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De novo Sequencing and Characterization of Juvenile Sporophyte
Transcriptome of a Fern, Dicranopteris dichotoma
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Abstract ; [ Objective | The sporophyte transcriptome of Dicranopteris dichotoma was sequenced by Illumina MiSeq
250 to provide molecular information of its growth, development, metabolism, and the micro evolutionary mecha-
nism. [ Method ] The functional annotations, metabolic pathways and microsatellite analysis of some Unigenes were
conducted using bioinformatics methods. [ Result] A total of 18 463 296 reads containing 4. 62 Gbp of sequence in-
formation were generated. A total of 63 169 unigenes were formed by initial sequence splicing, with an average read
length of 863 bp and N50 value of 1 587 bp. 26 826 unigenes were annotated using BLASTX searches against the
Nr, Nt and SwissProt databases. The unigenes of the transcriptome of D. dichotoma were roughly divided into cellu-

lar components, molecule function and biological processes categories of 47 branches by gene ontology, of which re-
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lated with cellular process cell, binding, metabolism processes and catalytic activities. Further annotated based on
COG category, Unigenes could be grouped into 26 functional categories. KEGG pathway analysis showed that Uni-
genes could be divided into 276 classes based on their metabolic function. Meanwhile, 13 286 SSRs (simple se-
quence repeats) were mined with repeat motif of 2 to 6 bp by MISA. The trinucleotide repeats were most dominant,
accounting for a total of 40.41% . AG/CT (14.45% ) and AAG/CTT (12.39% ) were the most common repeat mo-
tifs. Polymorphic SSR markers were developed from repeat motifs, which could be used for genotyping of different in-
dividuals of D. dichotoma. [ Conclusion]| A higher quality of transcriptome database was obtained in this study,
which could reveal the general characteristics of gene expression in the process of growth and development, and lay the

foundation for further gene function mining and the large-scale development of molecular markers of D. dichotoma.
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T-H ( Dicranopteris dichotoma ( Thunb. ) Bernh. )
J&7K & H (Polypodiales ) B [ F} ( Gleicheniaceae )
T3 ( Dicranopteris ) , 52 $E B R PE T S48 /R AH Y,
W WA B X S B ( Pinus massoniana
Lamb. ) . ¥ K ( Cunninghamia lanceolat ( Lamb. )
Hook. ) Wi VB IH-bR | 5 988 55 DA S5 U AR AR B  LU01)
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SR RIS 5 Fh ¥R AH L B0 52 2 i e (0 I 21
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Linn. ) ! 45 (e Sy 4L S0 PE R R 5 110 9 7503 et
I PP e s Al 2 E T 3/ ALK ( Preridium: aquili-

num (Linn. ) Kuhn. )" 7K ( Ceratopteris richardii
Linn. ) ') 15§15k (Asplenium nidus Linn. )" J% g
490 ( Lygodium japonicum ( Thunb. ) Sw. )% Hf
FUHRIE

H HiA - H 58 s 2 2 90 R WARGE , )
Tl 3 FARICTE S S i AL B 45 AH S BIF 58 AR Wi
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I ERE T PRI R 4B DNA
1.2 HRAMNFSRFIIEE

RNA $2HULF) & (TIANGEN) $2 iUEL RNA, SR
FIA A Oligo(dT) REER & 5 mRNA, JRA4 HBEHLAT
Wi Bl R BEAE A AR, 7S 3k BE LS| ) A i — %
cDNA, [ 5 7£ DNA polymerase | fE T & Wl — 4%
cDNA, XU cDNA Z4i 4k i poly (A) K3 F2 I
K5 64T PCR 4719, 45 300 FP ] ¢DNA SC% R
F Mlumina MiSeq 31 1% - &, 1 FE %0 36 W0 /7
(Paired-end ,PE) Y J5 7%, PE250 {3 5 5% s 0E 17 /55
WD DR300 A e 81 2 BR e it ek J
IR RE P51, 48 Trinity FAFPHELUR N — 4,
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o ( Unigene) ™
1.3  Unigene Ih&EERE . GO 53 KM HHEBER 517

P PR3 E A9 Unigene ¥ 415 NR (NCBI non-
redundant protein sequences) , NT( NCBI nucleotide se-
quences ) , SwissProt ( SwissProt protein database) , COG
( Cluster of orthologous groups) {4 ZE#E 1T BLAST [,
XJ ZRATTEBE (o NRONT , SwissProt £04J5 J% L X E
fH<1e-5,COG HXf E { <le-3) ;i HMMER3 &
P8R O 9 8 1 A5 A SR HMM A58, X Uni-
gene $E178E F Z G ( Protein family, Pfam ) i3 B ; 75 4%
NR FI Plam P78 28 T RE4E R, ff ] Blasi2GO %k
{4453] Unigene [J GO ( Gene Ontology) 2 H , 3 H
WEGO #fFxf Fr A 1Y Unigene #£47 GO Thfig 732548
i, T )5 #47 KEGG ( Kyoto encyclopedia of genes and
genomes ) B4 FE AL % 42 KO (KEGG ORTHOLOG)
TEREIIHT o A H AR A B84l T 22 (] 1) Bl X 285 A
A, N34 NR , Swiss-Prot (154622 € Unigene [ /%
B 77 18], U A 19 Unigenes DU F %K £F ESTScan i
N H 2t A X -6 7 T3 810 7 ) o
1.4 WHIBEHWE SSR #Ri1EA A

MISA #FH %8 Unigene Jy81] rf i) i 50 8L &2 )7
%1 ( Simple sequence repeats, SSR) , F& 2% #5 v« L,
T I S IR R (motif ) 2 /0 HE A AL
o350 10.6 4.3 .3 .3, A KE i B (perfect) S &
7 ( compound ) T &7 HE J (motif ) 7, 33k 1 % 4k 11 A
S IF RS T o

BEAL TR T T P K B R 45 T 18 bp
it Unigene /751, #| | PRIMER3. 0 % {f#£47 SSR 5]
Pttt AARIRFEHLE BT 19 20 X, %5 Dd_
eSSR1-20, Z Ak A 1 F A6 71K SSR briclk & .
10 pL #4510 x PCR 2% ik 1 uL,Mg“Z. 5 mmol -+
L', dNTPs200 pmol - L™, F RIEEI4 0.2 pomol
- L7",Taq A T30.5U,DNA30 ng /247, PCR J2 )i
R :94°C TS M 3 min;94°C30 s,55°C30 s,72°C30
s,30 DMEFR; fieJ5 72°C FEA 1 min, 8°C fRA7, Hial
FEAS PCR W1k T 8 %0 58 N 440 ok i B JK¢ , 7 DY CZ-
32 AU HE H AL KA (db 5t oS —) HEk AT LUK 4 B,
S0bpMarker VE R 7 o AR YL AG DU o Dk 45 2R
A o s A5 MR BN LA A (B C- G 55, 15 B4
(B PRI R AT

2 HERE

2.1 HRAWFFHSEERRESH
Py 2R AT 7 51 28 5 98 A5 21 14 Fr Be 2 (clean

reads) 2 9 231 648 %, BIEHCY 2. 31 Gbp,GC
HOEE R 47.76% o 75 BT PEAG, R Q20
98.24% ,Q30 H 97.55% ., JRIAEIE LS Trinity P
Ja 2R A 110 051 NG A, B i e AR KRB
201 bp, V- ¥y B e A K EE 1 238 bp, NSO Jy
2 182 bp, FEFEARZ 43515 63 169 2% Unigene J7
5, fcJ Unigene 1< J3E 556 SR — 3, P 1 51 2% Uni-
gene K J&Fh 863 bp,N50 & 1 587 bp, Unigene JF 5]
11 200 ~ 500 bp & FE X [H] (14 %5 & 5 S8 55. 4%
(34 982) , HALBORFF & PE250 Il J7 ¢ mi. A
Blast # ZZ J M T 23 064 4~ CDS, H 1 81. 3%
(18 740) #y Jy %1 K J& K F 300 nt, 1 K B KT
1 000 ntf7 %1 5 36. 0% (8 301); H fth oK fig F
Blast H %f | 9 Unigene J¥ 41 3% Fl ESTScan T T
37 778 CDS, H: A1 40.5% (15 308) Iy /F 4 K &
KT 300 nt, Fdli SRR TR 5 IS 2800
Praisk,

%M FPKM ( expected number of Fragments Per
Kilobase of transcript sequence per Millions base pairs
sequenced ) B 712 118 35 3 Unigene [ 3634 /K -,
TRBEVE T B ik DR 2 2 S I R B ) ik PRI 3R ik
KA T I RZ I, P2 Unigene ) RPKM SE-4{E K
17.42 , f K{E 0 31 231. 043230 4% Unigene (1) FPKM
{EAR T 500, Hor A 142 4% Unigene 59 7EJ5 %% NR
Bl PErp R 21T RE T RS . &N 1) FPKM K54 f
SEPAE 3,16 ~ 36. 12, /R AU I AR /K - 36 1k 3
FRERlllEd § e e
2.2 FITheeiERSThEEs K
2.2.1 FHapEBERmI ki B Unigenes 735
Nr, Nt, SwissProt, Pfam, GO, COG, KEGG %4 2 ik Lt
B, 4k 71F Unigenes MER(E B . St RAPAT IR
{5 EL 1Y Unigenes J3 51 M A 26 826 7%, iE B F Ny
42.46% ,TEAHUE E h A IE R P I B LAk 1,
28 NR B 22 LU X, 22 H A 7K Unigenes J¥ 31 5 &
#E A Y1 /N 57 Wi B ( Physcomitrella patens ( Hedw. )
Bruch & Schimp. ) J [f] 2y ik 28 #1919 V1 e 45 A Y
Unigenes [ 91| VC BCAR B e 22, 45 o TR B BT
51 18.5% 55 18. 4% , fAMKIR 54t 3E =42 (Picea
sitchensis(Bong. ) Carr. ) (17. 0% ) %% ( Vitis vinif-
era Linn. ) (10. 5% ) } K & ( Glycine max ( Linn. )
Merr. ) (3. 8% ) . fig VT it 1] — & £ i 9 AH BT 571
[ ez P H PR B, M AE— & £ Uni-
genes JT 9 R BEFRAFILHC
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&1 Unigene 75| 7 & HEERTAEERER

i e e W‘P‘E%‘ gligene &uE‘ﬁﬁ(i b}
Ko HATH/ %
NR 22 897 36.24
NT 3427 5.42
KO 6 240 9.87
SwissProt 18 016 28.52
PFAM 18 685 29.53
GO 19 855 31.43
COG 8 907 14.1
T T AN P A R R 1484 2.34
&Y BERE Unigene $ht 26 826 42.46

2.2.2 GO #HEEEH»E  AUTL G GO Bl
JE, WL X230 B Unigene AT INREZM 2R, AT
fiff HoA0 U AR K R B A e R S TR I T BB o A R
PRHFAE. 19 855 A Unigenes R] 73 i 3 NEA K IO fiE
AR TE IR AL 47 AR 1) o Hp AT R
T FEINRE Unigenes Jx 24 52 242 I, $hA7 40 i 2H 1
£ 36 032 2% Unigenes, ¥ M /3 T3 GE ) Unigenes 4
24 770 25, WS INREIX RIKE , & T REA K h Uni-

100

104

o7 BB R 43 /%
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genes Big WIRE X RI ML EEA L & BRB T AR H
PRI BE DN A8 — 8, b A
1A Unigenes 3 & 45 2 (9 JLA> T BE 41y 240 T 5 7
(119457%) AT 72 (11 044 Z%) 40/ (7 196
4 HIMIEER (7 159 %) (PP (11 538 4%) Jefikfb
HPE(9 457 5%) %%

MY ESIRMAS A EA (MT) X HYIRES
IR W A R AR B Y S i A AR oy SR
(48 B , A TE E G O TE T v 3 MT s Al
KIFFIEREN O, AT ILERAT 23 4> GO g
TR 2 )8 45 & 3 A VDA G 1Y Unigene J3 51,
FLOTRETIUI /s B AR ON I B R SF A B H .
TEIX 23 54 PIRETERER) Unigene J731]H FPKM {E K
F 500 A 2 2% :comp28891_c0( GO :0046872//GO .
0003950 ) . comp9834 _ c0 ( GO. 0008270//GO;
0046872) , H:A comp9834 _c0 741 FPKM {8 i K K
6 424.29,GO TIREMIIN M 45 5 3 A, ok ALY
PEC < J@ B 8 F 5k o

r19 855

-1 986

Unigene$ i

199

-20

e/ ESur:

1 a2 R 2T Ike

L AR 2. AT 3. AR5 4. AIRAL SR AE & 5. AT AR 6. R b RE ;7. @ OiiE M 8. AR K9, I RS
10. 5875 11 3885 12, AR 13, SR 14, 2B PR 15, GUIR 516, IEJEHE ;17 A5 518, BE5T;19. Bt
25200 BRI 521 (5545522, S — A7 HLAACRE B 5 23, 400 5 24 40 832525, 40 JIf0 135 I 5 26. 4 it A1 B T 24 385 27, Jf AR IX;
28. fUAMXBEF 529, RATFE G Y530 [5:31. JBldsf P Jis ;32 HRE 3R 33, Al s 34. 20 4% 2238 5 35 W R 1A 5 36. W TRIR 2L R ;37 it
AARTE T 538, 9052 539, MEALTE T 40, SHE P TEME 41, BRI IETE 42, 0 TR RIE TR 43, MRS A N FIE N 44 BOS S

Fe sk D7 545, SZORTE 1546, 854000 11 1k 47 512 1k

El1 GO ERSRE

2.2.3 COG # ¥ x84 K12 H Unigene 5
COG 25 [ ot A A [RI IR EHE ZEHEA T F X, 50 Unigene
ITNREFHE AT R geit. WP R ILE 2, B B
/T3 Unigene fIT#5 K 1 COG T REIE N4 N 421,
ALK 10 035 4> Unigene HRAEIHLTIHE KB I3h 26 2,

Xt 45— 4 Unigene $EATGE3H 00 B %, A — B30
RETIIN S IE N £ 22 (1 763 %) , HIUCR B 5 1B 1,
HEAPrEM THAREIER (1195 &%) [F9ie T
BLRIZEEEIN (736 4%) ML SR (537 4%) 5 Thi g
SRR FEIN (25 2% ) M4 is sl 28 3 N b (9
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%) D INEAEAE 1SRN AR R TR 5 A A 51 oy i
B FE AR NER COG ThRgk ik FE
AHWFFEHY Unigene BEAS P K 31| 1 3 K 2 800 4F A
G

2.2.4 AMFRH KEGG 54 #E KEGG ¥ )%
RS Bk — 204 72 H Unigene #E47 pathway i3
B, Horh 6 240 2% Unigene A3 %F 0 1) KO 45, 3%
46 Unigene 2 581 MAH R ER . 5 MCiHE
PERE T, FEAIEBOK S PR B S
S - A k= s ey 1| 5 N et 7/ D iR A I IS e T K
A 32 s R (8 3) o 32 BAlHER T 2R
AT 53R 257 AR 3, % 53 3 H Unigene BT R
FNFCR A R 2 1 AR (3R 2) IR i A3 (248
) EIERRAE YA (210 Z%) PN R H O RN
T(192 %) &, MR R E 4@ V5 YL X 15 3 [
Sy AT DLGE o P 6 A0 PR it S H 4 B B X Ok
RGN TRA A A 1 1
A, A58 AR5 BE Y Unigene i 1l 4 5
TRt FEAH DG ST R ALy 51 At

TERRIEDR BT o LAl /%

20 —
15 —
g
k=
& 10
b
5_I |:| II |I
ABCDEFGHIJKLMNOPQRSTUVWXYZ
Thhesr

A:RNA 9T 5840 5 B Je BRSS9 03 J1 55 C - BiE
WL 5 A D A0 R IR P, AR R 2R, B iR B S E
WHEMR i 5T R E S5 G ok b aikiz
S e RS E S ACH S L IR iz S A0 ). B, &%
BRI R AE D) 25 0 K e s L Sl BRI 1 s M 240
B/ AR AR ) R A s N AL 3l 5 O - B G B4, EE I &
a5 HEAR ;P ICHLES 7 5%am S50 Q AU i A
B FAB T R AL — R S RE BN 5 S . R AN BE; T2 5 5
P AL 5 U - 20H A 20 8 0636 3 iy V - Bl ML 15 W2 b
SR X RN 5 Y AZEH S 2 AN 2

K2 COGiERTERE

] 512
] 509
] 505

N
<
Q

2

w

1

) 624
I 207
I 435
O 161
—| 4
w[] 43
335
o o] 52
w1204
w97

2
D

AAPLRG: L IRIERSE 2. MR RG;3. RBERGE 4. HRERSE;S5. WWRIFREE ;6. MMl &
G5T HALRSE ;8. KR 9. IR RGE; B AR - 1. Sy Bt i e A A A s 2. BRI 3. B iR AR
W4, WAL S 455, MBI ;6. AT DI T RLEAE 257 IR B8 FiEm
AW AT 9. BEHACHE; 10, BOKALG RN 11 A AR I A 5 0 120 &
SERRACHT s C ot SV B - 1. B 52, 65853 RRIANE R ;4. &, 1) JSRINERR s D PRI 5 B AL
B 1 A5 S TR AR 2. (5 5 4653, IREL 12 B AL A2 1 B A 2. 4 iz

353, A AR AL TS 4. ML I

&3 #5H Unigene A KEGG 4335

2.3 WIERFBSH AR EST-SSR A3
FERRZR I 63 169 4~ Unigene J¥ 51 it , 460 75
AR E I IR 197 51 M BO 10 120 A, 415§

TR AN 13 286 A4, He A2 5 R AT S P AL 1 337
A, SRR B P A AR B0 0. 21, i TLA
JPBIF- 285 5 4 100.97 bp. fERIAR R B RCT
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&2 I Unigene HEHK XM 10 MUIGHE B

' ARG i HFHEH
Ko01200 e 248
Ko01230 BRI AW B 210
Ko04141 PR I R ) 2 o T 192
Ko03040 BIRINEN 187
Ko03010 (3N 174
Ko03013 RNA %%z 162
Ko04075 WYHEESHS 161
Ko00500 FERY RO 151
Ko04626 T 5 93 D LA 144
Ko00190 SR 143

REIEFF R AL T IR B 75 4% IR T B R RS AFAE
BT LT A RO K LI LI 4, fEREE
i U S EA T N, o =SB R
W IR, 5 REUN 40. 41% K A 52 L5
Fom AR D, Horh A IR R T B b A
BB 2. 67% o FE T A R B #Y 290 AR ALY
Hi, 1~ 6 R IR T A2 L5 v o B 5 o v 2 AR I
H,A/T (1013 4, 7. 62% ), AG/CT (1 920 4,
14.45% ) , AAG/CTT (1 646 4~,12.39% ), AAAC/
GTTT (463 4, 3. 48% ), AAAAC/GTTTT (23 4>,
0.17% ) , AAAAAC/GTTTTT (10 4~,0. 08% ) , H: rf
AG/CT 5 AAG/CTT [a]Hi g A 4 i Il o 42 38 1y o
HB BT S e I R A

AR Ay

2. 67%(355)

10 509?(1 %95)
VIR i

19. 28% (2 562) ZEHR

21.84%(2 901)

=HHR
40. 41% (5 369)
- FE S PNEE X o] T 52 L 1 B
B4 PR TR ST AR il

AP 117G 2 F1-EL T 00 P B0 52 FE R A 29 A
R BEHLIT A1 20 X SSR 51994 S A 2tk 5 2
B LA AR IC 4L % 5 KR A 2 A
SENRL YR o IR A R 30 11 X5 R
A RAFRIY I8 ARG 54.55% TP A S X
SIITEAN R A TE 2 2508, 28510 F B I3 3.
'S5 2y SSR fi s DD _eSSRO1, DD _eSSR14, DD _
eSSRITY M HLIK I, 445 3 DMLY HE 2R, nl )
BHE 29 AR E 4 R B (5350
BBBBBB ,ABAAAB ABBBBB % ABBBAB),

x3 STHIBER

7 85 195515 ~3") mEHT B KR/ C T B/ bp
T e o
R L PR
msws B o, s
s oo .
oo poemmomor o s
3 Wi ML, XA 454 BOR (CFH3K 400 bp) 7EIEAR

Xk Z TR AL SR AR A S, R
B ST AL DN P BOR AT ARAT R B Y 5% SRAE B, 0 i Tk
HAEN AL B4R 7 0 DA AR 25551 22 07 THT Y [R)
AR EEEL i Hiseq S0 umina 7538
0 3 A, (L R P B A2 2 AR AR R 9 A
B A o i TR A Yy = 225 SN 4L £
B PN i R, A R Ty R B i 4k

A W ST S R B )z AHAR SR i 5
B FLiE B AN 5 o ASWFFER A MiSeq250 5 W IT Jié 1
H Mlumina & @B, 357500 63 169 2% Unigene 7
H, -4 B8 5% Unigene K FF fy 863 bp, N50 Jfy 1 587
bp, FFF i Pl Q30 ik 2 97. 55% , e A K
FEJ 201 bp., T 4EFHG Unigene FE1 454 £ 200 ~
500 bp B X [A] (1) 5 S 55. 4% o 5 R 2R AT 58
FEE 2224 AR U 5 e R AR AR O AT, R UE
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DD_eSSRO1

300bp!
250bp

DD _eSSR14

200bp!
150bp!

DD_eSSR17

250bp|
200bp!
150bp)

T B A S 50 bpMarker, | 11 R RYCK I SSR 4251 DD_eSSRO1 ,DD_eSSR14 \DD_eSSR17 PCR 4" 3§ H kKl 44524
B5  EAHA PCR 38 Ik &l

I, SR TR R S R

425 E Unigene J751 5 NR %5 7 A0 22 EEXT
S 26 826 A PAFERE, AL A MBI 42.46%  h
TR DR 2 2 B sy 20 2 00F S 140 A 2 2 By
B, 053 918 I T vk 3RS AR I A D BB TE . A T
FEWNHTE BTG R4t o b, B m AR A 2L A
EST %3 e AR ME+R 21, 177 28 8 &8 5 1 B o 1=
AR S ARG 3E Unigene () FPKM ik 5 1
FERTE 3,16 ~ 36. 12, 5 7 A Y K6 0 38 (441G 26
AR R 9 LA 455 85 , T RIS P AE T RIF S8 % 42 119
25, 2 NR B E LX), - H SVT R B R E
BERLY)/ T BB 1Y) Unigene J3 51 45 45 (1 DC e, 3
rh = b A, 1 5 N ST &% DT B R B 5, Der
25022 SR AR 5 ¥ FO AR VT W1 S /N ST W B 1Y
Unigenes , 7R Bk 55 71N 37 i 6 5L BT 22 0 AR, 4 B
JER AT RE7E T 5 V0 R B ST TR A, BR 570
ST B ] S [ R 6 T A, = AR 3 S 0 25 R
TR AL . P55 R A FLER AR P B AT AR LY
PR S 4 A — Ee R — A B AE T AT I
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