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Research paper

Phylogenetic Clusters of Commercial Blackish Tuber Species

from Yunnan, China

King-Fai Wong,” Chuen-Hsu Fu,”  Chieh-Lung Lin,”
Wing-Yi Cheung,”  Hoi-Tung Li*

[ Summary ]

Morphological and phylogenetic analyses were individually conducted for each commercial
blackish Tuber from Yunnan Province, China. An internal transcribed spacer (ITS) phylogenetic
analysis of Tuber ascocarps suggests that 3 phylogenetic clusters exist in Yunnan blackish truf-
fles, which are the Indicum cluster, Formosanum cluster, and Pseudoexcavatum cluster. In total,
294 ITS sequences were obtained in 2017, among which 76% belonged to the Indicum cluster,
23% belonged to the Formosanum cluster, and 1% belonged to the Pseudoexcavatum cluster.
Among the 10 ITS sequences obtained in 2016, 80% belonged to the Indicum cluster, and 20%
belonged to the Formosanum cluster. The ratio of Indicum clusters to Formosanum clusters was
approximately 4:1. Tuber ascocarps of the Pseudoexcavatum cluster were from Huize County;
its members had a distinct morphology and could readily be distinguished from the others. Tuber
ascocarps of Indicum and Formosanum clusters had no significant morphological differences,
but a pairwise comparison suggested that their ITS sequences only shared 90.56~93.78% simi-
larities. Blackish Tuber specimens from Gaoligong Mountain had a good aroma and were cov-
ered with soil containing metallic fragments; 75% of Tuber specimens from Gaoligong Moun-
tain belonged to the Formosanum cluster.

Key words: black truffles, ITS phylogenetic analysis, morphology, pairwise comparison, phyloge-
netic clusters.
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SrFRE 5 20165 RBEE FHIE T - 8BRF51(80%) BT 5 201 SEFEARR LR 751 2 8 R B EE e
JE BB B o B - 25 51(20%) J s = B EE o

Table 1. List of internal transcribed spacer sequences deposited into GenBank in this study

. GenBank
Taxon Origin Isolated from Voucher no. .
accession no.

Tuber formosanum Gaoligong Mt., China Ascocarp YNB17001 LC415613
T. formosanum Gaoligong Mt., China Ascocarp YNB17002 LC415614
T. formosanum Gaoligong Mt., China Ascocarp YNB17004 LC415615
T. formosanum Gaoligong Mt., China Ascocarp YNB17006 LC415616
T. formosanum Gaoligong Mt., China Ascocarp YNB17008 LC415617
T. formosanum Gaoligong Mt., China Ascocarp YNB17010 LC415618
T. formosanum Gaoligong Mt., China Ascocarp YNB17011 LC415619
T. formosanum Gaoligong Mt., China Ascocarp YNB17012 LC415620
T. formosanum Gaoligong Mt., China Ascocarp YNB17013 LC415621
T. formosanum Gaoligong Mt., China Ascocarp YNB17014 LC415622
T. formosanum Gaoligong Mt., China Ascocarp YNB17015 LC415623
T. formosanum Gaoligong Mt., China Ascocarp YNBI17016 LC415624
T. formosanum Gaoligong Mt., China Ascocarp YNB17018 LC415625
T. formosanum Gaoligong Mt., China Ascocarp YNB17019 LC415626
T. formosanum Huize, Yunnan, China Ascocarp YNB17033 LC415627
T. formosanum Huize, Yunnan, China Ascocarp YNB17039 LC415628
T. formosanum Huize, Yunnan, China Ascocarp YNB17042 LC415629
T. formosanum Huize, Yunnan, China Ascocarp YNB17135 LC415630
T. formosanum Huize, Yunnan, China Ascocarp YNB17141 LC415631
T. formosanum Huize, Yunnan, China Ascocarp YNB17145 LC415632
T. formosanum Huize, Yunnan, China Ascocarp YNB17154 LC415633
T. formosanum Huize, Yunnan, China Ascocarp YNBI17155 LC415634
1. formosanum Huize, Yunnan, China Ascocarp YNB17157 LC415635
T. formosanum Huize, Yunnan, China Ascocarp YNB17162 LC415636
T. formosanum Huize, Yunnan, China Ascocarp YNB17163 LC415637
T. formosanum Huize, Yunnan, China Ascocarp YNB17170 LC415638
T. formosanum Huize, Yunnan, China Ascocarp YNB17181 LC415639
T. formosanum Huize, Yunnan, China Ascocarp YNB17183 LC415640
T. formosanum Huize, Yunnan, China Ascocarp YNB17185 LC415641
T. formosanum Huize, Yunnan, China Ascocarp YNB17186 LC415642
T. formosanum Huize, Yunnan, China Ascocarp YNBI17192 LC415643
T. formosanum Huize, Yunnan, China Ascocarp YNB17193 LC415644
T. formosanum Gaoligong Mt., China Ascocarp YNB17202 LC415645
T. formosanum Gaoligong Mt., China Ascocarp YNB17203 LC415646
T. formosanum Gaoligong Mt., China Ascocarp YNB17205 LC415647
T. formosanum Gaoligong Mt., China Ascocarp YNB17206 LC415648
T. formosanum Gaoligong Mt., China Ascocarp YNB17207 LC415649
T. formosanum Gaoligong Mt., China Ascocarp YNB17208 LC415650
T. formosanum Gaoligong Mt., China Ascocarp YNB17209 LC415651
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Table 1 (continue)

T. formosanum Gaoligong Mt., China Ascocarp YNB17210 LC415652
T. formosanum Gaoligong Mt., China Ascocarp YNB17211 LC415653
T. formosanum Gaoligong Mt., China Ascocarp YNB17213 LC415654
T. formosanum Gaoligong Mt., China Ascocarp YNB17215 LC415655
T. formosanum Gaoligong Mt., China Ascocarp YNB17218 LC415656
T. formosanum Gaoligong Mt., China Ascocarp YNB17219 LC415657
T. formosanum Gaoligong Mt., China Ascocarp YNB17221 LC415658
T. formosanum Gaoligong Mt., China Ascocarp YNB17222 LC415659
T. formosanum Gaoligong Mt., China Ascocarp YNB17224 LC415660
T. formosanum Gaoligong Mt., China Ascocarp YNB17225 LC415661
T. formosanum Gaoligong Mt., China Ascocarp YNB17226 LC415662
T. formosanum Gaoligong Mt., China Ascocarp YNB17227 LC415663
T. formosanum Gaoligong Mt., China Ascocarp YNB17228 LC415664
T. formosanum Gaoligong Mt., China Ascocarp YNB17230 LC415665
T. formosanum Gaoligong Mt., China Ascocarp YNB17231 LC415666
T. formosanum Gaoligong Mt., China Ascocarp YNB17232 LC415667
T. formosanum Gaoligong Mt., China Ascocarp YNB17233 LC415668
T. formosanum Gaoligong Mt., China Ascocarp YNB17234 LC415669
T. formosanum Gaoligong Mt., China Ascocarp YNB17235 LC415670
T. formosanum Gaoligong Mt., China Ascocarp YNB17236 LC415671
T. formosanum Gaoligong Mt., China Ascocarp YNB17237 LC415672
T. formosanum Gaoligong Mt., China Ascocarp YNB17239 LC415673
T. formosanum Gaoligong Mt., China Ascocarp YNB17240 LC415674
T. formosanum Gaoligong Mt., China Ascocarp YNB17243 LC415675
T. formosanum Huize, Yunnan, China Ascocarp YNB17281 LC415676
T. formosanum Huize, Yunnan, China Ascocarp YNB17287 LC415677
T. formosanum Huize, Yunnan, China Ascocarp YNB17290 LC415678
T. formosanum Huize, Yunnan, China Ascocarp YNB17303 LC415679
T. formosanum Huize, Yunnan, China Ascocarp YNB17310 LC415680
T. formosanum Huize, Yunnan, China Ascocarp YNB17316 LC415681
T. formosanum Dung-Pu, Nantou, Taiwan  Pure culture S1 LC437961
T. formosanum Dung-Pu, Nantou, Taiwan  Pure culture S2 L.C437962
T. formosanum Dung-Pu, Nantou, Taiwan Ascocarp TF1 LC437963
T indicum Gaoligong Mt., China Ascocarp YNB17003 LC415682
T indicum Gaoligong Mt., China Ascocarp YNB17005 LC415683
T indicum Gaoligong Mt., China Ascocarp YNB17007 LC415684
T indicum Gaoligong Mt., China Ascocarp YNB17009 LC415685
T indicum Gaoligong Mt., China Ascocarp YNB17017 LC415686
T indicum Huize, Yunnan, China Ascocarp YNB17020 LC415687
T indicum Huize, Yunnan, China Ascocarp YNB17021 LC415688
T indicum Huize, Yunnan, China Ascocarp YNB17022 LC415689
T indicum Huize, Yunnan, China Ascocarp YNB17023 LC415690
T indicum Huize, Yunnan, China Ascocarp YNB17024 LC415691
T indicum Huize, Yunnan, China Ascocarp YNB17025 LC415692
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Table 1 (continue)

T indicum Huize, Yunnan, China Ascocarp YNB17026 LC415693
T indicum Huize, Yunnan, China Ascocarp YNB17027 LC415694
T indicum Huize, Yunnan, China Ascocarp YNB17028 LC415695
T indicum Huize, Yunnan, China Ascocarp YNB17029 LC415696
T indicum Huize, Yunnan, China Ascocarp YNB17030 LC415697
T indicum Huize, Yunnan, China Ascocarp YNB17031 LC415698
T indicum Huize, Yunnan, China Ascocarp YNB17032 LC415699
T indicum Huize, Yunnan, China Ascocarp YNB17034 LC415700
T indicum Huize, Yunnan, China Ascocarp YNB17035 LC415701
T indicum Huize, Yunnan, China Ascocarp YNB17036 LC415702
T indicum Huize, Yunnan, China Ascocarp YNB17037 LC415703
T indicum Huize, Yunnan, China Ascocarp YNB17038 LC415704
T indicum Huize, Yunnan, China Ascocarp YNB17040 LC415705
T indicum Huize, Yunnan, China Ascocarp YNB17041 LC415706
T indicum Huize, Yunnan, China Ascocarp YNB17044 LC415707
T indicum Huize, Yunnan, China Ascocarp YNB17048 LC415708
T indicum Huize, Yunnan, China Ascocarp YNB17049 LC415709
T. indicum Huize, Yunnan, China Ascocarp YNB17050 LC415710
T indicum Huize, Yunnan, China Ascocarp YNB17051 LC415711
T indicum Huize, Yunnan, China Ascocarp YNB17052 LC415712
T indicum Huize, Yunnan, China Ascocarp YNB17053 LC415713
T indicum Huize, Yunnan, China Ascocarp YNB17056 LC415714
T indicum Huize, Yunnan, China Ascocarp YNB17061 LC415715
T indicum Huize, Yunnan, China Ascocarp YNB17062 LC415716
T indicum Huize, Yunnan, China Ascocarp YNB17063 LC415717
T indicum Huize, Yunnan, China Ascocarp YNB17064 LC415718
T indicum Huize, Yunnan, China Ascocarp YNB17065 LC415719
T indicum Huize, Yunnan, China Ascocarp YNB17067 LC415720
T indicum Huize, Yunnan, China Ascocarp YNB17068 LC415721
T indicum Huize, Yunnan, China Ascocarp YNB17070 LC415722
T indicum Huize, Yunnan, China Ascocarp YNB17072 LC415723
T indicum Yunnan market, China Ascocarp YNB17075 LC415724
T indicum Yunnan market, China Ascocarp YNB17076 LC415725
T indicum Yunnan market, China Ascocarp YNB17077 LC415726
T indicum Yunnan market, China Ascocarp YNB17078 LC415727
T indicum Yunnan market, China Ascocarp YNB17079 LC415728
T indicum Yunnan market, China Ascocarp YNB17080 LC415729
T indicum Yunnan market, China Ascocarp YNB17081 LC415730
T indicum Yunnan market, China Ascocarp YNB17082 LC415731
T indicum Yunnan market, China Ascocarp YNB17083 LC415732
T indicum Yunnan market, China Ascocarp YNB17084 LC415733
T indicum Yunnan market, China Ascocarp YNB17086 LC415734
T indicum Yunnan market, China Ascocarp YNB17087 LC415735
T indicum Yunnan market, China Ascocarp YNB17088 LC415736
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Table 1 (continue)

T indicum Yunnan market, China Ascocarp YNB17089 LC415737
T. indicum Yunnan market, China Ascocarp YNB17090 LC415738
T indicum Yunnan market, China Ascocarp YNB17091 LC415739
T indicum Yunnan market, China Ascocarp YNB17092 LC415740
T indicum Yunnan market, China Ascocarp YNB17093 LC415741
T indicum Yunnan market, China Ascocarp YNB17094 LC415742
T indicum Yunnan market, China Ascocarp YNB17095 LC415743
T indicum Yunnan market, China Ascocarp YNB17096 LC415744
T indicum Yunnan market, China Ascocarp YNB17097 LC415745
T indicum Yunnan market, China Ascocarp YNB17098 LC415746
T indicum Yunnan market, China Ascocarp YNB17099 LC415747
T indicum Yunnan market, China Ascocarp YNB17100 LC415748
T indicum Yunnan market, China Ascocarp YNB17101 LC415749
T indicum Huize, Yunnan, China Ascocarp YNB17103 LC415750
T indicum Huize, Yunnan, China Ascocarp YNB17104 LC415751
T indicum Huize, Yunnan, China Ascocarp YNB17105 LC415752
T indicum Huize, Yunnan, China Ascocarp YNB17106 LC415753
T. indicum Huize, Yunnan, China Ascocarp YNB17108 LC415754
T indicum Huize, Yunnan, China Ascocarp YNB17109 LC415755
T indicum Huize, Yunnan, China Ascocarp YNBI17110 LC415756
T indicum Huize, Yunnan, China Ascocarp YNBI17111 LC415757
T indicum Huize, Yunnan, China Ascocarp YNB17112 LC415758
T. indicum Huize, Yunnan, China Ascocarp YNB17113 LC415759
T indicum Huize, Yunnan, China Ascocarp YNB17114 LC415760
T indicum Huize, Yunnan, China Ascocarp YNBI17115 LC415761
T indicum Huize, Yunnan, China Ascocarp YNBI17116 LC415762
T. indicum Huize, Yunnan, China Ascocarp YNB17117 LC415763
T indicum Huize, Yunnan, China Ascocarp YNB17118 LC415764
T indicum Huize, Yunnan, China Ascocarp YNBI17119 LC415765
T. indicum Huize, Yunnan, China Ascocarp YNB17120 LC415766
T indicum Huize, Yunnan, China Ascocarp YNBI17121 LC415767
T indicum Huize, Yunnan, China Ascocarp YNB17122 LC415768
T indicum Huize, Yunnan, China Ascocarp YNB17123 LC415769
T. indicum Huize, Yunnan, China Ascocarp YNB17124 LC415770
T indicum Huize, Yunnan, China Ascocarp YNB17125 LC415771
T indicum Huize, Yunnan, China Ascocarp YNBI17126 LC415772
T indicum Huize, Yunnan, China Ascocarp YNB17127 LC415773
T indicum Huize, Yunnan, China Ascocarp YNB17128 LC415774
T indicum Huize, Yunnan, China Ascocarp YNB17129 LC415775
T indicum Huize, Yunnan, China Ascocarp YNBI17130 LC415776
T indicum Huize, Yunnan, China Ascocarp YNB17131 LC415777
T. indicum Huize, Yunnan, China Ascocarp YNB17132 LC415778
T indicum Huize, Yunnan, China Ascocarp YNB17133 LC415779

T indicum Huize, Yunnan, China Ascocarp YNB17134 LC415780
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T indicum Huize, Yunnan, China Ascocarp YNB17136 LC415781
T indicum Huize, Yunnan, China Ascocarp YNBI17137 LC415782
T indicum Huize, Yunnan, China Ascocarp YNB17138 LC415783
T indicum Huize, Yunnan, China Ascocarp YNB17139 LC415784
T indicum Huize, Yunnan, China Ascocarp YNB17140 LC415785
T indicum Huize, Yunnan, China Ascocarp YNB17142 LC415786
T indicum Huize, Yunnan, China Ascocarp YNB17143 LC415787
T. indicum Huize, Yunnan, China Ascocarp YNB17144 LC415788
T indicum Huize, Yunnan, China Ascocarp YNBI17146 LC415789
T. indicum Huize, Yunnan, China Ascocarp YNB17147 LC415790
T indicum Huize, Yunnan, China Ascocarp YNB17148 LC415791
T indicum Huize, Yunnan, China Ascocarp YNB17149 LC415792
T indicum Huize, Yunnan, China Ascocarp YNB17150 LC415793
T. indicum Huize, Yunnan, China Ascocarp YNB17151 LC415794
T indicum Huize, Yunnan, China Ascocarp YNB17152 LC415795
T indicum Huize, Yunnan, China Ascocarp YNB17153 LC415796
T indicum Huize, Yunnan, China Ascocarp YNB17156 LC415797
T. indicum Huize, Yunnan, China Ascocarp YNBI17158 LC415798
T indicum Huize, Yunnan, China Ascocarp YNB17159 LC415799
T indicum Huize, Yunnan, China Ascocarp YNB17160 LC415800
T indicum Huize, Yunnan, China Ascocarp YNB17161 LC415801
T. indicum Huize, Yunnan, China Ascocarp YNB17164 LC415802
T indicum Huize, Yunnan, China Ascocarp YNB17165 LC415803
T indicum Huize, Yunnan, China Ascocarp YNB17166 LC415804
T indicum Huize, Yunnan, China Ascocarp YNB17167 LC415805
T indicum Huize, Yunnan, China Ascocarp YNB17168 LC415806
T indicum Huize, Yunnan, China Ascocarp YNB17169 LC415807
T indicum Huize, Yunnan, China Ascocarp YNBI17171 LC415808
T indicum Huize, Yunnan, China Ascocarp YNB17172 LC415809
T. indicum Huize, Yunnan, China Ascocarp YNB17173 LC415810
T indicum Huize, Yunnan, China Ascocarp YNB17175 LC415811
T indicum Huize, Yunnan, China Ascocarp YNBI17176 LC415812
T indicum Huize, Yunnan, China Ascocarp YNB17177 LC415813
T indicum Huize, Yunnan, China Ascocarp YNB17178 LC415814
T indicum Huize, Yunnan, China Ascocarp YNB17179 LC415815
T indicum Huize, Yunnan, China Ascocarp YNB17180 LC415816
T indicum Huize, Yunnan, China Ascocarp YNB17182 LC415817
T. indicum Huize, Yunnan, China Ascocarp YNB17184 LC415818
T indicum Huize, Yunnan, China Ascocarp YNB17187 LC415819
T indicum Huize, Yunnan, China Ascocarp YNBI17188 LC415820
T. indicum Huize, Yunnan, China Ascocarp YNBI17189 LC415821
T indicum Huize, Yunnan, China Ascocarp YNB17190 LC415822
T indicum Huize, Yunnan, China Ascocarp YNBI17191 LC415823
T indicum Huize, Yunnan, China Ascocarp YNB17194 LC415824
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Table 1 (continue)

T. indicum Huize, Yunnan, China Ascocarp YNBI17195 LC415825
T. indicum Huize, Yunnan, China Ascocarp YNB17196 LC415826
T indicum Huize, Yunnan, China Ascocarp YNBI17197 LC415827
T indicum Huize, Yunnan, China Ascocarp YNB17198 LC415828
T indicum Huize, Yunnan, China Ascocarp YNB17199 LC415829
T indicum Huize, Yunnan, China Ascocarp YNB17200 LC415830
T. indicum Gaoligong Mt., China Ascocarp YNB17201 LC415831
T indicum Gaoligong Mt., China Ascocarp YNB17212 LC415832
T indicum Gaoligong Mt., China Ascocarp YNB17214 LC415833
T indicum Gaoligong Mt., China Ascocarp YNB17216 LC415834
T. indicum Gaoligong Mt., China Ascocarp YNB17217 LC415835
T indicum Gaoligong Mt., China Ascocarp YNB17220 LC415836
T indicum Gaoligong Mt., China Ascocarp YNB17223 LC415837
Tinducum Gaoligong Mt., China Ascocarp YNB17238 LC415838
T indicum Gaoligong Mt., China Ascocarp YNB17241 LC415839
T indicum Gaoligong Mt., China Ascocarp YNB17242 LC415840
T indicum Gaoligong Mt., China Ascocarp YNB17244 LC415841
T indicum Yunnan market, China Ascocarp YNB17245 LC415842s
T indicum Yunnan market, China Ascocarp YNB17246 LC415843
T indicum Yunnan market, China Ascocarp YNB17247 LC415844
T indicum Yunnan market, China Ascocarp YNB17248 LC415845
T indicum Yunnan market, China Ascocarp YNB17249 LC415846
T indicum Yunnan market, China Ascocarp YNB17250 LC415847
T indicum Yunnan market, China Ascocarp YNB17251 LC415848
T indicum Yunnan market, China Ascocarp YNB17252 LC415849
T indicum Yunnan market, China Ascocarp YNB17253 LC415850
T. indicum Yunnan market, China Ascocarp YNB17254 LC415851
T indicum Yunnan market, China Ascocarp YNB17255 LC415852
T indicum Yunnan market, China Ascocarp YNB17256 LC415853
T indicum Yunnan market, China Ascocarp YNB17257 LC415854
T indicum Yunnan market, China Ascocarp YNB17258 LC415855
T indicum Yunnan market, China Ascocarp YNB17259 LC415856
T indicum Yunnan market, China Ascocarp YNB17260 LC415857
T indicum Yunnan market, China Ascocarp YNB17261 LC415858
T. indicum Yunnan market, China Ascocarp YNB17262 LC415859
T. indicum Yunnan market, China Ascocarp YNB17263 LC415860
T indicum Huize, Yunnan, China Ascocarp YNB17264 LC415861
T indicum Huize, Yunnan, China Ascocarp YNB17265 LC415862
T indicum Huize, Yunnan, China Ascocarp YNB17266 LC415863
T indicum Huize, Yunnan, China Ascocarp YNB17267 LC415864
T. indicum Huize, Yunnan, China Ascocarp YNB17268 LC415865
T. indicum Huize, Yunnan, China Ascocarp YNB17269 LC415866
T indicum Huize, Yunnan, China Ascocarp YNB17270 LC415867

T indicum Huize, Yunnan, China Ascocarp YNB17271 LC415868
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Table 1 (continue)

T indicum Huize, Yunnan, China Ascocarp YNB17272 LC415869
T. indicum Huize, Yunnan, China Ascocarp YNB17273 LC415870
T indicum Huize, Yunnan, China Ascocarp YNB17275 LC415871
T indicum Huize, Yunnan, China Ascocarp YNB17276 LC415872
T indicum Huize, Yunnan, China Ascocarp YNB17277 LC415873
T indicum Huize, Yunnan, China Ascocarp YNB17278 LC415874
T indicum Huize, Yunnan, China Ascocarp YNB17279 LC415875
T indicum Huize, Yunnan, China Ascocarp YNB17280 LC415876
T indicum Huize, Yunnan, China Ascocarp YNB17282 LC415877
T indicum Huize, Yunnan, China Ascocarp YNB17283 LC415878
T indicum Huize, Yunnan, China Ascocarp YNB17284 LC415879
T. indicum Huize, Yunnan, China Ascocarp YNB17285 LC415880
T. indicum Huize, Yunnan, China Ascocarp YNB17286 LC415881
T indicum Huize, Yunnan, China Ascocarp YNBI17288 LC415882
T indicum Huize, Yunnan, China Ascocarp YNB17289 LC415883
T. indicum Huize, Yunnan, China Ascocarp YNB17291 LC415884
T indicum Huize, Yunnan, China Ascocarp YNB17292 LC415885
T. indicum Huize, Yunnan, China Ascocarp YNB17293 LC415886
T. indicum Huize, Yunnan, China Ascocarp YNB17294 LC415887
T indicum Huize, Yunnan, China Ascocarp YNB17295 LC415888
T. indicum Huize, Yunnan, China Ascocarp YNB17296 LC415889
T indicum Huize, Yunnan, China Ascocarp YNB17297 LC415890
T indicum Huize, Yunnan, China Ascocarp YNB17298 LC415891
T. indicum Huize, Yunnan, China Ascocarp YNB17299 LC415892
T indicum Huize, Yunnan, China Ascocarp YNB17300 LC415893
T. indicum Huize, Yunnan, China Ascocarp YNB17301 LC415894
T. indicum Huize, Yunnan, China Ascocarp YNB17302 LC415895
T. indicum Huize, Yunnan, China Ascocarp YNB17304 LC415896
T indicum Huize, Yunnan, China Ascocarp YNB17308 LC415897
T indicum Huize, Yunnan, China Ascocarp YNB17309 LC415898
T. indicum Huize, Yunnan, China Ascocarp YNB17313 LC415899
T indicum Huize, Yunnan, China Ascocarp YNB17314 LC415900
T indicum Huize, Yunnan, China Ascocarp YNB17318 LC415901
T indicum Huize, Yunnan, China Ascocarp YNB17320 LC415902
T indicum Huize, Yunnan, China Ascocarp YNB17323 LC415903
T. indicum Huize, Yunnan, China Ascocarp YNB17326 LC415904
T. pseudoexcavatum Huize, Yunnan, China Ascocarp YNB17102 LC419993
T. pseudoexcavatum Huize, Yunnan, China Ascocarp YNB17107 LC419994

T LA_E Al SR B 3418 23 B B A 2 A2 0 8 (% GenBankrh H Al /751 (Table 2)fF 5 KI5 o
P31 > BA201S 67 7 2 18 e 15 R SR 1 LI £ 2 Yy i (Fig. 1) - 6251 FFHIER959 bp
EEUE T H ISR LB RIS R E R LlGblocks 0.9 1bkg s i & PRSI LRI 731
%lj(accession no.: LC437961~LC437963) » DLk Btk o FYIES05 bp - FERBURERE EHEN



72 SF L O R A S B

il
g‘,:_
S
CL‘HE
bl

3fE s FEARDUAHIA - BESNFLBR I 0 T2 IR 571 el 7 DR BT 2 O 18 EID B BR iR o3 B AU > DU 405

Bl GenBank iy ML B 51 LUR SCHF I (BS = GenBankHEIEEBE B /751 5 HLAt20 1 = 18 B B
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Table 2. Details of internal transcribed spacer sequences used in the phylogenetic study in Fig. 1
GenBank

Taxon Origin Voucher no. . Reference
accession no.
Tuber formosanum Gaoligong Mt., China YNB 17001 LC415613 This study
T. formosanum Gaoligong Mt., China YNB 17004 LC415615 This study
T. formosanum Gaoligong Mt., China YNB 17011 LC415619 This study
T. formosanum Gaoligong Mt., China YNB 17015 LC415623 This study
T formosanum Gaoligong Mt., China YNB 17019 LC415626 This study
T formosanum Huize, Yunnan, China YNB 17033 LC415627 This study
T. formosanum Huize, Yunnan, China YNB 17042 LC415629 This study
T. formosanum Huize, Yunnan, China YNB 17135 LC415630 This study
T. formosanum Huize, Yunnan, China YNB 17157 LC415635 This study
T. formosanum Huize, Yunnan, China YNB 17170 LC415638 This study
T formosanum Huize, Yunnan, China YNB 17183 LC415640 This study
T. formosanum Gaoligong Mt., China YNB 17202 LC415645 This study
T. formosanum Gaoligong Mt., China YNB 17222 LC415659 This study
T. formosanum Gaoligong Mt., China YNB 17228 LC415664 This study
T. formosanum Gaoligong Mt., China YNB 17230 LC415665 This study
T. formosanum Gaoligong Mt., China YNB 17243 LC415675 This study
T formosanum Huize, Yunnan, China YNB 17281 LC415676 This study
T. formosanum Huize, Yunnan, China YNB 17287 LC415677 This study
T. formosanum Huize, Yunnan, China YNB 17290 LC415678 This study
T. formosanum Huize, Yunnan, China YNB 17303 LC415679 This study
T. formosanum Dung-Pu, Nantou, Taiwan S1 LC437961 This study
T. formosanum Dung-Pu, Nantou, Taiwan S2 LC437962 This study
T. formosanum Dung-Pu, Nantou, Taiwan TF1 LC437963 This study
T. formosanum Ho-She, Nantou, Taiwan HKAS62628(holotype) IN655530 Qiao et al. 2013
T. formosanum Ho-She, Nantou, Taiwan T12 HKAS48268 GU979048 Qiao et al. 2013
T. formosanum Dung-Pu, Nantou, Taiwan HU070105C_DungPu03 FJ176919 Huang et al. 2009
T. formosanum Dung-Pu, Nantou, Taiwan HU070105A_DungPu01 FJ176914 Huang et al. 2009
T himalayense Japan K464 ABS553394 Kinoshita et al. 2018
T. himalayense Japan N123 AB553402 Kinoshita et al. 2011
T. himalayense Huize, Yunnan, China HKAS25689 AY773356 Wang et al. 2006
T indicum Gaoligong Mt., China YNB 17003 LC415682 This study
T indicum Gaoligong Mt., China YNB 17005 LC415683 This study
T indicum Gaoligong Mt., China YNB 17007 LC415684 This study
T indicum Gaoligong Mt., China YNB 17009 LC415685 This study

T indicum Gaoligong Mt., China YNB 17017 LC415686 This study
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T. indicum Huize, Yunnan, China YNB 17020 LC415687 This study

T indicum Huize, Yunnan, China YNB 17030 LC415697 This study

T indicum Huize, Yunnan, China YNB 17040 LC415705 This study

T indicum Yunnan market, China YNB 17080 LC415729 This study

T indicum Yunnan market, China YNB 17100 LC415748 This study

T indicum Huize, Yunnan, China YNB 17188 LC415820 This study

T. indicum Huize, Yunnan, China YNB 17197 LC415827 This study

T indicum Gaoligong Mt., China YNB 17214 LC415833 This study

T indicum Gaoligong Mt., China YNB 17217 LC415835 This study

T indicum Gaoligong Mt., China YNB 17220 LC415836 This study

T indicum Gaoligong Mt., China YNB 17238 LC415838 This study

T indicum Gaoligong Mt., China YNB 17244 LC415841 This study

T indicum Yunnan market, China YNB 17249 LC415846 This study

T indicum Yunnan market, China YNB 17252 LC415849 This study

T indicum Huize, Yunnan, China YNB 17293 LC415886 This study

T indicum Yunnan, China Tind-yn20 DQ375515 Wang et al. 2006
T. indicum Yunnan, China Tind-yn23 DQ375518 Wang et al. 2006
T indicum Yunnan, China Tind-yn22 DQ375517 Wang et al. 2006
T. indicum Hulli, Sichuan, China Tind-h104 DQ375497 Wang et al. 2006
T melanosporum France Tmel-eu05 DQ388876 Wang et al. 2006
T. melanosporum France Tmel-eu08 DQ388877 Wang et al. 2006
T. panzhihuanense Panzhihua, Sichuan, China  DXJ267 (holotype) JQ978644 Deng et al. 2012
T. panzhihuanense Kunming, Yunnan, China DXJ260 JQ978648 Deng et al. 2012
T. pseudoexcavatum China Tpse-pzh02 DQ329371 Huang et al. 2009
T. pseudoexcavatum China Tpse-yn05 DQ329374 Huang et al. 2009
T. pseudoexcavatum Yunnan, China YNB 17102 LC419993 This study

T. pseudoexcavatum Yunnan, China YNB 17107 LC419994 This study
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T. formosanum_JN655530(holotype)
T. formosanum_Taiwan_GU979048
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Formosanum
cluster

Indicum
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T. indicum_China_DQ375497
T. indicum_China_DQ375518
YNB17252_LC415849
YNB17080_LC415729
YNB17197_LC415827
YNB17293_LC415886
1.00 YNB17188_LC415820

YNB17005_LC415683
YNB17007_LC415684
YNB17009_LC415685
YNB17220_LC415836
YNB17244_LC415841
1.00 T. melanosporum_France_DQ388876
T. melanosporum_France_DQ388877

T YNB17107_LC419994
T. pseudoexcavatum_China_DQ329371 Pseudoexcavatum
YNB17102_LC419993 cluster
0.58— T, pseudoexcavatum_China_DQ329374

1.00 | T. panzhihuanense_China_JQ978644
T. panzhihuanense_China_JQ978648

0.03

Fig. 1. Phylogenetic tree of Yuannan blackish Tuber and related Tuber species of the
Melanosporum Clade based on the ITS-rDNA sequences. Tuber panzhihuanense was used
as the outgroup taxa. Numbers near branches indicated the bootstrap values (BS) obtained
from maximum likelihood (ML) analysis. Values below 50% are not indicated.
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Table 3. Pairwise comparisons of sequences of Indicum, Formosanum, and Pseudoexcavatum clusters of Yunnan blackish Tuber species

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 LC415613
2 LC415615 99.44
3 LC415619 99.59 99.79
4 LC415626 99.44 99.63 99.79
5 LC415623 100.0 99.44 99.59 99.44
6 LC415627 99.06 99.25 99.38 99.25 99.06
7 LC415629 99.06 99.25 99.38 99.25 99.06 100.0
8 LC415630 99.06 99.25 99.38 99.25 99.06 100.0 100.0
9 LC415635 96.73 96.92 99.38 96.92 96.73 97.71 97.71 97.71
10 LC415638 96.73 96.93 99.38 96.93 96.73 97.71 97.71 97.71 99.81
11 LC415682 9281 92.81 93.31 92.81 92.81 93.21 93.21 93.21 91.89 91.69
12 LC415683 93.16 93.16 93.55 93.16 93.16 93.55 93.55 93.55 91.41 91.22 99.04
13 LC415687 93.57 93.57 93.78 93.57 93.57 93.55 93.55 93.55 91.42 91.23 98.07 98.30
14 LC415697 93.57 93.57 93.78 93.57 93.57 93.55 93.55 93.55 91.42 91.23 98.07 98.30 100.0
15 LC415729 93.17 93.17 93.34 93.17 93.17 93.15 93.15 93.15 91.00 90.81 98.07 98.30 99.63 99.63
16 LC415705 9295 9295 93.11 92.95 92.95 92.94 9294 92.94 90.78 90.59 97.87 98.11 99.44 99.44 99.81
17 LC415685 92.12 92.12 93.11 92.12 92.12 92.51 92.51 92.51 90.75 90.56 98.65 99.06 97.72 97.72 97.72 97.53
18 LC415748 93.04 93.04 93.12 93.04 93.04 93.44 93.44 93.44 91.92 91.72 97.88 98.46 98.66 98.66 98.66 98.46 98.07
19 LC415686 93.38 93.38 93.56 93.38 93.38 93.15 93.15 93.15 92.70 92.50 98.05 98.05 99.03 99.03 99.03 99.03 97.85 98.06
20 LC415684 9212 92.12 93.11 92.12 92.12 92.51 92.51 92.51 90.75 90.56 98.65 99.06 97.72 97.72 97.72 97.53 100.0 98.07 97.85
21 LC419993 68.23 68.51 74.22 69.07 68.23 68.79 68.79 68.79 69.32 69.12 71.08 70.18 69.02 69.02 68.46 68.79 69.63 69.96 70.70 69.63
22 LC419994 68.51 68.79 74.84 69.35 68.51 69.07 69.07 69.07 69.42 69.50 71.63 70.46 69.30 69.30 68.74 69.07 69.90 70.24 71.59 69.90 97.48

Note: " Similarities are shown in percentages. (1~10) represent Formosanum clusters, (11~20) represent Indicum clusters, and (21 and 22) represent Pseudoexcava-

tum clusters.

* The gray area highlights similarities between Formosanum and Indicum clusters.
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Fig. 2. Morphological characteristics of Yuannan blackish Tuber. A, ascocarp of Tuber of
Pseaudoexcavatum cluster; B, warts on peridium surface of Tuber of Pseaudoexcavatum
cluster; C, asci and ascospores of Tuber of Pseaudoexcavatum cluster; D, ascocarp of Tuber
of Formosanum cluster; E, warts on peridium surface of Tuber of Formosanum cluster;

F, asci and ascospores of Tuber of Formosanum cluster; G, ascocarp of Tuber of Indicum
cluster; H, warts on peridium surface of Tuber of Indicum cluster; I, asci and ascospores of

Tuber of Indicum cluster. Scale bars: 30 pm.
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Fig. 3. Ascospore ornamentation of Yuannan blackish Tuber of Fornosamum and Indicum
clusters. A, B, C, D, ascospore ornamentation of Tuber of Fornosamum cluster; E, F, G, H,
ascospore ornamentation of Zuber of Indicum cluster. Scale bars: 20 pm.
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