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Study on bio-synthesis of cordycepin in Ophiocordyceps sinensis based on RNA-seq
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Abstract: Objective Recent years, some studies have been studied on the biosynthesis of cordycepin, but it is not clear. To sequence the
transcriptomes of the Ophiocordyceps sinensis which could provide the basis for revealing the bio-synthesis mechanism of cordycepin.
Methods In this study, by Illumina/Solexa HiSeq 2500 technology, the transcriptomes of the O. sinensis fungus (anamorph) and the
fruiting body (teleomorph) was sequenced, assembled and analyzed. By RT-PCR, the full lengths of RNRL (RNR large subunit) and
RNRM (RNR small subunit) cDNA were cloned from the fresh O. sinensis fruit body. Results  The pathway and the genes involved in
cordycepin biosynthesis were predicted. Among of them, RNR was the critical enzyme in the metabolism of adenosine, also predicted to
play an important role in the biosynthesis of cordycepin. From the transcriptome data, one large, one small subunits, and four similar
sequences of RNR were found. RNRL mRNA was 2 733 bp, encoding 910 aa and RNRM mRNA 1 257 bp, encoding 418 aa. The analysis
of the conserved and functional regions showed that catalytic site and binding site mainly lied in RNRL, RNRM contained a ferritin-like
conserved sequence. Conclusion This study would be established for revealing the bio-synthesis mechanism of cordycepin.
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CTT-3’, RNRM-R: 5’-AGGGTATGTACGAAGAAG
GGTTGAG-3’. PCR LU #535%11) cDNA Jy#5ih, RNRL
FEFPIEAT N Ay : 94 “C FiAEE 3 min, 94 “C.305s, 55 C.
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3.2.2 Reads [T de novo 3% LK1 4 A 23 3]
KU T FB A1 CM, 4 MEAR] reads Bl &
AR — R TF A MOEAY, P, SN 2 AR
Clean reads LA Trinity M k203 AT ERIN S HOHAT 5L
MR (£ 1), LLBLAT #AFET 4 )5 Blast Hxf
BT (R 2D, F3 T 2 4R il PR e 25 SR R) 1 4 )
AL . FB Al CM 360 7 AL RS =1, 4 R
PE (Identity) HX 95%If, & 2 [AIAHALLT 41 () b 451
1517 89.4%(22 703/25 394), IX K W] 2 41FF i [ reads
A FFALE . KR 2 4UFE ALY clean reads JEAT &
ke, AIFHRRILE RPN “mixed”: HLIRTT 34
152 %% Contig, “FIJKLEE. N50 Jedp KACLE S il A
Fz1 FEHREM de nove tHEE,

Table 1 De novo assemble of different samples

fEb5 FB/% CM/%& mixed/4
BESHE 22524 2539 34152
B /bp 57967882 65378329 81028887
TR bp 2574 2574 2373
BRKE bp 21992 21395 25058
N50 K& /bp 4622 4764 5606
199 bp <K JE<250 bp 867 1365 2856
249 bp <K:JE<300 bp 1683 1907 4170
299 bp <K:JE<350 bp 1096 1231 2470
349 bp <K <400 bp 849 957 1675
399 bp <K:JE<450 bp 640 745 1349
449 bp <K JE<500 bp 512 606 975
499 bp <K <550 bp 455 501 774
549 bp <|J£<600 bp 411 435 694
599 bp <K:JE<650 bp 362 386 527
649 bp <K J%<700 bp 314 356 524
699 bp <K fE<750 bp 270 335 375
749 bp <K E<800 bp 256 298 396
799 bp <K <850 bp 238 258 352
849 bp <I[£<900 bp 223 293 296
899 bp <KJ<950 bp 238 249 254
949 bp <K <1 000 bp 197 243 278
KJE>1000 bp 13913 15229 16 187

2372.6. 5606.0. 25058 bp, K& =1 000 bp {17
HIH 16 187 4%, A3 M,
3.2.3 Contig YifigiE R K NCBI (1) Blast )7 4
Ak jm, il it BlastX ¥ Contig /7415 NR $#i J2#
Eext, HExt4i SRS Blast2 GO Thfey: B a1 ik
4T GO. KEGG. InterProScan %8718, 4R ER
A5 23 821 (69.7%) 467 HI3RAT I REFE RS 1E o
Hodr K B <500 bp 1) 13 495 4 Contig Y47 6 508
S RUIVERE, VERECELHEI R 48.2%, 11>1 000 bp
P e D3R AR AE BT 14 837 4%, R
el ik 91.7% (1 2).
3.2.4  WELFEAYEBORATIN HEr AR
AW RO G5 3 B R 5 DU O A AA
B SRR AR S L By
M, R e s a5t Pl e B 3R AR ) B s
7o 3) MAHKEE (R 3), IR
(ADK). JRFMR % (ADEK). RNR. RNR I
B A e 51T R (5'-NT). PRk TR &
KK ZE o, S R AR W] 2 Bk R A T 22 44
BrBeis & T 7584k, W RNRL. ADEK.
5'-NT. 1 ADK. RNRL F1 4 4 RNR [f]J§i /¥ 5]
FKiIEH/ERA N

A H S sy A B P T 2R 21 RNR K
AN FE G 51 4% 1 4%, 4 4 RNR MIBLEE (A 9065
J¥51, ffie RNRL %K mRNA 4xK: 4 2 733 bp,
%if% 910 aa, RNRM JE Kl mRNA 42K 1257 bp,
%ifh 418 aa, & RNRL. RNRM cDNA 77 [ 42 fit
AT RS
3.3 RNRL #1 RNRM cDNA 5[ K F 554

PL cDNA SHRBEIT PCR [bi, M FE Ik 45
BAn& 4 Frzs, RNRL 1 RNRM cDNA 4K 53 5%
A3 000 bp A1 1300 bp, £ Blast 2 #E47 R LR 751
xS, 5P 45 R 58 42, i€ 4 RNRL.
RNRM, GenBank 7345 7358 KY435930 F
KY435931. 434t NCBI 3l A Aii i) O.sinensis

R2 AEHBEI de novo AR ELXT 52 47

Table 2 Comparison analysis of de novo assemble results

FB [t

CM [t

SRA [AJHE

HA

99 95 90 80 70 99 95

90 80 70 99 95 90 80 70

FB 22524 22524 22524 22524 22524 21500 22703 23039 23159 23167 23078 24466 24862 25006 25035
M 25394 25394 25394 25394 25394 23939 25225 25555 25679 25730

SRA

30132 30132 30132 30132 30132
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- 10 90 lRNR | ADEK’
ﬁ 61 L 70 i E
E 4 L 60 = lADEK ‘i’5NT
21 - 50 %)
40 5'-NT
Lt L LTI TR
=¥ T g g & E
Ak 3 RERLNAHBRET
2 EEHEREER Fig. 3 Putative biosynthesis pathway for cordycepin in O.
Fig. 2 Contig function annotation sinensis
®3 HERSHEERFN
Table 3 The putative enzymes involved in Cordycepin biosynthesis
LR 4 Transcript ID FB-TO03 FB-T04 CM-TO05 CM-T06
ADK TR4857|c2_g2 i46 3.91 3.21 2.05 1.82
TR4857|c2_g2 i45 3.82 3.53 2.00 2.26
TR4227|cl_gl i8 1.19 0.43 3.13 2.26
TR4227|c1 gl i13 1.55 1.53 2.47 2.47
TR1320[c5 gl il 24.84 20.85 26.53 25.33
TR1320[c5 gl i2 26.50 23.17 28.06 26.98
ADEK TR4227|c1_gl i13 1.55 1.53 2.47 2.47
TR1320[c5 gl i2 26.50 23.17 28.06 26.98
TR2498|c16 g2 i4 1.45 1.10 7.76 6.66
TR2498|c16_g2 i3 1.93 0.98 7.71 7.13
TR2498|c16_g2 i2 1.95 1.47 8.98 8.07
TR2498|c16 g2 il 2.20 1.50 9.31 7.93
5'-NT TR9945|c0_g2 il 16.69 9.05 7.62 9.24
TR9945|c0_g1 il 17.39 9.37 7.54 10.78
TR14073|c0_g2 il 33.96 17.97 48.15 57.41
RNR [ 75 TR217|cl_gl i3 35.12 27.59 21.59 19.03
TR217[c] gl i2 29.22 25.23 24.95 20.17
TR7378|c0_gl i2 3.90 3.94 3.89 4.38
TR7378|c0_gl il 4.28 4.51 5.17 491
RNRM TR6235|cl_gl il 58.22 34.81 62.33 85.12
RNRL TR4942|c3 gl i3 3.46 1.95 2.48 2.64

CO18 RNRL (GI: 531864625) 1 RNRM (GI:

531859135) SR 7 HIREAT LLXS, AHALE 23 51 0
99%F1 97%. i HLF B RNRL (GI: 573978269)
A1 RNRM (GI: 573986094) ZF:MF41 LR, A
LT3 K 99% 1 97%. HI M., A& B E A e AF
RNR WHEFFHIE AR, /& Ta 28 RNR, WAL
iy o2p2!,

4 NCBI £5#4 730 #5554 EMBL-EBI (1)
ProScan [7448%, iR WE 5 Jisn, RNRL &H
RNR-PFL {5, FEoi s R 4 X 3ofn — 5%
IRGEG X, 1T A REAIETEA 5T (202~203, 217~
218, 247. 427. 429. 431. 446. 603~608 aa), LA
KBS G A . RNRM 2 4 80 5 4 1 £ 5
FPa, R A RAR S A I, RS
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ucry seq.
Q Ty seq active site 4 &% & Y L
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Fig. 5 Analysis of the conserved regions and functional domains of RNRL (A) and RNRM (B)
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AN T2 7 0 45 T e i 0 3 e e g S,
IR A B R RNR PR SY DM D) B 5 44 455 73 #r
R B TEPE AT 2547 T RNRL, RNRM &2k
WA E AR T, HEIY RNR 25 B4Ry
BT R LG TR T . A, AHEE
RNR M5 AN BIRIIF WeREA s A8 1+ 1™,
Ta 1) RNR WV HE 2 [0] 7 F1 R 7 2 i, DA s 4 254
HHAZHE I 4 > RNR AT 41 0] fig /2 RNR oK Z1E
5, frit—2%w. A RNR H KW A RNRMI
Ej /NS RNRMZ 5 RNRMZB 441, 2 ' RNR
e AL 3 P 56 A A I8 A AN R B B P R A

AR RS, RNR AN T 3 AR ) W03 (4 A
BA AR D)3 PEFE I ALE], 04 U 5 RNR
WA RELE R PSR AW IE S 5 R R 3 Js
B 3 RIE ARG . Masuda 251V B I
U HR TR A0 B B R A mT LA B A IR, (HANRE
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PR, b SR 3R RE IR IR L R S PR A o 2%
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