© CSIRO 2008 10.1071/FP07293_AC
ISSN 1445-4408 Functional Plant Biology, 2008, 35, 669—688

Molecular and physiological adaptation to prolonged drought stress
in the leaves of two Andean potato genotypes

Shrinivasrao P. Mane™©, Cecilia Vasquez Robinet“©, Alexander Ulanov®,

Roland Schafleitner®, Luz Tincopa®, Amelie Gaudin®, Giannina Nomberto®,

Carlos Alvarado®, Christian Solis®, Luis Avila Bolivar®, Raul Blas®, Oscar Ortega®,

Julio Solis®, Ana Panta®, Cristina Rivera®, Illanit Samolski®, Doris H. Carbajulca®,
Meredith Bonierbale®, Amrita Pati", Lenwood S. Heath", Hans J. Bohnert® and Ruth Grene“"

AVirginia Bioinformatics Institute, Virginia Tech, Blacksburg, VA 24061, USA.
BBiotechnology Center, University of lllinois, Urbana, IL 61801, USA.
CDepartment of Plant Pathology, Physiology, and Weed Science, Virginia Tech, Blacksburg, VA 24061, USA.
PCentro Internacional de la Papa, Lima, Peru.
EDepartments of Plant Biology and of Crop Sciences, University of Illinois at Urbana-Champaign, Urbana,
IL 61801, USA.
FDepartment of Computer Science, Virginia Tech, Blacksburg, VA 24061, USA.
CThese authors contributed equally to the work.
HCorresponding author. Email: grene@vt.edu

Accessory publication

Table S1. Primers used for confirmatory RT PCR of selected genes. Gene IDs are taken from the TIGR
Potato Database

Gene D Strand Primer sequence
Sucrose synthase TC135042 FW GGACTCACGGTGGTTGAA
RW CCGTCCTGAATGATCTCC
SNF-1-related protein kinase TC132860 FW CCAAGGATGCTAATTGTTGAC
RW GCAGGAGACTGAAGTCCAAC
Lipid transfer protein 1 TC 145196 FW TGGTGGTGTTAAGGGTCTGTT
RW GCTTTTCCCGTATCAATGC
Superoxide dismutase TC139039 FW TACACACCGCTGCTCACC
RW AGTCAGGTCGGCGATTCT
Peroxiredoxin TC 141787 FW AAGGTTGTTCTTTTCGCTGTC

RW CGAAACCAGGAAGGTGTT




Table S2. ANOVA analysis of metabolite data
Significant P-values (P <0.01) are in bold face

Pr(>F)

Factor G T TP (GxT) (G x TP) (T x TP) (G*T*TP)

Metabolite/d.f. 1 1 2 1 2 2 2
Alanine 1.4E-15 <2.2e-16 <2.2e-16 2.4E-10 4.0E-16 6.3E-16 1.8E-11
Ascorbic acid <2.2e-16 9.6E-01 <2.2e-16 <2.2e-16 1.8E-15 8.3E-03 1.3E-14
Caffeic acid 4.3E-03 1.1E-12 2.0E-15 1.1E-06 <2.2e-16 7.2E-09 3.5E-03
Citric acid <2.2e-16 <2.2e-16 <2.2e-16 2.4E-08 <2.2e-16 <2.2e-16 1.2E-15
Fructose <2.2e-16 1.3E-09 <2.2e-16 2.3E-09 2.1E-09 1.5E-05 3.4E-04
Fumaric acid <2.2e-16 5.5E-11 <2.2e-16 2.0E-04 <2.2e-16 4.2E-05 1.0E-04
Gaba 4.4E-01 9.0E-12 1.5E-06 1.8E-01 1.3E-05 9.6E-03 3.9E-03
Galactinol 3.81E-10 2.20E-16 1.06E-12 5.88E-02 8.89E-05 0.07237 2.59E-09
Galactose 1.2E-11 8.8E-12 <2.2e-16 6.3E-01 1.8E-01 8.4E-08 1.6E-13
Glucose 1.8E-01 6.5E-04 3.5E-16 9.1E-04 5.3E-08 5.9E-01 3.9E-04
Glucose-6-P <2.2e-16 2.3E-01 4.2E-09 4.9E-03 <2.2e-16 1.8E-02 1.0E-10
Glycerol 2.20E-16 0.0062055 3.20E-07 1.16E-01 0.0001337 5.48E-05 2.67E-07
Glycine 1.1E-04 3.0E-15 1.4E-14 5.5E-03 2.1E-03 2.4E-12 1.5E-10
Inositol 4.09E-05 7.44E-15 2.53E-07 0.0001095 1.19E-06 <2.2e-16 0.001807
Malic acid 5.0E-08 7.3E-09 <2.2e-16 4.3E-15 6.4E-12 9.5E-01 2.0E-05
Malonic acid <2.2e-16 1.3E-03 1.3E-12 1.1E-03 1.3E-12 4.3E-15 4.2E-15
Maltose 1.3E-06 <2.2e-16 <2.2e-16 2.1E-02 5.8E-13 4.4E-13 5.3E-03
Melezitose 4.4E-15 1.7E-12 <2.2e-16 2.1E-11 <2.2e-16 <2.2e-16 <2.2e-16
Melibiose <2.2e-16 <2.2e-16 <2.2e-16 7.9E-12 <2.2e-16 <2.2e-16 2.6E-13
Phenylalanine <2.2e-16 <2.2e-16 <2.2e-16 <2.2e-16 <2.2e-16 <2.2e-16 <2.2e-16
Pyruvic acid <2.2e-16 1.9E-10 4.5E-09 2.3E-07 1.1E-06 7.6E-06 1.6E-04
Quinic acid <2.2e-16 <2.2e-16 <2.2e-16 6.2E-01 <2.2e-16 <2.2e-16 6.9E-14
Rhamnose <2.2e-16 2.1E-02 4.8E-04 1.2E-03 7.2E-02 2.4E-05 2.2E-06
Serine <2.2e-16 2.6E-11 1.0E-15 1.4E-07 4.6E-15 1.1E-04 3.3E-03
Shikimic acid <2.2e-16 8.9E-01 4.8E-03 8.5E-03 1.9E-04 1.6E-06 1.3E-02
Sorbose 6.0E-01 2.3E-15 <2.2e-16 2.5E-11 <2.2e-16 6.4E-15 2.4E-07
Succinic acid <2.2e-16 <2.2e-16 4.8E-07 <2.2e-16 8.1E-03 9.6E-06 2.2E-12
Sucrose <2.2e-16 <2.2e-16 <2.2e-16 1.7E-14 1.2E-14 <2.2e-16 2.3E-11
Threonic acid <2.2e-16 3.3E-15 <2.2e-16 2.0E-04 <2.2e-16 1.9E-07 1.3E-11
Valine 6.9E-01 <2e-16 <2e-16 5.6E-01 1.8E-01 <2e-16 2.2E-01

d.f.: Degrees of freedom.

G: Genotype (Sullu or Ccompis).

T: Treatment (drought stressed or well watered).

TP: Time point (45, 60 or 75 days).

G x T: Genotype and treatment interaction.

G x TP: Genotype and time point interaction.

G x T x TP: Genotype, treatment and time point interaction.



Table S3. LSD comparisons of genotype X treatment interaction

Significant P-values (P <0.01) are marked in green

Metabolite Comparison 1 Comparison 2 C1 mean C2 mean cl/cz P value
ALANINE

1 Ccompis:Control Ccompis:Stress 124.50 238.19 0.52 -
2 Ccompis:Control Sullu:Control 124.50 110.36 1.13 0.4014
3 Ccompis:Control Sullu:Stress 124.50 151.38 0.82 0.1031
4 Ccompis:Stress Sullu:Control 238.19 110.36 2.16

5 Ccompis:Stress Sullu:Stress 238.19 151.38 1.57

6 Sullu:Control Sullu:Stress 110.36 151.38 0.73 0.0145
ASCORBIC ACID

1 Ccompis:Control Ccompis:Stress 28.36 90.06 0.31

2 Ccompis:Control Sullu:Control 28.36 253.57 0.11

3 Ccompis:Control Sullu:Stress 28.36 192.31 0.15

4 Ccompis:Stress Sullu:Control 90.06 253.57 0.36

5 Ccompis:Stress Sullu:Stress 90.06 192.31 0.47

6 Sullu:Control Sullu:Stress 253.57 192.31 1.32

CAFFEIC ACID

1 Ccompis:Control Ccompis:Stress 475.86 891.13 0.53

2 Ccompis:Control Sullu:Control 475.86 721.21 0.66

3 Ccompis:Control Sullu:Stress 475.86 830.13 0.57

4 Ccompis:Stress Sullu:Control 891.13 721.21 1.24

5 Ccompis:Stress Sullu:Stress 891.13 830.13 1.07

6 Sullu:Control Sullu:Stress 721.21 830.13 0.87

CITRIC ACID

1 Ccompis:Control Ccompis:Stress 2276.71 5384.13 0.42

2 Ccompis:Control Sullu:Control 2276.71 5156.86 0.44

3 Ccompis:Control Sullu:Stress 2276.71 9986.50 0.23

4 Ccompis:Stress Sullu:Control 5384.13 5156.86 1.04

5 Ccompis:Stress Sullu:Stress 5384.13 9986.50 0.54

6 Sullu:Control Sullu:Stress 5156.86 9986.50 0.52

FRUCTOSE

1 Ccompis:Control Ccompis:Stress 15374.64 20171.88 0.76

2 Ccompis:Control Sullu:Control 15374.64 11991.36 1.28

3 Ccompis:Control Sullu:Stress 15374.64 12047.50 1.28

4 Ccompis:Stress Sullu:Control 20171.88 11991.36 1.68

5 Ccompis:Stress Sullu:Stress 20171.88 12047.50 1.67

6 Sullu:Control Sullu:Stress 11991.36 12047.50 1.00

FUMARIC ACID

1 Ccompis:Control Ccompis:Stress 1039.79 500.88 2.08

2 Ccompis:Control Sullu:Control 1039.79 1552.50 0.67

3 Ccompis:Control Sullu:Stress 1039.79 1362.50 0.76

4 Ccompis:Stress Sullu:Control 500.88 1552.50 0.32

5 Ccompis:Stress Sullu:Stress 500.88 1362.50 0.37

6 Sullu:Control Sullu:Stress 1552.50 1362.50 1.14

GABA

1 Ccompis:Control Ccompis:Stress 1891.29 2764.00 0.68

2 Ccompis:Control Sullu:Control 1891.29 2079.86 0.91

3 Ccompis:Control Sullu:Stress 1891.29 2722.50 0.69

4 Ccompis:Stress Sullu:Control 2764.00 2079.86 1.33

5 Ccompis:Stress Sullu:Stress 2764.00 2722.50 1.02 0.0107
6 Sullu:Control Sullu:Stress 2079.86 2722.50 0.76 -
GALACTOSE

1 Ccompis:Control Ccompis:Stress 3042.79 4559.81 0.67

2 Ccompis:Control Sullu:Control 3042.79 4545.79 0.67

3 Ccompis:Control Sullu:Stress 3042.79 5908.19 0.52

4 Ccompis:Stress Sullu:Control 4559.81 4545.79 1.00 0.3901
5 Ccompis:Stress Sullu:Stress 4559.81 5908.19 0.77

6 Sullu:Control Sullu:Stress 4545.79 5908.19 0.77
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Table S4. LSD comparisons of genotype X treatment x time-point interaction

Significant P-values (P <0.01) are marked in green

Metabolite Comparison 1 Comparison 2 C1 mean C2 mean cl/c2 P value
ALANINE

1 Ccompis:Control:d45 Ccompis:Control:d60 125.50 111.00 1.13 0.63
2 Ccompis:Control:d45 Ccompis:Control:d75 125.50 137.20 0.91 0.69
3 Ccompis:Control:d45 Ccompis:Stress:d45 125.50 156.83 0.80 0.28
4 Ccompis:Control:d45 Ccompis:Stress:d60 125.50 186.20 0.67 0.05
5 Ccompis:Control:d45 Ccompis:Stress:d75 125.50 387.80 0.32 -
6 Ccompis:Control:d45 Sullu:Control:d45 125.50 118.25 1.06 0.82
7 Ccompis:Control:d45 Sullu:Control:d60 125.50 111.60 1.12 0.64
8 Ccompis:Control:d45 Sullu:Control:d75 125.50 102.80 1.22 0.45
9 Ccompis:Control:d45 Sullu:Stress:d45 125.50 112.17 1.12 0.64
10 Ccompis:Control:d45 Sullu:Stress:d60 125.50 189.80 0.66 0.04
11 Ccompis:Control:d45 Sullu:Stress:d75 125.50 160.00 0.78 0.25
12 Ccompis:Control:d60 Ccompis:Control:d75 111.00 137.20 0.81 0.35
13 Ccompis:Control:d60 Ccompis:Stress:d45 111.00 156.83 0.71 0.09
14 Ccompis:Control:d60 Ccompis:Stress:d60 111.00 186.20 0.60 -
15 Ccompis:Control:d60 Ccompis:Stress:d75 111.00 387.80 0.29

16 Ccompis:Control:d60 Sullu:Control:d45 111.00 118.25 0.94 0.81
17 Ccompis:Control:d60 Sullu:Control:d60 111.00 111.60 0.99 0.98
18 Ccompis:Control:d60 Sullu:Control:d75 111.00 102.80 1.08 0.77
19 Ccompis:Control:d60 Sullu:Stress:d45 111.00 112.17 0.99 0.97
20 Ccompis:Control:d60 Sullu:Stress:d60 111.00 189.80 0.58 [ o001
21 Ccompis:Control:d60 Sullu:Stress:d75 111.00 160.00 0.69 0.09
22 Ccompis:Control:d75 Ccompis:Stress:d45 137.20 156.83 0.87 0.47
23 Ccompis:Control:d75 Ccompis:Stress:d60 137.20 186.20 0.74 0.09
24 Ccompis:Control:d75 Ccompis:Stress:d75 137.20 387.80 035 [ 0.00
25 Ccompis:Control:d75 Sullu:Control:d45 137.20 118.25 1.16 0.53
26 Ccompis:Control:d75 Sullu:Control:d60 137.20 111.60 1.23 0.36
27 Ccompis:Control:d75 Sullu:Control:d75 137.20 102.80 1.33 0.22
28 Ccompis:Control:d75 Sullu:Stress:d45 137.20 112.17 1.22 0.35
29 Ccompis:Control:d75 Sullu:Stress:d60 137.20 189.80 0.72 0.07
30 Ccompis:Control:d75 Sullu:Stress:d75 137.20 160.00 0.86 0.42
31 Ccompis:Stress:d45 Ccompis:Stress:d60 156.83 186.20 0.84 0.28
32 Ccompis:Stress:d45 Ccompis:Stress:d75 156.83 387.80 0.40 -
33 Ccompis:Stress:d45 Sullu:Control:d45 156.83 118.25 1.33 0.18
34 Ccompis:Stress:d45 Sullu:Control:d60 156.83 111.60 1.41 0.10
35 Ccompis:Stress:d45 Sullu:Control:d75 156.83 102.80 1.53 0.05
36 Ccompis:Stress:d45 Sullu:Stress:d45 156.83 112.17 1.40 0.09
37 Ccompis:Stress:d45 Sullu:Stress:d60 156.83 189.80 0.83 0.22
38 Ccompis:Stress:d45 Sullu:Stress:d75 156.83 160.00 0.98 0.91
39 Ccompis:Stress:d60 Ccompis:Stress:d75 186.20 387.80 0.48 [ 0.00
40 Ccompis:Stress:d60 Sullu:Control:d45 186.20 118.25 1.57 0.03
41 Ccompis:Stress:d60 Sullu:Control:d60 186.20 111.60 1.67 0.01
42 Ccompis:Stress:d60 Sullu:Control:d75 186.20 102.80 1.81 -
43 Ccompis:Stress:d60 Sullu:Stress:d45 186.20 112.17 1.66

44 Ccompis:Stress:d60 Sullu:Stress:d60 186.20 189.80 0.98 0.90
45 Ccompis:Stress:d60 Sullu:Stress:d75 186.20 160.00 1.16 0.35
46 Ccompis:Stress:d75 Sullu:Control:d45 387.80 118.25 3.28

47 Ccompis:Stress:d75 Sullu:Control:d60 387.80 111.60 347

48 Ccompis:Stress:d75 Sullu:Control:d75 387.80 102.80 3.77

49 Ccompis:Stress:d75 Sullu:Stress:d45 387.80 112.17 3.46

50 Ccompis:Stress:d75 Sullu:Stress:d60 387.80 189.80 2.04

51 Ccompis:Stress:d75 Sullu:Stress:d75 387.80 160.00 2.42

52 Sullu:Control:d45 Sullu:Control:d60 118.25 111.60 1.06 0.82
53 Sullu:Control:d45 Sullu:Control:d75 118.25 102.80 1.15 0.60
54 Sullu:Control:d45 Sullu:Stress:d45 118.25 112.17 1.05 0.83
55 Sullu:Control:d45 Sullu:Stress:d60 118.25 189.80 0.62 0.02
56 Sullu:Control:d45 Sullu:Stress:d75 118.25 160.00 0.74 0.17
57 Sullu:Control:d60 Sullu:Control:d75 111.60 102.80 1.09 0.75
58 Sullu:Control:d60 Sullu:Stress:d45 111.60 112.17 0.99 0.98
59 Sullu:Control:d60 Sullu:Stress:d60 111.60 189.80 0.59 [ o001
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1.95
1.83
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0.0175
0.0499
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0.51
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0.61
0.58
0.50
0.55
0.43
0.51
0.75
1.21
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0.98
1.08
0.84
1.00
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0.81
0.89
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0.86
0.95
0.74
0.88
1.10
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1.02
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0.93
1.19

1.06
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0.76
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0.82
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487.96
650.62
480.99
262.53
311.75
0.38
0.72
0.71
0.77
666.73
462.00
616.00
455.40
248.56
295.17
1.89
1.87
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650.80
129.50
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322.83
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365.80
549.20
396.33
674.00
650.80
129.50
369.40
331.40
322.83
885.00

2.04
1756.55
1217.17
1622.90
1199.79

654.85
777.64

0.99

1.08
929.78
644.28
859.03
635.07
346.63
411.62

1.09
938.02
649.99
866.65
640.70
349.70
415.27
861.21
596.76
795.68
588.24
321.06
381.26

0.69

0.92

0.68

0.37

0.44

1.33

0.99

0.54

0.64

0.74

0.40

0.48

0.55

0.65

1.19

1.06
0.63
0.87
0.51
0.53
2.66
0.93
1.04
1.07
0.39
0.94
0.59
0.82
0.48
0.50
2.52
0.88
0.98
1.01
0.37

0.8497
0.9719
0.8366
0.4729
0.5908
0.87
0.9921
0.5745
0.7115
0.8565
0.4691
0.594
0.5644
0.7066
0.8476
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396.40
266.60
489.00
637.60
509.60
568.83
363.40
678.80
1217.40
170.67
396.40
266.60
489.00
637.60

0.89
1.39
0.81
0.84
4.24
1.49
1.66
1.70
0.62
1.50
0.59
0.61
3.06
1.07
1.20
1.23
0.45
1.08
1.04
5.20
1.82
2.03
2.09
0.76
1.84
5.03
1.76
1.96
2.02
0.74
1.78
0.35
0.39
0.40
0.15
0.35
1.11
1.14
0.42
1.01
1.03
0.37
0.91
0.36
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Table S5.  Effects of drought stress on metabolites in Sullu and Negra Ojosa (ng/g DW)

Metabolites SUL control SUL treated NOJ control NOJ treated
Organic Acids
p-Hydroxybenzoic acid 116.48+5 144.27+41 79.5+7 62.18+3
a-Ketoglutaric acid 738.73 £ 84 702.27£26 805.01+3 711.25+£115
Ascorbic acid 227.86+19 167.12+11 156.85+£18 115.37+£5
Caffeic acid 869.31+£13 1814.42£275% 314.93+8 356.37+19
Citric acid 10681.82+316 17042.11£598 4717.04 +456 5172.92 +344
Fumaric acid 367.14+21 281.74+30 148.48+13 112.86+17
Isocitric acid 2129.99+59 2209.5+57 n/d 1384.99 £ 89*
Malic acid 19629.97 £ 54 18977.6+231 13013.81+£279 9043.37+110*
Malonic acid n/d n/d 90.63+3 1119.94 £75*
Quinic acid 519.45+8 414.65+30 832.44+65 402.68 +34*
Succinic acid 1150.72+50 1017.29+31 944.04 £ 83 741.53£12
Threonic acid 718.03+£39 585.93+£38 397.17+24 350.41+17
Total 37149.5+344 43356.9+705 21499.89 + 546 19573.89+399
Aminoacids
GABA 391.77+13 557.62+£26* 532.92+55 1098.36 +55*
Alanine 60.33+3 60.16+1 70.5+9 74.47+5
Aspartic acid 746.92+39 n/d n/d n/d
Glutamic acid 271.89+11 339.31+87 402.14+10 n/d
Glycine 393.45+10 464.8+29 96.89+0 89.92+1
Proline n/d 295.11+18%* n/d 613.87 +41*
Pyroglutamic acid 132.3+6 180.65+3 47.66+£6 78.66+5
Serine 2264618 n/d 143.44+£7 n/d
Threonine 49.26+3 5747+4 53.36+3 51.69+3
Total 2272.38+48 1955.11+97 1346.91+57 2006.97 £ 69
Sugars
Arabinose 31046=+15 320.81+12 115.82+£27 82.03+4
Fructose 16968.11+625 18171.99 +1681 13299.73 +£46 13169.81+467
Galactose 4059.98 +483 6584.96 =743 6724.75+ 124 8264.23 £569*
Glucose 13993.77 £ 164 16203.22+1574 12912.32+387 15240.15+463*
Glucose-6-phosphate 545.23+51 236.14+7* 599.53+£52 396.26 +24*
Isomaltose 366.85+26 603.22+33%* 238.25+9 1101.23 +48*
Maltose 538.22+41 632.76+6 818.94+196 514.81£72%
Melezitose 319.3+39 170.21 £6* 253.17+7 125.08 +24
Rhamnose 91.74£2 107.26+8 88.3+2 91.7+6
Ribose 405.46+24 969.82 + 7% 182.81+4 270.83 +13*
Sorbose 7961.99+194 9463.28 1360 4175.85+1030 3711.19+21
Sucrose 14282.18 1506 14441.93 £633 14960.56+1812 14624.88 +85
Trehalose 626.37+45 303.72+96* 624.97+43 688.56+77
Xylose 1539.92+116 600.82 +£53%* 710.56+21 714.75+90
Total 62009.58 1727 68810.13+2850 55705.56+2134 58995.51£887
Sugar Alcohols
Galactinol 2676.92+112 4632.11+£321* 4870.36+174 5322.47+68
Glycerol 1016.59 +57 953.38+90 668.11+37 664.06+65
Inositol 2646.34+49 2484.54+24 3859.04+199 3399.27+39
Total 6339.85+135 8070.04+334 9397.51+£267 9385.8+102

Two comparisons were made. (i) Values obtained for control and treated samples for each genotype were compared with each other. Significant differences
between the genotypes are marked in bold. (ii) Treated and control samples of each genotype were compared. Significant differences are indicated with an asterisk.
nd, not determined. The table shows the average value plus the standard error. The leaves were harvested after drought stress application (25 d for NOJ, and 27 d for
SUL). Data sets contained five replicates per sample (three samples) and were statistically analysed by t test and one-way ANOV A using the algorithm incorporated
into Microsoft Excel 2002 (Microsoft Corporation, Seattle, WA, USA). Differences were determined to be statistically significant at 2 <0.05. Principal
Component Analysis (PCA) was performed using XLSTAT-Pro (v.7.5.3) program (Addinsoft, NY, USA).



