Research Article

Received: March 28, 2019; Accepted: May 21, 2019

nﬂiizq%ﬁmauﬁﬂiﬂu%’nman (Termitomyces microcarpus)
wazUadnwziaeesgunusSnuinlaud1nan
Species Identification of Termitomyces microcarpus and

Its Fungus-growing Termite Symbionts

a [ a [y

Y3 FUNTUIA, WIAT NBINBY wardlewiny UNgIsusHa*

MAIVIUGAIANT A INEIMANT UNTINGIAENYATAITNT TN YAV WYY
U982 LYNRINT NFUNWLNIUAT 10900
519501 WANTEA
MATNIFIINeIT AadsIumIans U NS YATIANT INENINUNIYY
U982 LYNRINT NFUNWLNIUAT 10900
ARSS MaU
a191unnsINNISINMTAMINARY InedbuIanssunTANs amTinenseieinileseainsal
lunssususrgudud svansamis s1aerasmade Sminuyusril 13180
Nicharee Jannual, Pornsinee Kongthong and Mingkwan Nipitwattanaphon*
Department of Genetics, Faculty of Science, Kasetsart University, Bangkhen Campus,
Ladyao, Chatuchak, Bangkok, 10900
Tharnrat Kaewgrajang
Department of Forest Biology, Faculty of Forestry, Kasetsart University, Bangkhen Campus,
Ladyao, Chatuchak, Bangkok, 10900
Sasitorn Hasin

Innovation of Environmental Management, College of Innovative Management, Valaya Alongkorn

Rajabhat University under Royal Patronage, Khlong Nueng, Khlong Luang, Pathum Thani 13180

UNANED
< 2 & aa v o s & = v o A A
LVﬂIﬂuLUUL%ﬂW@Jﬂ’ﬂllall‘WUﬁﬂUUa'gﬂLW'WLaEJQi"ILLUUWQWW@"IﬁEJﬂU ‘leLUUi%LV]ﬁVLVlEJﬂa'ﬂNﬂ'JWlI
‘Via']ﬂ‘ﬂa']ﬁﬁ;ljﬂLﬁﬂiﬂuuaS‘Uﬁ’lﬂLW']SLaENT]Ejﬂ LLWIgﬂsﬂqﬂ%’alﬂaﬂqﬁﬁﬁﬁqLLUﬂqjaﬂaﬁhﬂLﬂUi'gUU ﬂ'ﬁﬁf‘l'ﬁﬂﬂ%ﬂﬁ

FaflinguszasAiiioszyriavasiinlauiazUainmzidessiaglinideyanduguineuasdoyamidue

v '
a A

visldafafioBuduanugneies siuednwanuduiussenindd@avisaesin lneniuluidinlay

*K{uRarauUNAIY : mingkwan.n@ku.th doi: 10.14456/tst.2020.102



Thai Science and Technology Journal (TSTJ) Vol. 28 No. 7 July 2020

Framen (Termitomyces microcarpus) wazUanimziassfigumusiudislaudimeniiivanaaniise
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wae T. microcarpus Tugnudoya §19 99-100 Wesidus nansfinwanuduiusszninanelaudiulain
wansliiiuinialaud1imenaunsasy saudvvarnlauinndmid sana Idun Macrotermes,
Odontotermes wag Hypotermes WenINH SanuiUaIninizid 89517 Ad 18U Macrotermes
annandalei wag Hypotermes makhamensis idndasidudanumilowsninviady 9 Jafiamuduly

lgeraduringesndshififeyalugiudoya JwandiiuindeyamduevesUanmsdesslulseina

Inglugruteyadaiidesuazaisdesinsdnuiuazvenggudeyadsluiiedislunisuenviiamemeada

Adueurslanfaraly

AeAgy : WinUann; Macrotermitinae; ALOWBUISIAARY; AILEUNUS

Abstract

Termite mushrooms are known to have a symbiotic relationship with fungus- growing
termites. Despite high diversity of both fungus-growing termites and their fungal symbionts in
Thailand, the detail about species identification and systemic study about their relationship is little.
Thus, the aims of this study are to identify termite mushrooms and fungus- growing termites using
morphological characteristics together with DNA barcoding to confirm species, and to study
relationship between fungus- growing termites and termite mushrooms. In this study, we focused
on Termitomyces microcarpus collected from Sakaerat Biosphere Reserves We identified 10
samples of T. microcarpus and confirmed that they were identical to Termitomyces sp. Group3
and T. microcarpus in the GenBank database (99-100 % identity), consistent with their
morphological characters. Furthermore, we found that four termite species from four termite nests
were related with T. microcarpus. The result showed that these mushrooms have low specific
interaction with termites because T. microcarpus were related with more than two termite genera
(Macrotermes, Odontotermes and Hypotermes). Two of the fungus-growing termite species
(Macrotermes annandalei and Hypotermes makhamensis) associated with this mushroom had 97
% identity with the termite species in the databases, suggesting that they were belonging to
different subspecies that did not have the sequences in the database. Thus, further study of fungus-
growing termites in Thailand will be helpful to increase the information in the database and

facilitate species identification by DNA barcoding.
Keywords: termite mushroom; macrotermitinae; DNA barcoding; co-evolution

1282



i 28 avuil 7 nsngrau 2563

215815 memansiasinalulad

1. Ui

winlaudnegluana Termitomyces 296
Lyophyllaceae tduidinfinuiameusnaswasn
IWELE8951 Feilanuduiusuuuiteniendofufy
Uanimziessndsegluisdeon Macrotermitinae
lngilduniidneglunivueniniuaziode [1-3]
Tnsavodvondialauduemnsvesanmeiass
suasioulmitedesmniialifulanmeias
31 wazgaveshanunsasayiulanazlasunsoua
TagUaimmizid 8931 [4.5] nelusevesvann
eiagasiinsasdasiadeidondn Sudueh
gou (comb) & whunaneinfivuazalesves
Winlaufi Uarnmizia sssiAudlunagdueae
p9NN19819590157 wavavesdeanunsaasysely
161 [6] Ineavosveuinlauazimuluilunguues
asexual spore ddnwauzidudsudvra 1Senin
nodule [4,7,8] Ingl nodule agifuunasevnsves
Frgeu Wellanmzwmnzay nodule a1un5a4asey
Udunaniinle

Walandnissasrwunadaialaundn
Uszuna 40 e [1] Tuussmalnednissieany
slavaadialau 25 wia [9] wazUaanmiziao s
fn1sAunuLas 11 ana Useun 330 viia [1,10]

Feluuszmelnedinissenuia 15 viia Jnegly

'
=

5ana [4,11] Fafioinfimnunanvateiavain
zidsesuasialay aeslsinny Toyan13dn
Suunsiavosisannizdessuasiiialaudd
Yoy wiiniialauazddnuasisluaniinngy
3u nanfie seuvun (perforatorium) T1nLfiey
(pseudorhiza) LALSLYNNLAR (receptacle) [12]
Fadudnvaznoueniveniuldiond wall
Snwazfiueadiunelindesqanssed 1wu Us1e

uazauInYesaUesTaRLAY (cystidia) NLANAISA

1283

[9,13,14] Tunsalvesvainmizia gesi toas5ae
NUITIUNITIATILUNLAYA NYULT LTIAILUN
Leun Ui gUsadasen iy dudu [15,16]

= & ¥ o w vay 1 o v
Faoradudedrinvesiliiliorney Jagdunisld

a &

oy afldueln13ANYIN UL 1WNIVATELaY

anunsabudnwissganlusuian AaUNISIA

a &

Twunvialaglddayanidueniun iudeya

]

{UFIUINY N TALAUIET T udUAINNABILA

<9 Y
gulagiamgegedslunsaliidoyanisdugiu
a o a & v & Ada 1)

Inenldiieane tneRpueuisiannandeuldves

Wi Ao UL internal transcribed spacer (ITS)

° v A @

[17-20] SRRV IARRIYRIUAININIE LAY

51 19 Ao du cytochrome oxidase subunit |l

(COIN [21-24]

v

nsfnwATeldlTnguse

asAiieldvaya

a &

duguineuazdeyadiduelunisindiuun

¥

winlaulagdului wialaud1inen (Termito-

N

myces microcarpus) e

v o 1

ANA

Y

= v o -
UBNTINILUNN

finnugnaawiug1d97u uazAnwinnudunug
< % & A
Y9N LALT1INBNWALUAININLLAEIST LilaLTy

AN usIuluNISANEITTALaL AU UNUS

o«

U0y
Y

serindsliTInaanasold

'3 ad
2. gUnIULaZITNIT
2.1 NuUNAN¥ILaZNITIAUADE9
2 o | < % I
LIURIBE19IAALANT1INBNTIanUA 10
$78819 warUaInn1gla gesINdANNdUNUS AU

o

59 TuuSnafuNaIuTILUNag

Winlaudninen 4

Na o

avunsy (@an1iifedanndouasunae) deogly
sruagauning suneteiiden Smiauassedin
%aamwﬁuﬁlﬂuﬂﬁmﬁa (dry evergreen forest)
war U@ 9579 (dry dipterocarp forest) Tagiiia

WAaEAI9819MaMENTEAYLY wazUanmnzLass



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 7 July 2020

s1aziiusnenluleansgea 95 1Wesidus 1N
Freghaiamunundnsuunedalaglddnuasnis
dugniveuazihluanamoue
2.2 nMsszyaiavaiinlaukazyain
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wazay [13] Wnednuarildlunsdaduwun eun
YUIAVBINBNLIAA (basidioma) nanwiia (pileus)
1M 83 (pseudorhiza) a8uusan (perfora-
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Table 1 BLAST result of the mushroom samples (Termitomyces microcarpus) in this study.

Samples | Species identification with DNA barcoding | Accession No. | % Identity | E-values
MO2 Termitomyces sp. Group 3 ABO73517 99 0.0
MO3 Termitomyces sp. Group 3 ABO73517 99 0.0
MO15 Termitomyces microcarpus HM230661 100 3e-89
MO26 Termitomyces microcarpus HM230661 100 2e-81
Ter5 Termitomyces sp. Group 3 ABO73517 99 0.0
Teré Termitomyces sp. Group 3 ABO73517 99 0.0
Ter7 Termitomyces sp. Group 3 ABO73517 99 0.0
Ter8 Termitomyces sp. Group 3 ABQO73517 99 0.0
Ter9 Termitomyces sp. Group 3 ABO73517 99 0.0
Ter10 Termitomyces sp. Group 3 ABQO73517 99 0.0

Table 2 BLAST result of the ITS amplicon from termite gut samples in this study.
Species identification with
Samples Accession No. % |dentity E-values
DNA barcoding in termite gut
SK2 Termitomyces sp. Group 3 ABO73517 100 0.0
SK5 Termitomyces sp. Group 3 ABO73517 100 0.0
TK2 Termitomyces sp. Group 3 ABQO73517 99 0.0
TA4 Termitomyces sp. Group 3 ABQO73517 100 0.0

3.2 miizqmﬁmaqﬂmnquztgmsﬁﬁ'w
dnuazneduguineruiuiisueunsTdnng
AIANWILATINTUNS N WL TITATDY
UmﬂwaLﬁymﬁwmﬂa"’ﬂwmwwé’mgmimm
WU3I@150818UNUaINIWIELA 8951 3 vila 2
ana A® Macrotermes carbonarius, M. gilvus
uay Odontotermes sp. 1 Geiidnwazmsdagiu
INFDAAABINUNITTIBNUYBY Ahmad [15] Lﬁa
drdregraundadnunsialagldnis uenuing
Anumouvesidudlugutoyasglugig 97-

99 % (15199 3) Inenuviavain 4 ¥in Jaeglu 3
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dana A ® M. carbonarius, M. annandalei, O.
hainanensis Wag Hypotermes makhamensis GR
SWaR10819 SK5 daumwieunu M. annandalei
fifin % identity winfu 97 % @slsiamnsaszyin
Jurdadertu mszanumiiown Tnenuided
HULNUIIAT % identity @usUALOuBUISIAR
Adludn ifinszgndundauaruuasnenguiidaeglu
siaeatuialasiini 98 % [35-37] uaznaan
Toyadugruinedlinseiu Taoilogainunugd
Maunsnuiandanulnadindu M. annandalei

(KU900579) AiFnurludszmedu [Liu et al., 2016
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(unpublished)] wnnifinululszinelne (gﬂﬁ
2) agalsAny Sanudululadin M. annandalei
finateving ey (subspecies) 11 8ea1nnany
F10819v09UarnWIELa 8951 M. annandalei 7
Ainwlay Kaewgrajang warAmg [38] U9zl 3
subspecies wazidululaan M. annandalei Tu
nsensiduringesvdaiorfuiiogiawes
Usewnedu wiidusnasiindasiu M. annandalei
vpsUseindlng Turnuesdeniy sianiegns TK2
fiarumieuduriln H. makhamensis 187 %
identity Wiy 97 % wagiilesandnuardngm
Ingvesitegsliasuduidiaiunsaseyviln
ImLﬁ993mmé’(uﬁ’uﬁ‘wwﬁi’@ummiwud’]ﬁmm
Tn&3afu H. makhamensis (KY224429) finuly

Uszwrlne [39] (U7 2) usillaUTeuiiieuiuna

MO3
MO2
Ter5

Ter8

Ter9
Ter7
Terl0

_| MO15
98 611 MO26

Ter6

N13ANYIVDY Kaewgrajang hayAmy [38] LA2
wu31 TK2 ladvraziduvilafendu H. Makha-
mensis (KY224429) floglugmudeya uimduviiai
TnaAseiunseoraiduviafedtuuauenidunng

Y

subspecies M1g3liddoyalugnudoyanidule 3

U

£ =

wansliiutayalusudenailiieanalunis

U 3 U

LYY '

isqmﬁmﬁgﬂﬁaa d1msumiegne SK2 Tinani1sin
$uuniia 2 35 assuuaziinruniidefiofiassey
wilodu M. carbonarius Tagiiaulnddaiu
faeg19fitmsiinsAnwilulne [39] waziiedia
TAd Lianunsoszyvinandugiuine Jsdeya
duteiinnulndifueiu O. hainanensis wadu
nauiisisnadnlugiudeya Tnstanizegradd
anuuanateTurialulszinalned iaednns

FI89ULNDY [39]

MH542621 Termitomyces microcarpus (India)

MH542622 Termitomyces microcarpus (India)

ABOQ73517 Termitomyces sp. Group3 (Thailand)

HM230661 Termitomyces microcarpus (Thailand)

— =L

MH542623 Termitomyces microcarpus (India)

KP780436 Termitomyces microcarpus (Sri Lanka)
LC425109 Termitomyces microcarpus (Taiwan)

LC425107 Termitomyces microcarpus (Taiwan)

AF357023 Termitomyces microcarpus (Switzerland)

JF907769 Tricholomella constricta

0.020

Figure 1 Phylogenetic tree based on ITS1-5.85-ITS2 of Termitomyces sequences using the maximum

likelihood method with Kimura 2- parameter model [34]. The samples in this study were

shown in bold and Tricholomella constricta was used as an outgroup. Numbers at the

node are bootstrap scores of 1,000 replicates (bootstrap values < 50 were not shown).
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Table 3 BLAST result of the COIl sequences from fungus-growing termites compared with species

identified by morphological identification.

Species identification by | Species identification with | Accession
Samples % |dentity | E-values
morphology DNA barcoding No.
SK2  |Macrotermes carbonarius |Macrotermes carbonarius | KY224582 99 0.0
SK5  |Macrotermes gilvus Macrotermes annandalei | KU900579 97 0.0
TA4*  |Odontotermes sp.1 Odontotermes hainanensis | JQ518439 99 0.0
TK2* |- Hypotermes makhamensis | KY224429 97 0.0

* Samples cannot be identified by morphological characteristics because they were damaged and

lacked of some necessary features for species identification.

JQ518439 Odontotermes hainanensis (Thailand)

KY 224709 Odontotermes sp. 6 (Thailand)
TA4
KY 224665 Odontotermes longignathus (Thailand)
TK2
91 KY 224429 Hypotermes makhamensis (Thailand)

100 r KY 224596 Odontotermes javanicus (Thailand)

95 L KY 224604 Odontotermes sp. 7 (Thailand)

KY 224633 Odontotermes sp. 10 (Thailand)

62 KX816675 Macrotermes carbonarius (Thailand)
82

KY 224449 Macrotermes carbonarius (Thailand)
100

KY 224582 Macrotermes carbonarius (Thailand)
L— SK2

79 ———————— KY 224607 Macrotermes gilws (Thailand)

r KY 224518 Macrotermes annanda lei (Thailand)

99 —L_ SK5
86 - KU900579 Macrotermes annandalei (China)

KP026267 Ancistrotermes pakistanicus (Thailand)
88 | KY 224524 Microtermes obesi (Thailand)
100 L KY 224632 Microtermes obesi (Thailand)

86

KY 224595 Termes rostratus

0.050

Figure 2 Phylogenetic tree based on COIll gene of fungus- growing termites associated with
Termitomyces microcarpus using the maximum likelihood method with Tamura- Nei
model [40]. Samples in this study are shown in bold and Termes rostratus was used as
an outgroup. Numbers at the node were bootstrap scores of 1,000 replicates (bootstrap

values <50 were not shown).
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3.3 ANduRUS sTuIainlaud1nen
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LW’]%L??‘EN':TWQ@ M. carbonarius, M. annandalei,
O. hainanensis wag H. makhamensis %ﬂaaﬂﬂﬁm
AUNBINNIIUITEVDS Sornnuwat tag Thienhirun
[11] Lar@AARDINUNITAN®IVBY Aanen LAy
Atz [1] Anudmduvarnnizd sesiluana
Odontotermes wagN15@N®I1Y09 Taprab way
Ay [33] finy Termitomyces sp. Group 3 93UV
Uarnimigldsasiana Hypotermes 1nga1nns
AnwirunmuinUanunsidsesuasialaud
ﬂ’l’]u’{i’WLWWW‘?ﬂLLG{ixﬁU@‘i U Uannimigta e
#iia M. bellicosus fifinsdeualasvossmuy
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v '
=< !
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