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Phylogenetic Relationships of Sugarcane Related Genera and Species Based on
ITS Sequences of Nuclear Ribosomal DNA

LIU Xin-Long*, SU Huo-Sheng®, MA Li, LU Xin®, YING Xiong-Mei*, CAl Qing"?, and FAN Yuan-Hong™"

“Yunnan Key Laboratory of Sugarcane Genetic Improvement / Sugarcane Research Institute, Yunnan Academy of Agricultural Sciences, Kaiyuan
661600, China; 2 Biotechnology & Genetic Germplasm Institute, Yunnan Academy of Agricultural Sciences, Kunming 650223, China

Abstract: Sugarcane related genera and species are important germplasm resources for sugarcane breeding and germplasm inno-
vation. To effectively collect these wild resources and utilize them, ITS (Internal Transcribed Spacer) sequence of 120 accessions
which belong to eight genera and thirty seven species were used to analyze their genetic relationships and construct phylogentic
relationships with P. purpureum as an outgroup. The results showed the sequence lengths of ITS1, ITS2 and 5.8sDNA of all ac-
cessions were 200-208 bp, 215-220 bp, and 164 bp respectively, and their variable sites were 91, 93, and 18, the informative sites
were 70, 68, and 9, the GC content was 60.4%-69.1%, 66.1%—73.4%, and 54.1%-58.0%. According to the ratio of the variable
sites and informative sites to all sites, ITS sequence was richer in variances than 5.8sDNA sequence, and the variances of ITS1
sequence were richer than those of 1TS2’s. The genetic distance analysis between sugarcane related genera and species indicated
that Miscanthus and Triarrhena were the closest to Saccharum, and the closer ones were Erianthus and Narenga, so the species
from these genera should be more considered on collecting sugarcane wild resources in the future; Microstegium, Spodiopogon
and Imperata represented farther relationships with Saccharum. The sugarcane related genera and species were separated into ten
groups according to the phylogenetic tree of neighbor-joining and maximum parsimony. According to their phylogenetic relation-
ships, E. arundinaceus should be separated from Saccharum and classified as Erianthus species; Triarrhena shoud be included in
Miscanthus; the two species of Narenga did not remain in the same group, but N. porphyrocoma and E. rockii were clustered into
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the same group, and N. fallax did not belong to any groups, so further researches are needed in identifying the two species. These
species from Erianthus and Miscanthus were put in different groups, indicating the very complex genetic relationships within
Erianthus and Miscanthus, their species possess big genetic differences. Four samples were found error in classifying species, so
the application of their ITS sequences should be avoided.

Keywords: Sugarcane; ITS; Phylogeny; Saccharinae
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Table 1 Name and origin of sugarcane related genera and species

GenBank
Sample No. Species name Genus name GenBank accession humber

1 Erianthus arundinaceus Erianthus AF345202
2 Erianthus arundinaceus Erianthus AF345203
3 Erianthus arundinaceus Erianthus AF345204
4 Erianthus arundinaceus Erianthus AF345205
5 Erianthus arundinaceus Erianthus AF345206
6 Erianthus arundinaceus Erianthus AF345207
7 Erianthus arundinaceus Erianthus AF345208
8 Erianthus arundinaceus Erianthus AF345209
9 Erianthus arundinaceus Erianthus AF345210
10 Erianthus arundinaceus Erianthus AF345211
11 Erianthus arundinaceus Erianthus AF345212
12 Erianthus arundinaceus Erianthus AY116295
13 Erianthus arundinaceus Erianthus EF211956
14 Erianthus fulvus Erianthus AF345218
15 Erianthus fulvus Erianthus AF345219
16 Erianthus fulvus Erianthus AF345220
17 Erianthus ravennae Erianthus AY116296
18 Erianthus ravennae Erianthus AF019824
19 Erianthus rockii Erianthus AF345216
20 Erianthus rockii Erianthus AF345217
21 Erianthus giganteus Erianthus DQ005048
22 Erianthus strictus? Erianthus DQ005049
23 Erianthus contortus? Erianthus AY116287
24 Triarrhena lutarioriparia var. elevationodis Triarrhena EF211953
25 Triarrhena lutarioriparia var. elevationodis Triarrhena EF211952
26 Triarrhena lutarioriparia var. lutarioriparia Triarrhena EF211954
27 Triarrhena lutarioriparia var. lutarioriparia Triarrhena EF211955
28 Triarrhena sacchariflorus Triarrhena AJ426564

29 Triarrhena sacchariflorus Triarrhena AY116282
30 Imperata cylindrica Imperata AF092512
31 Imperata cylindrica Imperata AF345653
32 Imperata cylindrica Imperata AY116297
33 Microstegium ciliatum Microstegium EU489088
34 Microstegium ciliatum Microstegium FJ170271

35 Microstegium ciliatum Microstegium FJ170272

36 Microstegium ciliatum Microstegium FJ170273

37 Microstegium ciliatum Microstegium FJ170274

38 Microstegium ciliatum Microstegium FJ170275

39 Microstegium ciliatum Microstegium FJ170276

40 Microstegium fauriei Microstegium EU489079
41 Microstegium geniculatum Microstegium EU489071
42 Microstegium glabratum Microstegium EU489077
43 Microstegium glabratum ? Microstegium EU489066
44 Microstegium glabratum ? Microstegium EU489068
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GenBank
Sample No. Species name Genus name GenBank accession humber
45 Microstegium glabratum Microstegium EU489069
46 Microstegium glabratum ? Microstegium EU489070
47 Microstegium glabratum ? Microstegium EU489086
48 Microstegium glabratum ? Microstegium EU489087
49 Microstegium japonicum Microstegium EU489076
50 Microstegium japonicum Microstegium EU489081
51 Microstegium japonicum Microstegium EU489082
52 Microstegium nudum Microstegium EU489067
53 Microstegium somae Microstegium EU489072
54 Microstegium somae Microstegium EU489074
55 Microstegium somae Microstegium EU489075
56 Microstegium somae Microstegium EU489084
57 Microstegium somae Microstegium EU489085
58 Microstegium vimineum Microstegium EU489080
59 Microstegium vimineum Microstegium EU489083
60 Miscanthus ecklonii ® Miscanthus AY116290
61 Miscanthus floridulus Miscanthus AF345214
62 Miscanthus floridulus Miscanthus AF345215
63 Miscanthus floridulus Miscanthus AY116278
64 Miscanthus floridulus Miscanthus AY116280
65 Miscanthus floridulus Miscanthus AY116281
66 Miscanthus floridulus Miscanthus EF211948
67 Miscanthus floridulus Miscanthus EF211949
68 Miscanthus fuscus ® Miscanthus AY116286
69 Miscanthus giganteus Miscanthus AJ426562
70 Miscanthus giganteus Miscanthus AJ426563
71 Miscanthus junceus? Miscanthus AF190765
72 Miscanthus junceus? Miscanthus AY116288
73 Miscanthus junceus Miscanthus AY116289
74 Miscanthus nepalensis Miscanthus AY116292
75 Miscanthus oligostachyus ® Miscanthus AY116277
76 Miscanthus oligostachyus ® Miscanthus AY116279
77 Miscanthus sinensis Miscanthus AF019822
78 Miscanthus sinensis Miscanthus AF345227
79 Miscanthus sinensis Miscanthus AF345228
80 Miscanthus sinensis Miscanthus AJ426565
81 Miscanthus sinensis Miscanthus AJ426566
82 Miscanthus sinensis Miscanthus AY116272
83 Miscanthus sinensis Miscanthus AY116273
84 Miscanthus sinensis Miscanthus AY116274
85 Miscanthus sinensis Miscanthus AY116275
86 Miscanthus sinensis Miscanthus AY116276
87 Miscanthus sinensis Miscanthus DQ005060
88 Miscanthus sinensis Miscanthus EF211950
89 Miscanthus sinensis Miscanthus EF211951
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GenBank
Sample No. Species name Genus name GenBank accession number
90 Miscanthus sinensis subsp. condensatus Miscanthus AY116270
91 Miscanthus transmorrisonensis Miscanthus AY116271
92 Narenga falla Narenga AF345213
93 Narenga porphyrocoma Narenga AF345233
94 Narenga porphyrocoma Narenga AF345234
95 Narenga porphyrocoma Narenga AF345235
96 Narenga porphyrocoma Narenga AF345236
97 Saccharum barberi Saccharum AF345199
98 Saccharum barberi Saccharum AF345200
99 Saccharum barberi Saccharum AF331657
100 Saccharum officinarum Saccharum AF345229
101 Saccharum officinarum Saccharum AF345230
102 Saccharum officinarum Saccharum AF345231
103 Saccharum officinarum Saccharum AY116284
104 Saccharum officinarum Saccharum DQ005064
105 Saccharum robustum Saccharum AF345238
106 Saccharum robustum Saccharum AF345239
107 Saccharum sinense Saccharum AF345240
108 Saccharum sinense Saccharum AF345241
109 Saccharum sinense Saccharum AF345242
110 Saccharum sinense Saccharum AF345243
111 Saccharum spontaneum Saccharum AF345244
112 Saccharum spontaneum Saccharum AF345245
113 Saccharum spontaneum Saccharum AY116285
114 Saccharum spp. Saccharum AF345221
115 Saccharum spp. Saccharum AF345222
116 Saccharum spp. Saccharum AF345223
117 Saccharum spp. Saccharum AF345224
118 Saccharum spp. Saccharum AF345225
119 Saccharum spp. Saccharum AF345226
120 Spodiopogon sibiricus Podiopogon AY116300
121 Pennisetum purpureum Pennisetum AF345232
& % no name of Chinese taxa.
*2 HEAELEITSFIKEMGCEE
Table 2 Sequence length and GC content of ITS sequence for sugarcane related genera
ITS1 5.8sDNA ITS2
GC GC GC
Genus GC content Sequence length GC content  Sequence length  GC content Sequence length
(%) (bp) (%) (bp) (%) (bp)
Erianthus 65.97 206,207,208 56.78 164 70.82 216,218
Imperata 66.63 204,206 56.70 164 72.80 216
Miscanthus 63.04 206,207,208 56.62 164 68.46 217,218,220,221
Microstegium 65.52 200,206,207,208 56.07 164 71.42 215,217,219
Narenga 65.52 207 57.18 164 70.44 219,220
Saccharum 64.13 206,207 57.55 164 70.16 217,218,219,221
Triarrhena 62.77 206,207 56.48 164 69.60 220
Spodiopogon 66.30 207 56.00 164 69.20 216
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*3 HEEZEMITS FIERER
Table 3 Variable analysis of ITS sequence from sugarcane related genera and species
ITS1 5.8sDNA ITS2
No. Ratio of the site to all sites Ratio of the site to all sites No. Ratio of the site to all sites
(%) (%) (%)
Variable site 91 42.33 10.98 93 41.15
Informative site 70 32.56 5.49 68 30.09
x4 HEEGREEIZREES
Table 4 Genetic distance between sugarcane related genera
Genus 1 2 3 4 5 6 7
1 Erianthus —
2 Triarrhena 0.061
3 Imperata 0.056 0.071
4 Microstegium 0.081 0.103 0.092
5 Miscanthus 0.063 0.023 0.081 0.107
6 Narenga 0.053 0.065 0.074 0.091 0.067
7 Spodiopogon 0.077 0.098 0.085 0.090 0.103 0.085
8 Saccharum 0.059 0.058 0.083 0.098 0.065 0.065 0.097
2.3 1, 9 , : n
: 0.060~0.074 , 4
0.045~0.115 , 7T, 1 m
, 0.014 5 0.075~0.089 , 1, 1
( 5) M, 0.045~0.059, 1 3 v
3 , 3 , 2 , 0.090~0.104 , 1 1
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*5 HELGZEMEHEEMEEGESSSE
Table 5 Group for genetic distance between sugarcane related species and Saccharum

Group number  Range of genetic distance Species
| 0.045-0.059 E. strictus; E. fulvus; M. ecklonii; E. giganteus; T. lutarioriparia var.
elevationodis; T. sacchariflorus; T. lutarioriparia var. lutarioriparia; N. falla;
M. fuscus
1] 0.060-0.074 M. giganteus; E. arundinaceus; E. contortus; M. transmorrisonen-
sis; M. floridulus; M. sinensis; E. rockii; M. sinensis subsp. Con-
densatus; M. oligostachyus; N. porphyrocoma; M. nepalensis; E.
ravennae
Ml 0.075-0.089 M. junceus; M. glabratum; M. fauriei; M. geniculatum; I. cylindrica
v 0.090-0.104 S. sibiricus; M. ciliatum
\Vj 0.105-0.119 M. vimineum; M. japonicum; M. somae; M. nudum
Vo, 0.105~0.119 : : [16]
4 , , 6 6
: , , 6 ;
, (M. sinensis) 88 '
: 3 :
) 65% 61%, 88
B 5 6
2.4 23 , 97%
50% 94%, 4 (
, 7% 82%), 4
(ch 0.6419, (RD) 0.9213, , 4
(RCI) 0.5915 NJ MP ) 4
: ;6
) , 120 ) C
, (E. fulvus) D
, NJ (1 10 (A~)), (M. nepalensis) 87 ,
56%~100%, 100% 99%, 87
(N. fallax) 3 [ (E. giganteus) \ 87 )
E. strictus E. contortus] M. ecklonii M. E M. junceus
junceus 71 72 73 , 56% 67%,
( 50%), 71 ,
MP ( ) 11 , M. junceus F
53%~99%, 10 NJ (N. porphyrocoma) (E. rockii)
, 11 3 [ (E. M. fuscus , 84% 83%,
giganteus) E. strictus E. contortus] , 3 G 5
53%, NJ H , (M. ciliatum) (M.
(S. sibiricus) , NJ MP vimineum) M. glabratum 3
10 ( : :
50%), (M. fauriei) 33 (M.
2 10 ;A geniculatum) , 100%
6 3 31 99%, ,

, 99%  98%,

33
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Fig. 1 Neighbor-joining tree based on ITS sequences of 120 accessions from sugarcane related genera with P. purpureum as out-
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