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Development of ILP markers from genes related to sucrose metabolism in
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ABSTRACT

Intron length polymorphism (ILP) markers
were developed from genes involving in sucrose
metabolism using data from KEGG pathway and a
previous study of microarray. Of 121,301 sugarcane
ESTs (42,377 sugarcane assembled sequences and
78,924 singleton ESTs), 91 ESTs with predicted
function in sucrose metabolism were obtained. Intron
positions were determined by aligning the ESTs with
genomic sequences of sorghum. The conserved
sequences flanking the intron regions were used
to design 195 ILP primer pairs. The ILP markers
were deployed to assess population structure of
200 sugarcane cultivars (Saccharum spp. L.). The
polymorphic 89 alleles were detected. The average
polymorphism information content (PIC) was 0.23.
The number of subpopulations (K) of 200 sugarcane
cultivars was two (K=2). Subpopulation | consisted
of most sugarcane varieties sharing the common
parent of POJ2878 while most sugarcane varieties in
subpopulation |l related to the common parent of
Trojan and NCo310. The ILP markers developed in
this study had a potential for utilizing in association

mapping of sucrose content in sugarcane.
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The knowledge of population structure obtained in
this study should be useful for future breeding
programs intended for increasing genetic diversity of
sugarcane varieties.
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Table 1 List of the 200 sugarcane clones and their country of origin.

Acc. Acc. Acc.

No. Clones Country No. Clones Country No. Clones Country
1 3-2-023L Thailand 76 F160 Taiwan 151 Q47 Australia
2 Aiwa Fiji 77 F164 Taiwan 152 Q66

3 Apollo Australia 78 F170 Taiwan 153 Q77 Australia
4 B34104 Barbados 79 F174 Taiwan 154 Q81 Australia
5 B34164 Barbados 80 F175 Taiwan 155 Q82 Australia
6 B41721 81 F176 Taiwan 156 Q83 Australia
7 B4362 Barbados 82 F177 Taiwan 157 Q84 Australia
8 B4715 Barbados 83 F178 Taiwan 158 Q87 Australia
9 B4744 Barbados 84 Fiji105 Fiji 159 Q99 Australia
10 B76718 Barbados 85 Galoa 160 R397 France
11 BL4 86 H47-4991 USA 161 ROC1 Taiwan
12 BO11 India 87 H59-3775 USA 162 ROC2 Taiwan
13 BO14 India 88 Homer Australia 163 ROC21 Taiwan
14 BO24 India 89 IAC49-131  Brazil 164 ROC23 Taiwan
15 C87-51 Cuba 90 IAC51-205 Brazil 165 ROC24 Taiwan
16 CAC57-11  Philippines 91 IAC52-150 Brazil 166 ROC7 Taiwan
17 CAC57-13  Philippines 92 IAC52-156  Brazil 167 Saipan17 Japan

18 CAC57-23  Philippines 93 IRK67-1 168 Yuangjeing

19 CAC57-66 Philippines 94 Ja64-19 Cuba 169 SP70-1284 Brazil

20 CB38-22 Brazil 95 K88-92 Thailand 170 TBy20-0214  Thailand
21 CN1 Thailand 96 K93-219 Thailand 171 TBy20-2248 Thailand
22 Co1010 India 97 KK3 172 TBy26-1255

23 Co1013 India 98 KpK98-40 173 Tuc1149 Argentina
24 Co1148 India 99 Kwt3 China 174 Tuc2645 Argentina
25 Co1287 India 100 L75-2 USA 175 Tuc72-5 Argentina
26 Co245 India 101 LF48-8077  Fiji 176 Tuc74-6 Argentina
27 Co254 India 102 LF63-2705  Fiji 177 uT1 Thailand
28 Co270 India 103 LF70-7143 178 uT3 Thailand
29 Co290 India 104 LF76-2300  Fiji 179 uT5 Thailand
30 Co317 India 105 LF78-960 Fiji 180 Vidar Australia
31 Co331 India 106 LF79-2964  Fiji 181 Vomo Fiji

32 Co419 India 107 LF79-640 Fiji 182 Yasawa Fiji

33 Co449 India 108 LF82-2139  Fiji 183 MP1

34 Co644 India 109 LF89-1490  Fiji 184 MP2
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Table 1 (continued).
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Acc. Acc. Acc.

No. Clones Country No. Clones Country No. Clones Country
35 Co858 India 110 LF89-2059 Fiji 185 MP3

36 CoS443 India 111 M124/59 Mauritius 186 MPT02-458

37 CoS510 India 112 M13/58 Mauritius 187 MPT02-612

38 CP110 USA 113 M147/158 188 MPT03-166

39 CP29-211 USA 114 M147/44 Mauritius 189 MPTO08-95

40 CP29-291 USA 115 M336 USA 190 MPT08-191

41 CP32-224 USA 116 M34/45 Mauritius 191 K84-200 Thailand
42 CP45-150 USA 117 M377/56 Mauritius 192 K92-80 Thailand
43 CP47-193 USA 118 M93/48 Mauritius 193 K95-84 Thailand
44 CP48-103 USA 119 Mackay Australia 194 K99-72

45 CP50-11 USA 120 Mana Fiji 195 Kps01-12 Thailand
46 CP51-13 USA 121 Mossman Australia 196 Kps01-25 Thailand
47 CP52-148 USA 122 MY5514 197 uT8 Thailand
48 CP52-48 USA 123 N50-211 198 UT91-2-527  Thailand
49 CP52-68 USA 124 N52-211 199 LK92-11 Thailand
50 CP57-603 USA 125 N6 Africa 200 S6

51 CP61-39 USA 126 N8 Africa

52 CP63-306 USA 127 NCo0293 Africa

53 CP65-350 USA 128 NCo0310 Africa

54 CP70-32 USA 129 NCo0382 Africa

55 CP72-120 USA 130 NCo387 Africa

56 CP75-324 USA 131 Phil54-52 Philippines

57 CP75-327 USA 132 Phil6607 Philippines

58 CP75-330 USA 133 Pindar Australia

59 CP76-340 USA 134 P0OJ2878 Indonesia

60 CP77-403 USA 135 PR3067 USA

61 CP77-418 USA 136 PR69-2110 USA

62 D158-41 137 PR76-3035 USA

63 DB42060 Barbados 138 Ps41 Indonesia

64 DB671760 Barbados 139 PSA14 Philippines

65 DB7160 Barbados 140 PSA63

66 Ebene1/37  Mauritius 141 PT43-52 Taiwan

67 Ehaew Thailand 142 PT52-227 Taiwan

68 Eros Australia 143 Q100 Australia

69 F140 Taiwan 144 Q107 Australia

70 F148 Taiwan 145 Q113 Australia

71 F150 Taiwan 146 Q114 Australia

72 F151 Taiwan 147 Q115 Australia

73 F152 Taiwan 148 Q117 Australia

74 F153 Taiwan 149 Q130 Australia

75 F156 Taiwan 150 Q146 Australia
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Table 2 List of the 34 genes from starch and sucrose metabolism pathway (entry: sbi00500) and the

Sugarcane Intron Length (SIL) primer number 101-195 developed within each gene.

SIL no. Gene SIL no. Gene
1,4-alpha-glucan branching enzyme
101-104 147-150  glucose-6-phosphate isomerase
(chr10)
105 1,4-beta-D-xylan synthase 151-152  glycogen operon protein
106-110  4-alpha-glucanotransferase (chr02) 153-155 hexokinase (chr09)
111-114  alpha,alpha-trehalase 156 pectinesterase (chr03)
115-119  alpha-1,4-galacturonosyltransferase 157 pectinesterase (chr01)
120 alpha-amylase 158-161 phosphoglucomutase
121 alpha-glucosidase 162-165  starch phosphorylase
122 beta-amylase 166-170  sucrose synthase (chr01)
123-124  beta-D-xylosidase 4 171-173  sucrose synthase (chr10)
125-126 beta-fructofuranosidase (chr03) 174-177  sucrose-phosphate synthase (chr09)
127-128  beta-fructofuranosidase (chr04) 178-180  sucrose-phosphate synthase (chr03)
129-131 beta-glucosidase (chr01) 181-182  trehalose 6-phosphate phosphatase (chr02)
132-135  beta-glucosidase (chr08) 183-184  trehalose 6-phosphate phosphatase (chr07)
trehalose 6-phosphate
136-138  endoglucanase 185
synthase_phosphatase (chr2)
trehalose 6-phosphate
139-140  fructokinase (chr03) 186-187
synthase_phosphatase (chr7)
trehalose 6-phosphate
141 fructokinase (chr10) 188-190
synthase_phosphatase (chr9)
glucose-1-phosphate UTP--glucose-1-phosphate
142-146 191-195

adenylyltransferase (chr09)

uridylyltransferase

Table 3 List of the 47 genes from microarray research (Papini-Terzi et al., 2009) and the Sugarcane Intron

Length (SIL) primer number 1-100 developed within each gene.

SIL no. Gene SIL no. Gene

1-3 14-3-3-like protein (chr06) 48-50 Tyrosine specific protein phosphatases
4-6 14-3-3-like protein (chrQ7) 51-52 Dual specificity protein phosphatases

7 14-3-3-like protein (chr05) 53 PP2C-like (serine/threonine PPM family)
8-13 AAA family ATPase (chr01) 54-56 PP2A/Subunit A (PPM family)

14 Dehydrin 57-60 ScSnRK1-2 (SNF-like kinase)

15-16 Aquaporin 1 61-62 ScPKABA1-3 (SNF-like kinase)

17 Aquaporin 2 63-66 ScOSA PK-7 (SNF-like kinase)

18 Aquaporin 3 67-68 ScCIPK-9 (SNF-like kinase)

19-20 ScC3H95 (zinc finger protein) 69-72 ScCIPK-3 (SNF-like kinase)
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Table 3 (continued).
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SIL no. Gene SIL no. Gene

21-23 ScYAB16 (zinc finger protein) 73-74 ScCyclin G-associated kinase-like protein-1
24 ScNAC27 (no apical meristem) 75 ScATN1-2 (protein kinase)

25 ScMYB120 (MYB) 76 ScCDK-6 (cell cycle-related)

26 ScMADS17 (MADS) 77-78 ScCDK-3 (cell cycle-related)

27 LIM (protein-protein interaction) 79 ScCDK-18 (cell cycle-related)
28-29 ScGRAS71 (gibberellin-related) 80-87 ScCKI-3 (casein kinase)

30-31 (Aux-1AA-related) 88 ScCDPK-27 (calcium-dependent)
32-33 ScAUXI134 (Aux-lIAA-related) 89-91 HSP70 (Heat shock protein)
34-38 ScARF46 (Auxin-related) 92 LSD1 (zinc finger protein)

39 ScHB2 (homeobox) 93-94 CRT2 Calreticulin 2

40 ScbHLH7 (helix-loop-helix) 95 ABC transporter

41 ScbHLH1 (helix-loop-helix) 96-98 Ca(2+)-ATPase

42-43 HGM (high mobility group protein) 99 Nitrilase

44-45 ScCA2P5 (CCAAT) 100 auxin associated family

46-47 EIN2 (ethylene)

Table 4 Primer sequences, EST accession numbers (Gene Index Project), expected size of PCR product,

annealing temperature and PIC of the selected polymorphic ILP markers.

SIL  Primer sequence (5'—>3’) EST Expected Annealing
PIC

no. acc. no. size (bp) temperature ( °C)
TACGAGGACAAGGACGGC

30 TC138898 216 68 0.344
GGCTTCCGACCCTTTCATG
GAAGGCAAAGGGGGATACTC

72 TC115264 180 62 0.370
TCGCACTTCCACACAACATC
GTTGCTGGGTGGTGATGTAG

94 TC113533 216 64 0.375
AGTGGTTCTTGCCATCCTTG
GTTTACACCGACTACATGCG

122 TC112916 237 64 0.325
GGATACCTCAGCTCTCCAC
CAAGGTGGAGAACAACAAGT

184 CA065391 274 62 0.374
TGAGCACCGACTTCACCA

a I3 a
n1sltasizvialranidsidsianuoasdanad

LA329%ANY ILP

nan13iUaseddensaqs lnswas ILP
o ' &l a a 2 a
Fuwan 195 ¢ wulwawasnaunnindSunuiug
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AaLluaaInaNN&39 90% UITINBUNTOUUNI luy

29I808haT 1IN IITAILAUILIZVUIALNFLADINY
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T2UN% (common ancestor) TIUNWLAE 8-9 auDnia
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AN (synteny) (Jannoo et al., 2007) Tusrun
& ;oA &a '
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Figure 2 Population structure of 200 sugarcane varieties. (A) AK shows a clear peak at subpopulation of 2. (B)

The varieties depicted in red (subpopulation 1) and green (subpopulation 2) segments in accordance with Q value.
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Figure 3 Scatter plot of principal coordinate analysis represents the varieties belonging to subpopulation 1

(red cluster), subpopulation 2 (green cluster) and admixture (mixed-color spots).
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Figure 4 Neighbor-joining dendrogram of 200 sugarcane varieties based on 53 polymorphic ILP primer pairs.

The red, green and blue spots represent closely related varieties in accordance with genealogy.
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Figure 5 Genealogy of selected varieties with known parentage. (A), (B) and (C) represent varieties sharing

common parent of POJ2878, Trojan and NCo310, respectively.
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