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Transcriptome Analysis of the Root of Sonchus asper under
Cadmium and Lead Stress in the Intercropping
System with RNA-Seq
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(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose ] In order to explore the cadmium and lead absorption, transportation and bind-
ing mechanisms by Sonchus asper root, for the further analysis of the differential expression genes
and discovering the heavy metal tolerance related genes and heavy metal transported related gene of
the heavy metal hyperaccumulators in the transcriptome, this study was conducted. [ Method ] RNA-
Seq was employed to analyze the transcriptional profiles of root tissue in intercopping system. [ Res-
ult ] After Illumina HiSeq™ 2000 transcriptome sequencing and De novo assembling, we got 19.23
GB filtered raw data and 65 357 Unigenes; After analyzing the significantly expressed genes, we got
52 up-regulated and 116 down-regulated genes. 44 059 Unigenes were severally matched to the Nr,
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Swiss-Prot and KGO and KEGG databases by blasting. [ Conclusion | Intercropping significantly

enhanced biomass, Cd and Pb contents, and heavy metal transfer coefficient of S. asper. Gene onto-

logy enrichment analysis showed that intercropping made the S. asper taking significant effect on

genes expression of up taking, transporting, binding Cd and Pb, and binding and up taking function

were enhanced, and DEGs were classified into biological process, cellular component and molecular

function, respectively. KEGG pathway enrichment analysis revealed that the DEGs were mainly in-

volved in Biotin metabolism, oxidative phosphorylation and Regulation of autophagy pathways.

Keywords: intercropping; Sonchus asper; heavy metals; transcriptome
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REST T RERE 4G Hh 22 ¢ RIA BE Y GO ThRE 21T
R MRBZS 22 R GO Thig &S
L4301, GO BILEA 3 4> ontology, 41 i ik %k
4TI HE (molecular function). AT A&k 41 it 37 B
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Tab. 1 The biomass of S. asper g
AL treatment Hh_F 3 shoot RS root
|84k intercropping 2.0240.15 a 0.53+0.05 a
4% monoculture 1.40£0.11 b 0.43£0.03 b

W REFRERZER B (P<0.05); .
Note: Different letters indicate significant difference (P<0.05); the
same as below.
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Wl PR 2 AT UL [HJVEZEWT4E Cd. Pb F%iz %K
A s REBIOCRERR S T, iz REUL s

2000 ¢ = i | shoot
O~ root
1500 |
1000 |
500 |
0

—500

—1000 |

—1500 %

Notes: M. monoculture; I. intercropping; Different letters indicate significant difference (P<0.05); the same as below.

1 ZWE Cd. Pb BE (1=3)
Fig. 1 The contents of Cd and Pb in S. asper
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Tab. 2 The transport coefficients of S. asper

G 2k EE 2k
oy e 18 ZH ﬁxﬂlﬁL%ﬁl
the transport the effective
heave metal treatment . .
coefficients transport coefficients
I 1.7 6.5
Cd
M 1.5 49
I 1.8 6.9
Pb
M 0.8 2.7
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1 1 1S-2) f=i 38 5 U7 3145 19.23 GB #9385 2K
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19 144 4>, 4 11~100 /> reads B 3L R ECH 24 996
Ao ARYNEFE NS0 K 1095, 156 B0 41 2% i
I FrARES RN ECH N 56 762 4>, K5%
FE R RELY) 86.85%, LA ) reads 7ESEIA I
M7 55 80%~100% HIIEH 73728 51763, 46 633,
39 575 Fl 46 521 14~
2.3 Unigene JEAFHES 1T
231 REARFEERES T

WK 3T 2238 65 357 1 Unigene 5
Nr. Swissprot, KOG il KEGG PU k%45 & 43 1)
FEXT 2 42 869, 33322, 27 895, 18 59214, 3K
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Fig. 2 Result of sample repeatability analysis
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Tab. 3 Statistic of assembly result
TH items MS-1 MS-2 IS-1 1S-2
JEUUA reads SR
total number of raw reads 39 729 206 38 434 668 37380 586 40 691 148
i “‘l‘m Aé\ v &= 21N ] Alé‘ °
KLUS5 2 reads BUE (14U reads B HLELH/%) 39111218 (98.44) 37846702 (98.47) 36793754 (98.43) 40 064 300 (98.46)

total number of reads after filter (ratio)

T 24K b
total base-pairs 4966 150 750 4804 333 500 4672 573 250 5086393 500
PURY YL B SES L)
total base-pairs after filter 4 888 902 250 4730837 750 4599 219 250 5008 037 500
P ZIL LRI EE (5 5 R e 1/%)
genes number (ratio) 51360 (78.58) 48 493 (74.2) 46 090 (70.52) 48 784 (74.64)
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KEGG Swissprot o
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Fig. 3 Venn diagram of four databases
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amum indicum). 2 4715 0] ] 8 (Theobroma
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Fig. 4 Statistics of species distribution
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tion), 75 [ i %5 (protein turnover), AR . 47
F (chaperones) 5 531, {55 % SHL# (signal
transduction mechanisms) 4 892 >, #% (transla-
tion), A% AR L5 FIAE P & ) (ribosomal structure
and biogenesis) 2 712 ~H1 RNA 1 T 5&/i (RNA
processing and modification) 2 518 />,
24 DineREME LS
2.4.1 GO ThAg &M & 4

eI MR AL P FAERRLE, Sk 168 D225
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ST IIRE =R, A E T A 130 8,
9 NIIREL . AW RE 12 BRI TR 9 ZRIEH
B M sy 8 KA T . 7 A B
T FUIRE 7 AT L 6 LA

ARt , S50 R A T 3 R
124> FIRERE 24 40 ok, S 5400
)AL 8 A TR 161 2 HIR
— WY R R A 7 A L R IR R A
181 ZHEMM LREFE 24~ FIHER
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WIREE 1045 = ﬁﬁﬂ{ﬁ”ﬂfhﬁﬁiﬂﬁ.ﬁ
1A, PREEE O, S H5EFLR. 4id
AL S A A R EJRE R 1A R
BRI R 24 2 H5Z2HMAEYEENR
1A BREEE, ZEYER . FY . RERgH

24

number of genes
—_ —
[\ e

N

Biological Process
: up FREWERYRERE RIL EE; down R MIVERHE R KL T IR,
Notes: Up means the up regulation of genes after intercropping; down means the down regulation of genes after intercropping.
B 5 #EEFLAE GO Iae sy KELE
Fig. 5 MSR-VS-ISR functional classification of GO

Cellular Component
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S FEAE R FRIEEE LA S 54500
FIEMEM EIEEEEC LS. S50 FOReE T H
TENE 2 45 S5 SRR R A K 1
PEM R IHEERE 1 A4S 2 SR IE PR T IR
PR 1 A4~
2.4.2 Pathway .35 M 5 5047

IR R L AmT A 55 1) 1k X6 22 S 26 35 1Y) Path-
way & E T8, B P<0.05 1Y pathway 47
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Molecular Function
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R EER R, A2 P EFENSHAY)
KRB, f 40 2RIENS S ARk
s A2 ERENS S AAEERE; A 21

ZSIAS AWM IRAEY & g ; A 34

22 SIS 5E M SRR
WAAEH PAE N 0.262 721(>0.05), 1EGiit2#

TFEAANRE, B 2 M ERERS5NEEM

x4 EMERIEERERR Pathway BE M EE S

Tab. 4 Pathway significant enrichment analysis of differential gene of intercropping

ZE SR Eoetiie- 1|

s 2
Ea%ljlfi?D aﬁiﬁa DEGs with pathway all genes with pathway PP jllE .
pathway patway annotation (25) annotation (10 365) va
LA
ko00780 . o hetabolism 2(8%) 50(0.48%) 0.006
AMBER AL
ko00190 - i tive phosphorylation 4(16%) 375(3.63%) 0.012
W R 4%
ko04140 regulation of autophagy 2(8%) 86(0.83%) 0.018
ARSI R A& i (E )
ko01040 biosynthesis of unsaturated fatty acids (no map in kegg database) 2(8%) 105(1.01%) 0.026
= ) . o .y
S S R A
ko00520 amino sugar and nucleotide sugar metabolism 3(12%) 283(2.73%) 0.030
WAAE
KoO4144 40 tosis 2(8%) 413(3.98%) 0.263
x5 FIEAFERNERERRIL
Tab. 5 Differentially expressed genes of endocytosis
FERRIk . s o N R " ) e .
FREEE -y peion mifeksR 0% p o RDRKMRM P BHR SR
differentially /R rpkm ISR _mpkm Jo®Ratio o, FDR ignifican description
expressed genes =P -P (ISR/MSR) ue sighificance eseriphio
ADP IZFEIEALIA 1[5
Unigene0003926 2.217 0.001 -11.11 6.50E™ 0.027 6 yes ADP-ribosylation factor 1
[Monoraphidium neglectum)
T ABEE 70 [T5H]
Unigene0030401 1.665 0.001 -10.70 5.24E" 0.001 0 yes predicted: heat shock 70 ku protein

[Prunus mume]
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FRE Y R P AR R ER AR, 56 T
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S PR RIS U e A WG A S A, [R]UK
Fi . EoK . IR AR L, SelW s A
oSS . BLT = TR MESRBEEN
ST FHL R A . ARk, % T Nlumina ]
JPF- 6 B SR P BOR ) 2 N, S e
TR A S A ) 3 SR T 5 AL T AR T
3.1 [AEXTELIRIRIL. Fria. dEEEERN

KoM . B 2R S51ED R ERT
DA IR B %o 4 J Vs e s 2 ik AT R AE W 2k

77, WA R BT Y e 4 R i 4R
YEHT, SUA B 1A it nl 8 B 4R AR 1Y
TR
R K S 22 NIRRT
Fafkis g IR T BN A R FRAEEE
SR, BRREREAR L b B m A . PR R
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HEL ) B RE DV 0o 4 s M i, SLRE R
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AU T A AT BESE VR R 38 0 1 A b A
WEERA A=A, et TAESIIRE, S TR
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PRIFEE R R - A fn s, NMisEm 1
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B, [EVEXTEEWT s I . s . AEE A
J&AE R 52 A7 R e 2 A BAE R 45 2R,
BRI IDLHLE A Rt — RS
3.2 [AIEXT ST 4 2 (R 22 5 3R IA I 5

LA RMEYEREF BT LE T
R, —EWRENH. g A EEN,
WA K2R M, S54RI
R RS RECR R RS R i 22, DA 1)
XA AR AT —E BT E R, FTRRE 2
FIESBIHE W, RN OIS
VPSR B T8 2 ABC #5ia IR F N
FLJE PDR %A MRP W %% 1%, & EmEA
(MT) SEH GEAE 3 Ik Pt s pd > 4> F 2R
) 500 3 M D e AN 2 G D Re 1) 22 S i RO
%, VLHIRIVE AT BRI 2L W s 0 4 B AR . A
S5 G ML T REYG SR . LB TIRE AR i L R
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