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WE: IR (Monachosorum maximowiczii) 3 J& T BB B T HUR, 2 R mn o X Breea M M ey .
N TIEDTFRFRHZFA 25 R, A3 KA RSB E N T E AR RNA-seq) W A 7R IT T #5354
T 54T o I8 Tlumina Hiseq 25000 7T &, 3:i135k434.95 GbJR 45 (raw data), £3d )5 75 514.83 GbA JEHE
(clean reads), FFiE4T ML EEISH] T 101,448%%unigene. H:H, 54,1065 unigene T 2 ¢ (L B S HE . FRATIFI
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De novo transcriptome analysis of the rare fern Monachosorum maxi-
mowiczii (Dennstaedtiaceae) endemic to East Asia
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Abstract: Monachosorum maximowiczii, which belongs to the family Dennstaedtiaceae, is a unique fern
rarely distributed in the middle-high altitudinal areas in East Asia. In order to identify the molecular basis of
this species at the transcriptome level, a second generation sequencing technology (RNA-seq) was employed
here for the first time. Using Illumina Hiseq 2500 platform, a total of 4.95 Gb raw data were obtained. After
filtration, 4.83 Gb clean reads were kept and 101,448 unigene were generated using de novo assembly.
Among them, 54,106 unigene were predicted to have a complete open reading frame. The functional annota-
tion of the unigene obtained here was carried out using the Phytozome v11.0 databases. The gene function pat-
tern and participated pathway were further explored based on GO, COG and KEGG annotation. Meanwhile,
transcription factors prediction and analysis will provide preliminary insights into mechanisms of Monacho-
sorum maximowiczii for environmental adaptation.
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BRI — RATHHER . Bl EhH M 4k 2016). & 7k (Monachosorum maximowiczii) I J& #i
EHEY . RFRIAFHREEDL—TIRM, Z200T FIRRLE 7R & (Ptilopteris) (ZR1-E, 1978), Ja#
HRA R I F s I #y L [X (Christenhusz & Byng, VA N T Bk B 5 3% 8 (Monachosorum) (Wu et al,
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2013). A ECEMD, AT R E R E H A —
i, RREFEF(MFEL) (Wu et al, 2013; Li et al,
2015)0 5K HE o 5 415 W 9 Vi B 85 1) B S A A
A, &R 2 4 KAE A ETER BT & ik
(800-2,500 m)HL[X(Wu et al, 2013), XA
R BARAIA-15C (FBRA5E, 1994), A KIAE
SYMURE . DRI, REBR S ARG PR 5 Ao R AL 1
BTN &, a7k AT I BEAR A K

AR, BEAE ol S ORI A WK ke, ¥
AT H AR (RNA-seq) T A R A 317
Iy A TR T B (BRI A, 2012 Mt
5, 2012; ARINHESE, 2015). IZBHAE X A FH K
R A LUE I — I RS T e seAR AT KA
MR, FERMAAEYE B T BT P A%, e
PRI b SR A5 12 0 B R e 2H SR I 2 S F R LT
A A P51, BA BRI, HaEER.
. TR R S (Wang et al, 2009; Costa et al,
2010). A X e P 51{5 B AT LG B2 D) e 5k Rk
T2, MAREEEREE . 27 LS55 TS A AR
WA AT IR N B 7 (Franssen et al, 2011; Wu
et al, 2014; Yang et al, 2015; Zhou et al, 2016).

X TR BRI AE BRI S, R
WP 45 AR B e N AT 33E — 25 Tk 5 Bk R A P 2 At
TEHLE. BT, CREREFKALIRMBEEY E
BH . WM BR (Pteridium aquilinum)~ 7K R (Cerato-
pteris richardii)« =8 BR(Asplenium nidus) ¥F410
(Lygodium japonicum) E. KW (Equisetum gigan-
teum)%5(31) (Der et al, 2011; Bushart et al, 2013; 5
BTAE, 2014; Aya et al, 2015; Vanneste et al, 2015).
20114, Der%:HFRoche 454 & X BRI 1L
AT e N R, 3% 2 AT R A P
XS BRISHE D) EAT #F 78 (Der et al, 2011). {HZF|H

F=1 BARBSNHRLEVNERENFRERES
Table 1

AR, R AN R 5 AT R AR ) R A 5 3
MU FTIE AR W AR o

AHIE FER FHRNA-seq g AN A Ik 1 5% s 4 2t
AT oA, PHEALRRG T KBRS A5
Bo P RDIREER. ThREr I, Aligte
HRESE RS BT, XX SEEER ) TR Rtk
PR AT THETE, JRET XA TR PR i B A
BAT T E R AR NN T AT T R BRR A
WA Z R TSR PR SR, IO
PRBEIE AT TS E S it

1 #MR57EE

1.1 FHRENF

LS SAE N A = TN QSR IR & L AW
111(29°41'24" N, 109°49'12" E)& /X R AR 1) & 77
AL, HURE Ja B R SRR R A R .
H TRIzol® Reagent it 7 (Invitrogen, b ifF ) #2 B i
RNA, %AJ5#]HPlant RNA Purification Reagentix ]
(Invitrogen, FIHF)RHFEHR S RNABAT 440, 25
F Agilent 2100 MIRNASZHUF & . F] 474 Oligo
dTHIWE 7158 (Invitrogen, _FiF)Eploy AT A-THl 2
fiixf, MUESRNAH 72 HHmRNA. FIH&E S 75
A FIMRNAFEHLET 2L 200 bp /i A7 HI/NF Be. BA
XL/ BemRNA AR, HBEHL 96 e — 5%
cDNA%E, SREIMANLZ i AINTPs. RNase HFIDNA
polymerase 15 825 — 2ccDNA%E . X X EcDNA I
1700 TAB M, oK i 0 poly(A) 3% 2 _E I /¥ 4% 3k
adaptor, 3352 % {JcDNA. F|HPCR#{TcDNAY"
H, Ry P SCEE, A Tllumina HiSeq 250033 47
T o
1.2 FFHIEE

A Tumina XK i U /5 (paired-end, PE)J7¥2:

Sequencing and assembly information of five published ferns transcriptomes

/B ) s A W& g RIEREEERA O
Species Description Platform Total size  #{H No. of unigene References
(Mb) or transcript
WK% Pteridium aquilinum — FC-T# Gametophyte Roche 454 254 56,256 Der et al, 2011
JKB Ceratopteris richardii ~ #1F Spore Roche 454 266 15,730 Bushart et al, 2013
YR Asplenium nidus A Leaf Illumina HiSeq 2000 5,910 42,907 BT 2014
#5470 Lygodium japonicum  JRMAE. 3. T4, HRZE Pro- Roche 454 28 18,999 Aya et al, 2015
thalli, trophophylls, sporophylls, thizomes Ilumina HiSeq 2000 268 381,814
EARW Equisetum giganteum =5, ™. T Stem, leaf, strobili Illumina RNA-Seq 8,800 34,282 Vanneste et al, 2015
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AT EEE T, 15200 G B 2 2 1T Base
Calling #4647 514 #s, BRI 46 5 51 52 U B (raw
reads), LAFASTQRE 17 o X545 7 51 AT )it = 7P
fhATATAE BEAr AT, I BRI & SCRE I P A ek 7
B\ PSR BT 51(Q < 20 bp) FN > 10% 1741
PLRAE BT G K BE< 20 bpl /741, #3306 S8
(clean data). F|HTrinity (http://trinityrnaseq.source-
forge.net/, X A% 5 trinityrnaseq-r2013-02-25) %} fr &
A AR HAT MR LG . T TrinityH 38 45 R p &
HREHITURFH, FIHCA-hitEREZ T, 15
Fllunigene /741 .
1.3 ORFFA

F| H Trinity 7 [ transcoder . & X} unigene i3t 17
FF A 52 HE S (open reading frame, ORF) i, 15 %)
J¥ %) Hh B AF: 1 ORF X 45, i H pfam  (http://pfam.
xfam.org/) FHE P2 X5 T &5 ot AT R I, W Hx 2
RARE B pfam B FE R B H P .
14 INEEER. DERKREEETH

K H P 5 B 5 v % unigene 13 47 7 F1 AR AL 4
INT o« TATE oA H blast 2.2.24+44 T A unigene LE X
FINrEHEE(E value < 1e-5)HEATIIREERE; [RIES M
Phytozome v11.0 (https://phytozome.jgi.doe.gov/pz/
portal.html/) %% 7 S1AME ) 5 K 40 £ 4 (A 43 8
DB 32), K HAE A A Hiblast# 4 22, #]Hblastx (E
value < 1e—5)¥ T unigene bb X BIZE04 22, K45
unigene [ FEAIVERAE B - GO (gene ontology) & —4™
B4 (1) [ bR BE Rl D e 70 R0 2, m A4 T ik
AN TR A= A v BE DR ) AR ) 22 R AIE (5K R 45, 2015) A8
Hiblast2go (http://www.blast2go.com/ b2ghome) {4
MTWEGO - 4 LR 21 A< 1 5 485 2 o i unigene 73
AT GOTNREVERE M 7r KRGt . RIEIRETRAE
Hi#1TCOG (clusters of orthologous groups of pro-
teins) I AE 7> . 12 A blast % (blastx/blastp 2.2.24+)
Funigene 5 KEGG (Kyoto Encyclopedia of Genes
and Genomes) [ 2& K 204 /2 (GENES)  (http://www.
genome.jp/kegg/genes.html/) AT LU, HRHE LU X 15
FIFIKOS 5 2 B BRI AW i %, 47 AR
BT
1.5 FEREFN

Ha TIN5 ZIORF [ £ H 7 51 EL X £/ Plant TFDB
V3.0 F TF(Arabidopsis thaliana)E 5K+ A
(http://planttfdb.cbi.pku.edu.cn/prediction.php/), 4T

33 R T TR0
2 R

2.1 HREFIEAER

¥ Hllumina HiSeq 2500 &3l & 77 & 44
TORBEAT $e s P, 19514.95 Gb i U5 £ 5 (raw
data), 11549,027,722 2 467 5B B A 5L
5 A% ZNCBIFISRAZHE 7 (SAMN03575883)
Q20. Q3074 ik $196.54% F191.54%, GC& &N
47.82%. AT RIIEJE 8415 B i I HER T, Xt
JR GG EHE AT I DR 25 A, R1F T 4.83 GbA %HUE,
£, F 48,497,004 5% £§ 43 HT (1 /5 51 152 B B (clean
reads). Q20. Q304> HIiLF98.61%4193.58%, GCH
BoN4T.71% (£2).

X BB BEAT de novo B ¥4, L7153
107,197 Nk AR o B s AR R K B 1K $1102,393,559
bp, PSS bp. H K2R T-400 bp A
56,8065, 7T R AM47.61%; KT1 kbt
S ARA32,534%, 530.35%. ERILKRFHE S
#101,448%unigene, K JEiX$91,256,432 bp, H:
KA A1, K N14,804 bp, H4E N201 bp,
SEHJKE900 bp, NS0 N1,817 bp (#3). Hb, KJF
KF400 bpfjunigenef51,563%%, 15 FTH unigenef
50.83%; KT1kbI4528,4634%, 128.06%.

2.2 ORFFM

£ 101,448 % unigene ', L 7l il 3] 54,106 2%
ORF, s unigeneff153.33% . K F N787.9
bp, &K A150 bp, H K 14,016 bp (Fi3%3). H -,
A 47,342 % unigene K Tl £ ORF, (5 & unigene {7
46.67%.

2.3 NREER. DERNRERTH

N TR B g S R DR () A W T, BT

Frunigene 73 1) X BN ATA Hb A 208 2 34T Dh g

R2 ANRERENF R BRIEERG T
Table 2 The results and qualities of sequencing for Mona-
chosorum maximowiczii transcriptome

JR UG EAE EEpiE it
Raw data Clean data
75140 H Number of sequences 49,027,722 48,497,004

4= Total length (Gb) 4.95 4.83

Q201 Q20% 96.54% 98.61%
Q3018 Q30% 91.54% 93.58%
GCfH GC% 47.82% 47.71%
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Fig. 1 Length distribution of the unigene

T3 BNERFERHde novo AR ER ST
Table 3 Summary of de novo assembly analysis for Mona-
chosorum maximowiczii transcriptome

LN AL PR

Transcript Unigene
5% H Sequence number 107,197 101,448
T Mean length (bp) 955 900
BRKE Max. length (bp) 14,804 14,804
/M FE Min. length (bp) 201 201
N50{H N50 1,907 1,817
GC# & GC content 0.44 0.44

VERE, JFHE LT B A Hb 20 4 2 1 unigene 73 A1 3E 4T
GO. COG. KEGGHjRE/r2K.

X} 101,448 %% unigene Lb Xf 25 Rt 17 &1, H
30,607 2% Lt % B Nr 4 2 38,007 2% Lk X F1 A< Hh
blast¥ . %138,00745unigenel T B4 R ik 17 411,
A 18,600 4 V£ B B GOXLIE I, H 12,113 %R 3
COGHHE; 11,368 %411 B BIKEGG U
231 GOH%

FI FH GO Xt 7k (P unigene 3E 4T D e VE
BEF 12K, 18,6002k unigene 73 B4l i 4H 53« 431 2h
Re. EWEI RN TIRE RS PR Sunigene 3k
33.51NGOEFRE (K 4). 31,428 %k unigene i IH A
“CLEPEE R ThRE RS R S 5T 9,458
A, 50.85%) A4 i FE (8,525, 45.83%)fJunigene
W%, BITEAS% LA b, 1 A= 40 RG B A0 20 i A% B o
EE 51 43¢ /b, 43 510 29 0.01% F110.005% « 4 13,183 %%
unigene % AN “HH I 2H 53 DR RIS 24 A0 48 i 51

0 & 9

Sy FT G el B, YION13.97% (2,5984Y), FIKONR
4510(2,32941), BT o B Ag R 12.52%, T B A 25 5
A it 1 AN o N = N s
unigenetl/b . 20,6445 unigeneI N4> T-ThEE" T
RE R Hoh, 5B TR IS MERT & L) 5 e,
53N 51.97%F146.89%, Foa Fir o A5 35 75 6% LA
T(F4).

232 COGH%

¥ unigene tb X} 2| COGEL I i, #E41TCOG 4
Gt Koy bT(ERS). S5 RK B, A 12,1134 unigene
RYEHIh e KRBT 73 252K, i, (558 3014
HILFBE & Z (1,933, 15.96%), H kL)
RETINIZE(1,3801, 11.39%), #HF G810, & Al
BT HEARZE(1,2094, 9.98%); TS 54liizsh
(24N, 0.02%) I3 F £ H £ /b .

233 KEGGH %

FFHKEGG £ 45 Fg i 1) 38 2% 2048 2 (Pathway
databases) %} unigene ] DI e 2E A7 73 KA 73 #r, 4551
W26, LA 11,368 %% unigene RE 0% 11 B 1) 128
KEGGHRHE@E H o HR4E D e 7] 1 1558 25 45 A Qi
WAL BEEEIN LI RE, BG4, EMA
4. gt R N BRe R, Hd, 2 5/
1% ¥ unigene fix % (10,379 %%, (5 AT B 33 B 25 A1 19
73.41%), H KRB AE BN TidfEQ,551%, Ard
L5 918.04%)

X} I8 B B BT R B, S AR DL E
HiZ, 965, biFTAIBENT5%. (Ei%E5H S
5 AR I8 M unigene it £ (2,618%%), K2 B/KAL
AW(1,51155) ZIEFR AU (831 5%) AR -4 ot AR
(813%%); TSR EYH . IR AR R 2
FERACU ARG @ B E A %, M al&15% . 14%.
1444(36). TE1281KEGGHRHEREE 1, HpZ 54K
8 B ffrunigene 30 &2 5 2 (2,6184%), HLARMKIK AR
AR AED A R(1,41825) BRARIHH(4062%)-
FIMEY A (B30%%) BT AR Q97%%) %k 1%
(7)o
24 FREFUN

5 190 2 ORF HJunigene it 417 #% 5% [ 1 Fiul, 3%
T 21,130 % s R 1, W] 43 554 e s Bl K
Fik. b, mRKMFKFEZLDHLH (basic He-
lix-Loop-Helix, BfVE-12JE-FF-185E) (1514,
13.36%), HAEC3H (821, 7.26%). AP2/ERF (74
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=4 A7\ FRunigenelIGOINEEL T
Table 4 GO-slim functional categories of the assembled unigene for Monachosorum maximowiczii

=K% Three categories GO% H GO term Unigene #{H No. of unigene

Gy ESup WL FE AT Regulation of biological process 1,368

Biological process S HEHZ 7 BUAE YA B Cellular component organization or biogenesis 561
SENLIETE Establishment of localization 1,559
H3% Z4HEFE Immune system process 9
B—AEY)EFE Single-organism process 5,268
SENL Localization 1,576
iM% 5 Locomotion 8
AR K Biological adhesion 2
HIB . Response to stimulus 994
HMMuAAS Cell killing 1
HHAIEFE Reproductive process 24
LEWIRTT Biological regulation 1,448
ARHHEFE Metabolic process 9,458
{5515 Signaling 393
K Growth 16
HHEEFE Cellular process 8,525
KB HFE Developmental process 37
HHLEREFE Multi-organism process 32
54 Reproduction 12
AP PR R $1H4% Negative regulation of biological process 48
Z A2 Multicellular organismal process 54
LEWIEFR ) IE % Positive regulation of biological process 35

4H M 20 75 4H M 2587 Organelle part 864

Cellular component 0 Cell 2,598
TR A Macromolecular complex 1,399
J45#) Membrane 2,329
a4 X 4 Extracellular region 21
JEE 4> Membrane part 1,361
R Virion 1
JEESE A i Membrane-enclosed lumen 150
HHEH 4> Cell part 2,598
ZHu#s Organelle 1,859
Mu4h3E 55> Extracellular region part 1
Mu4hIE R Extracellular matrix 1
JRTEMRES 4 Virion part 1

Vanm Il 25EE A5 Protein binding transcription factor activity 60

Molecular function B2 R AC e R TP, Guanyl-nucleotide exchange factor activity 33
PLELIETE Antioxidant activity 114
ARG Receptor activity 105
#5ik5rFiE k- Structural molecule activity 294
93T H5 396 Molecular transducer activity 116
B 575 4 Enzyme regulator activity 118
B IR IE T Nutrient reservoir activity 7
&IRFHRE FVE T Metallochaperone activity 4
fELTEME Catalytic activity 8,722
12751 Transporter activity 936
£547E M Binding 9,666
LT8G PE Electron carrier activity 119

AT B4 &5 3¢ K 1735 Nucleic acid binding transcription factor activity 350
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Table 5 Classification of the clusters of orthologous groups (COG) for Monachosorum maximowiczii

COGYfiEsr2 COG function classifications Unigene%t H [ER 4
No. of unigene Percentage (%)

RNAJIN T. 5181 RNA processing and modification 576 4.76
Yot JR 45 MRS /7 Chromatin structure and dynamics 168 1.39
fie B4 il 5 Energy production and conversion 475 3.92
4 M R . AR Yk X Cell cycle control, cell division, chromosome partitioning 288 2.38
BI85 Amino acid transport and metabolism 318 2.63
M1z 510 Nucleotide transport and metabolism 181 1.49
BRKA A WH512 518 Carbohydrate transport and metabolism 546 4.51
il 12 5101 Coenzyme transport and metabolism 154 1.27
fE2E¥12 501 Lipid transport and metabolism 424 3.50
TR, ARG A AEY) K E Translation, ribosomal structure and biogenesis 562 4.64
¥ Transcription 669 5.52
i, EHFEE Replication, recombination and repair 403 3.33
R RENE A=Y ) Cell wall membrane biogenesis 66 0.54
MALIZZ) Cell motility 2 0.02
M. EANYTE. 2 718 Posttranslational modification, protein turnover, chaperones 1,209 9.98
THLE T #3251 Inorganic ion transport and metabolism 315 2.60
AR E R 712 508 Secondary metabolites biosynthesis, transport and catabolism 441 3.64
— I BEFM General function prediction only 1,380 11.39
AKN1INEE Function unknown 932 7.69
5% S Signal transduction mechanisms 1,933 15.96
M FEIE . W FN/NLIZ % Intracellular trafficking, secretion, and vesicular transport 610 5.04
B AL Defense mechanisms 114 0.94
Mush4E# Extracellular structures 56 0.46
%451 Nuclear structure 32 0.26
4HME 4 Cytoskeleton 259 2.14

A, 6.55%) bZIP (64, 5.66%) (K2). HRiE Ak
&, bHLH. AP2/ERF. WRKY. MYB. NACZ: 53
K7l RE S PLIEA R, FihR IR L 5 R 1 K2
F388, o HEAR L SR 1 1134.34% .
3 g

b5 mE RN TR KRR, Heg TR
YRR G BRI AU e =4, ©& )2 BN B %
AR AR (BT B A, 2015) . AHIE 5 R
Tlumina iy &0 77452 AR 25 73k R OB 9= i A
il AT R s I e, HIR1G R 46 8 4.95 Gb,
H KK ¥E4.83 Gb, clean readsff1Q20. Q301H #1E
93%LA_F(3R2). iHiLde noveHf e %% ) L TURALEE
Ja, WA1330101,448%unigene, N5041,817 bp (£
3). A&t 3 0 S VA S 2N e e R T AT
FeC T, MR 0 M (AR B () B Al

EORFHUN 1, J4554,106 (53.33%)%kunigene

T 2] T ORF, i&£H 47,342 (46.67%)%kunigene & i
M E|ORF, W] WA Tt 2| ORF fJunigene Fr o4 ) LL A7)
B . TEATR T, FRATE YR F Bl AR R A (EL 4 5
) 1) B DR LA EAE B R, 0 R R A )
BN HEAT ShREE R . S5 Ne8dE B vE B 45 A L
(30,607 Z5unigene), [ifi 25 8 47 (1) F DR 40 50905 P 3
4h L (38,007 %% unigene) ¥ 4F, 1H 45 62.54% 1)
unigene R A3 BVERAE B o 18 A LA &5 R R R ] g
A: BRI BA SERAE R, Hxar
TH B 78 NI NITES 22 (Der et al, 2011; Bushart et al,
2013; Aya et al, 2015; Vanneste et al, 2015), XAl
VG BRI D RRERE B A, £
— LG FE B I o2 3R A0 B T REERE A B RR
TEYAE B AR PR R i — AN 280, 7E 3
Pt R e S — SRR R, XA S

R FIR BV R B R R 2 — o BEEF T
R, AT 00 7R unigene 5 oAt R 2R . &
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3+T6  FH7\HKunigeneHIKEGGEFRLE RN 7%
Table 6 The KEGG classification and metabolism pathways for the annotated unigene for Monachosorum maximowiczii

25 Categories 1 B Unigene%i H el %
Pathways No. of unigene  No. of pathways
RBHETE Metabolism etabolism WKL &C# Carbohydrate metabolism 1,511 15
R AR Lipid metabolism 813 14
SHBNIR T Fn4E 4 AR Metabolism of cofactors and vita- 371 11
mins
fe i Energy metabolism 477 6
EZHBRAW Nucleotide metabolism 446 2
IR Amino acid metabolism 831 14
LRI IAL A WIS Metabolism of terpenoids and 224 8
polyketides
HABRAEACH =PI A=Y A B Biosynthesis of other sec- 314 8
ondary metabolites
H A EEmRAC Metabolism of other amino acids 270 5
ZWEEY) 6 51U Glycan biosynthesis and metabolism 166 7
4Bk 5 SR Global and overview maps 4,956 6
/Nt Sub-total 10,379 (73.41%) 96 (75%)
LS BT Genetic information processing  #1&. 47ZSA1[%f# Folding, sorting and degradation 769 7
#1%E Translation 876 5
5% Transcription 413 3
Sl 51E 5 Replication and repair 493 6
/Nt Sub-total 2,551 (18.04%) 21 (16.41%)
WEi{E B AL Environmental information {5555 Signal transduction 350 2
processing 532 %1 Membrane transport 36 1
/Nt Sub-total 386 (2.73%) 3(2.34%)
L FE Cellular processes B%i 5% Transport and catabolism 506 4
/Nt Sub-total 506 (3.58%) 4 (3.13%)
W RS0 Organismal systems IIEIE N Environmental adaptation 252 2
/It Sub-total 252 (1.78%) 2 (1.56%)
AZ¥5I Human diseases fif 25 7: HLH Drug resistance: Antimicrobial 7 1
W S5 RPEZ Endocrine and metabolic diseases 57 1
/Nt Sub-total 64 (0.45%) 2 (1.56%)
£7 KEGG% % Hunigene 8 F ZAV10MRSHE R
Table 7 Top ten metabolism pathways involving unigene in KEGG
Yufis 1D ARUHEE L PR Pathway unigeneZ{ H No. of unigene T 45 Et Percentage (%)
ko01100 f{Ufi@EE Metabolic pathways 2,618 23.03
koO1110  RAEARBI =PI EY)E K Biosynthesis of secondary metabolites 1,418 12.47
ko01200 FiAX#f Carbon metabolism 406 3.57
ko01230 ZJEFRAY)E A Biosynthesis of amino acids 330 2.90
ko03040 BYE{k Spliceosome 297 2.61
ko03010 fZ#f{& Ribosome 292 2.57
ko00500 E43 5 #EHEFC Starch and sucrose metabolism 263 2.31
ko04075 fEYIIE (S 5% ST Plant hormone signal transduction 255 2.24
ko00230 MEHS{{i4f Purine metabolism 243 2.14
ko04141 P M ¥ 25 i N T Protein processing in endoplasmic reticulum 230 2.02

8. RTHEY . erEvEtT B i, ROvE P E RAEM . ARTTTIEIE GOLhRE > A4

I KRG TSR E E S S . AL, 2 50U RE A4 A0 1 (K unigene 3 H %
GOMICOGHIThRE 7 RX WD T filr B K Th g %, 79,4585 419,666 5% » IHITKEGGHEE

HEEH, MKEGGHHE FHHISHE R AT, @B A, S5EHEEH X Munigene (10,379
HEMNIE R ZhRE, 1 B AT DU 50 2 DRI AE AN [R) AR it 3 1% Z) LB MBI R 2 (965%) . GO ZEFIKEGG /Tt
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10, 0.88%
10, 0.88%

10, 0.88% \
11,0.97% —\\
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Fig. 2 Number of Monachosorum maximowiczii unigene that were predicted as transcription factors. The 54,106 unigene which had
been predicted ORF were aligned to Arabidopsis thaliana in PlantTFDB v3.0, and 1,130 unigene were predicted as transcription

factors.
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Appendix 1  The picture of Monachosorum maximowiczii and its distribution. (a) Monachosorum maximowiczii (photoed by Hong-
jin Wei); (b) The distribution of Monachosorum maximowiczii with distributive information from Global Biodiversity Information
Facility (http://www.gbif.org/), Chinese Virtual Herbarium (http://www.cvh.org.cn/), Plants of Taiwan (http://tai2.ntu.edu.

tw/index.php/), and the specimens we collected.
http:// www.biodiversity-science.net/fileup/PDF/2016231-1.pdf

M2 MPhytozome v11.0TE5 1 ME4IE E LA 2R blastZx 1t 5 78 B

Appendix 2 The blast local database was constituted by 51 plant genomes, which were downloaded from Phytozome v11.0

http:// www.biodiversity-science.net/fileup/PDF/2016231-2.pdf

MisR3  FUMEYFFAURIZAESE(ORF) KB 53 75

Appendix 3 Length distribution of the predicted open reading frame (ORF)

http:// www.biodiversity-science.net/fileup/PDF/2016231-3.pdf
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