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Construction of full-length cDNA library from Antrodia cinnamomea mycelium
and EST sequence analysis
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Abstract: Objective To excavate the terpenoid synthesis and metabolism-related gene function and screen the interaction protein and
fingerprint analysis of Antrodia cinnamomea mycelium, a cDNA library from 4. cinnamomea mycelia was constructed and the EST
sequences were analyzed. Methods The cDNA library from the 4. cinnamomea mycelium was constructed by the Gateway technique.
A part of EST sequences about the bioinformatics, functional annotation and EST-SSR were analyzed. Results The cDNA library of
the 4. cinnamomea mycelium was constructed successfully. The recombinant rate of the cDNA library was 95%, the titer of the library
was 6.1 x 10% cfu/mL, the total cloning number was 1.2 x 107 cfu, the length of cDNA was between 300—2 000 bp with an average
length of 1 000 bp. The clones were randomly sequenced and 65 valid ESTs were obtained. After being compared in the Genbank
database, 45 ESTs had a definite annotation, and 18 ESTs were unnamed and hypothetical protein. The results with GO functional
annotation showed that the ESTs involved the cell composition, transport, catalytic activity, regulation functions and etc. It contained
271 SSRs of all the ESTs in total. The nucleotide repeats in 4. cinnamomea were abundant, among which dinucleotide and trinucleotide
repeat units were more common accounting for 94.23%. Conclusion The cDNA library from the 4. cinnamomea mycelium and its
ESTs related biological information were preliminarily identified, which will provide a theoretical foundation for research the
mycelium genomics of 4. cinnamomea.
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52 Antrodia cinnamomea Series ;&K E G5
X FFA K2 25008, RAREEGHMAF
Ho RIARZFSRE HRFERKENE, ORREE
FELRS 1 ok A FRI B AR . IR AT AR 2 A
KRB S HLH] 2 i e A48 27 b KR F i 3
BB BT 2 — FAE 1994 FF R IE T % T cDNA
SCEERIRH AL N, BEAE T AR KR, B
w2 R 77 W0 35 SMART v:U2 . Oligo-capping
B Capture Y. Cap-trapper 2P H1 Cap-jumping
RO RIX e T E Y LLE A Y mRNA 5
CAP 25 AT, ®MITESA HME . FIH
Gateway FiARMECE, HIEK cDNA FEREASR
He#Ek, BAmR. PUESER R, HAER RO
JEE PR B AR HE DU (Rl e e, MERf S B mRNA R U635
TEX PR RIERET . RIEF IR (expressed
sequenced tag, EST) sefafEM LI cDNA SCFFE
HHEEALPL BT 1, JEId 57— 37l P45 2 cDNA
FeaBl, HAKBE R 150~1 000 bp, %3 ARMIK R
KEEEEHEHE T A BE R KPR 9, 345 F T
BRIy A e . SRR A TSR AT . AL e
it BRSPS, ZITEAAT DA AT
1 IR A A K E R R, BT T2
FEME R RGR B, 2 SRS bR T A ] B
H 7% (simple sequence repeats, SSR) &) 2T
Vikhig s R R g, F T TR AE Z R A
an A S E MR RHZ WSS DT T, PP E H 1~6
HERITUREIRPIRAR, T Z20m T B yE:
PR 4 A X A0 A g 65 (X 02, A S R b B O
EST-SSR /7 HIHEAE I s AR AR HFFIR~E,
TSI KRG Rt R A A $2 4 R 2,
HATZ 7 CERZ L THEY . R Y 1521
LRI, ABAEARE AR G 7T G TR E

A Z AL RL AL E, R, 4
WS, T 2015 4F 9 HAERE EAA SIS R
R 2 H %, BRI AU AR 2k
WE A KR 2R =R E sy R,
L RN /1= R AN = Pl Y SR N - il 1 7)1
PPV B BT ST k. 7E NCBI $dis
JE R 2R B AR Z AR OG5 B EST 741,
KRS Z IR DR ARG IR
BT A BOR BT R 18] o ASHIE ST LA A 2 R 22
RNFRL, FIEE L cDNA % Ko #rH EST 41,
A i T B HAZ R 7 %)« EST B 22 I AR AR 20 b

ST, R 2 2 AR 2 - E T K&
FIIEE PR T AR ST 7t 24 58 BRAL SR
1 w8

e f& Z WMk Antrodia cinnamemea T. T. Chang &
W. N. Chou AC001 (Genbank 5 KM925002) H &%
PR LB AR ARG PR A I, (A7 T AR AR AR
EFEE TRERA O 2 EEm 2
PR ARIE A (PDA) LB T 28 CIEIRIHEL
R WA RIS, 28 °C, 120 r/min HERE
PERRRIREESR, /B SR 14, 21, 28, 35d J5IT)
W22k, SRS G TR cDNA SCFE.
2 HkE
2.1 & RNA 2Bl mRNA 5

K FH TRIZol P PR A48 2 B 42 f o B RNA,
FETE 1% 1 Bt A0 % Jie b el K A 0 5 38 1, 1)
Nanodrop2000C #EATAEFERTMI, XF & 4% 5 RNA
¥ H Fast Track MAG Maxi mRNA Isolation Kit 34T
mRNA 735, ¥H Clone Miner 11 ¢cDNA ¥ 2 iR7
& T cDNA & .
22 NERME

KH Gateway VERERFUUR AT 415 2 cDNA X
FERIE, R ED EAE2 mRNA BT
cDNA 55 1. 2 BERIG R %15 21 cDNA #4 3
A ESEAE R adaptor, 8L BP 55 2H 77550 1) 7 %
% pDONR222 #HAARHI#% Hi¥]Z cDNA . KRG
FEEYIZ cDNA CFER Gk, 8id LR E %
P REXU 24 22 #4K pGADT7-DEST _b il 4% B £} X 4
IR cDNA .
23 XNEETE. HEMELAXNE

4TS cDNA W IRFCEIFE 121 000 14
FRELRRE S i A AR, 37 CHRI B RS 9% 8~12h Jarl I,
FAREVR, RHIEAT I, AR ESOERE . VI
SCJE A 5] ) pDONR222-F:  5°-TCCCAGT-
CACGACGTTGTAAAACGACGGCCAGTCTT-3’
M pDONR222-R: 5°-AGAGCTGCCAGGAAACA-
GCTATGACCATGTAATACGACTC-3’

RSO = TR TA K0 X R R 50X 10° AR AR

BEATLA IR 2R SCFE R Bkik 100 R EEBEE T 5
uL TEE K ABUREST PCR 38, 245l 478
R 5 P FEL AR I - S EE 2 %, IR ST RGN 51 4
N T7: 5-TAATACGACTCACTATAGGGC-3’ Al
3DA: 5’-AGATGGTGCACGATGCACAG-3’.

T o= e KPR R O T B B T T B
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24 PRMRERENFSFIEMERFESH

AR B R PP 9 R LARGE o« AT 7T BE AL
Pl a6 ST R PR Ak T B e AL T IR A M AE D ROR A IR &
w] AT, W 45 R il it Vecscreen  tool
(www.ncbi.nlm.nih.gov/tools/vecscreen) 2[4 4 7
s K CAP3 BAF L B 7 51 I ANAER B L poly-A
JRBARIREFH] (<100 bp) %5 A B, 55 )5 M
AT BT -

FIH NCBI 1] BLAST F2 7% 82 5 1 572 I
A5 IRE (NT) I E (NRD Hdf FE AT X
tt ¢ www.nebi.nlm.nih.gov/ ), 52 i BLASTN J%
BLASTX Y [RIVEELLXT, 45 Hdhs PEAS 28 0 45 R AE
EST-others £l P LU, FHAHPAE = EST F B
WE E H<1x107P, X BLAST2GO %14
(www.blast2go.com/) X EST P #3477 1 Ih
At (molecular function ) . 4H g 2 % C cellular
component) MAENEILFE (biological process) 55
Jr T I Th RE A R,

2.5 EST-SSR F5I4r#f

K B GRAMENE SSRtool 7£ £k T. B
(https://archive.gramene.org/db/markers/ssrtool) X 2
T2 B 2244 EST AT SSR fifiik. 4% SSR MIKJE
N ZRHR. =RHR. URER. T
B2 ANEERI RO EZRBOY T, 5. 4. 4. 3K,
HESHEITTATAEL, NEaELE, X SSR fi%
A BEREAT SR FI 43 AT

3 BR55H

3.1 RNA #l&5 mRNA 55
PEHUGRAR M AR 2 B 22 R 5 RNA A8 I

BN 963 ng/uL. BEN 481 pg, Ax/daso=

2140 IS 1%35 A B I H PR DU L S A, T

&L RNA 7 B — 1533 mRNA, W& 1.

mRNA Marker

B RNA  Marker

5000 bp

5 000 bp
1 000 bp
1 000 bp

1 HEZELKE RNA (A) 1 mRNA (B) EAZEKXE
Fig.1 Electrophoresis of total RNA (A) and mRNA (B) of 4.

cinnamomea mycelium

32 H1EZTHELIK DNA XERIKBE.EEHEK
KE

SRR E 2R 4K cDNA WO E AT
BORRERE 121000, SCEERREN 5.2X10° cfu/mL,
MITTHEHCN 1.0X107 cfu (B 2); % EH R
I8 95%, HACPARFGEERE 101 000, SCEEHAL
N 6.1X10° cfumL, HTEEHCN 1.2X107 cfu,
AFBCR/NA 300~2 000 bp, K FEEIA 1000 bp
(B 3D, BEEZSCREALE T XTI cDNA, T
G R IR

Marker

5000 bp
1000 bp

FUKIE BENLBRIE R AT, B3
Randomly selected transformers were in each electrophoresis lane, same as fig. 3
2 MRXEREBLETE A) RRRKESH (B)
Fig.2 Identity (A) and length analysis (B) of primary cDNA library

A B

Marker

5000 bp
1000 bp

3 RENERELTE A) RABRKESH (B)
Fig. 3 Identity (A) and length analysis (B) of secondary cDNA library
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33 EST FIEBRREMEEESN

M EE R BENLRCE T BB AT Y, £
PEEAA PP HIRAR L & 7 81 5 3545 65 2 20—
FPA, K E (B 4). RH CAP3 2 #t
R AT | ANESHEAN 64 R —751, BI9E
HEMME—FH, CERARIFFIMAELE. KA
NCBI (1) BLASTX &7 % #f 42 /5 i 7 411 5 NR
I e HEAT RIJRAE Lo R R Sh gy e, &5 R LR
1. 64 55 —FFRT 146 (1.56%) T &M
EIEAN: HA 63 4% (98.44%) ¥ B A B2 FIE 7
H, 4545 X CRIIBEEEAM 18 ZARMEH,
HREFEEARAFREZ . KMIE. R L

AERT 73 3/%

50+

40+

30

204

10

21

1

500~999

38.46%

36.92%

4 ESTs KEHHE

K /bp

.54%
3.08%

1000~1499 1 500~1 999

=2 000

Fig. 4 Distribution of ESTs length

F1 HEZEZKEST FHIESHELRMER

Table 1 Comparison between EST and protein database of A. cinnamomea mycelium

B4 BLASTX FC X4

A EfE

HHABLE /% EST Genbank /7%

AC2  NAD-dependent formate dehydrogenase

AC3  mitochondrial carrier (Fifi# £ fL1&, KZT01 943.1)
AC4  1-cys peroxiredoxin (1%, AAXS59 894.1)

AC5  NAD(P)-binding protein ({K%, PCH39 423.1)
AC9  phosphatidylserine synthase 2 (K%, PCH39 820.1)

AC12 carboxylic acid transporter ({4, PCH39 927.1)

AC13 predicted protein (#5/8 5, XP_012178 603.1)

AC14 alpha-ketoacid dehydrogenase kinase (1075, OCH94 093.1)
AC15  acetyl-coenzyme a synthetase (Tifi# % fLE&, KZT08 091.1)
AC17 dipeptidyl-peptidase 5 (Z5EkiE, XP 027615 982.1)

AC18 Zn-dependent exopeptidase (A%, PCH40 884.1)

AC21 methionine adenosyltransferase (M5 7H, OCHSS8 795.1)
AC22 E3 ubiquitin-protein ligase UHRF1 (K 7E, OBZ72 511.1)
AC23  sorbitol dehydrogenase (K1, OBZ67 832.1)

AC27 hypothetical protein LAESUDRAFT 672451 (ifi#% fL#, KZT10884.1)

AC28 hypothetical protein LAESUDRAFT (W% fLE&, KZT03 671.1)
AC29 cytochrome P450 monooxygenase (ZF1%2, AEB40 226.1)

AC30 hypothetical protein SCP_0904850 (F5ERE, XP_027617 519.1)
AC31 UMP-CMP kinase (LI 1%, OCHO95 225.1)

AC33  vacuolar amino acid transporter 2 (Z5ER1E, XP_027611 999.1)

AC34 U3 small nucleolar RNA-associated protein MPP10 (K## 4, OBZ79 155.1)

AC35 hypothetical protein OBBRIDRAFT (## 7%, OCH84 396.1)

AC36 DUF1909-domain-containing protein (%% LE, RDX56099.1)

AC37 NAP-domain-containing protein (W% £ fL1&, KZT00 903.1)
AC38 predicated protein (#&fF i, XP_012185 683.1)

AC39 hypothetical protein POSPLADRAFT (478 EMLIE, XP_024336 598.1)

1

702
484
462
253
781

751
103
646
205
441
590
722
201
709
372
218
075
114
329
356
564
181
131
290
339
545

0
5X107'68
7X 1071
6X107%
0

0
3X107%

(= N = =]

3X107%
0

9X 107124
3107
0
2X107%
1X107'%
1X107'16
0
7X107Y
8% 10735
2x107M°
3X107M?
0

86.12
84.75
100.00
66.84
87.95

74.79
47.37
77.18
90.94
85.04
75.79
93.62
53.37
91.01
67.48
68.92
94.93
43.46
71.03
87.50
66.34
62.22
85.14
80.93
64.48
74.93

MN205326
MN205327
MN205328
MN205329
MN205330

MN205331
MN205332
MN205333
MN205334
MN205335
MN205336
MN205337
MN205338
MN205339
MN205340
MN205341
MN205342
MN205343
MN205344
MN205345
MN205346
MN205347
MN205348
MN205349
MN205350
MN205351
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gR1
2R BLASTX Lbxi& YN Ef MU Genbank 5515
AC40  hypothetical protein HYDPIDRAFT 29335 (A%, KIJ63 539.1) 89 1X107" 70.31 MN205352
AC41  kynureninase (K%, PCH38103.1) 701 0 77.85 MN205353
AC43  cytochrome P450 (Bifiti% fLI%, KZTO1 907.1) 624 0 62.18 MN205354
AC46  mitochondrial genome maintenance MGM101 (%4 £ fLF&, RDX53803.1) 282 1X107" 90.41 MN205355
AC49 NADH dehydrogenase (K%, PCH40 004.1) 595 0 78.36 MN205356
AC52  predicated protein (#fF i, XP 012181 539.1) 558 0 83.20 MN205357
AC53  indoleamine 2, 3-dioxygenase (R %, PCH39 352.1) 597 0 72.12 MN205358
ACS55  pyruvate kinase (042, OSD03 555.1) 938 0 87.55 MN205359
AC57  predicated protein (#J& 1, XP_012185 683.1) 282 2Xx107 64.66 MN205360
ACS8  subtilisin like protease (Z5ERE, XP_027611 768.1) 760 0 88.00 MN205361
AC59  tubulin alpha-1a chain (K#71£, OBZ76 459.1) 795 0 98.07 MN205362
AC61  14-3-3-1 protein (FFKFLE, KZT71517.1) 508 310780 98.02 MN205363
AC63  dynein light chain, flagellar outer arm (J{4i%5, RDB23 343.1) 193 4Xx107% 91.89 MN205364
AC73  ATP synthase F1 gamma (fK%, PCH36 766.1) 543 0 88.18 MN205365
ACT75  kinase-like protein (K%, PCH43 934.1) 664 0 81.00 MN205366
AC76 alpha/beta-hydrolase (fK%F, PCH40 344.1) 600 0 74.35 MN205367
AC77 glycoside hydrolase family 5 protein (47 /& ELE, XP_024338 264.1) 323 3x107% 67.50 MN205368
AC78  cytochrome P450 (43)E EMLE, BAKO09 377.1) 590 0 62.20 MN205369
AC79  hypothetical protein MPER_04035 (:5EkEER R, EEB96 775.1) 74 9x107" 85.17 MN205370
AC83  predicated protein (#J& &, XP_012180 973.1) 607 0 70.13 MN205371
AC84 calreticulin domain containing protein ($ki£ L1, KZT72961.1) 794 0 84.07 MN205372
AC86  dicarboxylic acid transporter (B % fLi#, KZT06 709.1) 525 0 89.61 MN205373
AC88 putative monooxygenase (F-F51, XP_007324 373.1) 598 0 61.07 MN205374
AC90 myo-inositol transporter 1 (Z5EkE, XP_027614 396.1) 707 0 82.95 MN205375
AC91  hypothetical protein SCP 1001120 (Z5Eki#, XP_027617 783.1) 707 0 71.19 MN205376
AC93  actin-related protein (55K, XP_027618 707.1) 777 0 95.13 MN205377
AC95  subtilisin-like protease (Z5EKE, XP_027611 768.1) 730 0 74.90 MN205378
AC96  glutamate-ammonia liqase (it 3 i H-1, TCD69 661.1) 697 0 94.02 MN205379
AC98  hypothetical protein pospladraft 1071673 (4B ENMLE, XP_024334193.1) 802 0 85.78 MN205380
AC99  adenosine kinase (F5ERE, XP_027608 215.1) 552 0 83.97 MN205381
AC100 hypothetical protein PHMEG_ 00017208 (&, OWZ10 005.1) 78 6xX1071 82.98 MN205382
ACI101 oxysterol-binding protein (K%, PCH43 009.1) 680 0 84.03 MN205383
AC102 eukaryotic translation initiation factor 5 (Bif#iZ£ L&, KZT08 930.1) 591 0 87.76 MN205384
AC104 hypothetical protein SCP_1302980 (£ 5K1#, XP 027619 395.1) 546 0 75.50 MN205385
AC106 alpha/beta-hydrolase (1%, PCH37 718.1) 505 6X1071  68.29 MN205386
AC107 hypothetical protein BN946_scf184 934.g8scf184934 (b1, CDO75793.1) 182 1X107% 67.61 MN205387
ACI108 serine hydroxymethyltransferase 3 (K 1£, XP_027620 033.1) 915 0 90.59 MN205388
AC109 Ffn MN205389

AC110 predicted protein (#E 5, XP_012179 294.1) 669 0 83.67 MN205390
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LEEDM . XM —EREE F R T 4452
VE N 2537 BLIR B T8 F5 T — B IR\ .

X EF Y fe R 1 5 — JF 51 4E BLAST2GO A
hEEAT DI R H) 2K, H3RTE GO RiE 283 14,

A 6 1(4%)

HEAK 8 1N6%) — 5 26 4N(19%) IBHEF(5/8%)
SRR 11 ?(8%\
ANMHES 18 1N(14%)

R 23 D(17%) i
; Bty 23 4N(38%)
2 22 1(16%)

RS 22 AN(16%)

SYNE TR 136 AN GO AAE G EL B R
48.06%, ZHLALEL 60 4. GO AiE il & Ll
21.20%RM15> T IhE 87 A~ GO KRBl &5 Ll A
30.74% (K 5).

AR 6 AN(T%)
YA LA AR SRR 7 N (8%)

iR

SERL T AN8%) 32 4N37%)

ML 32 AN(54%)
AP 8 N O%)

AL FE 27 N31%)

20 L 2EL P ST IhEE ST R
5 HIEZHELIKEST [F%] GO hagER

Fig.5 GO functional annotations for EST sequences of A. cinnamomea mycelium

3.4 452 EST-SSR 5 01h

AR 2 64 2% EST 7447 SSR # 2 K I
4 SSR B EST it 63 4%, 54 #F EST B i
96.92%, IE&H 271 4 SSR FEA). 63 48 H
SSR I ESTHHEH 1 ANSSRIA 7% A 2
A SSR IH 12 % &4 3 4Kk 3 AL Emdtit

44 % FRZERTRESLYNET, O &K
. —HER. WETR. SETRANCETR,
MR 2 G5 E B AR T A SSR
K, HION= TR, NEER. SEERML
MHRWAA 14, HILT4F8EZ EST-SSR
BHREL & EFHA.

®2 HEZEST-SSRHEEHETT
Table 2 Repeated motifs in EST-SSR of A. cinnamomea mycelium

HEERA R HEEHRT

TR 12 AT. AG. AC. TG. TA. TC. CT. CA. CG. GC. GT. GA
AAG. ATC. ACA. AGC. TCA. TCC. TTC. TCG. TTG. TTA. TTG. TGG. TGC.

AR 37 CAT. CAA. CAG. CAC. CTG. CTC. CCT. CGG. CGC. CGA. CGT. GAC. GAG-
GAT. GCT. GGA. GTG. GGC. GTC. GTT. GCC. GGT. GCG. GAA

VAL R 1 ATAC

TR 0 —

VAV RE ) 1 CTGGGG

HAh 1 CGTGAGG

TR 2 BST MR A% R E A
JoH BE B R ITN 94.23%, Hidh TR E E I T
GC. CG. CT. TC HILMREEBAINE, »hlh—
BEBREERFIN 18.77%. 16.90%. 12.21%Fl
11.74%; 1fi AG. GT 1 TA HIIRAZE L, HFT Y
FeBIIIAEE IS 5%. fE = HREFHITH, AAG.
GAA Ml TTC S5 A mE =y, B = HRES
i) 5.55%, ifi CAC. CGC. AGC. ATC Z:# 8 1
Wo VUIRZFIR AT -CAZ R IR AR
fiK, W3k 3.
4 g

HATEAT A SOE R RS 2, A5

KA Gateway VAR EE | 245 2 18 224k ¢DNA 3,
ZJ71 0L mRNA AR B 42317 cDNA BUEER&
B WA ST SRR, RAIE T SO R R
AL RN, w8 B8R B AE T
%, ATRUR KSR R SO R &, RHART %
FIANBEIE B« FTIRTFHI cDNA SCEAMY AT DL AL
M AL S BIG ERE, e e LU T2 B
IR AR EE, T e BE R Dh REWT 98« (HAE SO
(A R N DL R . O, AR
TR A BRI A, A R
KARRFTEE S PSR cDNA BB B E,
ERMTESFE R E N EERNR, AR T SCE AR
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R3 HEZTELEP _BEBRIN=ZERBSEEET
Table 3 Dinucleotide and trinucleotide repeated motifs in

ESTs of A. cinnamomea mycelium

HEXM HEHEHEG HE b4 EST /%

“EH®R  GC 40 14.76
CG 36 13.28
CT 26 9.59
TC 25 9.22
CA 18 6.64
TG 16 5.90
AT 13 4.80
GA 11 4.06
AC 10 3.69
GT 8 2.95
AG 6 221
TA 4 1.48

—EF®  AGG 3 1.11
GTC 3 1.11
GAA 3 1.11
CAG 2 0.74
CGT 2 0.74
GCG 2 0.74
GAT 2 0.74
GTG 2 0.74
TCC 2 0.74
TCG 2 0.74
TGC 2 0.74
TTG 2 0.74

Rk, BISCOEFOERFAFREGFLE (mRNA)
UTEBEME; UG PRI R W B R BB R R
V& PCR 15 2174 7y Wi BEBCT 448, HAREL 1 3¢
e ALK cDNA Fr Wi e 51 5 Bk, 1 AT A2 s
KA BE ST AT REH S R 2 PRI R SR G5, AT BE 2%
Ty 493 SCPE R IR LR 1 e B 7 BRI T A 80
R a s, ELH A SR SO BT e R D B A A
#, BIE T E4H cDNA FI R LA, DLk
HIRAE SC R LI BT 0% RE I PR AR e Bl S5
HBRIVARIE, WEHFUE A Z AR B AR ROy i
AWy, BHREADIRE . AE ST S
2% R B T VR, cDNA SO 2
BT EAR B A A B LT 5, AN cDNA SCPE i
15 BN R A ELAR IR RN AR AR WE AT PR B A
HARDAENEERE, SEEHAMLEL, cDNA 3L
PEA S AE T, B S MK EREW 2
{iﬂ%[SZ—SS]O

W& A= WA IS A A S 2 W e e R D5 T
JZAEH, YIS BN R Y B R AT B
VRS AT RIRIR, M AR I D I, fE
MR G 32 H 5 A AR 2 = A R 5% R A PR R LA

EH o AT 13 2 2R 2 EST P A4 E
NCBI #4 147 L, 38 BLAST2GO 3 A4
R IhREERE. GO /T All EST-SSR W 5T, N4 &
R =GR EYE OB A T JCH LR 42
Wi EARE ATmIEY HAA R .
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