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Abstract:
as general feedstock for biomass and lignocellulosic biofuel production. In this study, the flower and leaf buds transcriptomes

Miscanthus sinensis Anderss is a perennial Cy-grass. It is a promising bioenergy plant, which has been proposed

of Miscanthus sinensis Anderss were sequenced by the platform of Illumina HiSeq™ 2000. In total 98 326 Unigenes were
generated by de novo assembly with an average length of 822 bp and N50 of 1 023 bp. Based on the NR, NT, Swiss-Prot,
KEGG, GO and COG databases (Evalue<le-5), 74 134 (75.40%) Unigenes were annotated. A total of 45 507 Unigenes
were mapped into different GO terms. In KEGG pathways identification, 36 710 sequences were assigned to 128 KEGG
pathways. Sorghum bicolor (37 731, 60.86%), Zea mays (16 258, 26.22%), and Oryza sativa (3 065, 4.94%) showed high
similarity to Miscanthus sinensis Anderss. And 24 photosynthesis-related enzyme genes were identified. The result

provides a foundation for further characterizing the functional genes in Miscanthus sinensis Anderss.
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X, AW MG DbrH, FAREBAERLAR
M B R ZE RN 2F 43 0 2 MR RGHUVR ) i A
T-70 CHREARIER VAR 5 H o
12 7%
121 XFEHERNF

K8 A Y B RNA 2GR & 3 B
AEZF RN ZF B RNA, BUIRBHEE R H Uk Al RNA
Se#, Agilent 2100 Bioanalyzer £l 5. RNA
el . FHWA Oligo(dT) MIREERE % mRNA;
AR BEAL 2% iR mRNA FTW ks B, LA
TS mRNA SH#ER & i —5E cDNA, K5
A 2% oh % . dNTPs . RNase H Fl DNA
polymerase I it ifill 4 & 5 S WA 2 G i — 4k
cDNA, £3f PCR 478, F P SO Myt
WA SCE A Agilent 2100 Bioanalyzer I ABI
StepOnePlus Real-Time PCR System Jiifi & 4%
J&, {8 Mlumina HiSeq™ 2000 #4710 ¥ .
1.2.2 AR

X S A 3 0 )5 4G 204 total Raw reads
AT R R AT, ARREE . Sk WEEE
KA reads, 3ff% Clean reads. f#iF% reads 4
B Trinity! 0 SR 4% . 1 Jok EL
H—ERKEHESN reads &N KM B, #@id
reads H & K R1F | 2H 2 A Bt Contig. #R)5,
# reads HLXF[E Contig, il paired-end reads
1€ >k B W] — 55 sk A AN A] Contig DL S X 26
Contig Z [B] A5, Trinity KX 2% Contig #7E
—i2, AR AREER YT, By
Unigene,
1.2.3 ZhEgHR

M B Blastx # Unigene /& 5 5 NR

(Non-redundant Protein Sequence Database in

GenBank) . Swiss-Prot (Swiss-Prot Protein
Sequence Database) . KEGG (Kyoto Encyclopedia
of Genes and Genomes) #l COG (Cluster of
Orthologous Groups of proteins) Z{#EZEHE1T L
Xf (Evalue<le-5), 3KHXY Unigene H. A &y
SIAIERNEE, MIMEE]Z Unigene MM
N REE . MRHE NR FREGEL,
Blast2GO #k #F ik 17 GO B, 18 3 &4
Unigene 1 GO 15 EJ5, M WEGO ffFiftfr
GO IhREmkgtit.

$# Nr., SwissProt, KEGG, COG L4k
7K Unigene F@41) 5 LA B3 A E#EFT Blastx
FeX} (Evalue<le-5), HUHC Xk H b 48 9 d5 i 1Y
K [ 2 7% Unigene 19 9m 65 X 7371, S8 5 AR 4 A
T 5 B 1~ R0 G B DX 1) B I R R R 8
M5 2]7% Unigene it X FIZIRIT 5 (¥ 51
Jre 53" MEERFH . &)E, RU EEA
e XA LAY Unigene AT ESTScan
PN g A X, 15 3 Ho g i X IR 741 (751
Ji Il 5'-3") R FERRITH .

2 ER5AM

21 TERFAMMFERENF~E

TEAE ZE A ZE SCPEIN P 45 2 9 Raw reads
B A= ot g 2 J5 i Clean reads 41t L3 1,
JF LT LT Clean reads. 8 2F 1254351
A A 68 136 340 4~F1 68 452 222 4~ Clean reads,
SECEE T 68 Mo AEZEAINZE Q20 435Ik
97.78%H1 97.62%, Q20 LI KT 80%, N
$90.01%, HBI/NF 0.5%, GC il 49.73%
1 51.43%, TE 35%—65%Z [0], 45530 Y 5
HEE, WRET 2K,
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283 Trinity MSKZHAE, A6 2R 2800 7
CPE 4y ) 3k 4% B & #f Contig . Unigene
All-Unigene, fEZF A 244075 180 118 Al
159 514 4> Contig (3 2), V39K #4351 314 nt
#1319 nt, f£% Contig MHE T2, Lt
B &R 98 326 4~ All-Unigene, &K &
80 794 573 nt, V- K JiF 822 nt,N50 K 1337 nt.

4 P A B S 20 e o 1 — > PR Al AR
T o X 20 25 R i) All-Unigene AT 431 4F
fES T (32 3). All-Unigene 4 &K F
200 bp, K 100500 bp ¥ Unigene ft /i Lt
Bl K, 294 50.67%; KEKRKTF 1000 bp 1Y
Unigene H iR F] 28.3%., SAEZERINFZE4H L,
HE— 25 )5 09 All-Unigene % 750070 T, i
KFs At £ .

*x1 MFEFE4IHFR
Tablel Output statistics of sequencing

Samples Total raw reads Total clean reads Total clean nucleotides (nt) Q20 (%) N (%) GC (%)
Leaf bud 87 002 888 68 452 222 6 160 699 980 97.62 0.01 51.43
Flower_bud 83 541 566 68 136 340 6 132 270 600 97.78 0.01 49.73

x2 HEKES
Table2 Satisticsof assembly quality
Total Total length Mean Total consensus Distinct Distinct
Sample .
number (nt) length (nt) sequences clusters singletons
Contig Leaf bud 159514 50 818 390 319 551 - - -
Flower bud 180 118 56 509 785 314 510 - - -
Unigene Leaf bud 87257 58733 614 673 1198 87 257 31216 56 041
Flower bud 104 594 73 638 943 704 1266 104 594 40 275 64319
All 98326 80794 573 822 1337 98 326 42 810 55516
# 3 Unigene ¥ES%#H
Table3 Length distribution of Unigene
Sample Number 100-500 nt 500-1 000 nt 1 000-1 500 nt 1 500-2 000 nt =2 000 nt
Number 53 031 15374 8561 5019 5272
Leaf bud
% 60.78 17.62 9.81 5.75 6.04
Number 61 630 18 422 11 021 6 593 6 928
Flower bud
% 58.92 17.61 10.54 6.30 6.62
All Number 49 818 20 944 11 998 7 346 8,220
% 50.67 21.30 12.20 7.47 8.36
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2.3 Unigene BYTh&EE R

J T M Unigene ZHRE, 437#F Unigene
H5EENAEY)FEIGE NR. NT, SwissProt,
KEGG. COG. GO JE# TS, @1l Blast #
KX (£ 4), HH 74 134 4% Unigene K715 T
JLRERE, 7 All-Unigene 1) 75.40%; A 24 192
2% Unigene (24.6%) ABEFFE. NT B E Xt
FRREERZ, BT 70 122 %% Unigene,
COG FBMERED, 11 23 653 4 Unigene
R TR, 7R S & DB A R HE B
(%) Unigene "1, bbX 21 [ U5 3 371 L A7) 55 e 1 4
SR ER (37731, 60.86%). EoK (16258,
26.22%). JKFE (3065, 4.94%) 5T [R5 5
) 92.02%; Hrfr, AR 95%L4 F# 19 009 4,
80%—95%I1) 2 577 1>, 60%—80%MI 8 997 1>,
AHRLHE 60% LA A9 b B E R Unigene F0HY9 85%
Kk,

# Unigene I COG FHa 2 LX), X H 4
MW E A #HITERMESE, 23 653 5%
All-Unigene #4375 T 25 285 (K 1), H,
ooxd 2 — g o g wl
prediction only) M H & & Z (8 506,
35.96%) , H K & K A fg B (Function
unknown) (6 275, 26.53%), ¥%45% (Transcription)
(5 958, 25.19%) K & il . EAMBE L

(General function

Fz 4 ERGRSG
Table4 Satistics of annotation results

(Replication, recombination and repair) (5 487,
23.20 %); MZ5ZERE5H) (Nuclear structure)
(10, 0.04%) 1 40 g 5k 25 #4
structures) (40, 0.17%) 4r2EA9FER % H &>

GO (Gene ontology) J&—~E FrtrifELL Y
BN IhRE P RAA R, RS NR BE AR E
B, A 45507 4 All-Unigene B3] GO AR [A] (1
AL (Term) b, {1 Blast2GO H Rk £t
TR A 2 DN 7 B RE A A9 20 5~ D0 BE - (Molecular
function), Z51EYE (Biological process)
FPTAL B A AL B (Cellular component) #£4743
X (E12), WEM DGR R PR 5 i FRAE
A TERIE G R . BT &% AR —
FAB BRI RBG, A 135 445 5%
All-Unigene G A A Yp2aad e, H, 540
i #2 (Cellular process) (25 147, 55.26%) 14t}
3 (Metabolic process) (25 361, 55.73%) HJ
Unigene 1k %, 5 55%LL b A 127 037 %
All-Unigene H A Z| 40 jfd 2 43, 40 M (Cell)
(32 798, 72.07%) 141y B (Cell part)
(32 798, 72.07%) Unigene %2>, H U400 #5
(Organelle) (28 377, 62.36%); 52 742 %
All-Unigene IH A2+ T UiRE, Hrh 454 (Binding)
(24 070, 52.89%) FfiEfLIE 1 (Catalytic activity)
(21759, 47.81%) fiefmr, HAFT & LI 1E 10%
PR

(Extracellular

Sequence file NR NT Swiss-Prot KEGG COG GO ALL
Unigene 62 000 70 122 37977 36710 23 653 45 507 74 134
Annotated/All annotated (%) 83 63 94.59 51.23 49.52 31.91 61.38 100.00
Annotated /All-Unigene (%) 63.06 71.32 38.62 37.33 24.06 46.28 75.40
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COG function classification of All-Unigene. fa sequence

A: RNA processing and modification

B: Chromatin structure and dynamics

C: Energy production and conversion

D: Cell cycle control, cell division, chromosome partitioning
8000 E: Amino acid transport and metabolism

F: Nucleotide transport and metabolism

G: Carbohydrate transport and metabolism

H: Coenzyme transport and metabolism

I: Lipid transport and metabolism

J: Translation, ribosomal structure and biogensis

- K: Transcription

L: Replication, recombination and repair

M: Cell wall/membrane/envelope biogenesis

4000 M N: Cell motility

O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism

Q: Secondary metabolites biosynthesis, transport and catabolism
R: General funtion prediction only

2 000 S: Function unknown

T: Singal transduction mechanisms

I U: Intracellular trafficking, secretion, and vesicular transport

(o))
(=]
(=]
(=]
1

Number of unigenes

V: Defense mechanisms
W: Extracellular structures

ABCDEFGH I JKLMNOPQRSTUVWYZ  Y: Nuclear structure
; Z: Cytoskeleton
Function class

1 COG e EkR
Fig. 1 COG classification.

100

] 3
5 5
(5]

oo 10 4 )
G S
= e
b= 5]
15) e
2 g
2 1t H

S 3
~ Z

All-Unigene

Biological process Cellular_component Molecular function

2 GO #%HE
Fig. 2 GO classification.
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N T FR G AT T i A5 3 4 s A TE 22 AR AN
M R B B R 2 5 B AR R 1 DL Sk S i [
PRI INEE , B Unigene X% KEGG %4 % ,
KIIEA 36 710 4> Unigene 25 7 128 ML
W (£ 5. HPhZH5RWIER (Metabolic
pathways) A RZ 3£ 9 628 4, (Xt
B 26.23%), HIKIES 5 RNA $iz 55 5%
A 50661 (13.8%), 125 mRNA surveillance
WAL 4305 (11.73%) BYHE AL fE =

TES RIS E TS Ca DI, BIRAT iR
FEE AR A TRERE L, @l REEER
FEXT, TEM P25 R ifiAs 12 e Cy S
B RE . b, ZhEgiE R Ak RIS E (Carbonic
anhydrase) f* Unigene 5 4>, B I s 15 P il R R
% (Phosphoenolpyruvate carboxylase) 10 14>,
NADP- & i 3 S 2 | (NADP-dependent malic

# 5 KEGG pathway ;FBZER%FItR
Table5 Satistics of KEGG pathway

enzyme) 6 A, PN R B AU (Pyruvate
orthophosphate dikinas) AJJER 3 1~ (K 6). X
48 Unigene MVERE SR Ak —2 s b Dy g 3
SR NN A=W =128 YL = S T 6

#4 Unigene J¥%13% Nr. SwissProt, KEGG
M COG HHha e L SC Gt Fy 73 3| #E4T Blastx
FLXT(E fii<le-5), i i% Unigene M4t X )7
A, SR 5 AR bR 2% 5 3R g 5 IX Ty 41 B R
WAEIEIRF 5, MIMAFE]1Z Unigene 4% X [y
BRIy5) (rd 77w 5'-3") MEIER 7o, i
G, BRUAE 4 DEUREE S A BB Unigene
JH ESTscan 3{FFINH g X, 153 H 465 X
Iy 5] (pd 5w 5'-3") M FLmR 7.
FeXf I Nr. SwissProt, KEGG 1 COG ¥4 P& (14
Unigene J741 , X} H A (1) 61 870 A3 51 00 T 2
EHHE (CDS), Kl 3 ERFriill CDS ry i

Pathway Count (36 710) PathwayID

1 Metabolic pathways 9 628 ko01100
2 RNA transport 5066 ko03013
3 mRNA surveillance pathway 4305 ko03015
4 Biosynthesis of secondary metabolites 3573 ko01110
5 Glycerophospholipid metabolism 2919 ko056

6 Endocytosis 2908 ko04144
7 Ether lipid metabolism 2631 ko00565
8 Plant-pathogen interaction 2 348 ko04626
9 Plant hormone signal transduction 1524 ko04075
10 Spliceosome 1505 ko03040
11 Purine metabolism 1185 ko00230
12 Starch and sucrose metabolism 1 164 ko00500
13 Pyrimidine metabolism 1 095 k000240
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*6 AEIERABEXBEER

Table6 photosynthesis-related enzyme genes

Nr-annotation

genelD Gene length

CL2633.Contigl_All 1 141
Unigenel0539 All 1176

CA Unigene26976_All 284
Unigene30101 All 473
Unigene30102_All 539
Unigene28261 All 241
Unigene30692_All 887
Unigene34780_All 324
CL10194.Contig2 All 211

PR CL1659.Contigl_All 1585
CL1659.Contig3_All 638
CL6728.Contigl_All 1326
CL6728.Contig2 All 1302
CL6728.Contig4_All 1302
CL6728.Contig5 All 523
CL15033.Contigl All 1138
CL15033.Contigd All 3539
CL15033.Contig5_All 1928

NADP-ME

CL15033.Contig6_All 2 080
CL15033.Contig8_All 3735
Unigene45306_All 352
CL12313.Contigl All 316

PPDK CL12313.Contig2 All 312
Unigene30741_All 3071

Carbonic anhydrase [Zea mays]

Carbonic anhydrase isoform 1 [Zea mays]

Carbonic anhydrase isoform 1 [Zea mays]

Carbonic anhydrase [Zea mays]

Carbonic anhydrase [Zea mays]

Phosphoenolpyruvate carboxylase 3 [Sorghum bicolor]
Phosphoenolpyruvate carboxylase isoform 1 [Zea mays]
Phosphoenolpyruvate carboxylase kinase 1 [Zea mays]
Phosphoenolpyruvate carboxylase [Panicum miliaceum]
Phosphoenolpyruvate carboxylase 4 [Zea mays]
Phosphoenolpyruvate carboxylase [Aristida rhiniochloa]
Phosphoenolpyruvate carboxylase kinase [Sorghum bicolor]
Phosphoenolpyruvate carboxylase kinase [Sorghum bicolor]
Phosphoenolpyruvate carboxylase kinase [Sorghum bicolor]
Phosphoenolpyruvate carboxylase kinase [Sorghum bicolor]
NADP-dependent malic enzyme [Zea mays]
NADP-dependent malic enzyme [Zea mays]
NADP-dependent malic enzyme [Zea mays]
NADP-dependent malic enzyme [Zea mays]
NADP-dependent malic enzyme [Zea mays]

NADP malic enzyme4 [Zea mays]

Pyruvate orthophosphate dikinase regulatory protein [Sorghum
bicolor]

Pyruvate orthophosphate dikinase regulatory protein [Sorghum
bicolor]

Cy-specific pyruvate orthophosphate dikinase [Miscanthus x
giganteus]

it MARHETIN A CDS BR M E LIRS 1Y K
giit. HAh 22 175 A HEE T 2 SR K KT
300, 5 35.84%Fr UM AL, A 1 124 EER T
TR R KBS 1000, 7 1.82% il fity ik
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Length distribution of All-Unigene.blast.cds.fa
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Fig. 3 Length distribution of CDS.
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Clean reads, ZPHELEE, 1L 2F RN 2R 00 53R AS
180 118 /~F1 159 514 /> Contig, VK JE 314
1319 nt, FZAILA L All- Unigene 98 326 4~

Changsoo % UV R J 454 V- & #1719 &
M. sinensis f3 2L Fl I J- 5 SR 20y, i FTAR 22
BAREE 457 891 1512 9501 reads, LA Kz 12 166
113 170 4~ Contigs, FIJKFE 970 Fl 923 nt.
H T 3k75 reads £ &% Contig AR , (H- 44 K
Bm o454 P E KK, HUEFREK, Illumina
P . mR. ME R B, (HaE s e A
AR, A A S i EL R A U

AHFGE R T Tlumina #3205 , B AR A
B (235515 3] 1Y Unigene “F3K R
1T 800 bp, FRAGHYECHE B L 2R T 5E 4
A DA R G Sk A A BT SR, HL™ AR B
V&= T Changsoo 5! M HFSE .

M rda e FNAEdE, R EwE
BEXREZ, XA EHEBHRN Ik T
WIME. HExHS AL EAYFMsT, FEXR
HOKE ARAS A 800 5 2 B B E (NR
Swiss-Prot, COG. KEGG) #17Ebxf, Ak
AEDE B 5 GRS, MRAE 5L R 45 F 41
1, THREIE A S5 2, X IR A Th e DR AT R o
ARSI R FRIRE I ik, K 3RAS B0 5 2 40
(2R A BOE E 4T Blast R X, A 74 134
ZUnigene #5715 T LR, 5 All-Unigene 1)
75.40%; 4524 192 ZUnigene (24.6%) At
B M FERASEFERBEM Unigene, A M RESE TS
FEA R AR, B T8 A A Y B B
AR, BERDRETRGE A E T, TR
A3 5T Bt DG ARAS X R B Th R T B .

XFASFEEAN YR, EEEECs
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S ATT B AH ] SR I 4 A ) 5 DR 4 N LA R
7, N TR ik 22 225 B TR A e
PEAT HE X204 . Barling 2201 X 4 J& Miscanthus
genust #) 1 F13k Miscanthus sacchariflorusfi Fi
[A] 422 flt Miscanthus x giganteust? 25 iy 5% s 41
WEFE R, 5t R FH = 3 Sorghum bicol or 5 K 414 4
%% ¥ 41| % Miscanthus x giganteus’% i 2H #17
BZ0Hr, 63%Miscanthus x giganteus reads
555 3] 725 42 Sorghum bicol or 52 5 4 v, A58
VERUIA Y B4 BHE M. sinensis, J&Miscanthus x
giganteustj A Z —PY SR IS5 4 i,
) PREH B 15 # Unigene, S5NT & A E
A [R1VE L X5 B A Unigene,  Eb X 2] ] 5 7 41
LU A5 5 = B A A3 0 A 3 (37 731, 60.86%) .
FEK (16 258,26.22%) . KFE (3065, 4.94%)
B TR Y 51 1992.02% ,  Horp v 5 5 6] 8 )7
3 H % 151 1%60.86%, iX 5 Miscanthus x giganteus
A S5 LA U EE AR L, 15 S I 53k R 2
222 JiftMiscanthus x giganteus5 = 3 HLAG
e A [R5 o

TORZAA Cy BN LA E RS,
CO, #MESAMR, REFKDFIHBCE S, Mk
[ N O I 7 =S FU R OB L e 0] - K S a2
I IEA R . COL BRI, SO o i g %2
FESZ Cy i A i A 50 AT M LA R T 1 Y
CO, B (BRI P2 A 5238 i NR [RIRES R
FEXT, TP 25 RrbiiAs 72 v C )
FEBEEDH o ALFE Cou A OGP AH O 1Y 3 25 Tl 1R
Jiff (Carbonic anhydrase, CA). & s 5 =X A i
MR 1Ll (Phosphoenolpyruvate carboxylase,
PEPC) . fK #i NADP ¥ 3 £ W i A
(NADP-dependent malic enzyme, NADP-ME),
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dikinase, PPDK). H:r Dfe i B ki 2 J i =X
P iR ¥ AL B ) Unigenes 10 4>, B H&EZ .
PEPC J& C, CHBEXREMZ —, F1ETH A
MR AR, JER COy IRARMLEI, MYEE
WA IEA TR C AR ME CO,P. ¢y MW
ppc HHEFHEIA 3 DA, HEALH
RAERL, 2350 Cu B (BRMHAY), FEAEM F
R R, 2R, R ) B, E
SRR AL R ARk mARM RIEL G A, E
BN R 255V 20 %35, Barling
2 1200 o J A AR 25 5 SR LR 9 Pt 2 B0 T
FFIAE ppe M (HAHFSE A i RV E X
JrASEIH 10 4~ PEPC AHSGHEH, 5 %K | sk,
RFEIH T EFEEM, mEHESREY . EHA
Cy fHYh, A FA LRI, [F—FhfE Yk
TR TRIZE R ppe BEH[RIJE RSN, TAAAE T
AR 4 ) — 2R B R pepe B A HAT 45 i 4 )
PEPER ) I, ASHFSY S Barling 220N
130 ppc JER AT RE A A FIZEAL, X4 Cy AR
KIEH M ER A GE T Cob ARt T H %
AR . [FIEE, T A VR AR DGR R A 3Rk
P, XIASRIEY BT Sk R BA S8

(Pyruvate , orthophosphate
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