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Compar ative transcriptome analysis of Gastrodia elata (Or chidaceae)
in response to fungus symbiosis

Chi-Chu Tsai* - Chun-Yen Huang"
K aohsiung District Agricultural Research and Extension Station, Pingtung 900,
Taiwan.

“National Pingtung University of Science and Technology, Pingtung 912, Taiwan.
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ABSTRACT

Gastrodin, a pharmacologically active constituent, are the major phenolic
components of gastrodia (Gastrodia elata). Under symbiotic with unique fungus
Armillaria mellea, gastrodia will switch on the biosynthesis of gastrodin and
develop from small protocorms to tubers. To understand the gene regulation in
gastrodin biosynthesis in gastrodia, we conducted comparative transcriptome
analysis for Armillaria mellea, small protocorms, and tubers of gastrodia.
Transcriptome comparison between tubers and small protocorms of gastrodia
revealed 1070 differentially expressed unigenes, of which 491 were up-regulated
in tubers whereas 579 were down-regulated. KEGG pathway analyses were
conducted for the up- and down regulated unigenes. Forty-nine up-regulated
unigenes were assigned to 116 different pathways, and 55 down-regulated
unigenes were assigned to 200 different pathways. I nspection of aforementioned
up- and down-regulated pathways, two unigenes named locus 25051 and locus
22288 which may participate in the hydroxylation and glucosylation of gastrodin
biosynthesis pathway were focused. Real-time PCR analysis for the two unigenes
was conducted to confirm the differential expression between tubers and small
protocor ms. As the result, gene expression of unigene locus 25051 in tubers are
higher than that in small protocorms about 3.6 fold, and gene expression of
unigene locus 22288 are about 6.5 fold.

Keywords. Gastrodia elata; Armillaria mellea; gastrodin biosynthesis; comparative
transcriptome; symbiosis.



INTRODUCTION

Gastrodia elata, one of an achlorophyllous orchid plant, which without root
and green leaf and grows in a complex relationship with two compatible mycorrhizal
fungi Mycena spp. and Armillaria mellea, establishes symbiotic associations with
compatible mycorrhizal fungi of Mycena spp. (Figure 1) at seed germination to form
small protocorms, and with compatible mycorrhizal fungi of Armillaria mellea
(Figure 1) during vegetative growth (tuber stage) (Huang et al., 2004 ; Zhou et al.,
1987). In vegetative growth, Armillaria mellea provides nutrition and energy for
Gastrodia elata to grow immature tubes, and its quality and grow situation influence
the grows of Gastrodia elata tuber significantly (Zhou et al., 1987; Zou et al., 2010).
Gastrodin, a ssmple glycoside consisting of glucose and 4-hydroxybenzyl alcohol, are
the major phenolic components of Gastrodia elata and have been used to treat many
human illnesses (Chen and Sheen, 2011). To understand the gene regulation in
gastrodin biosynthesis in gastrodia, we conducted comparative transcriptome analysis
for Armillaria mellea, small protocorms, and tubers of gastrodia.

MATERALSAND METHODS

We performed the sequencing and de novo transcriptome assembly for small
protocorm and tuber (Figure 2) of Gastrodia elata by next-generation sequencing
(IMumina HiSeqgTM 2000 platform) and analyzed the unigenes for Gene Ontology
(GO) annotation, Enzyme Commission (EC) and KEGG pathway analyses. Further,
we examined the differential expression of target unigenes between small corm and
tuber of Gastrodia elata by Real-time PCR analysis.

RESULTS AND DISCUSSION

Gastrodin, a pharmacologically active constituent, are the major phenolic
components of gastrodia (Gastrodia elata). Under symbiotic with unique fungus
Armillaria mellea, gastrodia will switch on the biosynthesis of gastrodin (Figure 3)
and develop from small protocorms to tubers. Comparative transcriptome analysis for
small protocorms and tubers of gastrodia revealed 1070 differentially expressed
unigenes, of which 491 were up-regulated in tubers whereas 579 were down-regul ated.
Forty-nine up-regulated unigenes were assigned to 116 different pathways, and 55
down-regulated unigenes were assigned to 200 different pathways. Inspection of
aforementioned up- and down-regulated pathways, two unigenes named |locus 25051
and locus 22288 (Table. 1) which may participate in the hydroxylation (Figure 4) and
glucosylation (Figure 5) of gastrodin biosynthesis pathway were focused. Real-time
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PCR analysis for the two unigenes was conducted to confirm the differential
expression between tubers and small protocorms. As the result, gene expression of
unigene locus 25051 in tubers are higher than that in small protocorms about 3.6 fold,
and gene expression of unigene locus 22288 are about 6.5 fold (Figure 6).

CONCLUSION

After germination, Gastrodia elata varied into vegetative growth to form tubers
by the symbiotic with Armillaria mellea, which turn on the biosynthesis pathway of
gastrodin and accumulate the gastrodin in rhizome tubers.
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Figures

A

Figure 2. Small protocorm (left, germinated by the symbiotic with Mycena dendrobii) and
tuber (right, symbiotic with Armillaria mellea) of Gastrodia elata.

Toluene UDP-glucose
Hydroxylation |
p-Hydroxytoluene \ > Gastrodin
Hydroxylation | / Glycosylation

p-Hydroxybenzyl alcohol

Figure 3. Hypothetical biosynthetic pathway of gastrodin.
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Figure 6. Real-time PCR analysis of unigenes locus 22288 and |ocus 25051
expression between tubers and small protocorms of Gastrodia elata .
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COMPARATIVE TRANSCRIPTOME ANALYSIS OF GASTRODIA ELATA (ORCHIDACEAE) IN
RESPONSE TO FUNGUS SYMBIOSIS

Chi-Chu Tsai and Chun-Yen Huang

Kaohsiung District Agricultural Research and Extension Station, Pingtung 900, Taiwan,
E-mail: tsaicc@mail kdais.gov.nw

Gastrodin. a pharmacologically active constituent. are the major phenolic components of gastrodia
(Gasirodia elata). Under symbiotic with umique fungus 4rmillaria mellea. gastrodia will switch on
the biosynthesis of gastrodin and develop from small protocorms to tubers. To understand the gene
regulation in gastrodin biosynthesis in gastrodia. we conducted comparative transcriptome analysis
for Armillaria mellea. small protocorms. and tubers of gastrodia. Transcrptome comparison
between tubers and small protocorms of gastrodia revealed 1070 differentially expressed unigenes,
of which 491 were up-regulated in tubers whereas 579 were down-regulated. KEGG pathway analyses were conducted
for the up- and down regulated unigenes. Forty-nine up-regulated unigenes were assigned to 116 different pathways. and
55 down-regulated unigenes were assigned to 200 different pathways. Inspection of aforementioned up- and down-
regulated pathways. two unigenes named locus 25051 and locus 22288 which may participate in the hydroxylation and
glucosylation of gastrodin biosynthesis pathway were focused. Real-ime PCR analysis for the two unigenes was
conducted to confirm the differential expression between tubers and small protocorms. As the result. gene expression of
unigene locus 25051 in tubers are higher than that in small protocorms about 3.6 fold, and gene expression of unigene
locus 22288 are about 6.5 fold.

Keywords: Gastrodia elata, Armillaria mellea, gastrodin biosynthesis. comparative transcriptome, symbiosis.
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