard B, Hutchinson A, Dean M. 1996.
Characterization of the human ABC superfamily: isolation
and mapping of 21 new genes using the Expressed Sequence
Tags database. Human Molecular Genetics 5(10): 1649-
1655.

Annilo T, Chen Z-Q, Shulenin S, Costantino J, Thomas L,
Lou H, et al. 2006. Evolution of the vertebrate ABC gene
family: analysis of gene birth and death. Genomics 88, 1-11.

Bates LS, Waldren RP, Teare ID .1973. Rapid determination
of free proline for water stress studies. Plant Soil 39: 205-
207.

Botella MA, Rosado A, Bressan RA, Hasegawa PM. 2005.
Plant adaptive responses to salinity stress. pp: 37-70. In:
Jenks, M.A., and Hesgawa, P.M. (edrs.) Plant abiotic stress.
Blackwell Publishing Ltd.

Cakir B, Kilickaya O. 2013. Whole genome survey of the
putative ATP-binding cassette transporter family genes in
Vitis vinifera. PlosOne PLoS One 8:11:e78860.

Carlos A M, Moacyr M, Elisonete G. 1996. In vitro salt
tolerance and proline accumulation in Andean potato
(Solanum spp.) differing in frost resistance. Plant Science
116: 177-184.

Catsky J. 1960. Determination of water deficit in disks cut out
from leaf blades. Biologia Plantarum 2: 76-78.

Dean M, Hamon Y, Chimini G. 2001. The human ATP-
binding cassette (ABC) transporter superfamily, Journal
Lipid Ressearch. 42: 1007-1017.

Dermauw W, Van Leeuwen T. 2014. The ABC gene family in
arthropods: comparative genomics and role in insecticide
transport and resistance. Insecticide Biochemstry Molecular
Biology, 45: 89-110.

Devaux A, Kromann P, Ortiz O. 2014. Potatoes for sustainable
Food Security. Potato Research, 57:185-199.

Mariot RF, de Oliveira LA, Voorhuijzen MM, Staats M,
Hutten RCB, Van Dijk JP, et al. 2015. Selection of
Reference Genes for Transcriptional Analysis of Edible
Tubers of Potato (Solanum tuberosum L.). PLoS ONE 10(4):
e0120854.

Hanson BR, Grattan SR, Fulton A. 2006. Agricultural salinity
and drainage. Univercity of California, Department of Land,
Air and Water Resources, Davis, Technology & Engineering
- 180 pages.

Harris P M. 1992. The potato crop. Chapman and Hall Ltd.910
pp.

s 5 axdls J 8 STs 0905 4 e S 5 50s (63 5 S

I8 o A s o g (slgee (555 Gk

Higgins CF, Linton KJ. 2004. The ATP switch model for ABC
transporters. Natural ~ Structure Molecular Biolology 11,
918-926.

Hyde SC, Emsley P, Hartshorn MJ, Mimmack MM, Gileadi
U, Pearce SR, Gallagher MP, Gill DR, Hubbard RE,
Higgins CF.1990. Structural model of ATP-binding proteins
associated with cystic fibrosis, multidrug resistance and
bacterial transport. Nature 346: 362-365.

Jalali AM, Esfandiari H, Bagheri MR, Asadi A, Jalali S,
Dehghani M, Solhi M, Moshref L, Molk S, Salehi H.
2019. Good potato farming operation, Agricultural
Research, Education and Extension Organization, pp.163 (In
Farsi with English abstract).

Kang J, Park J, Choi H, Burla B, Kretzschmar T, Lee Y. et
al.  2011. Plant ABC transporters. Arabidopsis
Book 9:0153.

Khan N, You FM, Datla R, Ravichandran S, Jia B, Cloutier
S. 2020. Genome-wide identification of ATP binding
cassette (ABC) transporter and heavy metal associated
(HMA) gene families in flax (Linum usitatissimum L.).
BMC Genomics. 19;21(1):722.

Khorshidibenam MB, Rahimzadeh khoie F, Mirhadi MJ,
Noormohammadi GH. 2003. Investigation of the effects of
drought stress on the growth stages of different potato
cultivars, Iranian Journal of Crop Sciences, 1:47-58 (In Farsi
with English abstract).

Khrais T, Leclerc Y, Donnelly E. 1998. Relative salinity
tolerance of potato cultivars assessed by in vitro screening.
American Journal of Potato Research 75:207-210.

Kloosterman B, Vorst O, Hall RD, Visser RGF, Bachem CW.
2005. Tuber on a chip: differential gene expressio n
duringpotato tuber development. Plant Biotechnology
Journal 3, 505-519.

Krzywinski M, Schein J, Birol I, Connors J, Gascoyne R,
Horsman D, Jones S, Marra M. 2009. Circos: An
information aesthetic for comparative genomics, Genome
Research 19: 1639-1645.

Librado P, Rozas J. 2009. DnaSP v5: a software for
comprehensive analysis of DNA polymorphism data,
Genetics and population analysis, Vol. 25 no. 11 2009,
pages 1451-1452.

Loon CD .1981. The effect of water stress on potato growth,
development, and yield. American Potato Journal 58:51-69.

Lopez-Ortiz C, Dutta SK, Natarajan P, Pefia-Garcia Y,
Abburi V, Saminathan T, Nimmakayala P, Reddy UK.
2019. Genome-wide identification and gene expression
pattern of ABC transporter gene family in Capsicum spp.

YFeo lusli g 5les /Y o )lols /o200 0,90 [ S (0w ] 9 S f  cwidibeo

PLOS One. 30;14(4):e0215901.



https://scholar.google.com/citations?user=TjUHUWcAAAAJ&hl=en&oi=sra
https://www.google.com/search?tbo=p&tbm=bks&q=subject:%22Technology+%26+Engineering%22&source=gbs_ge_summary_r&cad=0
https://pubmed.ncbi.nlm.nih.gov/33076828/
https://pubmed.ncbi.nlm.nih.gov/33076828/
https://pubmed.ncbi.nlm.nih.gov/33076828/
https://pubmed.ncbi.nlm.nih.gov/33076828/
https://pubmed.ncbi.nlm.nih.gov/31039176/
https://pubmed.ncbi.nlm.nih.gov/31039176/
https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.1.2.2
https://gebsj.ir/article-1-371-en.html

[ Downloaded from gebg.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1400.10.1.2.2 ]

w5361 s ABC-Transporter 5 esl sl lubs

AL 5 5,5

Mass EV, Hoffman GJ. 1977. Crop salt tolerance- current
assessment. American Society of Civil Engineers
Proceedings Journal of Irrigation and Drainage Division
103:115-131.

Ohno S. 1970. Evolution by Gene Duplication, Springer-Verlag,
New York.

Pourfarid B. 2019. Identification of ABC-Transporter gene
family and analysis of gene co-expression network pattern in
different stages of potato stolone development in response to
abiotic stresses, Master Thesis, Faculty of Agriculture,
Shahid Chamran University, Ahvaz. (In Farsi with English
abstract).

Rahnama A, Postini K, Sasani SH, Esavand HR. 2012. Plant
response to abiotic stresses. Compiled by Hirt, H and
Shinozaki, Kazuyo, Ahvaz Chamran University Press. (In
Farsi with English abstract).

Sénchez-Fernandez RO, Davies TE, Coleman JO, Rea PA.
2001. The Arabidopsis thaliana ABC protein superfamily, a
complete inventory. J. Biol. Chem. 276, 30231-30244.

Schmittgen T, Livak D, Kenneth J. 2008. Analyzing real-time
PCR data by the comparative (CT) method, Nature Protocols
3:1101-1108.

Shiri-Janagard M, Tobeh A, Abbasi A, Jmmati-Somarin SH,
Hassanzadeh M, Zabihi-Mahmoodabad R. 2009. Effects
of water stress on water demond, growth and tuber grade of
potato (Solanum tuberosum L.) crop. Research Journal of
Environmental Sciences 3: 476-485.

Van Hoorn JW, Katerji N, Hamdy A, Mastrorilli M. 1993.
Effect of saline water on soil salinity and on water, stress,
growth and yield of wheat and potatoes. Agriculturae and
Water Management 23:247-265.

Van Loon CD. 1981. The effect of water stress on potato
growth, development and yield. American Journal of Potato
Research, 58: 51-69.

Verrier PJ, Bird D, Burla B, Dassa E, Forestier C, Geisler M,
et al. 2008. Plant ABC proteins—a unified nomenclature and
updated inventory. Trends Plant Science 13, 151-159.

Wankun D, Yongbo W, Zexian L, Han C, Yu X. 2014. Heml:
A Toolkit for [Illustrating Heatmaps. PL0oS One
5:9(11):e111988.

Yan C, Duan W, Lyu S, Li Y, Hou X .2017. Genome-Wide
Identification, Evolution, and Expression Analysis of the
ATP-Binding Cassette Transporter Gene Family in Brassica
rapa. Fronter in Plant Science. 8:349.

Yan L, Zhang J, Chen H, Luo H. 2021. Genome-wide analysis
of ATP-binding cassette transporter provides insight to
genes related to bioactive metabolite transportation in Salvia
miltiorrhiza. BMC Genomics. 1;22(1):315.

Zhanchao W, Quangang L, Hanzeng W, Haizhen Zh, Xuemei
X, Chenghao L, Chuanping Y. 2016. Comprehensive
analysis of trihelix genes and their expression under biotic
and abiotic stresses in Populus trichocarpa. Scientific
reports. 36274.

VFoo Ll g jleg /Y o lols /003 090 [ (s § (o] § Sl (oo


https://www.nature.com/nprot
mailto:dengwankun@hust.edu.cn
mailto:ybwang@hust.edu.cn
mailto:xueyu@hust.edu.cn
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0111988
https://pubmed.ncbi.nlm.nih.gov/33933003/
https://pubmed.ncbi.nlm.nih.gov/33933003/
https://pubmed.ncbi.nlm.nih.gov/33933003/
https://pubmed.ncbi.nlm.nih.gov/33933003/
https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.1.2.2
https://gebsj.ir/article-1-371-en.html

[ Downloaded from gebg.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1400.10.1.2.2 ]

UL 5 5,0

Genetic Engineering and Biosafety Journal
Volume 10, Number 1
2021

Identification of ABC-Transporter gene family and analysis of gene co-
expression network pattern in different stages of potato stolone
development in response to drought and salinity stress

Bahareh Pourfarid?®, Karim Sorkheh!, Pedro Martinez-Gomez?

1. Department of Production engeneering and Plant Genetics, Faculty of Agriculture, Shahid Chamran
University of Ahvaz, Iran.

2. Department of Plant Breeding, CEBAS-CSIC, P.O. Box 164, Espinardo, Murcia, 30080, Spain
*Corresponding Author, Email: k.sorkheh@scu.ac.ir

Abstract

ABC transporters (ATP-binding cassettes) are among the largest gene families found in the
three domains of bacteria, eubacteria, and eukaryotes. Most known ABC proteins are ATP-
dependent, and membrane transporter and transport a wide range of molecules. These
carriers play an important role in various biological processes. Since no comprehensive
study has been performed on the identifying of ABC transporters in the potato plant, in this
study, by searching the NCBI database and screening the identified genes, 228 ABC
transporter genes were finally identified. Analysis of gene ontology (GO) showed that
about 53% of ABC transporters in biological processes are responsible for transporting
materials. In the analysis of molecular function and cell content, it was found that 32% are
ATP-binding and 43% of them are inner membrane actuators, respectively. Also, the Cis
elements in the promoter of ABC transporter genes was investigated, which finally
identified 13 elements in drought stress and three elements in salinity stress. Finally, the
expression pattern of eight selected ABC transporter genes under drought and salinity
stresses was investigated using qPCR method. The results showed the effect of the studied
genes under stress. StABC-050, StABC-084 and StABC-124 genes in drought stress and
StABC-084 and StABC-001 genes had high expression in salinity stress. Then, to ensure
the application of the applied stresses, the amount of proline and RWC and Na*/K* were
measured. According to the results, with increasing drought stress, the amount of proline in
different developmental stages increased and RWC decreased, so that this decrease showed
a significant difference at the level of 1%. The aim of this study was to identify and
evaluate the expression pattern of selected ABC transporter genes under drought and
salinity stresses in potato.

Key words: ATP-binding cassette (ABC) transporter, Bioinformatics, Drought and salinity
stresses, Gene expression, Stolon Potato
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