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Abstract; Taking Dicranopteris pedata ( Houtt.) Nakaike grown on tin polymetallic deposits ( heavy metal
stress area) in Dachang of Guangxi and on the periphery of mining area without mineralization or pollution
(the control area) as experimental materials, the transcriptome high-throughput sequencing was
conducted on the leaves of D. pedata, and assembled unigenes were descripted by NCBI non-redundant
protein sequence database ( Nr), NCBI non-redundant nucleotide sequence database ( Nt), KEGG
Orthology database (KO), Swiss-Prot database ( Swiss-Prot), Protein family database (Pfam), Gene
Ontology database (GO), and euKaryotic Orthology Groups database ( KOG). Meanwhile, differentially
expressed unigenes between leaves of D. pedata in heavy metal stress area and the control area were
analyzed. The results show that 19. 56 Gb clean data are acquired by sequencing, in which, leaves of D.
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pedata in heavy metal stress area and the control area include 10.14 and 9.42 Gb clean data,
respectively. 120 097 unigenes from 250 582 assembled unigenes are descripted, with 47.93% of total
number of unigenes. Compared with the control area, there are 208 and 620 up- and down-regulated
differentially expressed unigenes in leaves of D. pedata in heavy metal stress area, respectively. In which,
120 up-regulated differentially expressed unigenes are descripted in metabolism process, accounting for
57.69% of all up-regulated differentially expressed unigenes, and 285 down-regulated differentially
expressed unigenes are descripted in catalytic activity, accounting for 45.97% of all down-regulated
differentially expressed unigenes. Fifteen unigenes in leaves of D. pedata in heavy metal stress area are
associated with heavy metal transport and tolerance, in which relative expression of ¢44988 _gl and
¢84121_gl are extremely significantly and significantly higher than those in the control area, respectively.
It is suggested that genes in D. pedata in response to natural metal mineralization or heavy metal pollution
of mine could be used for biogeochemical prospecting and soil heavy metal pollution detection.
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1.2.1 % RNA 2R E 4N % & M4 TRIzol ®
Reagent i{71] ( 3¢ [E Thermo Fisher Scientific /A #] ) ;=
At UL B AT S B R, SRS 7 S RNA
100 mg P=FH A MA 1 mL TRIzol® Reagent, L {2
21 0.2 mL = H B, RIZLRE Y 30 s, iR A E
5 min,4 C%MF 12000 r « min”" &0 15 min, 3K
i BT S RNA kO fil flf v (] 2 2 12 /O Ml
W 27K A2 0.6 mL F 1.5 mL Eppendorf % H,
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5130 s, FiRMFHE 10 min, IIASFHB =S HLE, 54
EY% 30 s, FIRERE 5 min, 4 C &M 12 000
r - min B0 15 min, /NOIRECEEIKAH 0.4 mL,j][l
ANERHF B, ERHE 10 min, 4 CHEMAFT
12 000 r + min™' B0 10 min, 2R 5 FARFR A28 75% 2.
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BEEPEDLUE 2 K, 4 CAMFT 8 000 r + min™ B0
1 min, L0, VK I A Sk T U0, i) )5 H RNase—
free ZKIEMFULRE . FIH Agilent 2100 A= 943 Hr A ( 3€
Agilent 23 H] ) XF AL RNA (1 J57 5 FUR B2 247460 000 11
I3HT
1.2.2 c¢DNA X EME R RNA-Seq M 57 = Ff
ARSI B A% I 2 i ISR AR B 28 DNase T 1H LR
TEH B S RNA, HI7F A Oligo (dT) R4 2K (£ H
Thermo Fisher Scientific 23 ) & 4 poly (A) mRNA,
Bifi 5 A 5XFragmentation buffer( 3¢ [E Ilumina 23 H) )
TE ThermoMixer® F1.5 18 1R 214 (£ E Eppendorf
ANHED PFERAM TR mRNA FTWSE A B, LT
Wity mRNA S 824, 7S 88 5 BE AL 519 ( random
hexamers) & 55 1 B cDNA, 2K J5 I A 2% K .
dNTPs .DNA polymerase [ Fll RNase H M 2 bk
cDNA, i f] AMPure XP Beads 17 & ( 3¢ [ Illumina
N SRR cDNA, ZEA0JS B RUEE cDNA Je AT
RIEE I A RIF T4k 15/ AMPure XP
Beads 17| @ 7EAT i BOR/ N 45, B )5 (8] ABI 9700
I PCR ¥ 344X ( 32 [# Applied Biosystems 2~ 7)) #£47
PCR 4", PCR IR 1R R EARBIN 50.0 pL, f 5
10. 0 pL. 5 x Phusion buffer, 1.0 pL. PCR Primer PE
1.0.1.0 pL PCR Primer PE 2. 0.0. 5 pL Phusion DNA
Polymerase 0. 5 wL 25 mmol - L™" dNTPs Mix.7.0 wL
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AR AT A5 B EA T R 7 ik ( cDNA SO A RO B R T
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#r Al BLAST 4FFI I NCBI )7 4E TUAY H 1 5
¥ 51 %P5 J%E ( NCBI non-redundant protein sequence
database ,Nr) \NCBI ‘B J5 AE TC4 ¥ 1+ 2 1y 51 B 9 14
(NCBI non-redundant nucleotide sequence database,
Nt) . KEGG H % [A] U5 %% 4l %2 ( KEGG  Orthology
database ,KO) Swiss—Prot ZUHg % ( Swiss—Prot) | & H
FR R IGEIE JPE ( Protein family database , Pfam) (FE K T
e 2R 2508 % ( Gene Ontology database , GO) FlE
BA: W) B & [A) I3 9 B85 5 (euKaryotic Orthology
Groups database , KOG ) %5 X} unigene #£47 73 ¢, [A] B}
i Blast2GO' ' LA K Nr i RS AT GO M REA
GO TNREA ST T, T A i InterProScan 5 #EA T
InterPro 1 B¢ 73 A1, M\ 11 45 3| unigene HY 2J AE 1 FE
fHE .
1.2.5 % ¥ &iA unigene 24  ffi | RSEM ( RNA-
Seq by expectation-maximization) """ # clean data H )
reads W5 (mapping ) 238 52 Trinity F7F2H 26 3815 1Y
) Bowtie 21" R SRVFAEEC , (1 DEGseq' ™ 3
1728 5% 23K unigene 0, FIr 153 2] A9 22 57 R 5
unigene 43 FH goseq #A4E Fil GO & AR it
1o,
1.2.6 £ 5% & ik unigene #933E 38 HUR S 4L 7
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ZIEA AR Y FE R 5 Primer 6. 0 21511519
IRl A TAY) TR ) RO RA A, i
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Tk AT E R, FOLE E PCR S 2 G
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Master, %ii - Roche 24 ] ) I 2% UL B B #EAT 24, I
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(#Hi+: Roche A7) #EAT RN, 7 HEREIF H .95 C il
5P 10 min; 95 CAEPE 5 5,72 CiB Kk 40 s,45 M
o YIRS, ArS Y actin FEHRHATRE,
FRRe T B IX - B rh RF I unigene B SROKFR R
17, E4 R A X s H ik B s AR unigene ) AH X
FIRERH 278 ik P TR
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H Tllumina HiSeq™ 4000 - {5 X #4 &2 () 22 H it B
cDNA SCPEHEAT i 38 10 7, 3R 3RAT 135 646 166 5%
raw reads , X HIEATRCE i ds , £ 5% 5 259 234 ARG
Y reads,%'f‘(@f‘]ﬂﬂf?ﬁﬁ 19. 59 Gb clean data, F:H
4@ X EH M F & 10. 14 Gb clean data, %R
XEEFEM 5 9. 42 Gb clean data, F3J Q30 4351k
92.94%F1 93.29%

) FH 2H 25 3 1 Trinity““ %} clean reads TR G
Prge RIS 0 SR - K B 567 bp, I KK
17 363 bp, WM PF B A W R KL FEWIER
unigenes,, 15 250 582 1~ unigenes , S B R 455
bp,N50 K&K 515 bp, H kW5 unigenes K J&E 737
LR 1, BB AT KBS 200 ~ 300 bp [9FE W)
il unigenes 3522, 43545 158 839 Al 149 360 4~ ; K J&
41301 ~500 bp [ £ unigenes B 5970, 43531
A 63 027 Fll 54 594 4~ KK 501 ~1 000 bp 5% 5%
I unigenes 7 A 35 444 Fi1 26 179 1~ KN
1 001~2 000 bp HY#% %4 F unigenes 4374 24 874
F113 266 4~ KJE KT 2 000 bp FIH: Y FI unigenes
A3 9IA 15 636 F17 183 4,

2.2 Unigenes ThEEF S HT

T ARAGLEFEM F AP unigenes BUZTRESS L, ¥ 4H

LS F| Y 250 582 4~ unigenes #E17 NCBI ‘B AEITA

160 000

120 000

Number

80 000

40 000
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K& /bp  Length

O: %5%%) Transcript; M Unigene.

A: 200-300; B: 301-500; C: 501-1000; D: 1 001-2 000; E. KF
2 000 Above 2 000.

1 AEFKESEEMHAFERYS unigenes K EHSHE
Fig. 1 Distribution diagram of length of assembled transcripts and
unigenes in leaves of Dicranopteris pedata ( Houtt.) Nakaike
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Prot %U 45 i ( Swiss — Prot ) |, £ F Bt X 1 £ 1
(Pfam) JEP DI REVEREE R (GO) FIEAZ LY B &
[R5 7 51 8030 P (KOG ) f) BLAST TER , 25 ¥ #ia J4 73
FERE T 80 536,30 096,37 632,85 035,81 450,
83 611152 557 4~ unigenes, 73 31]  unigenes G AL
32.14% 12. 01% \15. 02% .33. 93% .32. 50% .33. 37%
20.97% ., Geita5 R 0N A 120 097 /> unigenes
AN ERE, 5 unigenes BELH 47.93% ;45 130 485 4
unigenes KBEFBE, (5 unigenes B 52. 07% .,

GO HSUHE 2 X e R K HG 7= ) 8 4 3k 23 S A= 3
2 (biological process) A i 414y ( cellular component )
4> FIjHE ( molecular function) , ¥F3R15 GO 1EBEH
83 611 > unigenes #1757 G (K 2) . TEAY T
e, 43 673 /> unigenes 1B b 41 i i B2 ( cellular
process ) , 44 569 I~ unigenes £ B N X M o 2
( metabolic process ) , TE 41 F YJ fig 1, 38 014 4~
unigenes 1B A AL I P (catalytic activity ) , 38 333
A~ unigenes {F B H 454 (binding) .

KEGG J&—F5 70715 F 5 EL A1 3% 0 2%, 41 4%
BB AL 8 (metabolism ) | 5t % 15 B A& P ( genetic
information processing ) \%f}ﬂ%ﬁﬁﬁ( environmental
information processing) 41 2 ( cellular processes) .
HW) 2R 55 (organismal systems ) A1 A 2E %% ( human
diseases) . H9 T b AT 15 35 o BR 0 2 4030
B, AR WF 5T ] KAAS (KEGG Automatic Annotation
Server) "2 ¥4 37 632 4 unigenes E 73] KO $¥i b
BRARBIRLASNG S Fhor 26 (1 3) o eI
B F W R a0 o ik K e E W AR
( carbohydrate metabolism ) 5 #7% ( translation ) , 43 5l
5 6 007 15 282 unigenes S il [, 437 i KO 44
P VEBE unigenes SELIY 15. 96% F1 14. 04% ; 2 LR
{1 (amino acid metabolism ) i B4 £ & ,H 4 095
A~ unigenes 2 538 1, 5 KO 040 7 7 B unigenes &
B 10. 88% , XL B AT AETE TS H AR AL B
HEEH,

2.3 ZER KX unigenes 1l

DI HE X P2 H T unigenes ik /K28 |
I B 4 J e DX P 22 5 3R 3K unigenes [
FIRMEN, EH ¢<0. 005 If H. log,(fold change) >1 ¥
F 55K unigenes PEAL EE 4 @ ki IXORIX R DX P Hn
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T2 8 (NG Transporter activity

SN FiEtE, AL S Transcription factor activity, protein binding
L5537 PE Structural molecule activity
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DTG Molecular transducer activity
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& A i Membrane-enclosed lumen

M5 Membrane

Ko E A% Macromolecular complex

MIARX ) Extracellular region part

JEARX. Extracellular region

4R AY Cell part

il Cell

BT HUAIS L Single-organism process
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Fig. 2 Result of GO function classification of assembled unigenes in leaves of Dicranopteris pedata ( Houtt.) Nakaike
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ARG Nucleotide metabolism /1350
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AE R L Energy metabolism [ 13105
KA AP Carbohydrate metabolism [ 16007
HA R AE A= 94 1A i Biosynthesis of other secondary metabolites [T 1 095
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FH3 Translation [ 71 5282
%353 Transcription [ 41397
SHIFIEIL Replication and repair 277 447 ¢
S A fnpEs Folding, sorting and degradation 713 138
555 S Signal transduction Y 469 D
JIEiH%32 Membrane transport B 196
32 F43 A Gl Transport and catabolism | N RN 2 279 | E
L 1
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Fig. 3 Result of KO metabolic pathway classification of assembled unigenes in leaves of Dicranopteris pedata ( Houtt.) Nakaike



6 T BT IR 5 3 BT

526 &

R EY 2255 263K unigenes, 25 R ULIE 4, EE SR
B PR o B 22 53K 98 unigenes A 208 4, T
P 22 55 2R 15 unigenes 1 620 4>, T 22 5 £ ik
unigenes S&_[ 822 55 323K unigenes % 2. 98 15,
2.4 Z=RFRiX unigenes B GO TNEES LS

Xof B A Ja e DX T R rp B YR AR R 22 53R
ik unigenes #4171 GO TNREST & L 40T, 45 K 5300 WL
K5 fiEl 6, 12 %3R5 unigenes 11 28 NH
1 GO Z&H A 120 422 53K 5K unigenes 1HH N
R4 2 (metabolic process) , 5 BT [ # 2 F £ ik
unigenes [ 57. 69% , T #2255 383X unigenes H A 18
MEER GO 4 H, T2 5335 unigenes 147 285
M EBEAMELTE PE (catalytic activity ) , d7 BT A T 82
54235 unigenes ) 45.97%,
2.5 5E£E#EMTZHEXH unigenes X HE
FRIXEBR

bSO o e B P e L S R S S R N R
unigenes 17 BLASTp {8, 45 R WK 1, 45 R IR,
15 4™ unigenes 55 4 J& 12 FITi 32 A0 G

AR SRR M Oxidoreductase activity
YU 254 Tetrapyrrole binding
ZEFERJIE Thylakoid membrane
FEFES 1 Photosystem [
JBi{AFB 53 Plastid part
234435543 Chloroplast part
AR 4Y Thylakoid part
JERFEST Plastid stroma
YEER S Photosystem
4R KLTT Chloroplast stroma
HoA I Photosynthetic membrane
&K Thylakoid
JEAA Plastid
2844 Chloroplast
M W 3535 HHE Response to osmotic stress
M W BB Response to stress
FeHEAER, JEUEE Photosynthesis, light harvesting
FeBVER, JEUV Photosynthesis, light reaction
i i 7K 43 Response to water
I 3/ 57 5 F Response to cadmium ion
M ;75 48 2H 43 Response to oxygen-contaning component
RS 2 Metabolic process
MR 3/ 274 Response to cold
M 1 7K Response to water deprivation
i 7 JE A= M0 413 Response to abiotic stimulus
M 1, JCAL#) Response to inorganic substance
M )97 9 % Response to temperature stimulus
YeA4EF Photosynthesis

2

o R o o g

. —log, r)(pel(ij)

GLF ¥

log,(fold change)

padj: V45K p [ Adjusted p-value. «; T 2257 33K unigenes Down-
regulated differentially expressed unigenes; «: BR_EFT 8 LLANMG 22 57
23K unigenes Differentially expressed unigenes without up- and down-
regulation; «; [ Wz EIK unigenes Up-regulated differentially
expressed unigenes. A8 [ HEZR LU A i 2R 8] 2 T 2 MY 22 7 3R
ik unigenes Differentially expressed unigenes below horizontal dashed line
and between vertical dashed lines without significance.

4 ELEMERXEEMF HZERRKIE unigenes BN ILE
Fig. 4 Volcano plot of differentially expressed unigenes in leaves of
Dicranopteris pedata ( Houtt.) Nakaike in heavy metal stress area
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B HOR AL R B T 28R “ AR 07 DIRERY unigenes The unigenes classified as function “unknown” are not included in the figure.

B 5 EfLEMMEXTEMF P LEZERRIE unigenes B GO ThEE K ER
Fig. 5 Result of GO function classification on up-regulated differentially expressed unigenes in leaves of
Dicranopteris pedata (Houtt.) Nakaike in heavy metal stress area
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HALBRG M Transferase activity []

BB F454 Tron ion binding []

AR SRS M Oxidoreductase activity [
IR ARG P Hydrolase activity [ A TIE
JUT &P Chitinase activity [] Molecular function
JLASH AL TG M Catechol oxidase activity []
fiEAETE M Catalytic activity
YU 254G Tetrapyrrole binding []
AL AP AR Glucosamine-contaning compound metabolic process i
0

JUT AL Chitin metabolic process

FILAEE LAY AT R Glucosamine-contaning compound catabolic process
SIS A Amino sugar catabolic process

JLT AR A2 Chitin catabolic process

ANHERE K 5T CiHE A2 Cell wall macromolecule catabolic process

EEt7/Buy i

Biological process
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Unigenes 0 Number of unigenes

B R AR T 2S8R “ A1 TIRERY unigenes The unigenes classified as function “unknown” were not included in the figure.

6 ELEMEXEEMA G TIAZERRIZE unigenes B GO ThEED LK ER
Fig. 6 Result of GO function classification on down-regulated differentially expressed unigenes in leaves of
Dicranopteris pedata (Houtt.) Nakaike in heavy metal stress area

*1 E£EMBEXREEMNF B BLASTp BN 5 E £ EFKIEFM Z 48 XA unigenes
Table 1 Unigenes descripted by BLASTp and associated with heavy metal transport and tolerance in leaves of Dicranopteris pedata ( Houtt.)
Nakaike in heavy metal stress area

T . . R
- J?ﬁ]ij/bp FEA5 HEE(E HRE FikKED
Unigene Length of . - o
Accession number  Expected value  Description Regulation"
sequence
c13489_¢l 519 AIG13049. 1 2.90E-12 e B 4 J& ¥ 18 P1B — ATPase 2 Putative heavy metal UR
transporting P1B-ATPase 2
93031 _gl 842 KEH18420. 1 4. 68E-10 F4 B A LS Heavy metal-associated domain protein UR
91259_gl 1516 KEH36986. 1 4.176-24  EEJE F 15/ 3 B KK E 1 Heavy metal transport/ UR
detoxification superfamily protein
54437 _gl 509 KGN46770. 1 6.93E-57  {BUETEH Csa_6g133790 Hypothetical protein Csa_6G133790 DR
c107663_gl 237 NP_001052304.1 ~ 2.08E-29  TEAJEAIST L ZMAIY & H 26 Heavy metal-associated S
isoprenylated plant protein 26
c11915_gl 722 XP_001697267. 1 4.25E-70  —2} R/NEY ABC ¥ i # (1, I & [ Half-size ABC UR
transporter, membrane protein
132091 _gl 447 XP_001703119.1  7.62E-32  ZRAi{k i — ¥ K/NM ABC 2 HE A, IKE A DR
Mitochondrial half-size ABC transporter, membrane protein
¢13999_¢l 297 XP_005649995. 1 1. 19E-11 T4 JE1T# Heavy metal translocation UR
¢207040_gl 295 XP_005829762. 1 4. 15E-11 4R HE M hMT1, ABC B 4% Heavy metal exporter DR
HMT1, ABC superfamily
c44988_¢l 1093 XP_006448292. 1 1. 44E-16 4R HE M hMT1, ABC %% Heavy metal exporter DR
HMT1, ABC superfamily
92284 gl 1026 XP_006846435.1  4.41E-35  HEEBMHXRILIHHYE M 26 Heavy metal-associated DR
isoprenylated plant protein 26
c84121_gl 1318 XP_008783549. 1 2.91E-34  EAEMCH LMY E T 26 Heavy metal-associated UR
isoprenylated plant protein 26
c177177_gl 241 XP_009348170. 1 5.31E-12 43 B M 324125 11 Heavy metal tolerance protein-like UR
¢115986_gl 252 XP_010525447. 1 1.82E-26  E&JEMIKRIL /MY H 26 Heavy metal-associated DR
isoprenylated plant protein 26
¢237853_gl 246 XP_011399202. 1 5.66E-18  Zkifk ATP 454G & W% W B L5t 6 ATP-binding cassette UR

sub-family B member 6, mitochondrial

DUR: 4 Up-regulation; S: Al Similar; DR: N4 Down-regulation.
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