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Abstract: As-a-Basidiomycotg-phylum mushroom, Garoderma lucidum is highly appreciated for its health and

nulrition value. The present study cultivated Ganoderma Tucidhm as selenium transformation cartier, and revealed

the physiologica'l changes and gene responses by sclenium supplementation through high-throughput RNA-Seq
technology. As a result, selenium supplementation increased the stipe length and the cap size, but decreased the cap
thickness of G. Tucidum. A%hEMneral salt supplementation could greatly promote the formation of triterpene
acids and selenium in G. fucidum. Muossever, the highest yield was gained in the treatment with selenium content of
200 pg/g. Subsequently, the tissues of G. fucidum at budding and mature stages in this treatment group were
sampled for transeriptome analysis and compared to those of a control group without selenium supplementation.
-F-ma-l-l-yﬁ' total of 16113 expressed genes were obtained from the transcriptome of G. fucidim, and GO-annotated
unigenes were mainly involved in molecular functions and KEGG-annotated ones were highly expressed in
ribosomal pathway. Furthermore, genes involved in carbon metabolism pathway were most promoted by selenium at
budding stage of G. fucidum, while gene expression was the highest in the pathway of antino acid biosynthesis at
mature stage of G. frweidum. Specially, selenium-related genes in G fucidum, such as GL23172-G, GL29881-G and
GL28298-G, played a regulatory role in oxidoreductase, antioxidant activity and fryptophan synthesis, The resuits
provide a theoretical basis for further study of selenium-enriched mushrooms and aid to development of Se-enriched
foodstuff and health products made from fungi.

Key words: Ganoderma lucidum; Selenium; High throughput technology; Transcription
Introduction W (pei® M M\W 'ba‘.'@ua ) (e
G. hicidum is an edible fesews of Basidiomycota phylunl,_aadm{bodics and spores are abundant in health and
nutritious substances including polysaccharides, triterpenoids and nucleoside (Yo & Zhai, 1979: Kineahan, Kowal &
Grindey. 19817). These substances are proved to strengthen immune system and inhibit tumor formation (Wung,
2002; Sakemnoto, 2016), hence usually utilized in clinical medicine. With great medicinal value, G. lucidum becomes
appreciated and has been cultivated in large areas in China. Moreover, a long history of G. lucidum cultivation
contributes to sophisticated plahting skills, as well as its high and stable yield (Boh er of, 2007). To satisfy the
expanding market demand of G. fucidum products, exploration in improving its quality and growth efficiency is now
pursued.
Selenium is a muliifunctional bionutrient element, and is also recognized as the necessary trace element for
important metabolic enzymes. Morcover, as 8 key component of gluiathione peroxidases and selenoproteins,
selenium shows great significance to human health with anti-oxidation, anti-tumor, enhancing immunity, etc
(Reyman, 2012, Rayman, infurte & Sargent, 2008; Rotruck et ol 1973). The main existence state of selenium in
vide ~demonstratedAhat inorganic selenium is
f Sreasing] ‘demanding to seek a way of

more toxic and difficult {o absorb compared to the organic st
lranstormation. A large number of edible mushrooms (e, Flg#mmiding velfipes, Pleurotus ostreatus and

nature is inorganic and active-in-plant in low concentrationg
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Ganoderyla lucidunm)  were reported to be capable of selenium accumulation

iragsforming the supplemented elements from inorganic to organic states. Zhho and Hartman pldnted G. fucidum and
fwith essential element addition (e.g. selenium and calcium) in the sybstrates, and finally harvested nutritional
e-improved fruit bodies (Hariman er ol 2000, Zhao er ol 2004). Our previous study demonstrated the
cultivated Auricularia cornea with a 100 pg/g supply of selenium An the substrate outperformed with high yield,
rich crude polysaccharides and selenium content (Li ¢! af., 2018).
Atpresent, lllumina high-throughput technoloegy is widely appifed to transcriptome sequencing and exploration ol
gene composition and functions for mushrooms based on its unprecedented handling capacity, scalability and speed
(Parel & Jain, 2015). Also, this technology is regarded as a necessary way to clarify the biogynthetic pathways
of bioactive compounds that mushrooms produce (Tomoniro 2021, Dong ef af. (2021) identified 17 candid_at_e___.M

genes that were involved in triterpenoid biosynthesisA#using high throughput mefficd, getting a molecular W\,ﬂ(} .

understanding of Phellinus igniarius. Duan, Buo & Bwr (2021) performed high-throughput transcriptome

sequencing of a wild mushroom species Lencocalocybe mongolica, and discovered expression changes of
some key CAZyme-related genes between mycelia and fruiting body organs. Additionally, real-time quantitative
PCR becomes Encreas_inﬁw‘lportant in the quantitative detection of genes for its obvious advantages (Piuffi et ol
2002). qPCR l‘nelhod$ hag bee?l' used in detection of gene stability and verification of gene function{Zarivi ef o/,
2015 Li et al, 2000 5p¢wz .
Despite some studies on . fucidum as a transformation carrier of mineral elements like selenium, the suitable
oncentration and mechanisms of selenium accumulation in G. fwcidum should be further explot‘edﬂ

@hysiological changes including mycelial growih rate, stipe length, cap size and thickness, fresh yield, contetfts of
the crude polysaccharide, triterpenoids and total selenium in the mpture fyuit bodies and gene responses during G.
hicidum growth by selenium supplementation were investi gate&%usiréﬁg%hmughput sequencing technology.
Mea-nwhﬂ'e,‘&}x differentially expressed genes, which were potentially selenium-dependent were selected for real-
time reverse transcription PCR (RT-PCR) {o validale the gene expression profiles in G. Jucidum transoriptome.

Materials and methods FE . ‘ v &(}
[Z 5, . . ™~
Ganoderma lucidum cultjvation ijl :é " \'nif\o\j Hoek Wi Sheu—~ 1 'ZM'A
_ - » How! M w shi\\ Gg. Wecdunn
The studied G. fucidum 1 was CHuan Yuanzhi No. 1. The substiate was composed of 90% cottonseed hull, 5% nd—
-l-——"_'__.-.‘
wheat bran, 4% corn flour a o gypsum, and a sodium selenite (Na,SeQ;) solution was supplemented to the coh-'{'E "; ,w}d

substrate. The mixed substrate was put into polypropylene cultivation bags with the size of 17 cm >33 em X 0.005
cm. The final concentrations of sodium selenite in the substrate were determined to be 0 pg/g, 50 pgig, 100 pg/g,
200 pg/e, 250 pgfg, and 300 pgfglpvith the labels of GCK, G50, G100, G200, G250, G300, respectively. The

I3
substrate bags were then under sterilization at 98-100 °C for more than 18 hours, Afterwards, the bags wetc cooled

to room temperature and then prepared for inoculation. ’l’h@meImculation was done in a laminar
flow cabinet with a sterile environment g Ton e Cuttad sucte-earrted into a culture room for T" 7
A fesiem, . . oo o = T

n, With the mycelia full of bags, they were planted in the cultivation site at Zhaojia, Jintang,

China (N 30°48' 16.45" , Ei 104°35' 48.79" ). 'the space of the cultivation sitc was ventilated, and previously

cleaned and simply disinfected with lime. ~ )
'Ch l\ \“ AT N "bLI
Growth index investigation 39& cann A M'jtew . 6 .

The mycelial growth rate of G. fucidum was measured before the mycelia were filled with cultivation ‘bags. Other

SWL(’“‘ LN %é_ waxrh wuﬁw\zm
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80  growth indexes including stipe length, cap sizg and thickness, fresh yield, crude polysaccharide, titerpenoids and
81 total saglgium gmcentration were m»vesﬁ'gm at the mature stage. The crude polysaccharide content was
82 determmedv-ab phenol-sulfuric acid method (/' er af, 2008), while the triterpenoids was by UV-vis
83  spectrophotometry (Zharig /987). The statistical analysis was done with~using Excel and SPSS.}?I)Eata with
84  different lower-case letters showed significant differences (p-value <005} by the LSD method of a one-way

85 ANOVA.'JM i owk ot plact — 'odms.s & tha %wa \ede.na(.

86  Sample collection for transeriptome analysis

87 The G. lcidum tissues of GCK and G200 were sampled at both budding and mature stages with prepared gloves,
88  tweezers and knives, which were previously Yteriﬁ?fd. There were tatably four samples, fabelted GCKb, GCKm,
89  G200b and G200m, respectively. Each sampie-has three replicates, and more than 500 mg of fresh tissues per
90  replicate were collected and pooled. Afterwards, the samples were stored in liquid nitrogen with 2 mL Eppendorf
91  tubes (Eppendorf, Germany), and then sent to Personalbio (Shanghai, China) for RNA extraction and transcriptome
92  sequencing. The statistical power of this experimental design, calculated in R (version 4.1), \ﬁo‘ﬁd% in
03  RNASeqPower,

94  RNA extraction, library preparation and sequencing

95  Total RNA of G. fucidum samples was extracted with a Qlagen RNeasy mini kit (Qiagen, Germany) according to
96  the manufacturer’s instructions. Aﬁ%?fs{ﬁl%: quality exemriwration and contaminated RNA elimination, the remaining
97 RNA was cleaved into fragments of %0600 bp in length. Then the RNA was reverse transcribed to cDNA with a
98  Fast Quant RT Kit (TIANGEN, Beijing). PCR amplification was applied in the cDNA fragments enrichment, and an
99  Agilent 2100 Bioanalyzer (Agilent Technc;;gies, CA, USA) :v%\for examination of 300-400 bp fragments during
100 ﬁbrary generation. With libraries diluted to 2 nM uniformly and f§rmed single stranded with alkaline denaturation,
101 they were finally paired-end sequenced based on Hllumina NextSq 500 (Lllumina, San Dicgo, CA, USA). Al the
‘ rchive (SRA) database with the accession NO.

102 raw sequences were deposited in the NCBI Sequence Read
103 SRR5576791-SRR5576802.

o
cofence odoes nat \ wole
¥ Vs senbe
105 Raw reads with FASTQ 4ype were checked and ﬁltered‘bféne FastQC program(Lu. Toovaras & Gough 2021). The
106  adapters wereyemoved, and then sequences shorter th 0 by or lower than Q20 in quality score were removed.,
pd5| 5 4 WMW@ Y 5
107 Afterward! de novo assembly was performed S program Trinity (Zhou er al, 2014,
——
108 Grabherer al, 2011, A total of 3.72X 108 raw reads were obtained in the presenT studyPwith approximately

109 0.99% of low-quality reads removed, and finally 3.69X 108 high-quality reads w_e&a_g/men‘ed_gut. Besides, the
110 statistical results of Q20, q30 and GC contents related to the obtained sequences were in Table §1. Furthermore,

104 Assembly and annotaﬂgn

111 each sample contained 4.45 GB data, and 67.43% of high-quality sequences were alighed to the corresponding

112 reference genome, so as to carry in-depth analysis of transcriptome data.

113 High-quality sequences started to be spliced alternatively to obtain transcript pees by Inchworm, Chrysalis and

114 Butterfly. The longest sequence in each cluster was treated as one unigene, and annotated against the databases of
115 GO (Gene Ontology){Ashburner er al., 2000), KEGG (Kyoto Encyclopedia of Genes and Genome)Keanehisa el al.,
116 2080}, KOG (Cluster of eukaryotic Orthologous Groups), NR (Non-Redundant Protein Sequence Database) and
117  SwissProt (Swiss-Prot protein)(Boechmeany ef af., 2003), The clean sequences were aligned to analyze differential
118  gene expression and enrichment. used KOBAS software to perform KEGG pathways enrichiment
119  analysis following the hypergeometric distribution principle using{Genileman et of., 2009).
JR—
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120 Gene expression analysis and validation M_ Iy
121  RSEM was used for expregsion quangdication of RNA-Seq data with a reference of de_novo assembled
122 transcriptome, and the resull of alignmerﬂgs #agtys investigated (Li & Dewey, 2047). Based on RNA-Seq
123 technology, Each unigene’s FPKM value that represented the expected fragment numbe per kilobase of transcript
124 sequence per million sequenced reads (7 i(.rpnef ef al, ..i(b()) was calculated as the expression level. Fhesfhalysis of
125  unigene expression differsnce was carried n DIESeq (Version 1.18.0) (Li & Dewey, 20//). The expressed
126  genes with significant difference (DEGs) were screened and the threshold for screening was |log2(FoldChange)! > 1
127  and p-value < 0,05, Furthermore, a heatmap was drawn to display the expression pattern of each DEG across all the
128 samples between the selenium-treated (G200) and control groups (GCK) with two-way hierarchieal clustering based
129 on the R package Pheatmap (Veuno & Joak, 26135) éur identified unigenes were selected for expression
130 validation using the gPCR agf:kfsis. A Super RT Kit (TyfeaRa, Osaka, Japan) was for RNA reverse transcribing, and
131  Ribosomal Protein L4 was l@n‘eference to amplify and norjnalize gene expression for each qPCR using primers (X
132 er 4l 2014). Vltimately, each gene expression in one sample was confirmed with not fess than three independent
133 gPCR 1-eactior}g..ﬂ’dj e WC&? 1
134 Results ¢ A
i Aa,(,b IMPJ
35 G. lucidum growth changes affected by selenium supplementation — - bﬂ
QR Lo N
[36  Selenium supplementation significantly affected the physiological development of é fucidum including agronomic
137 traits and nutrient contents in the presest study (Table 1). The mycelial growth was evidentl \g E{m{ﬁ%ﬂcniu
138  supplementation, and the treatment with the selenfum concentration of 100 pg/g in the substthte was-the fastes(y(6.3
139 mm/d), significantly faster than the control (P<0.05). Selenium supplementation showed a limited effect on G,
140 fucidum shape characteristics, including the stipe length and cap size of fruit bodies, had no signiticant changes in
141 each treatment. While, the cap thickness of Se-treated fruit bodies svas ‘sjntallcr jh that of the control, #bd those of
G50 G100 and G250 were significantly thinner. Lot v Hertt: highe &hwh yjeld of-G208
143 a/bag), which was 12.44% hlghe an the control, hu.i the other treatments lower yields. In
‘\F‘ addition, ditferent effects occurrdd Ch Ehe active comnems of fruﬁﬁm Selénium supplementation.

w 46

147
148
149
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Triterpenoid acids in the G. fucidum fiuiting bodies were promoted, and the contents increased with selenium
supplementation from 100 pg/g to 300 pg/g, The highest triterpenoid acids (0.91%) were found in the treatments
with the selenium concentration of 50 pg/g and 300 pg/g in the substrate, significantly higher than the control.
However, there was no significant difference between the polysaccharide contents in fruit bodies of each treatment,
and G300 was the highest, reaching [}.61%,

Best ¢ total f-rle fum m fiuit bodies increased first and then decreased with the selenium addition,
<andthe Se-treated anea"::)e 31gmf cgntly higher than the control in selenium accumulation, It peaked at 11.79 g/
in the treatment with the selenium concentration of 250 pg/g in the subsirate. Nhi—eever,—ﬂwe%atment with the
lowest selenium concentration (G50) had the highest accumulation rate of sodia‘.ug selenite {0.90%), and then it
decreased by selenium supplementation, Thus, it demonstrated that G. /ucidum-se%apable of selenium absorption
but with a cumulative threshold. Consequently, G. fucidum cultured in the substrate with 200 pg/g of selenium was
selected for transcriptome analysis to explore gene responses by selenium supplementation at the budding and
mature stages due to its highest yield and rich nutrients.

Functional annotation based on G. lucidum transcriptome

The gene expression profiles of G. fucidum between the selenium-treated samples at 200 pg/g concentration (G200)
- . v 7 e LUt W v
A nimic  bafts ! T gk ‘(‘)
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160 and the control (GCK) at the budding and maturc stages were analyzed using High-throughput RNA sequencing. A
161  total of 16113 unigenes were finedly obtained, ranging from 50 bp to 16,000 bp in length. To uncover more G.
162 Jucidum-related functional genes, five frequently used databases were employed for annotation including GO,
163  KEGG, KOG, NR and SwissProt. As a result, the numbers of the annotated unigenes were 5554 (GO), 3139
164 (KEGG), 5760 (KOG),10874 (NR) and 6328 (SwissProt), accounting for 34.47%, 19.48%, 35.75%, 67.49%,
165 39.27%, respectively. ‘b ﬂdl' Wil ke .

) The unigenes in the G. fucigim transcriptome were totally annotated to 910 GO-terms during its growth period.
And 58 of them were with
the-most terms(29), follo

ore than 10% of the annotaled genes, in which, the category of molecular function had
td by the biological process (22) and cellular component (7} (Table S2), Whatlsmere,
ere were 22 GO-terme with over 1000 annotated genes, including binding, catalytic activity, metabolic process,
cellular process @

of genes, playing impettant roles in primordia formation and fruit body maturation of G. fucidum.

2) To further understand the biological pathways during G. fucidumm growth, the unigenes were mapped to the

Thus, the GO-annotation results indicated GO pathways were regulated by a large number

reference pathways in the KEGG database including ceflular process, environmental information processing, genetic
information processing, metabolism and organismal systems (Table 2). A total of 4285 and 4313 unigenff':ﬁ“\ifufe& k
a

t both

growth stages, accounting for 42.01% and 40.95%. Results showed that more unigenes in G. fucidum wrgre up-

annotated at budding and mature stages, respectively,.and—t-hcunigenes related to metabolism were the mos

regulated at budding stage with 200 pg/g sodium selenite addition in the substrate of all the five KEGG pathways,
However, just the genetic information processing were with larger amgunt of up-regulated unigenes in Se-treated G.
lucidum at the mature stage. Thus, selenium suppiemmctivated physiological development during
G. lucidum primgordium formation more than af the mature stage, wﬂ"hi'\‘s — reNe-

181 ° 3) Mpeeiadly three of the KEGG pathways M&a more than 10 up-regulated genes in the control group at
182  budding stage including biosynthesis of amino acids, carbon metabolism and glycine, serine and threonine
183 metabolism (Table S3}..Measnwhile, fntotal of 19 KEGG pathways had over 10 up-regulated genes with selenite
184 supplemented in the substrate at budding stage, in which, “carbon metabolism” had the largest amount (32),
185  followed by the pathways of “biosynthesis of amino acids” and “citrate cycle (TCA cycley”. However, a smaller
186  amount of unigenes were up-regulated at the mature stage, and just 3 of the pathways were with more than 10 up-
187  regulated genes in each treatment, representing “carbon metabolism”, “peroxisome” and “amino sugar and
188 nucleotide sugar metabolism” in the control group, and “biosynthesis of amino acids™, “purine m&tzbolism” and
18%  “pyrimidine mectabolism™ in the Se-treated samplesMhese database annolations provided basiea-}‘Bioiogical
190 information in G. fucidimm, contributing {0 a better undeltzzding of selenium accurnulation in the studied fungus.

¥3
Q.réx"'-f)‘

‘owth stage affected the gene expression pattern of G. fucidum,

191  Differentially-expressed gene analysis

192 To gg}_etaﬂ)_(_ unceover how selenium additioh an
1934 a heatmap based on the RPKM method wa ) 2:: ér \Ajh stage had significant impacts
194 on gene expression, separating the G. fucidum transcriptomes into two clus 1}\61’"5 ¢ interesting resuli was that the
195  up-expressed genes at the budding stage of both treatments became down-expressed at the mature stage,
196 More specifically, the control group had 1695 up-expressed genes at mature slage and 1402 up-cxpressed genes at
197  budding stage (Fig. §1). However, only 975 and 1291 genes were up-expressed at mature and budding stage with
198  selenium addition, respectively. Also, the gene expression pattern of G, fucidium was greatly changed by selenium
199 addition, There were 3280 differentially expressed unigenes between the selenium-treated and control groups at the
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Ty tetah
200 budding stage, of which, 1612 upregulated and 1668 downregulated in response to selenium addition. Amd 912
rggulated and 1549 downrepulated genes were detected with selenium supplementation at the mature stage.
@ e top 10 up-regulated genes in both treatments and genes with the highest expression at budding and mature
stoes were investigated in EH'E'M‘RE study (Table 54, Table 55) . The most up-regulated genes treated with
204  selenium addition were GL23959-G and GL26604-G at budding and mature stages, respectively. The gene
205  GL23959-G was related to the monomeric metabolic process, while the gene GL26604-G was involved in the

206  activity of cation transmembrane {ransporier. Besi e genes in the Se-treated G. fucidum with the highest

207  expression at budding stage was GL21838-G, with 1clcvancc to the binding of organic ring compnglds, peroxidase
208  activity and stress response, and GL23307-G was the highest at mature stage. A ,J)lst two
209  up-regulated genes were among the top 10 genes with the highest expression. And they were GI.23263-G and
[-EIO 4771-@G, annotated in GO:0003824 MVQ eke,

11 o validate the gene expression profiles in G. fucidum transcriptome, six differentially expressed genes were
215 cted for gPCR. Two of the selected genes GL23172-G and GL29881-G were up-regulated at budding and
213 malure stages with selenium supplementation, and they played a role of regulating the oxido-reductase and
214  antioxidant activities, Meanwhile, the gene GL23172-G whlch was related to active oxygen metabolism, was found
215 up-expressed at both growth stages of G. fucidum. \&ha-t-a—mefe thc genes GL24625-G and GL28298-G were both
216 involved in tryptophan synthesis, and one was down-regulated and another up-regulated during G. lucidum
217  primordium formation. All of the six genes were successfully amplified, and the qPCR results were highly
218  consistent with the DEG expression patterns of the transcriptome analysis, confirming the reliability of the RNA-
219  Seqdata (Table 3)

220  Discussion r_o m&g}#‘.@}&

221 Selenium supplementation affected G. lucidum agrong{nic traits

222 Onekey indicator of hyphal vitality is the growth rate] vhicggﬁ?shows the hyphal adaptability to the surroundings.
223 The present study revealed a faster growth rate of G. Iz%ypha with selenium supplemented in the substrate,
224 demonstrating that selenium be capable of promoting G. fucidum growth at hyphal stage. However, the promotion {Tﬂw‘t‘
225 trrii t i facy i t steader # peaked at the concentration
226  of 100 pg/g. As is reported by Goyal, Kelia & Sodhi (2015), the growth of G. szcid}fn hypha is absdeusly affected
227 by selenium supplementation, making the hypha 1' and their branches wider. A n the spore morphology

228  is changed by the increase of selenium addition. Hus clear that higher concentration of inorganic selenium may
229  not be good for hyphal growth. [n addition, selenium is found to be widely used in mushroom cultivation, and it can
230 improve the agronomic characteristics of edible fungi (Wi er «f, 2073). In the present study, selenium
231  supplementation obviously made the cap OT@ fucidum fruit bodies thinner, while the mineral had no significant
232 effects on the stipe length and cap size. Besidesy The vield of G. fucidum is the most important production indicator
233 that thrmcr?ggncem. The fresh weight of G. Jucidum fruit bodies was the highest when the selenium concentration
234 was 200 pg/g in ) present study. Considering the better agronomic characterieyés of the 200 pg/p Se-treated G.
235 fucidum, this supplementation concentration can be optimal for G. fucidum cultivation. Thus, selenium has a
236 comprehensive effect on G. fucidum growth and development, and it still needs further exploration into the unknown
237  mechanism,

238  Nutrient contents in G, Jucidum changed with selenium supplementation

239  The present study uncovered a continual increase of selenium in G Jucidum fiuit bodies with selenium

'T.{" ¢ W‘-“U\/ loe W"‘TM
S W \S
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of edible fungi (e.g. G. fucidm) have a strong ability to enrich mineral

supplementation. As is known, the
elements (Drewnowska & Falandfpsz, 2005, Kale & Svoboda, 2000), and selenium is a typical representative
(G secka, Shwilski & Mleczelf 2018, R
clement for humans, playing gh importan§ role in our health. A dynamic change of selenium enrichment in G.
fucidum fruit body was revealgdy and the larpest content was detected at the concentration of 250 pg/p in the present
study. According to Goyal e/ a!g-%

viffy 1998). Besides, sclenium is proved to be an indispensable trace

ehiym absorption by G. fucidum hypha shows an increasing trend with the
increase of selenium supplementation{/ans$en 2006), which will probably have a direct effect on the selenium
ccumulatign in fruit podie ¢ effective adsorption of selenium by G. fucidigg in our study is consisient with
ALl "o b G gy e advorpion of scleumty 6. et g N
n dlentum enrlchment of algae (L7, Gro & Li, 2003). Additionally, #e found that sodium selenite
{Na;Se0;} supplemented into thg substrate can be transformed into organic state with bio-absorbing by edible fungi
including Agaricus biﬁpormﬁ,‘(éﬁmrs edodes@c.(Def'nm-’ics, S.‘qﬂiwm'a(&) : ;?,.E/{erenj Wororiecka &
Kroon, 1998, Ogra et ef, 2004, Racs ef of 2000 Yoshide et al, 2005).These states inciude Dl‘gal‘éi; selenoproteins,
polysaccharides~aad—se—sa. Also, selenium has been proved to form conjugated comple% Wwith mushroom
polysaccharides, significantly improving the biologicat activities of G. /ucidum and other edible fungi, such as anti-
tumor and free radical scavenging(Shi et al., 207 0). It follows that & lcidum enriches seimn]r’ a%rr;_ing to vig}ﬂprglveeﬂ( ?
its mediginal Ghlue. Furthcn‘m%‘ t egi in the studied G. fucidmm fruit bodies mﬁa}a further vgﬁf_y___ii w{ﬂen
Jhey are oamsale. As is reported, the suitable sefekim intake of human body is 60 ug everyacay. hat is to say, only 4
7.91g dry fruit boWﬁ satisfy the selenium need if the studied G. fucidum of the hig}{c\:st yield is u“t\é'il with
organic safety. WaaN\moxe,Ahe selenium supplementation also greatly promoted the triterpene acid contents in G.
fucidum fruit bodies in the present study, contributing to its higher medicinal properties. In general, selenium can
promote the formation of active substances in G. fucidum fruit bodies, and the results provide a theoretical basis for

the selenium-enriched cultivation of G. Tucidum.

Genes from G. lucidum transcription responded fo selenitum supplementation r7 .7
A s gkl wee o v C.

The present study obtafned 16113 genes and annotated them into dillerent databases including GO, KEGG and efc,,

from which the potential genes relating to selenium enrichment were mined. Consequently, catalytic activity is an
important functional type during the growth of G. fucidum. As—tsTEported, Pifferent enzymes (e.g. cellulose and
lignin peroxidase) participate in the catalytic process during the growth of edible ﬁ%%iological processes like

Bustvell ei af., 1996, Lechner &
Papimtii, 2000; Lee ¢f al., 2004). The gene :%11’,‘[‘ tion of G. fucidum at the transcriptional level presented significant

metabolism, nutrition and energy conversion are greatly determined by catalysis
chanpes with selenjum supplementation in study. This supplemented element is reported to have antioxidant
effect, protecting cells from free radical oxidation damages(Serafin ef f., 2006), Besides, selenium is a cofactor of
selenium-related enzymes (e.g. glutathione peroxidasc)(ﬁfm;mka et al,, 2009}, demonstrated by Goyal ef al.
that there are selenium signals present in G, !ucidmmm, and they are existing mainly in selenoprotein state
(Janssen 2006), +

- L h o {
The changing genes and selenium-related genes played their roles. R&[ﬁs@ Mwﬁ * LN 9

M@aﬁ@ﬁﬁ%&ome genes have different functions at,di erep{ rowth stages of organism (Hsu ef af., 201 1, Muraguchi
M?r&'&r g&uhwwgu gM i
.

) ] pro&,:
& Keamada, 20000, Yu et ol (201 2)studied th
to the initial primordial stages, .

anges in gene expression and biological pathways from the mycelia

int, Il was previously reported that a large number of genes

involved in the pathway of pib-synthetic metabolism were up-regu!?ﬁeg, W the genes relating to degradation
activity presented up-expressed at the stage of fruit formation, 2

, there was a higher expression of genes

K
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280 coding for hydrophobins and lectins investigated at fruiting stage of Agaricus bisporus compared to that at
281  undifferentiated hyphal stage by Morin ef al(2012). glnes involved in stress signals {e.g. MAPK, cAMP) were
282  found up-regulated at fruiting stage when the gene expressions at different growth stages of Hypsizyguis marmoreus
283  were compared (Zhang et af., 20/5). Besides, among the six verified genes, GL28298-G participates in k00600
284  pathway, which has something to do with carbon accumulation of folic acid. As is seen in Fig. 2, k00600 pathway
285  is located importantly in the carbon accumulation process of folic acid (2.1.2.1), greatly contributing to the synthesis
286  of 5,l0-methylenetetrahydrofuran and tetrahydrofplate. Moreover,, twp of the,verified genes GL24625-G and
287  (GL28298-G were involved in trypiophan synthesis. h W_ig‘/gca c fcm expressions and biological
288  pathways of G Jucidum in response to selenium supplementation in the present study, which aids to further study of

289  the molecular mechanism in edible fungi.
290  Conclusion

291 Our study @Ma significant effect of selenium suppiem—e,ragatlon on the hyphal growth, morphological
292 characteristics, yield and active substances in G. hrc e, gm!"’he most suitable selenium concentration for G.
293 lucidum bag cultivation was selected at 200 pg/g. The traggc‘:uptlon analysis uncovered the different expressions of
294  some significant genes: the ribosome-related genes were most active during the primordium formation, and the
295  genes related to amino acid biosynthesis were up-expressed duunye fruit body maturation. More importantly, the
296  expression of genes in different biological pathways \ﬂls e lded by the growth stage and selenium concentration.
297 Some potential selenium dependent genes were unearthed, which played a regulatory role in oxidoreductase,

298  antioxidant activity and tryptophan synthesis. These results provide a theoretical basis for selenium-enriched

299  mushroom cultivation, helping develop foodstuff and health prpducts of Se-enriched fungi.
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1 Table 3 Gene expresston profiles in G, lucidum transceriptome based on qPCR._
A
Group Gene ID DESeq analysis based on RNA-seq Validation of the DEGs by qPCR analysis
Log2Fold Change p-value CK(2-44CH  G20002- 4 ACH p-value
GL29881-G 4.33 1.30E-16 1.00+0.00 1.18E+04+0.00 3.09E-12
GL23172-G 3.02 5.27E-07 3.38E-05
G200b vsGCKb 1.03+0.09 9.111£0.00
GL24625-G -1.82 1.61E-4 1.00+0.00 4.31E-04 4+ 0.00 2.67E-04
GL28298-G 2.80 6.68E-09 1.00+0.01 10.09+0.00 2.30E-06
GL23172-G -1.47 2.55E-02 1.01+20.02 0.40+0.00 2.79E-02
G200m vsGCKm N
GL29881-G -3.36 3.37E-06 1.004+0.00 0.32+0.01 6.70E-03
2 2-AACt displays relative gene expression level using RPL4 as f reference genein qPCR analysis, Data are presented
3 as meanststandard deviation of three replicates. Abbreviatiogs: GCK control group without selenium addition in the
4 subsirate; G200 treatment group with 200 ug/g of seleniumafldition in the substrate; mr at the mature siage; b at the
5  budding stage.
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Fig. 1 A heatmap showing the log2(FoldChange) values of the selenigm-responsive DEGs (n=3) in

G. fndinm sumples,

The DEGs and sumples were subject Lo bidirectional elustering anabysis using the R package Pheatmap
based on the Eoclidean distance and complete linkage clusteeing. The up-expressed DECs are coloured
in red and the down-regalated DEGs in geeen, respectively.
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