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PIMATE 25 2 SN NO Y158 Bl 52000 157 R BR300 1) S 2 70 A 247

BES mm, B4 2~3 K0, Rl 5~8 Fr EL At bR i
5 em, PRk KB AR RKAEH 0 P R G A B
T 10 em X 8 em BYMURHEZE N, B4 L bk, R0
A SR 11 RBUR G 22l 1R G , A7 #h el
Jifr 31 A1 SNP AL FH
1.2 KIS AhEE

K HI Na,CO, Fl NaHC O, i) Bt i & H o 1: 119
ERHEIE A (100 mmol /L) B 0L R Al ae Ab ¥ . 3545
WE 7T A HE - 25 P10 IR (0 mmol/L h B & 7
#+0 pmol/L SNP, CK1) . £k % B 38 X B8 (100
mmol/L 3L 8k iR A% W+ 0 pmol/L SNP, CK2) . #h
BB E T SNP 4bFE (100 mmol/L £hH8IR A W +50
pmol/L. SNP, T1; 100 mmol/L #h 5 I 4 1 W + 100
pmol/L SNP, T2; 100 mmol/L & i 1R A ¥ i +150
pmol/L SNP, T3; 100 mmol/L ££ 5 I 4 ¥ ¥k 4200
pmol/L SNP, T4; 100 mmol/L £ 5 IR & 1 i +250
pmol/L SNP, T5) . a4 kb BRAH . 4 4 45 2 d B
100 mL #h G TR 5 %W, M T8 Wit 20 mIL SNP W ;
23 X IR 2 CK: B9 100 mL A% 2t K 5 3 56 i 30 %F
HEZH CK2: e 100 mL () Bl 5 V8 W B i 1 o it
20 mL A2tk (it I3t B 2 %7K 1k ) o 43 10 d
J&i , BB BELE B 3 MR IS AR AT R S b
W5
1.3 FIAMESEREREHECEE RN E

K FH U L 0 9100 5 ] 5 M8 (water soluble
sugars, WSS) & i s ZRESCHR] 10 10977 2500 22 BERH G %
fiti (sucrose synthase, SS) K I #f W 2 A AU B (su-
crose phosphate synthase , SPS) {if ¥4 , i 7] & B 4t
R EFHARA
1.4 BB

IR0 K0 48 ] Microsoft Excel 2021 . IBM SPSS
Statistics 24.0 fil GraphPad Prism10.4.2 #1748 114
Br R AR R R 28 07 28 43 e gk AT 28 7 1o 3 1k
53T
1.5 HRANFRSH

TEHCER B e T X R4 (CK2) 5 il i} B SNP
b FRZH PR S R B R AT R RNA $2 5, T3
RIZRIAAGIN . 46 I FFIGA VR A R Al 42
SRNA, JFHEA T SR 20 7 23 Fr o P S 400 i 2R
AEARFE AR I RE 25 2R, SR e S 40 R A o ) 28 BB AR
it TR

i Oligo (dT) 4 2k & 4 &2 RNA H ) mRNA,
FEHF RNA FTHr 214 B8 300 bp Z2 47 B9 Bt . L RNA

RN, Fi 6 B REATLS |40 0390 S il il cDNA 55
—E, I VE AR ETTSE 8 cDNA BA L. SU#E
P SE UG , R PCRY™ 3G & 4 S0 R B, SO R/
4 450 bp, i@ 1t Agilent 2100 Bioanalyzer Xt 3 J& 1
AT, W & A AN [R) Index 541 1Y SCZE ¢ o 1) EA 1R
G I —Hi B E] 2 nmol/ L, 18 33 58 A8 P JE Al % SC
o T Mlumina Ml 57 6, R A8 A 7 2R
(next-generation sequencing , NGS) , X} SCE AT XA
Ui (paired-end, PE) W J3% . 38 & Trinity 4K {4 P £
clean reads, 3K 1% FASTA #% 3 i Transcript ¥ 51 3C
1o FIFH DESeq % 3 R 32 35 1 AT 22 5% 0 b7, 16 8
i 18 2 5 3k B R A ROy « 323K 22 A L log,Fold-
Change|>1, i #: P<<0.05,

AHFFEHH topGO #EAT GO B A 4MT , He T A
GOTERM 27 EN, it 81 GO term Y HEH 513
KMEENEH . 58 FER A S L, 38 0088 L]
O A T3 R PAE (B 35 & B iR i P<<0.05) , )
DEGs & %1 GO term i i€ 22 5 B R A7 i i 2 2 4=
Y2 RE o SR H Fisher K5 6 45 56 , 38 £ PN B0 A X6
KEGG i #% # 47 & % 0 b, 1158 & 4 PAE, JF 1T
Bonferroni % 1F . & 1EJ5 () PAE LA 0.05 VE R BIH , >k
B B AR 1 1 s A

2 ZER545H
21 SMENOAETPHBESHNAIAMHESE
KB HE KB A 1

A& TA FT50, Eh i XF B4 CK2 525 (4 % iR
4 CK1AH EL, ERAMR 8 T 1 28 F 5 40 B 4 209 i) mf
WY S R/MEE TR, 25 AR S
X AL CK2 A L, B SNP ¥ B A58 i, P e & 407
A 41PN 118 R T B S T o TR AR Y
# 150 pmol/L SNP &b B A ] 5 52 40 i 240 23 9 nl %%
P 0k B A K AE L 250 pmol /L SNP &b B H 3t
/NI FE AT

& 1B AT, w18 X R4 CK2 5 28 114
HEZH CK1AH L, $hsiMrae T~ 2 58 5 40 i v i s
G T V5 B AR 7.9 %6 5 I B 2 SINP (14 e B 16 o
PR A A RS M 2 T S S R
Rt fa %, 100 pumol /L &b BRI 3P 53 & 4 i b BERE S

T % A o R, A R 30 T IR 2 CR2 9 T
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Fig. 1 Physiological and biochemical changes of lupine seedlings under different treatments

2.2 IRNA#E@ER®
FE X P B 4l A I A FE BR UL, Ab FE 20
T1.T2 FIxtIEZH CK1 . CK2H R F M I B 55, T4,

THACIR AR AEMRAE TG s T 3 AL PP 3P b T4l v

FWUE 256 b A0 IR 2 22 S 4 W] B HCSE T B R
S5 TV PR £ i S P AR O Bl R PE AR B, 2

X HEZL CK2 A PREH T3 ARk T S 4 5 #r

XoF 3P 4R RINA BT s A I 5, 00 4000 A7
TE— S ek &MY Reads, & T8 J5 2215 5.4
B, DAL X 0 P i AR A7 2ok 0, R 3R 1 AT, X R
CK2 FI kb B2 T3 14 2P b 40 1 e i Joit i s )
SATARE , AT LLEAT I S0 431 o

&1 RNARKEHETIEHER
Table 1 The basic situation of data filtering

TR I 47 reads o I reads O A7) A o
Hedh4 Fiit 7 reads £ [ F7 AR/ bp HIH I3/ % M 5L/ %
Sample Clean reads Clean bases Percentage of clean reads out of raw Percentage of clean bases out of
reads raw bases

CK2-1 40053 132 6036 094 709 98.49 98.30
CK2-2 40177 810 6054 777 093 98.53 98.34
CK2-3 43959 424 6732 991 246 98.59 98.38

T3-1 41958 776 6314 053 860 98.62 98.28

T3-2 40 311 400 6072 590 850 98.65 98.42

T3-3 42 450 636 6395 851 668 98.52 98.30

2.3 Unigene Ih8EiEHE

AU BLAST 80, X9 b 540 4 PHERE AR
59 887 A4~ Unigene 117 & [ D) g 1 BE , — 247 24 316
A~ Unigene Bl o 6 DA 2 8 1 ¢ i FH 81 1 8040 2
£ §5 NR (NCBI non-redundant protein sequences) .
GO (gene ontology) . KEGG (Kyoto encyclopedia of
genes and genome) ,eggNOG (evolutionary genealogy
of genes: non-supervised orthologous groups) , Swiss-
Prot, Pfam, 3£ 6 %4 1 . H 3R 2 AT 51, NR | egg-
NOG #1789 15 B 5051 2 58.005 H156.53 74,
Pfam Bod 122 o 593 B R 0 27.90 %, Swissport £

AR R 40.60 %0, A 10.58 % ) Unigene 7 6 4>
G LSRR RE <
24 ERERSH
SRR ASRIE AR NO 8 2 25 bt 1500 17 £ B oy 360
W B o TR HL AR R DESeq i 32 K
L%z&ﬁ%#ﬁ%ﬁ AbFRAL T3 5% 4 CK2 A/ L,
PN 904 2% 22 5 BE DA Hovr ) B 3R 35 19 DEGs
754084\,%?1}?:]%%138@1)15@5%496/\0
25 EZEREFBGOMKEGGEEN
XF FIE P2 AR ) 904 4~ DEGs #E 17 GO & £ 70 1,
1 1 A A4~ 2 P B A B 3 A HT 104 GO term £
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PMATEE 452 SR NO J14% ) B 20 0 R B3 14 S 4153 A

%34
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Table 2 Summary of annotation results
s N . . 6 JiEIAT Consensus
H¥E 2 Database NR GO KEGG Pfam eggNOG Swissprot from six databases
%t Number 34735 23151 13 515 16 709 33 856 24 316 6 335
&ﬁ$/% 58.00 38.66 22.57 27.90 56.53 40.60 10.58
Annotation rate
Hitfr R mE2AH, 7850 F U (MF) 4328 reduction process ) Fl#% B 14 7 5 41 ¢ (ribosomal
large subunit assembly ) ; 7E 41 ZH 53 (CC) 4325 &
AR I bk 35 I 2S00 A JoT B T A AR 43 (intrinsic compo-
nent of plasma membrane ) Fl }fd 57 2 ## {4 (cytosolic

W e A B R 2 ) Sk A AR A T I P (oxidore-
ductase activity ) Fll A% # {4 19 45 #4 5% 53 (structural
constituent of ribosome ) ; 7F 4= ¥ 1 #2 (BP) 43 2 vh

A e o 3 1 28 50 O S Ak I i (oxidation-

ribosome ) .

Category

[ ce
[ wr
[ sp

~log,, P

B2 GOE&ENHHRE
3T, DEGs & #E e 0 i 35 A A IG5 A oA (ri-

Fig. 2 GO enrichment analysis histogram
bosome) , H:¥k A g i iz 4 K (fatty acid elongation) .

75 N BE 25 = 9 & i (phenylpropanoid biosynthesis) o
Horpr BB A (ribosome ) £ BUE 6 (1 DEGs i % (41

R URA S BT AR NO 8 45 3P Bl 50 L R B Jpip 38
A5 FHL , B L AE D e S5 BRI M A BARE G R
HT KEGG &£ Hrai A, i FDR A8 e/ /IR

i . AUAT 20 4 KEGG pathway #E17 R . i E
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KEGG pathway enrichment of T3 vs CK2

Lysine biosynthesis
Nitrogen metabolism
Fatty acid degradation e
Tyrosine metaholism

Ubiquinone and other terpenoid-
quinone biosynthesis

Valine, leucine and isolencine FDR
degradation 100
Flavonoid biosynthesis
5 : 0.75
Fructose and mannose metabolism
g RNA polymerase 0.50
z ) 0.25
= a -Linolenic acid metabolism ' o
A o ’ 0.00
Sulfur metabolism
o 2 Number
Biotin metabolism 7
Stilbenoid, diarylheptanoid and e
gingerol biosynthesis ® 20
Plant-pathogen interaction @ 30
Folate biosynthesis @ 0

Alanine, aspartate and glutamate
metabolism

Cutin, suberin and wax biosynthesis

Phenylpropanoid biosynthesis °
Fatty acid elongation o
Ribosome [ ]
0.050  0.075 0.100
Richness

FDR {28 BB 5 1 P 1B, 7£ O~1 Z [a] , 843 0, ' A2 R
o FDR value refers to the corrected P value, between 0 and 1, the
closer to 0, the higher the enrichment degree.
E3 KEGG 8&EaH=iaE
Fig. 3 KEGG enrichment analysis bubble diagram

AN W Ry W B AR A EAE F (plant-pathogen in-
teraction) \F ¥ I & 15 7~ % F (plant hormone signal
transduction) F1 4 A %5t 2 4 ) 1 (phenylpropanoid
biosynthesis) , 7354 11,9 F 81>
2.6 4MIE NO Xt 3 F5 = Wi Kz 24 6l BB
18 B% oC R F AR
— X KEGG & 45 5 b 50 ACHAR 5C i

AT, R E R RIB BN D E S %ﬂ:f’*ﬁ 5
TR A I | SR R S A O 2 LB A 25 45
(BEIE P<C0.05) , A NO Ab 3 X5 453 8% 56 5 il (K]
FoIh IR A

AR NO Xt 221 i 1200 1 £ B 36 2o A8 v v by 5
TR I DG H il ik PN 1) B E L B A TR . HE1Z
TR, 2 5 %0 TR A TR K A Ay o AR R R
BE I B-1k M S5 1T (invertase , EC:3.2.1.26) {1k
THEAE B 043 i 14 BB 5 ) (sucrose synthase,
EC:2.4.1.13) Ak 3 -0 5 5 /K 2 19 B - 7 45 b 7
fif (3-D-glucosidase, EC:3.2.1.21 ) & [K 35 & 8 4
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Fig. 4 Analysis of starch and sucrose metabolic pathways regulated by exogenous

NO in lupine in response to saline-alkali stress
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Fig. 5 Analysis of fructose and mannose metabolic pathways regulated by exogenous

NO in lupine in response to saline-alkali stress
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Fig. 6 Analysis of galactose metabolic pathway regulated by exogenous NO in lupine in response to saline-alkali stress
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Fig. 7 Classification of transcription factors
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Transcriptome of lupine responding to saline-alkaline
stress regulated by exogenous NO

SUN Hefei"*, YANG Siyu"?, CUI Qiufang'

1.College of Life Sciences, Henan University of Animal Husbandry and Economy, Zhengzhou 450046, China;
2.College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China;
3.College of Ecology and Environment, Nanjing Forestry University, Nanjing 210037, China

Abstract A mixed solution of 100 mmol/I. NaHCO3 and Na:CO; with molar ratio of 1: 1 and sodi-
um nitroprusside (SNP) as the exogenous NO donor was used to simulate saline-alkali stress to study the
molecular mechanism of exogenous nitric oxide (NO) regulating lupine’ s response to saline-alkaline stress.
7 treatments including blank control, saline-alkaline stress control (100 mmol/L. saline-alkaline mixed solu-
tion) , and SNP treatments with 5 concentration gradients (50, 100, 150, 200 and 250 pmol/1.) under sa-
line alkali stress were set up. The content of soluble sugar, the activity of sucrose phosphate synthase and
sucrose synthase in the plants were measured. The transcriptome of the materials in the group with optimal
concentration SNP treatment and the control group under saline-alkaline stress was sequenced. Results
showed that exogenous NO increased the content of soluble sugar and enhanced the activity of sucrose syn-
thase and sucrose phosphate synthase involved in synthesizing sucrose in seedlings of lupine under saline al-
kali stress. Exogenous NO treatment regulated the expression of genes encoding key enzyme in the pathway
of sugar metabolism in seedlings of lupine, with upregulation of B -fructofuranosidase, sucrose synthase,
and B-glucosidase , and downregulation of GDP mannose 4, 6-dehydratase and 1, 6-diphosphate fructose al-
dolase (class I ). The differential transcription factors regulated by exogenous NO in response to saline-al-
kaline stress in lupine mainly included bHLH, ERF, MYB _related , bZIP and C2ZH2. It is indicated that ex-
ogenous NO can enhance the saline-alkaline tolerance of lupine by regulating the expression of key genes
and transcription factors in the pathway of sugar metabolism in lupine.

Keywords nitric oxide (NO) ; lupine; saline-alkaline stress; sugar metabolism; transcriptome
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