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Differentially expressed genes and related pathways in root systems of Astragalus
cicer under NaCl stress
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Abstract: Soil salinization seriously affects the growth and yield of plants, and limits the development of agricultural
and ecological economies. Astragalus cicer is a versatile ecological grass species, an efficient green manure crop, and
a superior protein forage. Exploring the molecular mechanism of its adaptability to NaCl stress is of great significance
for enhancing its salt tolerance and advancing its cultivation in saline soil. To investigate its responses to NaCl stress,
transcriptomic analyses were performed on the roots of A. cicer at different time points (0, 12, 48, and 72 hours)
during an NaCl treatment. The results showed that, compared with O hour, after 12, 48, and 72 hours of NaCl

stress, there were, respectively, 46051, 45653, and 42869 differentially expressed genes (DEGs) in the roots of A.
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cicer, including 8027, 10053, and 11042 up-regulated DEGs and 38024, 35600, and 31827 down-regulated DEGs,
respectively, at the three time points. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes enrichment
analyses showed that the pathways responding to NaCl stress in the roots of A. cicer were oxidoreductase activity,
flavonoid biosynthesis, and phenylpropanoid biosynthesis. A trend analysis showed that the DEGs in
phenylpropanoid biosynthesis and flavonoid biosynthesis pathway were still up-regulated or had returned to their
baseline levels at 48 hours of NaCl treatment. Genes encoding C2H2, C3H, NAC, MYB, WRKY, and bZIP
transcription factors were expressed at different time points during the NaCl treatment, suggesting that these
transcription factors are closely related to salt tolerance in A. cicer. The results of this study provide basic data for
further exploration of the mechanism of salt tolerance of A. cicer, and also provide theoretical support for breeding to
improve salt tolerance.

Key words: Astragalus cicer; roots; transcriptome; NaCl stress; differentially expressed genes; metabolic pathway
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Rl KA A R & 22— HAT, S T A Al b g i R A AL e 5 SR s 1 AL 20 9. 5542
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Table 1 Sequence of primer for differentially expressed genes in A. cicer roots (5'-3")

[-¥i#5] ¥ Forward primer

#5119 Reverse primer

% FKX Name §#§i& Description

CHI 75 /R il 5+ #4 T Chalcone isomerase

CHR1 £ /R i8 J7 i 1 Chalcone reductase 1
F3'H 2 H il 3'-¥2 AL Flavonoid 3'-hydroxylase
CHS /R4 )8 Chalcone synthase

e
CHSI1A-like 4K 4 W 1A-like Chalcone synthase 1A-like

TGCACCACCGAGGAAATAGG
AGCTCTTGGGAACAAACGTG
CGTCCAGCACCAAAGGGTAT
CCAGGTGGTCCTGCAATTCT
TGTCACACATGCGTCTGAACT
ACGCATTTTGCGCCAATGAT
TGCGCACACACACAAAAGAG
TGATGATGAACGCCACGTCA
TATGGTCCTAGTTTGGCGGC
TGTTCCCTGGCATTGCTGAT

GGGTATGGCAGCAACAATGG
AGCTAGCAGGGGACCAAATG
GCCATAGCTCGTGACCCAAA
GAGGACACAAGCACTCGACA
CCTGCCACTGTCTTGGCAAT
TGGCCACCCAAGTTCTACAC
CTCCACATGAGGGACCAACC
TCCATGCGGAACATCAACCA
ACAACACCAGCTCTCACCAA
CTTTCTCTCGGGTGGTGCAA

CYP450 2 il (5, 2 P450 Cytochrome P450
C4H S AR 4 %40 48 Trans-cinnamate 4-monooxygenase
PYL i 9% TR S8 A2 2% Abscisic acid receptor

bZIP bZIP % 5% A T bZIP transcription factor

Actin WLBh & A Actin
1.3 HKEHH

ZERFTIRERSH LN GOFKEGG &
qRT-PCR 31 K4 5 BT AR

2 HBREHSH

2.1 WA HIE R TR

AT REOR 2 F £ i

7, % H Microsoft Excel 2016 %% 4 i3

1

Xif G W 48 25 HEHE AT 150 mmol- L' NaClBr i A B, 5 0 h(CR b B AH B, 408 12 h 5 it i JGRH @48 1k, 4b 3
A8 72 h )G B4yt v & B (B 1) o X NaCLr e T J8 W 58 2 D 4 i 12 /> M R B b F A7 B S AL Oy, 28000 ) 5 40
J5T i 45 0 5 AL AR AT 82. 56 Gb it Bl (3% 2) , £ FE il T ¥ S BT B 8 5 6.88 Gb, X AR 0 h(r_0) (12 h(r_
12) .48 h(r_48) .72 h(r_72) 15 B /Y T ¥ i3 50 4 51 o~ 23246361, 22399010, 22493392, 23606448, Q30 B, H& F 43
He=94.97% ,GC & &8 40. 19%~42. 49 %, F A FE & 10 T3 352805 Trinity P82 4128 22 )7 51 #E 47 X I
UEJG R B 12/ BEAS [ X L3R =>65. 84 %6, 45 SR 3R W] T W5 48 < DAY 8 21 40N I o & W] &, W] HEAT S 240 T o

E1 HMBTEEERZRBETH
Fig. 1 Phenotypic changes of A. cicer under NaCl stress

2.2 DEGsifis

J X NaClJria 8B 28 = 98 5 4 B (8] 55 P HE 3 (3R 3) , F W, Hrpr 12vsr OB ZER R

17 DEGs f&i 1
, 460514, b R I EE R 43501 A 8027 A1 38024 4, i HL A 17. 439 A1 82.57% 51 48 vs r_ 022 FIEL A

FSPES ]
s S PEE ]

Mm%
Bk 456534, F R EEE 4 51y 10053 F1 356004, 5 He ok 22.02% F177.98% 51 72 vs v O[22 5t
42869 4~ , I F P FEH 43 3 S 11042 F1 31827 4~ , 5 He A 25. 76 % M1 74. 24 % 51 48 vs r 12 B 22 7
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Table 2 Quality control statistics of sequencing data for each sample

AR J A 2 K J I R A B T AL T Q30 (%) GC (%) S LR
Sample Raw reads Raw bases (Gb) Clean reads Clean bases (Gb) Total mapped (%)
r 0.1 25608576 7.68 24842810 7.45 95. 58 42.49 70. 68
r 0.2 22654911 6.80 22160067 6.65 95.77 42.37 71.75
r 0.3 23401444 7.02 22736208 6.82 95.45 42.27 70. 54
r12 1 24325553 7.30 23233562 6.97 95.25 42.27 69.73
r.12 2 23471096 7.04 22839301 6.85 95.95 40.19 65. 84
r 123 21972596 6.59 21124167 6.34 95. 28 42.35 70.40
r 48 1 22903659 6.87 21974443 6.59 95.51 41.66 69. 90
r 48 2 23716748 7.12 22832712 6.85 95. 50 41.74 70. 40
r 483 23380813 7.01 22673020 6. 80 95. 88 41.64 70. 86
r. 721 23445027 7.03 22237254 6.67 95.73 41.95 70. 89
r .72 2 23476556 7.04 22400966 6.72 95.93 41.81 71.57
r.72_3 27057092 8.12 26181124 7.85 94.97 41. 80 67.48

TE: v 0.r 12.r 48 Bl r_72 43 iR g 4 = 35 NaCl 3 Ab 31 0,12 48R 72 hily 4 ASBF I o R ). Q30 7% T3 15590 Bl B B k1 K 30 A9 2k
AT EVREE I EE o GO T i 0 5 ST 5 6w E T o 0 43 b

Note: r_0, r_12, r_48 and r_72 represent four time points of A. cicer under NaCl stress at 0, 12, 48 and 72 hours, respectively. The same below. Q30:
Represents the percentage of all base whose base sequencing recognition quality value is =30. GC: The percentage of guanine and cytosine in clean

reads.
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Table 3 Number of differentially expressed genes in six comparative groups

151 H Ttem r 12vsr.0 r 48vsr.0 r.72vsr.0 r 48 vsr_12 r.72vsr_12 r. 72 vsr_48
[ 9% Up-regulated 8027 10053 11042 11821 7633 4653
N 1H Down-regulated 38024 35600 31827 5515 3768 4345
BEE Total 46051 45653 42869 17336 11401 8998

173364, b IR 20 4 11821 A1 55154, 5 bk 68. 19% A1 31. 81% ;1 72 vs r_12 AY 25 S IR AU 11401
A, bR 3 5 S 7633 F1 37684, i L Ry 66. 9520 133,055 5172 vs r_48 1Y DEG H b, 24 89984, R
VR FE R 43 50 R 4653 A1 43454, b 51.71% M148.29% o Ffr 12 vsr 0.r 48 vsr_ 0.r 72 vsr_O.r 48 vsr_ 12,
r 72 vsr_12.r_ 72 vs r_48 AR 1Y 25 S FE DR 03 i) R A7 5 40 i (181 2) , & T W 28 = S A &% A6 NaCL 8 T A7 197
AR HFEE IR o ik 2 L AR T BB M 45 2 S AR ZR e 1N NaC LI 38 1 5 B2 e JE A

2.3 DEGs# GO# KEGG & % 5 #

T f# NaCl 3 T J8 48 2 SR 2 R W] 1] 5 DEGs B9 D RE 40 A1 175 50 , # A 5] B 18] 5 L& 20 /9 DEGs 47
AWy rE It B A AE 5 K T RE 3 RIEHY GO TERE B o % 6 4 HLECZH 19 GO 4% H Lk Q-value<C0. 05 Jy b i
TTHEF , Geih A EL 4] Topl5 B9 GO % H , & 6 4~ el vh I 8350 GO 4% B O S AL 8 TR 1% 14 1 72 (GO
0016491) . %A GO 4 H #4740 7 , B & NaCl a0 B [0 (9 3% in , DEG £ ik 2588 5 T B R, b s %
(GO:0003824)fEr 48 vs r OFr_ 72 vsr 12 WARZH AN 10 25 W 4R FE HA 4 A LU A rp W 35 s B (3R 4, 181 3) 5 B 8
T44(GO:0043169) L HAEr 72 vsr_ 12 F1r 72 vsr A4S HEHA B EEE EHMAN L EHAT R EEE. &
BT 454 (GO:0046872) il 7 45 4 (GO : 00048037) . i ili 45 & (GO 00050662) Fl ik 7K Ak & ¥y 4% 15 2 72
(GO:0005975)FEr 12 vsr_O.r 48 vsr OFlr 72 vsr O LL#R 4L i 3 & 45, 3 Ah 17 R 314 B 4r i L e 2 fil 14>
PR dl rh i 2 B AR o S5 SRR NaC LIP30 vl REVKIE T W6 58 2= B AR AR S0 Ab 300 DUl 06 1 11 25 S5 ek T
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Fig.2 Venn diagram of differentially expressed genes in six comparative groups
v O.r_12.r 48 Fl r_72 43 B4 2 J M 48 25 35 NaCl i b B0 12 48 F1 72 h i 4 NI IE] 45 . F Ao r 0, r_12, r_48 and r_72 represent four time points

of A. cicer under NaCl stress at 0, 12, 48 and 72 hours, respectively. The same below.

N T R ) AL DEG & 4 (R i, 51T KEGG & 80 (181 4) . ARAF5EXT 6 4 4l
KEGG & 43 1% LA padj<<0. 05 MARMEDEATHER , A P r_12 vs r_0 HLH4H i 3 48 (P<<0. 05) AR it 4k 0 2% ,r_
48 vsr_ O LB A r_72 vs r_O H AR 4L I 3 5 45 (P<C0. 05) I8 4 o4 1 2%, #0  R 443 1%, X 34~ Fb i 4l Jb A
2 TE I R AOREA LD ST I Y AR BN T BT AR N 4  RNA R IE R 12 BT 00 KR OB/
WSt A B YRR A K. v A8 vsr 12 R r T2 vsr 12 LA M r 72 vsr A8 LA B EH
(P<20. 05) AR 15538 % 4351 0 6 .12 1 6 4%, 3% 34 b B 4l M4 (b 3% o 42 3 Il s A BE M AR 8 R R AR A il
S A W B R FH ISR R 0 T TR AR B Ak R R AR T AR T A A 0 A A R SR AR
o B I T A S, R R R R SN R 2 R T R A T Ak R AR B S AR TE 6 LA R AR A 25 S 3R
FeIK, LT i3k e 1 10 BT B A U W 46 5 AR R R B NaCl I 3R a2 4R it RE W IR . ok, BN R A& i AN
SR AR 2 T A ) R S BT AR ) B B 1 25 S LR TE 6 LA AL R Y A R IOR TN 28 W G A
FIBE 5 M 50 = e AR AR N NaCLIM B % UIAHOC oAb, 6 1 A di i 22 5 ﬁﬂmﬁ*%ﬂﬁ%&%ﬁﬁ%ﬁzE
KR YA LA H KA o A P AR ORI A Bl R 1k | U I A 150 ) S S K T R A TR I €
e MR R R NaCl P ae v & ¥ B 2R FH (% 5) .

®4 GOXBEIERER

Table 4 Annotational information of the GO term

GO % H GO term 118 Description
G0:0003824 AL G P Catalytic activity
GO:0043169 FH B F 454 Cation binding
GO:0046872 4 J@ B T 454 Metal ion binding
GO:0005515 [ %54 Protein binding
G0O:0043167 B T454 Ton binding

G0O:0016740 R WG Pk Transferase activity
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23 Continued Table

GO % H GO term

& Description

GO
GO
GO
GO
GO
GO
GO
GO

GO
GO
GO
GO
GO
GO

:0016491
:00048037
:00050662
:0006629
:0016301
:00166787
:008233
:0008152
:00043412
:0005198
D:0003735
:0022613
:0042254
0:070011
11901564
:0019538
:0071704
10005525
:00009058
11901576
:00020037
:0046906
:0005975
:0016684
:0004601
10071555
:0016798
:0071554
:00045229
:0004553
:0006073
:00044042
:0005199
:00009664
:0071669
:00030312
:0005618
:0042546
:00006032
10046348
:004264
:004262
:0005976
:00044711
:0005982
:0005985
:0005984
:00044723

AR JE S 7 Oxidoreductase activity
MK F454& Cofactor binding
ﬁﬁ@%ﬁ Coenzyme binding
FAC I ## Lipid metabolic process

S P Kinase activity
K fift i 3% £ Hydrolase activity
RGP Peptidase activity
R4 2 Metabolic process
Ko F1& M Macromolecule modification

443 F 6 Structural molecule activity
AR (19 25 ¥4 B 43 Structural constituent of ribosome
KM% 8 1 B A & A4 Ribonucleoprotein complex biogenesis
W WA A= ) % A= Ribosome biogenesis
JUCTE 1 M, 7E H T L-22 352 Ik Peptidase activity, acting on L-amino acid peptides
B HLAEAL A YA Organonitrogen compound metabolic process

Ji 52 & Protein metabolic process
LY AR T & Organic substance metabolic process
GTP %54 GTP binding
H WG T FE Biosynthetic process
ALY A4 4 it 7 Organic substance biosynthetic process
1 £1. % 45 4 Heme binding
PO A % 45 A Tetrapyrrole binding
i K AL A P18 3 #2 Carbohydrate metabolic process
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Fig. 5 Clustering and pattern analysis of differentially expressed genes
A BT RUE A Y 22 5 3238 7 I 19 3B 26 43 HF Clustering analysis of differentially expressed genes based on the fold change value; B:3F FPKM 7E 4 4~
s (i) A5 A9 22 X 22 3K 453X 49 1 Gene expression patterns analysis based on the FPKM at four time points; 77 L i 507 R SCHE 2 7k, 22 F 50 o 3 R 5

H The number in the upper left corner represents the profile name, while the number in the lower left corner represents the number of genes.
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Fig. 6 Enrichment analysis of KEGG of significantly enriched profiles
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