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sk, Bizhn . WEREGWEBRENEARRIAKE
T REUCEY; 5—J51, 200 mmol-L ! NaCl H45
R AT T ORI R (V. billardieri) $hTE M F
W2 AR R I 1 BRI s, Horp
WREINA SRS, ea R JHmR
W EATER . BRI RIrS AR, EAEA
B AR R R (55 AR
YRS . ARMBEEE . REEICH. Sk, sk
PR R 2 AN RIS ) SR i R 1 B
M5, AR e BT — LA [F] 2800 R
FBT 20k S AR AL e, [l to 2 30— 2L 2R f0h
ZE0,

RS TAE R T A Ul R 0 A A A S 4y
FHLHIBERE T —E WA, 13 R A 4 N 24 24
B (AR B 0, X IRAEAR R N X a0 A A
SRAFITIE N MO AR BOCHE N . S T SRR
R A BB R IR AT AL, ABFSELLLE
PR ARG A ML, 32 FH G S A0 )7 3 AR 32 4
200 mmol-L™" NaCl e T He 7 1 4 i - A iy
M2 RRIBFEN, I HAEYE R kathES
FIRFER W E Y 2E D6 MO S 5 R TE

1 Mk 5T ®

SLIG R
LU PR R 4 B 7 15 972 2 I8 Tian 5619 ik,
VR SE B IR /KIR PR 24 h 5 B9 EL R ARl
FhFER T2 ali Vb iR 2L (55 14 om, EAR
12 cm, JRFAHL) , 5 AERECE— 2R
H (HE15cm, H4E 80 cm) ; ARG EFRE R
KigR, 78 (27£2) C FHEHR (400~800 pmol'm s ™)
Rig% 14 h FI7E (25+1) °C BERGESR 10h, REN
FXHE A5 7E 60%~80%., TF4hmiEKZE24H
B, BERCK AR LE s AW, B —HH
200 mmol-L™" NaCl Zb#, 26 4 WX BR, A4
3AEK ., 7 d BRI, iE T-80°C UKAE TR
e o
1.2 M H 5 RNA #HSRAYERE

ICEE TR PRI &) B i R T G TR A B
UG R AR AT, SRS IR 0.3 g BEATFHY
4 dR 2 A ImL EP &9 ; A 1 mL Trizol i
A, FEE)EHE 10 ming A 0.3 mL &f5, #25
JE ##E 10 min, #RJ5 #5015 min (4°C, 12 000 g) ;

1.1

W FIE W . PSRN, #&E 4h)5
20 15 min (4°C, 12000 g) 5 % BIEW, IFH 75%
KGR, SR RIREAE R sV VR 2O ML 1250 5 min
(4°C, 12000 g) ; JH 75% CBEEE UGG, 1EVK E
T 5 HIJC RNAase BRI f#SS . 235111 1% RNA
Bl B BE 2 EEL 3K FIT Nanodrop SR RNA A 5 1Y
J i RNV B
1.3 RNA-seq fllF

. RNA 28 DNase 1 fL )5, @i W R &A
polyA FEELK) mRNA ., mRNA FTH AL 200 nt [/ A
B, SEESEIEE— 4555 cDNA . A5 — 5% cDNA
2% . H] QIA quick PCR extraction kit i 47 4l
b, SRJE AT R & Z N polyA. £ Inl i &lifh |
PCR B 8314 cDNA (., CUEM ARG, il
H Agilent 2100 Bioanalyzer il ABI StepOnePlus
Real-Time PCR System 435! X} SCE A4 A B
FA RO BE A TR, FF 5 A% 5 7E Tilumina )7
V-5 (Illumina HiSeq™ 2000) #F47 5 8 &% . #
22 ) 7 5 5 4R S Raw Reads #4730 38 . U XT .
de novo 413% . Unigene UIfgiERE, HHE®E ., £57
R, Hor, 22 57 RGN B A I L SR
FDR (False Discovery Rate) <0.001 H FE[H 3%k 25
{54 (fold change) KT 2 4%, HEIGX SLIHE FAE A i
R 2 TR, HTRZ .
14 E=EREFRMNEIREEEST
141 GO #Hatiz#  FIH Blast2GO A4 L xf
#l| Gene Ontology %4 2 i %) i 47 22 57 3 R itk A7
GO DIREF BRI 721 i J& http://www.geneo-
ntology.org/, RIFFEAR GO UIREFERAEE -
142 GO 2HMWEEob ZERRBIEHILXS
Gene Ontology ¥4l i J , #EATmesdy, S2IHMW
GO %5 H (term) . LIX2E GO term N HL07, it
LRSS (phyper) , 32K p {8, Bonferroni
KIEJG, *FF corrected p-value<0.05 f GO term &
SRR 2E AR 2 R R GO term,
1.43 KEGG RHMWE Eotr K2Rk IEN N
FH KEGG i #s i = 5 R &, U
corrected p-value<<0.05 NFRrHE, THibETE2E 7Rk IE
i 2 AR AR
144 LB AAEM%AE PRI
AT (STRING) MIAHEAE & H&WE)E (DIP) i
TTE A B EAEH ML, 2 Cytoscape F2)F
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D43 ) 5 B X R 2 R 3 ip i A 3 7 B ) 4
i M RNA DY B M, il ] Takara 22 &) B9
PrimeScript™RT reagent Kit with gDNA Eraser {7
B SR 1L cDNA 2 —HEAE S SEI O e 7 PCR
(QRT-PCR) S o7 FIBREAR o DA% s 2H 5 i Bt AL 32

B 122 R RRE K, FH Primer 5.0 1% 1T qRT-
PCR 5%y, Nz 1, LI 18S tRNA E NS, 519
5 5 '-GCTGGATTTGCTGGTGGTAT-3' Hl 5 '-
TTCCTGGGTCTGTGCCTGT-3 ' (# 1), ffi M
SYBR® Premix Ex Taq™ #¢ 62 ik &1 7906
EER . AR UEAT 3 RER, R 279
AR A

£ 1 qRT-PCR3|#FEF!
Table1 Primers for QRT-PCR

Reverse primer

Gene ID Forward primer
comp83443_c0_seq9 GACCAAGACAACAGCGAGC
comp75099 c0_seql CCGCCTTTCGTTGACACC

comp71196 c0 seq2

comp71223_c0_seql

comp82053_c0_seq5

comp82392 cl seq3

comp86989 c0_seq2
18S rRNA

GCTGTTACATTGCTTACTCATCG

CCAACCCAGATACCCATAACC

CATTTACGAGTGAAGGAGGTGAT

TCATGCCTTCACGTATGCTTC

AGTTGCCATTCTCAAGTCCTAA

GCTGGATTTGCTGGTGGTAT

CCATACCGACTAGGCAAACA
GAAACAATGCTCGGCAAGAT

AACCTGAGGCACTTGGGATA

TTGAGGACAAAATGAAGGAGC

GTGAATACATTGTCTCTCTGCGA

CTTCTGGGACACTGACCGACT

TCCCCAAATCACGTCTTCTAG

TTCCTGGGTCTGTGCCTGT

2 &R

2.1 #HAME TR BRI FERE ST
DEANSER DL YN aN N ST [ arSE Ay S s il
HPLHL RNA J5 #37. ¢cDNA %, ] Illumina Hiseq™
2000 U | . 3 i de novo PR FE . 4 %% 5 LR 15
168 463 2% unigenes, Xl /5 3815 1 Ff 47 unigenes
95 COG. GO, KEGG. KOG, Pfam. Swiss-Prot .

NR -& KRIREH R 2 AT X AT RE R, TERER
8K 21.5%, 41.2%. 142%. 37.2%. 42.4%.
40.4%. 59.7% (¢ 2) . ZEFRILFRF] 101 016 5%
unigenes, 5 TA unigenes i) 60.0%, 4% 67 447
%% (40.0% ) unigenes A15 B F R FEFE BRI M B
4 unigenes B, KFEEAE 300~1 000 bp A4 24 329 4,
17 24.1%; KEE=1000bp AYA 76 687 55, 5 75.9%
(£2).

F 2 Unigene FEZ N HIIBEHIERERSIT

Table 2 Statistics of annotation results in the databases

K & Length/bp COG GO KEGG KOG Pfam Swissprot NR
300<+ELength<l 000 5145 14 525 4636 13 050 11091 13 814 24 024
K Length=1 000 31 004 54981 19301 49713 60316 54 180 76 567
411 All Annotated 36 149 69 506 23937 62763 71 407 67 994 100 591

22 HEMETICRERARMNFERRIEER

Xof A AT A R S b BEGE HE G AT R P R4
i~ RNA-seq )7 J5 #4521 16 T A5 SE R ifE 47 25 57 3
ki, LA log, fold change (JEH 22 57 F b 4550 1
o %P >1 H 45 Bt %8 FDR<0.001 b 25 53 ik FE A
(DEG) Wfietnie, Ehpin 7.dad, ks

ZESRIBIEIN 196 4>, Horfr, 79 2% DEGs 1E £k
iamE S EiEEE, FMZIA DEGs A 117 &, 2
Nk 28 A A 2 KRR S v e 3 A% A hr, o,
comp73009_c0_seql 2724 H-7.10, Tk
K, 1% unigene {ERER 5'-F SERRARH/s- 11 [R] 202
Wt & FR A% 7§ ( 5'-methylthioadenosine/S-adenosyl-
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homocysteinenucleosidase ) ; comp79737 cl_seq2 Fl RELH AR Stk — 200 =24k . B2l 78
comp82550_c1_seqd 2= 5748 fb. 53 5 Ay 5.29 Fil 5.21, S FUIRE RN A A 1 1 s T EGHLE FOfIER A
AR R, SRR AR BIE R, TIRER S22 RAERERAIERSAE N ARt R 3 AR
H, EHEEBRANFREFEZFIEN (Gibberellin-regu- PRI AR . AR AR L A0 R AR S
lated protein ) . HEMILL I\ 325 5% unigenes MiEZ T O, HRENEE S FEALTE PR 22 S AL K

5 LR AR R TR S R, A BT &%, UGS THIERMBTATETE . TEA0 I o)
23 HMETERERFREEER GO 217 RErp, 225 SENWTE R B e 2 9 LR U N 240

Gene Ontology ( GO ) 4r-HrRERS LA AT HIAE M. ZUAEZL5r . 4R . B, ZHAEERAL5 FES 75
W22 R R F LAY 2R IIRE, 22— E R (B 1) o DL ETREZ ny i f b & 3 ) B A ]
AN KRG, WAL 7d 6835 T hIRARIWEEPHam Rt fE, F—582
) FE AL R - DEGs i#£47 GO 404, Rilrh fiaxsbas 53R R B DA Bl TR o8 FLpTas AL il it ot
64 NI (B 1) , GO FHRET M mREs) R,

100 4431
8 10 43
¥ 5 -
& & = £
I 2 s
5 8
Wy 4 3
[-9
0.1 0
PR EEEEEEr T e R EEE EEE00000000000000000003 g s s sz sz zz2s
SRR ERSRAROO—NWEAUNANROO—NW—RRERRARTO—NW AN 0o 28R RRRIRBe o m r o g oS
BA: Wi 2 CHNIZH I MUk
Biological process Cellular component Molecular fumction

B: BOI Biological adhesion = #J[f{#; B02 Biological regulation 4= #14%; B03 Cell killing 4liffi3E1~; B04 Cellular component organization or biogenesis i
M2 7 4H 2 sk A9 % A= ; BOS Cellular process Ziffdif ##; B06 Developmental process & 7 i3 f#; BO7 Establishment process #4## 14 #2; B08 Growth 4= 1K;
B09 Immune system process %35 Z 4tid #2; B10 Localization 72 {i; B11 Locomotion #43j; B12 Metabolic process tif{id #2; B13 Multi-organism process £
JUA HLAITFE; B14 Multicellular organismal process Z4ffi41 4110 #2; B15 Negative regulation of biological process A= #Jid F2 71 #47; B16 Positive
regulation of biological process /¥ F21E##55; B17 Regulation of biological process 2= #Jid #2i#75; B18 Reproduction 4:%#; B19 Reproductive process 4
B3 F2; B20 Response to stimulus Ji# 5 Ji7; B21 Rhythmic process 7 113 #2; B22 Signaling {5*5; B23 Single-organism process #4412, C: CO1 Cell 4fl
Jifd; C02 Cell junction ZHEiZE12%; CO3 Cell part ZHfifi2H /3; CO4 Extracellular matrix 84 5; CO5 Extracellular matrix part Jfd /hJE 43 ; C06 Extracellular
region ffi7M X ; CO7 Extracellular region part 84X 543; CO8 Macromolecular complex 15432 &4J; C09 Membrane [Ii; C10 Membrane part B4 C11
Membrane-enclosed lumen fi5 4 Jfif; C12 Mitochondrion-associated adherens complex ZERAAAH S 1% 2 A H; C13 Nucleoid #2R1A; C14 Organelle 41fiE#%;
C15 Organelle part 4iffi#53%8455; C16 Symplast £J5i{A; C17 Synapse Zfi; C18 Synapse part 241 4); C19 Virion J%&E; C20 Virion part Ji5# #8453, M: MO1
D-alanyl carrier activity D-PNZBE A% 1; M02 Antioxidant activity $T4{Li% 14; M03 Binding 454; M04 Catalytic activity #{bi%E; M0S Channel
regulator activity JiE 8171 4:; M06 Chemoattractant activity #4fLi%14; M07 Chemorepellent activity {27~ HE /% G 14:; MO8 Electron carrier activity HL 2%
&35 E; M09 Enzyme regulator activity BiJE 5775 :; M10 Metallochaperone activity 4@ 1R 1% :; M11 Molecular transducer activity 4315 #5761
M12 Morphogen activity 75 & 4 Z 7 1k; M13 Nucleic acid binding transcription factor activity #2445 A% 5 P F3 Pk M14 Nutrient reservoir activity 7
FEFETGPE; M5 Protein binding transcription factor activity 25 145 &% 5% R F7iPE; M16 Protein tag 2 [1474; M17 Receptor activity 247G PE; M18
Receptor regulator activity 5235575 1:; M19 Structural molecule activity Z54443F1%1:; M20 Translation regulator activity BT 7% 1; M21
Transporter activity 541z 1% .

B EHEME THRRBRIM A ERREEEN GO e RETRE

Fig. 1 Gene Ontology classification annotation of differentially expressed genes in the leaves of N. billardieri under salt stress

I E— DX R I B DEGs B9 GO & #Hrh, B HEEEE N GO term 43 HIE WML . M4k
LT (FLIEJG p-value<0.05) KI: FEAYFE RSEEIRME, OB, FIAMA . HfRE. 7657
rh DEGs &4/ B E M GO term 7 nl 2 4MffEE R FUIREHAY DEGs &4 &1 GO term 735l 2 )L
TR R . LT BRI R . 2 TS G . JUT BEiEM: . AR R BRE T . THES
AR . SRR AR . BN, AR AL MA KRR
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2.4 HEMETARERRIEZEEMN KEGG 7
AR, T EB TR B T2 T
fiE S A A T RE AN L R SR D AR AR T, IR
ABRfREE S5ThRE M X R . A SOl KEGG Tifig
BRI ER B AL TR 7 d I RS 4
2R FRIRFE TR S ACEGE I, R A
sl )37 £5 636 i DEGs ¥ ) 3] 25 45 KEGG 1R it
B (B 2) , Hr, ok & PR R i 22 5 5
W2, o 14%, HOCh o g, &

AN A=A FIBET Cell growth and death

Hfiz3h Cell motlity

JERZAEYIANEREE Cellular community prokaryotes

B M4 Transport and catabolism

&5 S Signal transduction

% Translation

%53 Transcription

HHIFMEE Replication and repair

W&, /ISMI%M# Foling, sorting and degradation
AR ARSI A PR Metabolism of terpenoids and polyketides
RAKAL &R Carbohydrate metabolism

A28 Lipid metabolism

AR Nucleotide metabolism

Hep s 3L Metablism of other amino acids

fie i Enrgy metabolism

e R AN 2 Z AR Metabolism of cofactors and vitamins
SERMEYE L% Global and overview maps

IR Amino acid metabolism

HE AR T Y4945 i Biosynthesis of other secondary metabolites
&1k Aging

N3 ih 2 45 Endocrine system

%% Development

b R4t Digestive system

FRHEE N Environmental adaptation

9%; HHFTE. 2% BT REAH™
P A S s 7%, RN RGN 6%, &
FERRACHAE S 0500 5% M 4%, Sk
W HH Y PRIEEE L 7 2% (&1 2) o KEGG 7-#r
AT LA I RERY £ B2 SR SR BT SR, o] AMEE
PR A BEBIUE IRE RN ARG AR, B B7R T Hefr
JIEFURITE SR a2 S 2k SR S R AR 5
M, A BT A RIS HCARE 0 15 A Y
oy AL
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I
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SALRSE Inmune systern e ———
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0
2 o) Wi Bl R BT BT
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ER i) HHILRG
Metabolism Organismal System

2 #EMETHHERBRIM FEZRFEEEN KEGG BH S
Fig. 2 KEGG pathway analysis of differentially expressed genes in the leaves of N. billardieri under salt stress
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ko04612: Antigen processing and presentation

U TR B
ko04144: Endocytosis
WAAER
k04141: Protein processing in endoplasmic reticulum
PR I3 1 T ® Number
«3
ko03420: Nucleotide excision repair ® 4
BHRRUIRMER ®5
®6
ko00960: Tropane. piperidine and pynidine alkaloid biosynthesis o’
FERE, RWERINENE L WBREG A B e
0.125
ko000940- Phenylpropanoid biosynthesis l 0.100
HINBER A A ° 078
0.050
ko00520: Anino sugar and nucleotide sugar metabolism ] 0.025

IR OBt ®

ko00230: Purine metabolism
IEERE AT

ko00040: Pentose and ghucuronate interconver sions

JCBE R AR A A B AL

3 5 7
Enichment Score & #4543

B3 #EME TR ERBRMFERREEEN KEGG EES

Fig. 3 KEGG Enrichment Analysis of differentially expressed genes in the leaves of N. billardieri under salt stress

comp680&® c0_seql

compB98BE_c0_seq1

jws%;
comp69458 comp6998@_c0_seq

B4 HMEFSHERREEREEERMLE.

Fig. 4 The interaction network of differentially expressed genes induced by salt stress.

FLA R 4T QRT-PCR 528, S5 R ER: X740 WFEURAGATEN:,

FEINTE qQRT-PCR Y5 R A5 56 SR 4 M i R 34— X

3 it

([E5) , MAEFRBAR AT B A 25, nThE

JE TS S0 B ARG R U B R A T kAN T
R, A AR, 7 2SN AR IA R
ARSI P A5 2 B R AR T, Bk 1SR4

AHIFEHEAT T 2R sy, il MR~
TR R BRI, SRR LRI FUORITE 7 d T
B RS AR, 2RI IR B #i %S,
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# 9 d WFERBADREI B o AXF TR A A, 4
A A RERE It 52— 5 J3E 1) R 30 B 855 — BEt ]
TE—RE $R R FEVE I 1) RS B IEH AR R, Oy

x3

TS HERLIER ORI R ER DR 1 7 FHLA], AT
VPR AE HAR IR KT 4t B AT ORE R S 2
PP, DA Sy s PRRER A AR AT B TR R o

HMEFESHEREEERAMEFERREERN BRI TR

Table 3 The name and annotation of differentially expressed genes responding to salt stress in gene
interaction network analysis

FEH gene

FE[RVERE gene annotation

JEH gene

FE[RVERE gene annotation

comp71223 ¢c0_seql
comp82506_c0_seq6
comp71691 _c0_seq2
comp80524_cl_seq3
comp69868_c0_seql
comp80428 c0 seq4
comp74933_c0_seql
comp84919_c0_seq3
comp83599 c0_seq4
comp75313_c0_seql
comp82017_c0_seql

comp84750 c0_seql

Heat shock cognate 70 kDa protein
Protein LNK4

Win-like protein
Flavanone 3-dioxygenase
Cysteine proteinase 15A
Calreticulin-1
1-aminocyclopropane-1-carboxylate oxidase homolog
Probable WRKY transcription factor 41
L-type lectin-domain containing receptor kinase IV.1
Peroxidase 4
DNA damage-repair/toleration protein DRT100

Pectinesterase 1

comp82818_c0_seq25Carboxyl-terminal-processing peptidase 3, chloroplastic

comp82488_c0_seq3

comp76750 c0_seql

Chlorophyllide a oxygenase, chloroplastic

comp82824_c0_seq6
comp74538_c0_seql
comp73640 c0_seql
comp67284_c0_seq3
comp79381_cl_seq8
comp71196_c0_seq2
comp68034_c0_seql
comp69459 _cl_seql
comp73149 c0_seq2
comp74927_c0_seql
comp80614_c0_seql
comp69963 c0_seql
comp23861_c0_seql

comp66683_c0_seq6b

1-aminocyclopropane-1-carboxylate oxidase

Glycerophosphodiester phosphodiesterase GDE1
Galactinol synthase 2
Putative branched-chain-amino-acid aminotransferase
Bidirectional sugar transporter SWEET la
Ferredoxin
Non-specific lipid-transfer protein 1
NAC transcription factor NAM-B2
Monoacylglycerol lipase

Ammonium transporter 1 member 2

9-cis-epoxycarotenoid dioxygenase NCED2, chloroplastic

‘Wound-induced protein 1
Wound-induced proteinase inhibitor 1

Tropinone reductase homolog At2g30670

comp33772_c0_seql G-type lectin S-receptor-like serine/threonine-protein kinase

comp67357_c2_seq2 Protein NP24 comp78270_c0_seq2 Acetamidase
4 -
[ qRT-PCR
B RNA-Scq
3t
&

o g
éﬁ'ﬁ B
= T
g%
FE ol
oo
:\%‘ E
K 'S
IS
R

1

0

e?*& %@& e?‘& %“&
52 .S 05 0%
,\' 7 % e q 7/ S 7/
& o & &
S ) K
& & & &
FEH 5

Gene serial number
¥: qRT-PCR Z5 R IR ZELFR T HENIRMEE (n=3)

Note: Error bars in qRT-PCR detection results represent the standard error of the mean (n=3).

& 5

ERFRIFZEEH qRT-PCR WiE

Fig.5 Verification of differently expressed genes using qRT-PCR
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Transcriptome Analysis of Differentially Expressed Genes of Nitraria
billardieri Under Salt Stress

TIAN Lin'?, YIN Dan-dan*, CHENG Tie-long’, XIA Xin-Ii*, YIN Wei-lun'"

(1. College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China; 2. State Key Laboratory of Tree
Genetics and Breeding,Chinese Academy of Forestry, Beijing 100091, China; 3. College of Biology and the Environment, Nanjing
Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: [Objective] To find the salinity tolerance genes of Nitraria billardieri, the differentially expressed genes
(DEGs) under salt stress were selected and analyzed . [Method] The seedlings of N. billardieri were subjected to salt
stress treatments with 200 mmol-L"' NaCl for 7 days. High-throughput RNA-seq technology was used to generate the
transcriptome of salt-treated leaves and the control, and the related bioinformatics analysis was performed. [Result]
A total of 168 463 unigenes and 196 DEGs responding to salt stress were obtained with clean reads assembled. 64
subclasses and 25 KEGG pathways were enriched in the GO and KEGG annotation, respectively. Further gene inter-
action network analysis revealed that the genes related to transcriptional regulation, redox and stress tolerance play
important roles in the response to salt stress of N. billardieri. Three key node genes were screened out: heat shock
cognate 70 kDa protein gene, L-type lectin-domain containing receptor kinase IV.1 gene and Win-like protein gene.
[Conclusion] In this study, the DEGs of N . billardieri under salt stress and the functional annotations were ob-
tained. It will be helpful to understand the molecular mechanism of salt tolerance of N. billardieri. 1t also provide sci-
entific basis for the subsequent development of salt-tolerance molecular markers and the improvement of salt-toler-
ance characteristics in plants through gene editing.

Keywords: Nitraria billardieri; salt stress; transcriptome; differentially expressed genes; functional analysis
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