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Abstract

This research project aims to investigate and analyze the diversity and ecology of
endophytic and epiphytic yeasts from leaves of rice, sugarcane and corn by culture-dependent
and culture-independent methods, to produce indole-3-acetic acid (IAA) by the selected
promising yeast strain obtain from the screening of endophytic and epiphytic yeasts, and
elucidate the biosynthetic pathway of IAA and to evaluate the efficiency to be biological control
agents for rice, sugarcane and corn pathogenic fungi of endophytic and epiphytic yeasts.

To understand the diversity and ecology of endophytic and epiphytic yeasts leaves of
healthy agronomic crops (rice, sugarcane and corn) were collected from their cultivation fields in
the central and north-eastern parts during October 2011 to April 2012. The sample consisted of
100 rice leaf samples collected from 11 provinces, 102 sugarcane leaf samples collected from 13
provinces and 109 sugarcane leaf samples collected from 12 provinces. The number of yeasts,
bacteria and fungi from leaf samples was found to vary among the samples.

Study on the endophytic yeast diversity based on culture-dependent method yeasts
was carried out by isolation of yeast from the surface-sterilized leaves tissue. From 100, 102 and
109 samples of rice, sugarcane and corn leaf we obtained 125, 149 and 143 yeast strains,
respectively. Identification of yeast was based on molecular taxonomy and genetic analysis
revealed that 117 yeast strains from rice leaf samples were 23 known species in 12 genera. Ninety
90 strains (76.9%) were in phylum Basidiomycota (7 genera) and 27 strains (23.1%) in the phylum
Ascomycota
(5 genera). One strain was identical with one undescribed species, three strains represented a
novel genus and species, whereas the other strains were fungi. Of endophytic yeasts from
sugarcane leaf, 100 strains were known yeast species. A total of 65 strains (65.0%) were in
Basidiomycota (10 genera). Thirty-five strains were in Ascomycota (4 genera). Six strains were found
to represent two novel yeast species while 21 strains were fungi. A total of 120 strains obtained from
corn leaves were 37 known yeast species. Among these 90 strains (75.0%) were in Basidiomycota
(7 genera) and 30 strains (25.0%) were in Ascomycota (5 genera). One strain was a new species,
three strains were identical with three undescribed species and the other were fungi. The most
prevalent species of endophytic yeasts from rice, sugarcane and corn leaves were Pseudozyma
aphidis, Meyerozyma caribbica and Pseudozyma churashimaensis with 25.0, 17.6 and 20.0%
frequency of occurrence, respectively.

To investigate the diversity of epiphytic yeasts in the surface of rice, sugarcane and corn
leaved by culture-dependent method, yeasts were isolated from leaf surface by plating of leaf
washing. A total of 379 strains were isolated from 112 rice leaf samples and 354 strains were
identified. The result revealed that 302 strains were 50 known species in 18 genera. Two hundred
and forty six strains (81.5%) were in Basidiomycota (10 genera) and 55 strains were in Ascomycota
(9 genera). Twenty one strains were identical with 14 undescribed species in four genera. As many
as 31 strains were expected to be 20 new yeast species in 8 genera. A total of 173 strains were
obtained from the surface of 84 sugarcane leaf samples. Eighty seven strains were known yeast



species. Sixty one strains (35.3%) were 24 species in Basidiomycota (10 genera) and 26 strains
(15%) were 12 species in genera in Ascomycota. The other 67 strains may be new or known yeast
species that need more analysis. As many as 20 strains were found to represent 12 new yeast
species. From the surface of corn leaves (109 samples) 284 strains were obtained and 244 strains
were identified. One hundred and fifty one strains were 43 known species in 15 genera. A total of
130 strains (86.1%) were in Basidiomycota (10 genera) and 21 strains (13.9%) were in Ascomycota
(5 genera). Eighteen strains were identical with undescribed yeast species in 3 genera and 21
strains were expected to be 16 new yeast species, while the other strains were fungi. Investigation
of epiphytic yeasts in the surface of 244 leaf samples by using an enrichment isolation technique
revealed that 156, 126 and 159 strains were obtained from rice, sugarcane and corn leaf samples,
respectively.

Identification of epiphytic yeasts from rice leaf samples showed that 155 strains were
known yeast species. Among the known species 99 strains (63.9%) were 23 species of 13 genera in
Ascomycota. Fifty six strains (36.1%) were 8 species of 5 genera in Basidiomycota. One hundred
and forty six strains of epiphytic yeast from the surface of sugarcane leaves were 23 species of 13
genera in Ascomycota and 46 strains (31.7%) were 12 species of 6 genera in Basidiomycota. The
other eight strains were identical with undescribed species and nine strains were six new species.
Epiphytic strains (123 strains) from the surface of corn leaves were known yeast species. Eighty
one 81 strains (65.9%) were 28 species of 12 genera in Ascomycota and 42 strains (34.1%) were 10
species of
5 genera in Basidiomycota. The most prevalent species in the surface of rice, sugarcane and corn
leaves, which were isolated by plating of leaf washing, were Pseudozyma antarctica,
Meyerozyma caribbica and Sporidiobolus pararoseus at 21.8, 20.2 and 11.3% frequency of
occurrence, respectively. M. caribbica, which was the most prevalent species in the surface of
sugarcane leaf when plating of leaf washing was used, was also be the most prevalent species
(12.0%) in the surface of sugarcane leaf when enrichment isolation technique was used. By using
the enrichment isolation technique, the most prevalent species in the surface of rice leaf was
Rhodotorula taiwanensis (14.3%) while Kodamaea ohmeri and Meyerozyma caribbica and
Rhodotorula taiwanensis occurred in the surface of corn leaf at the same frequency of 7.9%.

The result of investigation of endophytic and epiphytic yeasts diversity by using culture-
dependent method revealed higher number of basidiomycetous yeasts than ascomycetous yeasts
were obtained same as that were reported in the other countries and areas. However, when
enrichment isolation technique was used higher number of ascomycetous yeasts than
basidiomycetous yeasts were detected. Therefore, our results indicated the influence of isolation
methods on the obtained yeast species. Besides, one new genus viz. Diutina and 15 new yeast
species were proposed viz. Hannaella phyllophyla, Hannaella phetchabunensis, Hannaealla
siamensis, Occultifur tropicalis, Papiliotrema siamensis and Pseudozyma vetiver in the phylum
Basidiomycota, and Diutina siamensis, Metschnikowia saccharicola, Metschnikowia lopburiensis,
Nakazawaea siamensis, Wicherhamomyces siamensis, Wickerhamiella siamensis, Yamadazyma

epiphylla, Yamadazyma phyllophila and Yamadazyma siamensis in the phylum Ascomycota.



Moreover, various new yeast species are under characterization and will be proposed in the near

future.

A culture-independent method was used to examine endophytic and epiphytic yeasts
associated with rice, sugarcane and corn leaves based on PCR ampilification of the D1/D2 domain
of the large subunit rRNA gene, construction of D1/D2 libraries, PCR-RFLP using a single digestion
with Haelll, Hinfl and Cfol, sequencing and phylogenetic analysis. For the investigation of
endophytic yeasts in rice, sugarcane and corn leaves, the results showed that 101 (5.5%) out of
1,826 clones from 46 rice leaf samples were yeasts. Of total yeast related phylotypes, 44
phylotypes (43.6%) were five known species in four genera viz. Cryptococcus victoriae,
Debaryomyces hansenii, Debaryomyces vindobonensis, Meyerozyma guilliermondii and
Pseudozyma antarctica, together with 17 new phylotypes closest to six species. For sugarcane,
224 (19.8%) out of 1,144 clones from 29 samples were yeasts. Of total yeast related phylotypes,
171 phylotypes (76.3%) were three known species in three genera viz. Candida palmioleophila,
D. hansenii and K. ohmeri, together with 10 new phylotypes closest seven species. In case of comn
leaves, 285 (24.4%) out of 1,166 clones from 29 samples were yeasts. Of total yeast related
phylotypes, 94 phylotypes (33.0%) were identified as six known species in six genera including
Hannaella sinensis, Mal. restricta, Pseudozyma parantarctica, Rhodotorula taiwanensis, T. asahii
and Yarrowia lipolytica), together with 26 new phylotypes closest five species. The most
prevalent phylotypes in tissue of rice, sugarcane and corn leaves were new phylotypes closest to
Cryp. foliicola, phylotypes identified as K ohmeri and new phylotypes closest to T. faecale,
respectively. Moreover, the new phylotypes were found at high frequency as 56.4%, 32.6% and
69.2% in rice, sugarcane and corn leaves, respectively.

The epiphytic yeast diversity in the leaf surface of three economic crop were also
investigated by culture-independent method. For rice leaf samples (n=44), of total 1,121 clones,
451 clones (40.2%) were yeasts. Of total yeast related clones, 329 clones (72.9%) were 9 known
yeast species in 6 genera viz. Bullera japonica, Metschnikowia koreensis, Mey. guilliermondli, P.
antarctica, P. aphidis, Sporobolomyces blumeae, Sporobolomyces carnicolor, Sporobolomyces
oryzicola and Wickerhamomyces anomalus. For sugarcane leaf samples (n=45), of total 1,342
clones, 426 clones (31.7%) were yeasts. Nevertheless, the majority of yeast related sequences
(410 clones) were unable to be identified as known yeasts species. These were closest to 11
yeast species in seven genera viz. Cryp. flavus, Hannaella coprosmaensis, R. taiwanensis,
Jaminaea angkorensis, Mal. restricta, P. antarctica, P. aphidis, P. hubeiensis, P. prolifica, P.
shanxiensis and Sp. vermiculatus. In case of corn phyllosphere samples (n=37), of total 1,049
clones, 357 clones (34.0%) were yeasts. Of total yeast related clones, 98 clones (27.5%) were 12
known yeast species in seven genera including B. derxii, B. oryzae, Cryp. flavescens, H. sinensis, J.
angkorensis, P. antarctica, P. aphidis, P. hubeiensis, P. prolifica, Sporidiobolus pararoseus, Sp.
carnicolor and Sporobolomyces odoratus. The majority of yeast related sequences were closest
to yeasts in genus Pseudozyma. Interestingly, most of the phylotypes detected in all three leaf
samples were identified as yeasts in phylum Basidiomycota and were unable to identify as known
yeast species, implying the representative phylotypes of the new yeast taxa. The most prevalent
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yeast species in the surface of rice leaf was P. antarctica with 63.6% frequency of occurrence.
The most prevalent genus in the surface of sugarcane leaf was Pseudozyma. P. hubeiensis and P.
antarctica were most prevalent species in the surface corn leaf samples with 24.3% and 21.6%
frequency of occurrence.

Selection of potential yeast for indole-3-acetic acid (IAA) production was carried out in
epiphytic yeasts and endophytic yeasts isolated from rice leaves, sugar cane leaves and comn
leaves. Optimization of IAA production by the selected yeast strains was performed using one
factor at a time (OFAT) as well as response surface methodology (RSM) experimental designs. 1AA
biosynthetic pathway of the selected yeast isolate was also investigated. A total of 1,388 yeasts
isolated from rice leaves (430 strains), sugar cane leaves (605 strains) and corn leaves (353 strains)
were subjected to screening for high IAA producing yeast in yeast extract peptone dextrose (YPD)
broth supplemented with 0.1% tryptophan. IAA assay was performed by colorimetric method and
high-performance liquid chromatography (HPLC). As a result, two yeast strains ie. corn
phylloplane yeast Rhodosporidium fluviale DMKU-CP293 and rice phylloplane yeast R.
paludigenum DMKU-RP301 were found as high IAA producers by producing 141.5 and 321.7 mg
IAA/L which corresponding to 31.9 and 29.3 mg 1AA/g dry cell weight respectively. Optimization of
IAA production in flasks by the selected yeasts using one factor at a time (OFAT) revealed that R.
fluviale DMKU-CP293 and R. paludigenum DMKU-RP301 produced 1,559.4 and 1,464.7 mg IAA/L,
respectively. Respond Surface Methodology (RSM) was used to improve IAA production and Box-
Benhken experimental design was employed. Results indicated that R. fluviale DMKU-CP293 and
R. paludigenum DMKU-RP301 improved their IAA production to 2,420.2 and 1,623.9 mg/L,
respectively. The production of IAA in batch cultivation was then scaled up in a 5-l fermenter for
R. fluviale DMKU-CP293 and the maximum IAA of 8,930.0 mg/L was obtained whereas 2-l stirred
tank fermenter was used for fed-batch cultivation of R paludigenum DMKU-RP301 and the
maximum IAA of 2,707.9 mg/l was obtained. To investigate on IAA biosynthetic pathway, culture
broth of R paludigenum DMKU-RP301 was analysed by both gas chromatography-mass
spectrometry (GC-MS) and HPLC. Indole-3-pyruvic acid, indole-3-lactic acid and indole-3-ethanol
were detected in the culture broth as well as tryptophan aminotransferase activity. This
therefore indicates that the yeast R. paludigenum DMKU-RP301 produced IAA via Indole-3-pyruvic
acid pathway. In addition to IAA production, R. paludigenum DMKU-RP301 also showed the
production of ammonia, siderophore and catalase which are both direct and indirect plant growth
promoting characters.

To evaluate the efficiency of endophytic and epiphytic yeasts to be biological control
agent rice, sugarcane and corn pathogenic fungi. Ten plant pathogenic fungi (PPF) including rice
pathogenic fungi (Fusarium moniliforme, Helminthosporium oryzae and Rhizoctonia solani), corn
pathogenic fungi (Bipolaris maydis, Bipolaris zeicola, Exserohilum turcicum, Fusarium moniliforme
and Macrophomina phaseolina) and sugarcane pathogenic fungi (Colletotrichum falcatum and
Fusarium moniliforme) were used. By dual cultivation of 417 endophytic yeast strains and 10 PPF
only 11 strains in two species (Wickerhamomyces anomalus and Kodamaea ohmeri) showed
inhibition on photogenic fungi. Determination of antagonistic activity of 173 epiphytic yeast strains

against 10 PPF revealed that only four yeast strains viz. Pap. siamense DMKU—SP85T, K. ohmeri
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DMKU-SP45, Candida sp. DMKU-SP81 and P. alboarmeniaca DMKU-SP290 inhibited growth of
some PPF with various percentages of inhibition. The four antagonistic yeast strains produced
siderophore and two enzymes (B3-glucanase and chitinase). P. alboarmeniaca DMKU-SP290
produced volatile compounds and inhibited growth of pathogenic fungi by competition of
nutrients. Candida sp. DMKU-SP81 and K. ohmeri DMKU-SP45 produced the highest (3-glucanase
and chitinase, respectively. A total of 221 epiphytic yeast strains from the surface of rice and corn
leaves were determined for their antagonistic activity and 37 strains of 17 species in 12 genera
inhibited growth of PPF. Among these Torulaspora globosa DMKU-RP31 and T. globosa DMKU-
RP35 inhibited 8 PPF, W. anomalus DMKU-RPO4 inhibited 7 PPF, K ohmeri DMKU-RP0O6 and W.
anomalus DMKU-RP25 inhibited 5 PPF, W. anomalus DMKU-CP122, W. anomalus DMKU-CP127
and K. ohmeri DMKU-RP34 inhibited 4 PPF and the others inhibited less than 4 PPF. Considering of
inhibition, Candida floricola DMKU-CP149, Hanseniaspora guilliermondii DMKU-CP295, C. floricola
DMKU-CP367, Bullera sinensis DMKU-CP437, W. anomalus DMKU-RP04, W. anomalus DMKU-
RP25, T. globosa DMKU-RP31, K ohmeri DMKU-RP34 and T. globosa DMKU-RP35 inhibited growth
of PPF greater than 50%. Inhibitory mechanisms study revealed that eight antagonistic strains
produced siderophore, seven strains produced volatile compounds to inhibit growth of R. solani
by 57.0-73.9% inhibition, 34 strains produced B—glucanase in the range of 0.5-42 mU/ml and 21
strains produced chitinase in the range of 2-249 mU/ml. The result of investigation on
competition of nutrient and space revealed that 12 yeast strains inhibited growth of PPF when
nutrient concentration was low. Rice sheath blight disease (R. solani) control was tested in
greenhouse by the seven antagonistic yeast strains (Bullera sinensis DMKU-CP437, C. floricola
DMKU-CP149, C. floricola DMKU-CP367, H. guilliermondii DMKU-CP295, T. globosa DMKU-RP31, T.
globosa DMKU-RP35 and W. anomalus DMKU-RP25). The result showed that cell suspension of H.
guilliermondii DMKU-CP295 applied by spraying significantly suppressed the rice sheath blight
disease by up to 65 %.



	1
	2
	18. Nasanit, R., A. Tangwong-o-thai,P PM. Tantirungkij and S. Limtong*. 2015. The assessment of epiphytic yeast diversity in sugarcane phyllosphere in Thailand by culture‐independent method. Fungal Biology. http://dx.doi.org/10.1016/j.funbio.2015. 08....

	3
	18. Nasanit, R., A. Tangwong-o-thai,P PM. Tantirungkij and S. Limtong*. 2015. The assessment of epiphytic yeast diversity in sugarcane phyllosphere in Thailand by culture‐independent method. Fungal Biology. http://dx.doi.org/10.1016/j.funbio.2015. 08....

	8
	9
	11
	12
	17
	19
	22
	23
	24
	25
	2.2 Yeasts Identification
	Yeasts were identified by analysis of the D1/D2 region of the large subunit (LSU rRNA) gene sequence similarities [16-17]. The sequence of the D1/D2 region of the LSU rRNA gene was determined from PCR products amplified from genomic DNA. The D1/D2 reg...
	[5] de Azeredo L. A. I., Gomes E. A. T., Mendonca-Hagler L. C. and Hagler A. N., Yeast communities associated with sugarcane in Campos, Rio de Janeiro, Brazil, Int. Microbiol., 1998; 1: 205-208.

	[30] Chanchaichaovivat A., Panijpan B. and Ruenwongsa P., Putative modes of action of Pichia guilliermondii strain R13 in controlling chilli anthracnose after harvest, Biol. Control, 2008; 47: 207-215.

	26
	27
	28
	Soil fungal communities and enzymes in a sandy tropical soil treated with biochemically contrasting organic inputs
	O1 -  Soil Fungal Communities and Enzymes in a Sandy Tropical Soil Treated with Biochemically Contrasting Organic Inputs

	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	ศาสตราจารย์ ดร.สาวิตรี ลิ่มทอง
	วันศุกร์ที่ 23 พฤษภาคม 2557 เวลา 9.00-16.30 น.

	41
	Optimization of indole-3-acetic acid production by red yeast
	Rhodosporidium paludigenum DMKU-RP301

	42
	ศาสตราจารย์ ดร. สาวิตรี ลิ่มทอง
	วันที่ 3 กันยายน 2558 เวลา 9.00-16.30 น.




