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ABSTRACT Sorghum seed is traditionally used as secondary
food sources in addition to rice in Korea. While the hypog-
lycemia regulating phytochemicals have been found in
sorghum seed, peptides related with hypoglycemia never been
studied before. To obtain the peptide characteristics and the
specifically high-expressed peptides in hypoglycemic sorghum
seed, peptide profiles of seven hypoglycemic and five non-
hypoglycemic sorghum lines bred in RDA were determined
using surface-enhanced laser desorption/ionization time-of-
flight mass spectrometry (SELDI-TOF MS). The twelve sorghum
lines exhibited 104 peptides on CM10 protein chip array
(weak cation exchange) and 95 peptides on Q10 (weak cation
exchange) in the molecular mass range from 2,000 to 20,000
Da. Heat map via supervised hierarchical clustering of the
significantly different peptides (p < 0.01) in peak intensity
among the 12 lines effectively revealed the specifically up-
regulated peptides in each line and distinguished between
7 hypoglycemic and 5 non-hypoglycemic lines. Through
the comparison with hypoglycemic and non-hypoglycemic
lines, 10 peptides including 2231.6, 2845.4, 2907.9, 3063.5,
3132.6, 3520.8, 4078.8, 5066.2, 5296.5, 5375.5 Da were
specifically high-expressed in hypoglycemic lines at p <
0.00001. This study characterized seed peptides of 12 sorghums
and found ten peptides highly expressed for hypoglycemic
sorghum lines, which could be used as peptide biomarkers
for identification of hypoglycemic sorghum.
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Fig. 1. Inhibition effect of a-glucosidase in selected 12 sorghum
resources (hypoglycemic soghum 7 lines : 135001, 135002,
135003, 135007, 135028, 135030, 135029, Non-hypoglycemic
soghum 5 lines: 135004, 135005, 135006, 135008, 135009).
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Fig. 2. Peptide peak spectra of two protein chip arrays, CM10
(a) and Q10 (b) of SELDI-TOF MS in twelve sorghum

lines. Thypoglycemic soghum lines, M/Z: mass per
charge.
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Table 1. Peptide peak cluster deteced on CM10 array on the mass range from 2 to 20 kDa in twelve sorghum lines.

Peak M/Z% Intensity Peak M/Z% Intensity
p-value p-value
cluster mean CV (%) mean  CV (%) cluster mean CV (%) mean  CV (%)

1 0.000075 2030.86 0.05 12.9 59.4 40  0.000008 5059.68 0.18 11.5 79.5
2 0.001355 2116.79 0.08 7.0 176.4 41  0.000015 5104.65 0.06 16.5 46.9
3 0.000000 2231.53 0.02 11.5 70.9 42 0.000016 5146.82 0.03 252 49.5
4 0.000720 2247.92 0.06 10.4 47.1 43 0.000000 5167.72 0.04 15.1 49.4
5 0.008853 2373.00 0.14 13.7 60.4 44 0.000000 5253.43 0.07 5.6 129.6
6  0.000032 2453.52 0.03 16.3 57.3 45 0.000000 5296.01 0.02 13.6 124.6
7 0.000028 2502.27 0.06 11.2 65.6 46  0.000000 5319.18 0.03 9.9 103.5
8 0.000000 2520.07 0.02 10.3 84.8 47  0.000000 5335.33 0.04 9.0 94.7
9 0.000008 2795.06 0.11 8.3 111.9 48 0.000000 5373.00 0.04 10.9 123.5
10 0.000000 2845.37 0.02 10.1 102.9 49 0.000000 5393.64 0.01 8.5 110.4
11 0.034269 2889.54 0.14 11.0 55.3 50 0.000001 5458.58 0.09 8.9 57.0
12 0.000046 2924.84 0.03 11.1 58.6 51  0.000000 5498.82 0.01 6.7 87.6
13 0.000050 3047.32 0.20 7.8 69.1 52 0.000000 5519.05 0.02 7.1 137.9
14 0.000001 3132.89 0.03 16.5 61.1 53 0.000000 5533.25 0.04 10.2 110.3
15 0.000000 3155.53 0.13 10.3 53.8 54 0.000000 5552.10 0.07 6.3 103.7
16  0.000057 3368.20 0.04 6.7 105.0 55 0.000000 5630.26 0.31 9.9 86.5
17 0.000041 3397.97 0.10 13.7 101.8 56  0.000000 5769.25 0.14 9.8 107.9
18 0.000104 3477.07 0.01 8.7 532 57 0.000001 5855.08 0.16 8.3 81.9
19 0.000871 3496.33 0.03 9.1 63.8 58 0.000030 5905.05 0.29 5.9 86.2
20  0.000100 3522.81 0.12 13.6 40.4 59  0.000000 6009.90 0.05 8.1 81.6
21 0.000143 3583.44 0.12 7.4 70.7 60  0.000000 6046.88 0.05 6.7 56.9
22 0.000012 3611.09 0.09 22.8 66.8 61  0.000000 6091.55 0.11 11.5 102.5
23 0.000000 3677.23 0.10 12.8 64.5 62 0.000000 6121.80 0.03 8.2 83.0
24 0.043222 3791.46 0.09 11.9 34.9 63  0.000000 6174.39 0.09 8.0 101.8
25 0.000047 3953.27 0.08 6.6 79.9 64 0.000016 6377.67 0.38 5.7 51.2
26  0.024434 4019.57 0.03 7.5 40.1 65 0.000030 6540.03 0.02 3.0 57.7
27 0.000003 4112.78 0.27 15.8 58.4 66  0.000000 6590.45 0.08 5.5 77.0
28 0.001117 4261.92 0.32 14.3 46.0 67 0.000000 6638.20 0.19 3.2 103.2
29 0.000000 443437 0.15 8.6 72.5 68 0.000000 6773.50 0.20 14.7 112.1
30  0.000002 4488.83 0.02 19.8 59.1 69  0.000003 6902.26 0.17 4.8 80.4
31  0.001499 4514.17 0.08 11.9 57.9 70 0.000175 7043.69 0.36 53 41.9
32 0.000625 4540.14 0.04 17.5 30.7 71 0.000002 7194.89 0.16 2.6 79.0
33 0.000052 4581.54 0.11 15.8 42.9 72 0.000004 7317.42 0.12 4.3 89.0
34 0.000011 4615.88 0.14 11.8 55.8 73 0.000115 7876.93 0.08 3.7 96.5
35 0.000009 4732.26 0.04 42.9 55.9 74 0.000047 8002.89 0.36 3.2 423
36 0.000185 4753.50 0.08 18.0 35.6 75 0.000097 8184.17 0.25 3.8 40.1
37 0.000003 4834.49 0.12 14.7 44.4 76  0.001762 8401.00 0.25 2.1 61.6
38 0.000000 4968.00 0.02 9.8 77.1 77 0.014088 8515.84 0.09 6.0 58.1

w
O

0.000000 4993.26  0.14 12.2 49.2 78 0.000016 8814.22  0.50 0.9 98.0
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Table 1. Peptide peak cluster deteced on CM10 array on the mass range from 2 to 20 kDa in twelve sorghum lines (continue).

Peak M/Z Intensity Peak M/Z% Intensity
p-value p-value

cluster mean CV (%) mean  CV (%) cluster mean CV (%) mean  CV (%)
79  0.000001 9106.29 0.28 1.5 100.9 92  0.000003 13305.97 0.11 1.1 90.1
80  0.000002 9414.56 0.11 4.0 61.4 93  0.000000 13462.14 0.18 1.0 125.4
81 0.000000 9555.34  0.25 4.8 69.6 94  0.000001 14098.34 0.52 0.7 119.6
82 0.000000 9848.30  0.08 43 153.9 95 0.000919 14583.24 0.10 0.2 134.4
83 0.000000 10102.62 0.27 7.1 101.3 96 0.003210 14792.68 0.51 0.2 74.7
84 0.000000 10212.76 0.34 4.7 120.9 97 0.000033 15443.99 0.58 0.3 119.4
85 0.001517 1067291 0.26 0.7 86.4 98 0.000002 15933.44 0.77 0.4 84.4
86  0.000022 1095148 0.34 0.8 78.6 99 0.000811 16443.71 0.36 0.1 112.5
87 0.000008 11312.26 0.30 1.3 99.5 100 0.107731 16922.98  0.66 0.2 64.6
88 0.000025 1162791 0.04 0.3 137.5 101 0.001048 17385.08 0.09 0.1 91.6
89 0.000029 11902.15 0.29 0.4 84.4 102 0.000027 18310.02 0.81 0.3 82.0
90 0.000180 12321.01 0.50 0.9 84.6 103  0.000000 19140.50 0.26 1.1 148.1
91 0.000000 12710.79 0.31 1.2 77.0 104 0.000000 19730.03 0.57 1.9 154.8

TCluster in bold represents significantly different peak clusters (p<0.01) among the twelve sorghum lines.
M/Z: mass per charge

Table 2. Peptide peak cluster deteced on Q10 array on the mass range from 2 to 20 kDa in twelve sorghum lines.

Peak M/ZF Intensity Peak M/Z% Intensity
p-value p-value
cluster mean CV (%) mean CV (%) cluster mean CV (%) mean CV (%)
1 0.000001 2083.22  0.09 11.7 94.3 21 0.000000 3129.36  0.02 4.7 95.0
2 0.000859 2159.43 0.12 4.5 65.2 22 0.000002 3184.31 0.03 9.6 58.2
3 0.000000 2181.00 0.03 13.9 68.6 23 0.000056 3250.65 0.02 29.3 46.9
4 0.005650 2237.37  0.03 8.3 49.1 24 0.000001 3266.87  0.07 10.2 46.6
5 0.000004 2350.17  0.02 8.2 65.1 25 0.000001 3286.49  0.04 6.9 55.0
6 0.000015 2383.76  0.07 11.5 66.9 26  0.000084 3323.10 0.04 10.1 37.1
7  0.000001 2401.74  0.02 6.1 73.0 27 0.000000 3339.97  0.02 19.7 81.1
8  0.000006 243496  0.08 10.9 55.2 28 0.000001 3358.46  0.13 12.9 51.1
9  0.000000 2489.51 0.02 5.0 120.8 29 0.000000 3520.60  0.03 15.2 93.5
10 0.000000 2560.57  0.07 242 88.2 30 0.000000 3593.91 0.03 7.8 84.8
11 0.000000 2593.83 0.02 10.2 105.9 31 0.000007 3669.82  0.09 7.0 49.0
12 0.000032 2608.78 0.02 5.6 65.9 32 0.000002 3723.74  0.01 33 129.5
13 0.000000 264547  0.03 9.3 86.3 33 0.000000 3808.91 0.02 104 59.7
14 0.000000 2690.62  0.02 7.7 74.5 34 0.000001 3934.91 0.26 7.4 28.3
15 0.000002 2747.79  0.02 5.1 90.0 35 0.000000 4078.68 0.01 339 132.8
16 0.000000 2907.95 0.01 11.5 113.5 36 0.000012 4105.50  0.19 12.5 107.4
17 0.000005 293440  0.22 9.1 54.6 37 0.000015 4148.88 0.11 4.9 56.0
18 0.019664 2966.74  0.15 5.5 75.8 38 0.000000 4210.70  0.04 8.1 78.4
19  0.014688 3018.71 0.11 5.7 63.0 39 0.000000 4226.43 0.04 8.2 61.7

[\
S

0.000000 3063.57 0.01 5.6 106.5 40 0.000001 4269.50 0.08 6.6 56.6
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Table 2. Peptide peak cluster deteced on Q10 array on the mass range from 2 to 20 kDa in twelve sorghum lines (continue).

Peak M/Z% Intensity Peak M/Z% Intensity
p-value p-value
cluster mean CV (%) mean CV (%) cluster mean CV (%) mean CV (%)

41  0.000000 4423.36 0.04 7.0 44.2 69 0.000769 6712.16 0.07 1.3 80.6
42 0.000000 4441.31 0.02 8.9 107.3 70 0.000059 6792.84 0.19 1.1 108.5
43 0.000000 4457.49 0.02 5.5 106.0 71 0.000003 7005.81 0.11 3.7 52.1
44 0.000000 4537.12 0.01 4.7 80.1 72 0.000002 7207.54 0.04 2.2 52.5
45 0.000002 4603.07 0.02 4.8 86.1 73 0.000001 7318.43 0.07 9.8 62.8
46  0.000000 4625.82 0.01 3.7 91.9 74 0.000000 7677.72 0.12 1.0 100.0
47  0.000000 4679.03 0.01 5.5 110.3 75  0.000000 7870.43 0.03 35 63.2
48  0.000001 4733.66 0.05 39.3 65.8 76 0.000411 8221.25 0.12 0.9 65.0
49  0.000000 4747.97 0.02 15.2 64.8 77 0.000000 8400.84 0.01 2.2 75.9
50 0.000210 4769.37 0.01 9.2 393 78 0.000014 8515.08 0.03 5.5 45.5
51 0.000001 4912.43 0.08 16.2 46.2 79  0.000000 8769.82 0.13 1.8 75.9
52 0.001204 4970.74 0.02 8.5 24.0 80  0.000012 9234.08 0.04 0.4 111.5
53 0.000000 4993.46 0.02 16.4 93.9 81  0.000004 9664.66 0.13 1.0 124.7
54 0.000010 5051.08 0.10 7.7 40.8 82 0.000001 9909.45 0.33 2.5 86.9
55 0.000000 5064.87 0.04 18.0 58.3 83 0.000001 10102.78  0.38 4.8 69.6
56  0.000002 5174.39 0.23 10.3 42.1 84 0.000000 10629.36  0.10 2.0 62.5
57 0.000148 5279.98 0.10 2.6 109.0 85 0.000000 10816.78 0.40 1.5 67.0
58 0.000000 5454.47 0.03 2.8 69.0 86  0.000003 11399.71 0.40 0.5 76.9
59  0.000003 5727.54 0.03 1.8 69.7 87 0.000057 11962.76  0.30 0.3 67.4
60 0.000113 5825.64 0.10 1.6 84.1 88  0.000000 12716.59 0.21 1.0 81.1
61  0.000001 5947.51 0.03 2.9 155.2 89  0.000000 12846.00 0.09 0.7 57.8
62 0.000001 6002.47 0.05 4.7 84.7 90  0.000000 1347190 0.23 0.5 139.3
63 0.000000 6187.52 0.34 54 96.8 91 0.000954 14020.21 0.23 0.1 109.5
64  0.000046 6281.79 0.02 5.1 145.7 92 0.000000 14764.20 0.70 0.3 60.3
65 0.000012 6298.97 0.01 4.1 124.5 93  0.000016 16128.66 1.17 0.1 50.2
66  0.000000 6348.10 0.06 3.6 94.3 94 0.000008 16803.58 0.32 0.2 53.4
67  0.000000 6403.61 0.28 39 69.4 95 0.000002 19697.32 0.32 0.8 71.0
68  0.000000 6518.52 0.17 2.6 80.5

TCluster in bold represents significantly different peak clusters (p < 0.01) among the twelve sorghum lines.

¥M/Z: mass per charge

CM10 (weak cation exchanger)ﬁ} Q10 (strong anion exchanger)
protein chip array2 &85} A3} th(Fig. 1). CM103}
Q10 oA EA=F 10 kDa o|ste] == FAto A HEH 3
Blol= WA AHEYS 44 1A% A 242 thd
B, A 7F BRel A FeEE Bl ofd Ei
4 wro] Aol7t Y AN B4 Hepo| =l

ME mﬁL

do] FF 1t Aol7t vk d4-E¥= SELDI-TOF MS
7S ZE3 A FFu|ao A HiEglon, F5E 5o

Moz Wtk 10 kDa ol5te] Helo|Zrt F3F Ao
wloleulA 2 AAE A ch(Park et al, 2013). X5 10 kDa
ol5te] Hetol=o] FAUAL A /|8t A7|9F FPoR
L 23317]= 4% ¢x|uk SELDI-TOF MS 78 20 kDa
olste] AEA TUMAE AEFE 2 AHS 23 o]

(Issaq et al., 2002), A} U A= G2 #Helo]=9] oF7]
ELe A v 9 2o 73514 A-8E AoRE AlgEH
225 2AE 2R oA AEE HEpo|E 739 22 (peak
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cluster), A=(M/Z) L FAE AL (peak intensity)+=
Table 13} Table 20f St} Ex1eF2] HE|7} 2~20 kDaoj| A
A2E 20 124% 2219 BWeko = CMI00]A] 1047
(Table 1)2} Q10 | 4] 9571 %I th(Table 2). HEeto]= oFzju
AollA 12415 7+ 94 < 0.01)< Kl FEto| == CM10
o<1 99742t Q1004 937§ = LjEfLE, 20 kDaolstel 4] 4
S5 729 HAeol=rt AlF 1 A Abolg v it
(Table 13} 20| F2A|&2 ¥ 72 S2|AH). o3t A}
L 5 7L A FAIN S EE Sol4el Hetolss) &
Ak, 163k Petol& 2 aplo] 132 AlAISkL ik
-1“-* EXt2| HEO|EE 0|8ct A IS4
& A% 0 getole) gpsusiel fole 2
E}OlE% %-§-3l Heat map &4 7} 4=24= A FollA| 3
(F2A, up-regulate) = FA|(=A, down regulate) W3
% Hefo| =2 BojZT QIT(Fig. 3). E3 Heat mape
$olio] Qi HErol=F ol AF 1b 1B (vertical
grouping) & Ho|Fal gt} Sr|EE Aik= CM10Z} Q10
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Fig. 3. Heat map analysis using peaks of p < 0.01 detected on CM10 (A) and Q10 (B) arrays in twelve sorghum lines.

Thypoglycemic soghum lines, M/Z: mass per charge
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Table 3. Significantly different peptide peak (p < 0.00001)
between non-hypoglycemic and hypoglycemic sorghum
lines detected on CM10 array.

M/Z Intensity
Index p-value
mean CV (%) mean CV (%)
1 0.0000000046 2231.57  0.02 11.5 71.2
2 0.0000001099 2520.07 0.02 10.3 84.8
3 0.0000001525 2845.37  0.02 10.1 1029
4 0.0000000351 3132.89 0.03 16.5 61.1
5 0.0000000203 499324  0.03 11.4 50.9
6  0.0000000604 529593  0.02 13.6  124.0
7 0.0000006190 5373.13  0.03 10.8 1243
8 0.0000002908 5775.80  0.04 9.0 104.9
9 0.0000098427 6173.69  0.05 7.9 102.3
10  0.0000000403 6589.99  0.03 5.5 76.8
11 0.0000056061 7318.30  0.09 4.3 89.4
12 0.0000066471 9415.52  0.08 4.0 61.5
13 0.0000029703 12738.63  0.09 1.1 81.8

TM/Z: mass per charge

Table 4. Significantly different peptide peak (p < 0.00001)
between non-hypoglycemic and hypoglycemic sorghum
lines detected on Q10 array.

M/Z Intensity
Index p-value
mean CV (%) mean CV (%)
1 0.0000000042 2383.76  0.07 11.5 66.9
2 0.0000000045 2401.74  0.02 6.1 73.0
3 0.0000000078 2907.95  0.01 11.5 1135
4 0.0000000572 3063.57 0.01 5.6 106.5
5 0.0000000002 3129.36  0.02 4.7 95.0
6  0.0000000019 3520.60  0.03 15.2 93.5
7 0.0000001012 359391  0.03 7.8 84.8
8 0.0000000178 3808.91  0.02 104 59.7
9 0.0000003512 4078.68  0.01 339 1328
10 0.0000000067 4226.43  0.04 8.2 61.7
11 0.0000000036 4441.31  0.02 8.9 107.3
12 0.0000000022 4537.12  0.01 4.7 80.1
13 0.0000000039 4747.97  0.02 15.2 64.8
14 0.0000000097 4993.46  0.02 16.4 93.9
15 0.0000000001 5065.00  0.05 18.1 57.3

16  0.0000004020 6200.20  0.04 5.6 88.0

tM/Z: mass per charge
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Grouping (vertical)

B Hypoglycemic lines
B Non-hypoglycemic lines
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Fig. 4. Heat map analysis using peaks of p < 0.00001 between non-hypoglycemic and hypoglycemic sorghum lines detected
on CMI10 (A) and Q10 (B) arrays. M/Z: mass per charge.
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Fig. 5. Group scatter plots of selected potential peptide biomarkers (p < 0.00001) for hypoglycemic sorghum detected on CM10
(A) and Q10 (B) arrays. Left : Non-hypoglycemic, Right : Hypoglycemic sorghums, M/Z: mass per charge.
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