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Abstract The difference of gene expression between

sclerotia-producing and non-sclerotia-producing single

spore isolates from Morchella conica were preliminary

analyzed by mRNA differential display reverse transcrip-

tion-polymerase chain reaction (RT-PCR) technique and

67 differential gene fragments were obtained. Fifty-eight of

their second PCR products were cloned and sequenced.

Thirteen special differential gene fragments related to

sclerotial formation were validated by semi-quantitative

RT-PCR. Some gene fragments had certain homologies

with lipoprotein, cyclin-dependent kinase C-3, glycero-

phosphoryl diester phosphodiesterase, Rho GDP-dissocia-

tion inhibitor, gamma-aminobutyrate permease, OmpA

family protein, Transcript antisense to ribosomal RNA

protein, sodium–calcium exchange protein and keratin-

associated proteins 5, 6. In addition, the putative protein of

some DNA fragments had higher similarity with hypo-

thetical protein-coding gene in NCBI database, as well as

some were only putative gene fragments. All these frag-

ments were speculated to be the functional gene associated

with sclerotial formation in morel.

Keywords mRNA differential display �
Morchella conica � Sclerotia � Semi-quantitative RT-PCR

Introduction

The fungal sclerotia, which were composed of aggregated

mycelium-large cells with thick wall, were crucial for

storing lipid and polysaccharides making the fungus survive

on the adverse natural conditions and formation of fruiting

bodies. It had been demonstrated that the sclerotia were

important in morel life cycle [1]. The specific conditions of

nutrition, humidity, pH, CO2, light and temperature should

be met for sclerotial formation [2–5] and the morphological

polymorphism (i.e. size, color, quantity and microstructure)

of morel sclerotia were frequently found in different spe-

cies, different strains of the same species and different

single spore isolates from the same ascocarp [6–9].

The mRNA differential display technique established by

Liang and Pardee [10] was a fast and efficient method for

characterizing and isolating differential expression genes.

Until now, no information on the genes related with scle-

rotial formation in Morchella has been reported. The

sclerotia-producing and non-sclerotia-producing isolations

from single ascocarp of M. conica were obtained in our

previous research [9] which were important materials used

for comparative and functional genomic studies. Some

genes or fragments may be found by performing the
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differential display polymerase chain reaction (PCR) from

these special isolations. In this study, 72 primer combina-

tions were used to perform the differential display PCR in

sclerotia-producing and non-sclerotia-producing single

spore isolations for intending to get some gene fragments

related to sclerotia formation in morel.

Materials and Methods

Isolates and Mycelium Inoculation

Three hundred and eighteen single spore isolates from as-

cocarps of M. conica YAASM582 were collected [9]. Four

sclerotia-producing and four non-sclerotia-producing sin-

gle spore isolations were selected as test strains in this

study (Table 1). All strains were inoculated on YPD agar

media (0.2 % yeast extract, 0.2 % peptone, 2 % glucose

and 1.2 % agar) in darkness at 25 �C for 7–9 days.

Total RNA Extraction and Purification

About 1 g mycelia was harvested and ground in liquid

nitrogen using a mortar. Total RNA was extracted by Ta-

KaRa RNAiso Reagent Kit [Takara Biotechnology

(Dalian) Co., Ltd., China, Code: D9108A] and DNase I

[Takara Biotechnology (Dalian) Co., Ltd.] was used to

remove any traces of residual genomic DNA in a 25 lL

reaction volume at 37 �C for 30 min. The RNA integrity

and purity was checked by using 1.0 % agarose gel elec-

trophoresis. The quantification and concentration of RNA

samples were assessed by using Protein and Nucleic Acid

Analytic Apparatus 6400 (Beckmann, USA).

mRNA Differential Play RT-PCR

About 750 ng RNA sample was reversely transcribed using

the primers H-T11G (50-AAGCTTTTTTTT TTTG-30),
H-T11A (50-AAGCTTTTTTTT TTTA-30) and H-T11C (50-

AAGCTTTTTTTTTTTC-30) by Reverse Transcriptase

M-MLV (RHase H-) Reagent Kit [Takara Biotechnology

(Dalian) Co., Ltd.]. The cDNA was diluted to 10 % for

subsequent PCR reaction. The modification of the origi-

nally developed differential display reverse transcription-

PCR (DDRT-PCR) technique was performed. The PCR

amplification was carried out using 72 primer combinations

including 3 anchored primers and 24 arbitrary primers

(Table 2). The reactions were carried out in Bio-Rad

C1000 Thermal Cycler (Bio-Rad, USA) with the following

programs: 1 cycle of 94 �C for 5 min; 30 s at 94 �C, 60 s at

40 �C and 60 s at 72 �C for 25 cycles; 30 s at 94 �C, 60 s

at 53 �C and 60 s at 72 �C for 15 cycles. This was followed

by a final extension of 10 min at 72 �C.

Gel Electrophoresis, Separation of Differential Bands

and Re-amplification

Each of 7 lL differential display products were size-frac-

tionated in parallel on a 6 % polyacrylamide gel at 100 V

for 2.5 h. Then silver staining method was employed for

showing DNA bands as described as follow: the gel was

fixed with 250 mL solution containing 1 % acetic acid and

10 % ethyl alcohol for 30 min; rinsed with ddH2O for two

times; dyed with 250 mL dying solution (0.2 % silver

nitrate, 1 % acetic acid and 10 % ethyl alcohol) for

20 min; washed with water for 30 s, and oxidation was

performed with 3 % sodium hydroxide and 0.7 % formal-

dehyde for 15 min. Obvious different bands were consid-

ered to be the differential expression genes between two

kinds of strains. These bands were cut down and recuper-

ated by soaking in 100 lL ddH2O after the gel was cru-

shed. The gel pieces were boiled in water for 15 min, and

the sediment was incubated overnight at 4 �C. Amplifica-

tion reaction by PCR was performed using 5 lL product as

template with the same primer combination. Reaction

system and parameters were same to the DDRT-PCR. The

re-amplified products were visualized on 1 % agarose gels

and the positive bands was purified using the DNA Gel

Extraction Kit (Axygen, Union City, CA, USA).

Cloning and Identification of Reampilfied Product

of the Differential Fragments

The eluted DNA fragments ligated into the pMD18-T

Vector [Takara Biotechnology (Dalian) Co., Ltd., Code:

D101A] were transferred into Escherichia coli DH5a
competent cells, and three clones were sequenced for each

sample (Sangon Biotech Corporation Limited, China).

Homology analysis was conducted with the BLASTN and/

or BLASTX algorithms in GenBank database.

Table 1 Strains used in this study

Strains Sources Sclerotia

S1 ZD-23 ?

S2 ZD-23 ?

S3 ZD-23 -

S4 ZD-23 -

S5 ZD-18 ?

S6 ZD-18 ?

S7 ZD-18 -

S8 ZD-18 -

‘‘?’’ Sclerotia formation, ‘‘-’’ no sclerotia formation
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Semi-quantitative RT-PCR

Semi-quantitative RT-PCR was performed to identify the

gene fragments described in DDRT-PCR [11]. The

housekeeping gene 18S rRNA was selected as the internal

control. Amplification was conducted according to the

method described below: pre-denaturation at 94 �C for

3 min, denaturation at 94 �C for 30 s, annealing at 55 �C

for 30 s, extension at 72 �C for 1 min. The number of

cycles and annealing temperature in the specific DNA PCR

varied depending on the sequences and the original amount

of target mRNA. Detection and analysis of the PCR pro-

ducts was performed using 1 % agarose gels.

Results and Discussion

DDRT-PCR Screenings and Identification

of Differentially Expressed Genes

The DDRT-PCR method could reveal the expressive dif-

ferences of many genes [12]. Sixty-seven different bands

were obtained by 72 primer combinations in our study. The

size of these fragments were ranged from 250 to 2,000 bp,

and mainly centralized on the range of 300–800 bp (Fig. 1).

The polymorphisms of DDRT-PCR product not only

related with primer combination but also with DNA tem-

plate (Table 3). The statistic result suggested that most of

the primers combinations were suitable for screening dif-

ference segment except primer combinations with primers

AP6, -7, -16 and -22. It was also considered that polyAG

and polyAC structure existed more frequently in M. conica

genome based on the more differentially expressed bands

obtained from the amplification of primer combinations

with anchored primer HT11C or HT11G. Furthermore, the

specific bands in non-sclerotia-producing isolations were

more than ones in sclerotia-producing isolations by the

anchored amplification of HT11A and HT11C, and just the

opposite for anchored amplification of HT11G.

Reamplification and Semi-quantitative RT-PCR

False positive could affect the determination on differential

band, and the good way was to PCR amplify again and

semi-quantitative RT-PCR [10, 13].

Sixty-seven different bands were recovered as template

for re-amplification. Only 58 samples could repeated first

amplification results (Fig. 2) and the these 58 s PCR pro-

ducts were cloned and sequenced. The sequence analysis

showed that 26 segments had corresponding similar func-

tion genes, 9 segments hit hypothetical protein coding

fragments of known species. Twenty-three putative protein

sequences could be found.

Fifty-eight primer pairs were designed for semi-quanti-

tative RT-PCR according to sequenced results. Only 13

(denoted as DD1–13) in 58 fragments were identified as

positive by testing their expression at two types of strains

compared with housekeeping gene 18S rRNA (Fig. 3), and

the expression level these fragments were consistent with

the result displayed on 6 % polyacrylamide gel.

Analysis of Positive Fragments

Most of these positive fragments were cloned from scle-

rotia-producing isolates except fragments DD1–4

(Table 4). All fragments hit the functional gens or hypo-

thetical protein (Tables 4, 5).

(1) DD5 was similar to the gene encoding gamma-

aminobutyrate (GABA) permease of Shigella dy-

senteriae. It was known that the level of GABA

transporter gene expression could be increased with

Table 2 Sequences of the arbitrary primers used in this study

Codes Sequences Codes Sequences

H-AP1 50-AAGCTTGATTGCC-30 H-AP13 50-AAGCTTCGGCATA-30

H-AP2 50-AAGCTTCGACTGT-30 H-AP14 50-AAGCTTGGAGCTT-30

H-AP3 50-AAGCTTTGCTCAG-30 H-AP15 50-AAGCTTACGCAAC-30

H-AP4 50-AAGCTTCTCAACG-30 H-AP16 50-AAGCTTTAGAGCG-30

H-AP5 50-AAGCTTAGTAGGC-30 H-AP17 50-AAGCTTACCAGGT-30

H-AP6 50-AAGCTTGCACCAT-30 H-AP18 50-AAGCTTAGAGGCA-30

H-AP7 50-AAGCTTAACGAGG-30 H-AP19 50-AAGCTTATCGCTC-30

H-AP8 50-AAGCTTTTACCGC-30 H-AP20 50-AAGCTTGTTGTGC-30

H-AP9 50-AAGCTTCATTCCG-30 H-AP21 50-AAGCTTTCTCTGG-30

H-AP10 50-AAGCTTCCACGTA-30 H-AP22 50-AAGCTTTTGATCC-30

H-AP11 50-AAGCTTCGGGTAA-30 H-AP23 50-AAGCTTGGCTATG-30

H-AP12 50-AAGCTTGAGTGCT-30 H-AP24 50-AAGCTTCACTAGC-30
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the invasion of pathogens and insect, physiological

stress difference and even anyone else adversity

conditions. GABA also participated in nitrogen

storage. Morel sclerotia were hard-surfaced resting

organisms that act as a nutrient reservoir, and resistant

to unfavorable environmental conditions [14], so

GABA may regulate more substances transportation

to mycelia for promoting the sclerotia formation.

More attention had paid to the nutrition conditions of

sclerotia formation in Morchella sp., and nitrate and

composite nitrogen such as yeast extract were useful

for the formation of sclerotia, but the contribution of

GABA permease for nitrogen metabolic processes

remained unproven.

(2) DD10 was similar to the gene encoding glycerophos-

phoryl diester phosphodiesterase, which was involved

in process of lecithin’s metabolism of E. coli. The

phosphatide was the important nutrient in fungi, but

no research was reported on the physiological

function in fungi itself. The inflation pressure and

oxidative stress response had a great contribution to

morel sclerotia formation [15] and glycerophosphoryl

diester phosphodiesterase may participate in two

courses above, so further research should be done

on the relationship between them.

(3) DD11 had 69 % similarity with fragment coding

transcript antisense to ribosomal RNA protein of

Ajellomyces capsulatus. In the yeast, this protein was

the constitute of transcription subunit of nuclear

rDNA repeat sequence [16], and was useful for the

selective expression of repeat sequence. The parallel

clips in Morchella may be a part of duplicated gene

sequences which were variable in quantity and quality

of units related to sclerotia.

Other fragments were similar to the gene coding hypo-

thetical protein in NCBI database, and to certain protein

coding genes on other position of the cloning, except clone

Fig. 1 Differential display polymerase chain reaction of total RNA

from hyphae of non-sclerotia producing strains versus, sclerotia

producing strains, Morchella conica. Total RNAs of non-sclerotia

producing strains (S1, S2, S5, S6) and sclerotia producing strains (S3,

S4, S7, S8) were reverse transcribed into cDNA, and then were

amplified. The differential display PCR products were run on to 6 %

naturing polyacrylamide gel in pairs(non-sclerotia producing strains

S1, S2 and sclerotia producing strains S3, S4 must be next to each

other, non-sclerotia producing strains S5, S6 and sclerotia producing

strains S7, S8 can be done in the same manner). The representative

differential display RT-PCR banding patterns were showed, which

had been obtained from amplification with the H-T11A/H-AP9, H-

T11G/H-AP5, H-T11C/H-AP4, H-T11A/H-AP7, H-T11A/H-AP6 pri-

mer combinations. Arrows indicate differentially expressed cDNA

fragments that were recovered from gel and analyzed further
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DD2. DD1 was in common with Rho GDP-dissociation

inhibitor coding part in Tuber melanosporum, DD7 was

similar to Schizosaccharomyces japonicus cyclin-depen-

dent kinase C-3 coding part. DD9 was similar to lipopro-

tein in Corynebacterium striatum. The morel sclerotia

contain a lot of lipid, Papapostolou which was thought that

differentiation of sclerotia in plant filamentous pathogenic

fungi demanding superoxide dismutase (SOD), which

increased with the decreases of oxygen pressure and lipid

superoxide, so the lipid may be hoarding up in sclerotia in

the process of sclerotia differentiation induced by SOD

[17, 18].

Sclerotial formation was a complex and key stage for

the development of Morchella, and the research on the

specific gene expression in this process is very important.

The differentiation and difference of organ can be checked

by the gene expression in time or space, and precise

regulatory mechanism of developmental gene expression is

required. The establishment and utilization of mRNA

DDRT-PCR technique could help breaking the restrictions

such as complex genetic background of materials [19]. The

obvious advantages of this techniques is simple, sensitive

and with high efficiency, but its tendency to high copy of

mRNA amplification and high frequency of false positive

bands production have to be avoided. In this study, the

fragments obtained were expressed sequence tags in

250–2,000 bp, and most of them were located between 300

and 800 bp, which turned shorter after amplification again.

Morel sclerotium is a kind of dense structure of differ-

entiated and systematized hyphae. The structure can help

fungi to against the adverse environmental conditions and

survived as hypogeous, which can revive in the cold winter

and germinate to second hyphae even fruiting. Many non-

nutritive factors have influences on sclerotial formation,

Fig. 2 The differential fragments were amplificated in the same way. The putative bands should be repeatable single one showing in lanes 1–6,

10, 12 and 14–16, and the false positive bands were display in lanes 8, 9, 11 and 13

Fig. 3 Positive results getting from semi-quantitative PCR 18S

rRNA was the internal standard showing in the each first line and

the test segment can be determined to positive different fragment

corresponding to the fragment brightness of internal standard. The

measured positive fragment should conform to phenotype of the

source strains
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including illumination, temperature, pH, chemicals (i.e.

organic acids, phenolic compounds, and polyphenol oxi-

dase), accumulated environmental corruption and

mechanical barrier, sulfhydryl modification factor and

osmotic pressure, and the factors that increase or reduce

oxidation stress may play role on promoting or inhibiting

sclerotial differentiation [20–24]. The positive fragments

obtained in this experiment were similar to genes partici-

pating in lipid metabolism, nitrogen metabolism, adversity

stress and cell cycle regulation, the genes corresponding

these fragments may participate in oxidation stress reaction

in M. conica, working as the upstream or downstream

regulative factors. The fragments similar to S. dysenteriae

GABA permease, OmpA family protein and Homo sapiens

keratin-associated protein 5, 6 coding gene were important

for studying the protection mechanism of sclerotium. These

genes may be peculiar to process of adversity stress

resistance and structure adaptive change in M. conica, and

have similar structure or function to item produced by these

three genes below.

In this experiment, we also found some positive frag-

ment coding hypothetical protein and even can not be

found the corresponding result in NCBI, and these frag-

ments may be the specific genes controlling the formation

or differentiation of sclerotia in M. conica. It provided

important information for genetic and gene regulation on

sclerotium formation of M. conica.
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