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Effects of exogenous ATP on seed germination and seedling
growth of Brassica campestris under salt stress

LIANG Juanhong, LI Qiaoli,LAI Jing, ZHANG Xiaohua,ZHANG tengguo
(School of Life Sciences, Northwest Normal University, Lanzhou, Gansu 730070, China)

Abstract: Using Brassica campestris “Longyou 8” as test material, effects of exogenous ATP pretreatment on
the seed germination and seedling biomass, H,0, and - OH content, antioxidant enzymes ( CAT and POD) activi-
ties, membrane damage, osmoregulatory substances and expression of related genes ( MAPK3 and MAPK6, SOSI
and NHX1) of Brassica campestris were studied. The results showed that compared with the control (without ATP or
NaCl treatment) , the germination rate and germination energy of Brassica campestris seeds were increased to differ-
ent degrees with different concentrations (1, 10, 25, 50 wmol - L™ and 100 wmol - L™") of exogenous ATP. The
exogenous ATP treatment of 25 wmol « L™' was particularly significant, and the germination rate and germination
potential increased by 26.9% and 17.2% , respectively. Compared with NaCl stress treatment, 25 pmol + L™" exoge-
nous ATP + NaCl treatment increased the germination rate and germination energy of Brassica campestris seeds by
13.7% and 15.0% , respectively; significantly increased the biomass ( root length, plant height and fresh weight) of
Brassica campestris seedling, two antioxidant enzyme activities ( CAT ,POD) , soluble sugar and proline content and
related gene ( MAPK3 and MAPK6, SOSI and NHX1) amount of express; increased root length, plant height, and
fresh weight by 23.6%, 27.3% and 28.6%, respectively. Also, the activities of CAT, POD, soluble sugar, and
proline increased by 10.3%, 27.0%, 15.9%, and 41.0%, respectively, while the contents of H,0, and - OH,
malondialdehyde (MDA) , and relative conductivity significantly decreased by 13.6% , 6.3% , 27.6% , and 20.5% ,
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respectively. The results indicated that exogenous ATP soaking promoted the seed germination of Brassica campestris

under NaCl stress, significantly increased the biomass, antioxidant capacity and expression of related salt-tolerant

genes, reduced its membrane damage and enhanced the salt tolerance of Brassica campestris seedlings.

Keywords : Brassica campestris ; seed soaking with exogenous ATP ; NaCl stress ; seed germination; stress resistance

physiology ; gene expression
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Sequences of PCR primers

HN 519 LS
Gene number Sequence(5’ to 37)

MAPK3-F CACGGAGGACAGTTCATAAGCTAC

Table 1

Primer

NM_001316289.1

MAPK3-R  TCCAACACAGAGCAAACGATG
MAPK6-F TCATACGCTCTAACCAAGGCTTATC
XM_022716025.1
MAPK6-R AAGAGGAGGTTGCTCGGTTTC
SOS1-F AGACACCTATTGCGAGGCAC
XM_013807628.2
SOS1-R AGAGACGTATGCCATCCCCT
NHX1-F AGTGTCGAAACTGCCTTCGT
XM_022705685.1
NHX1-R AAGGCGGTGATGGATTCGTT
Actin—F TGTGCCAATCTACGAGGGTTT
XM_013830703.2
Actin—R TTTCCCGCTCTGCTGTTGT

T F RIER S, R BG4,

Note; F is the forward primer and R is the reverse primer.

®2 ARRESNE ATP XHH R F L RNK F BRI
Table 2  Effects of exogenous ATP in different concentrations on
germination rate and germination energy of Brassica campestris

KR/ % R %

Germination rate Germination energy

HNIEATP %/ (pmol - L")

Concentration of exogenous ATP

0 (CK) 71.00+0.0lc  57.17+0.02ab
1 74.73+0.03¢  57.78+0.05ab

10 80.98+0.04abc  61.93+0.01ab
25 90.14+0.02a 67.03+0.03a
50 87.92+0.04ab  59.79+0.01ab
100 76.99+0.04bc  54.95+0.08b

WA R ING FREF R AL B 25 57 1 3 (P<0.05) . Rl
Note: Different lowercase letters indicate significant difference

among treatments ( £<0.05). The same below.
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Table 3  Effects of seed soaking with exogenous ATP on
germination rate and germination energy of Brassica

campestris under NaCl stress
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NaCl & & 4L 315 NaCl 5 i 38 4 #AH 1L, H, 0, 1
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M3 E MR
Table 4 Effects of seed soaking with exogenous ATP on

seedling biomass of Brassica campestris under NaCl stress

i R, % B %o — — —
Treatment Germination rate Germination energy b3 RE/em M/ em 5 +*@$E/ g
Treatment Root length Plant height ~ Fresh weight of 5 plants
CK 65.56+1.11b 70.00=3.85b CK 5.61£0.43b  2.88+0.13b 0.540.04ab
ATP 77.78+2.94a 84.44x1.11a ATP 8.13x0.61a  5.30+0.46a 0.60+0.02a
NaCl 56.67+8.39¢ 66.67+8.82¢c NaCl 4.95+0.39b 2.42+0.17b 0.35+0.05¢
ATP+NaCl 64.44+5.56b 76.67+5.09b ATP+NaCl  6.12+0.47b 3.08+0.20b 0.45+0.01bc
~ 700 30T
600 " . ~ " . b
. - b N
2 o : - :
&1 i 1 3 -
= . weO 4
= 400 =) I
= 1 RS ¥
— 2 T =15
¥ E 300 3 25
Ao ZE ok
S, 200 8 10
T o
100 f 5T
0 0
CK ATP NaCl ATP+NaCl CK ATP NaCl ATP+NaCl
Ak 3 Treatment fib #E Treatment

TE ARV NE PRI AN 22 5 8.3 (P<0.05) . Rl

Note; Different lowercase letters in the figure indicate significant differences among treatments ( P<0.05). The same below.
B 1 NaCl BHELE TIME ATP ZFAREL B H,0,(A)F - OH (B) &£

Fig.1 H,0,(A) and « OH (B) accumulation of Brassica campesiris seedling

exposed under NaCl stress by exogenous ATP seed soaking
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Electrophoresis and relative grayscale analysis of antioxidant enzymes in Brassica campestris

seedling under NaCl stress by exogenous ATP seed soaking
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Fig.3 Effects of seed soaking with exogenous ATP on malondialdehyde (A) and relative conductivity
(B) of Brassica campestris seedling under NaCl stress
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Fig.4 Effects of seed soaking with exogenous ATP on soluble sugar (A) and proline (B) content of

Brassica campestris seedling under NaCl stress

4.0 M (A)
35+ a

3.0
25t
20t b
15 .
1.0t
0.5t
0.0

MAPK3F 6 ik &
Relative expression level of MAPK3

CK ATP NaCl
4k 3 Treatment

ATP+NaCl

w

SO ®
f\ a
N hd
Sar *
8 5
Bt
®e3T
2
=.S
S22 b
X2
Lo c
T on Y
Ss1
2
=
~ CK ATP NaCl  ATP+NaCl

Kb ¥ Treatment

5 SMNE ATP i2FhXF NaCl B8 4038 M 3ELh # B MAPK3(A) #1 MAPK6 (B) B FE R iXHI 00
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Fig.6 Effects of seed soaking with exogenous ATP on the expression of NHXI (A) and SOSI (B)

genes in Brassica campestris seedling under NaCl stress
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