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1.1 REH

KAZ it 26 b Fh 46 11 0 5 SO 5 FP 4G 30, ¥/
g A Bl 2= B A Y A0 M TR R = L BT AR
M 35 1 E R S g s R
12 MFHELXHAMEELEERZE

B AN 9 cm B 1 35 LG 7K Ve i 5 K
FEBET A 2 SRIEACRE T . LR, S B0 U A 55 1
fat R 7, A 3% H,O, 13 8 min Ji& . 2818 /K%
ZerpPk 3 KL, F 30 CRIT 0.5 F1 15 g/L ) NaCl
W PRI o 1, R P 88 115 Y A3 R T 85 55 LAY
BEAR L FYRIINA 0.5.10 F1 15 g/L ) NaCl ¥ i A4b
PR A R T BT 25 CHEIECRE AT R
. 6 dESITF PR FERMERKE., B0
AR 3 RER
1.3 IMNEFEFFZE

AN B B B K 3R O S SCERL15 ],
VECR B AL T B h% o B K 22 3L Sl B T
5 °CUKAR TR AL B 17 d. P FH A0 RS PR VS TROTH B
KZEHE 15 min, T84 40 B4 Fp 10 A4,
FA 15 mL JC T 42 BUE (60 g/L Ay H 88 B b 45
0.976 g/L B N-M§HE 2 ¢ 5% B8R A1 1.1 ¢/L ¥

=1

CaCly) . I JH & 343 Wt 8 3 HE Y], 106 pom i 19
7398, JEW LA 700 r/min fIGEE 0> 5 min, L HE
SW L EFWE /N, /IR e E T
25 C B I (1 JC 1 £k T AL B L NaCl i 05 i vk
JE 435124 0,100 #1300 mg/L,2 d J& 4§ /NEF H L
T B SBOUR I 73 5 0 R A 1 OB /0N 0 28 O
TELIX10/mL, R F 1 mL /NEFEFRT
FEFRM (20 mm X 15 mm) 1, Parafilm & 0 J5, & T
25 CHIFEAAMG LR . R 2 28 d B FRERAL 1 41 Y
1) I IR BB R R, — 80 C A, Ho AT
B AR B A R 1Y N6 15 77 5L oy He A By 57 5 [a] i 43
A 1.0 mg/L 2,4-D.0.5 mg/L KT.90 g/L %
ZEBEFN 0,100,200 H1 300 mg/L B NaCl ¥ ¥ .
S IR 4 IRE
1.4 WHETEE PCR&EN

B BE S A A 4 2 RNA 3 i Trizol Reagent
(Invitrogen) $2 BUJ5 » 15 F F SuperSeript ™ [l & #%
SE i (Invitrogen) 3R 15 £E & (19 cDNAMSY . 5] ¥ )%
FI AL 5OS A R R R A R 2w . H
e, kb ome BB R Sl W E 8 2 % SCEk (13 ],
HvActin M1 HuGAPDH W& XK W59 F 5 &
Zwk[16], 7 W3R 1. R 7500 Real-Time
PCR System (Applied Biosystem) Xt K Z /N f T
F 30 o 1 R B B 4 A O B L DAY R X 3R GA
AT oM. & B PCR B AK RN 20 pl, 4
FEEES cDNA (2 50 ng/pl) 4 pl, IE 1 51 4
(10 pmol/L) % 2 pl., 2 X power-up SYBR qPCR
Mix (Toyobo) 10 uL #l ddH,O 2 pL, & I 2 ¥
K95 CHIAEME 2 min, 95 ‘CAEPELS 5,60 Cil Kk
FEAR 1 min, 40 NIFERNC

WKILEE PCR 5

Table 1  Primers for quantitative real-time PCR

FEIH Gene E 5% Forward primer (5'—3") J 514 Reverse primer (5'—>3")
HvsHSP1 CGAGCCTAAGAAGCCCAAGA GAAACATCAAACCATCACCACC
HvSIAH1 GGGTGGAGATGCAGATGAGG TAAACCAATGCGTCGGATGA
HwvRPLPO ACATCCCCACCAAGATCAACA CACAGCAACAGCAAGCACATT
HwvelF1A TCAAGGTCCACGGCTTCTAAT CCAAACAGCAAACCCGATACTA
HvActin GCTGACCGTATGAGCAAGGA GGAAAGTGCTGAGTGAGGCT
HvGAPDH AGATGCCCCTATGTTTGTGG GGTCTTCTGTGTGGCAGTGA

1.5 Sitah ALY/ LiOERS: E &

REF R EMA A W 4R A
SPSS21.08 {4 i) Duncan’s FrE WM Z kLT 25 8
ST 5 2 B PCR M8 R P8 Chen %507 (1 7 12
T H IR AN 26385, LinReg 204 20 B AH 56 3£ 1A

2 it D 00 7k 0 T B = [ — b 3
1 30 By = B /46 11 B 7

2 it ] 5 5 R T = o — e 8 4
30 1 A/ M 1119 % S
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& IR %
Germination rate

5 SERI%
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0
SR8 T B/ (g/L)
Concentration of NaCl stress

D
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S 12t 2 212
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RS 8 cc R 3
=T O d ™=
HE 4 2 HE

s 2 e .

E 0 f g0
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R TR B/ (2/L)
Concentration of NaCl stress
E F

14r OfE11 H11®FE30 H30
a

SR WNIE TR B/ (g/L)
Concentration of NaCl stress

5 g/L NaCl kb3R5 .76 0 g/L M0 F .46 30 1Y
REFEFREA 30%, M4 11 B & ZFRN 66.67% ., 46
30 Y& ZEFRANS FAE 11 WF WD T 55% . 765 g/L
10 g/L R W08 F .48 11 4351 2A 40 % F116.67 %
1) & 2F 3 46 30 W58 @ N BEHT & (B 1B) s 7E 5 g/L
NaCl il &b 2 5, 76 30 19 EAR K Bt 3% /N F 16
11,76 0 g/L R F .48 30 A9 FEARKARXT TA4E 11
WEW AT 26.96% (K 1E); B F40d 15 g/L
NaCl FiALHEF, 46 30 76 0 1 5 g/L Rl T (1 1§
KA R 50 %A 43.33 %, K ARG 11 L&
Z57(E 10, EREKEDRRERMIL(E 1F) ;7 10 g/L
AT AE 30 By K ZF AR F AR WA TAE 11,
SR E T 4175 %A 32% (| 1C. P, BB L 4E 30
2o fIK T i R BE NaCl 1Ak B L X6 £5 1B 38 119 it 22
PEUAR TAE 11 (H 2400 i B i ik BE (15 g/ L) NaCl
AL FEJS X 10 g/L 51038 A T 52 1 38 5k, 2 2540
TAE 11,

B C

:f}:: OfE11 H11m4E30 H30

80
60

a 2 4 a a
0 . ]
0 5 10

ERME T YR BE (/L)
Concentration of NaCl stress

K HRI%
Germination rate

5 10

OfE11 H11m4E30 H30
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a &
b b
HI d £
(\ 1 1 I-Lll
0 5 10

R T R/ (g/L)
Concentration of NaCl stress

FMA/em
Taproot length/cm
N O\ 00

5 10

A-C A [H] i ¥R BE 9 NaCl BUALBE 4 FF .2 A SRR AE AR [l B e BE NaCl e F Y & 2ER . Hidb, A0 g/L NaCl Hi4b 3 ; B.5 g/L NaCl
WiAbHE; C:15 g/L NaCl AL HE; D-F. K [a] B & ¥ BE () NaCl AL B 4% 08 F L 2 A 5 b 78 8 [ B & 9k B NaCl i i EmR K, Hop,
D:0 g/L NaCIfi4b#; E:5 g/L NaCl HiAb3; F.15 g/L NaCl TANEL, 4 — R B B AR [R) 72 BAQ 3R R — PR 78 2 A S R A 8] 4 23 18] fY) 22

5. A-C.:The germination rate of the two materials cultured at different salt concentrations with 0 g/L (A),5 g/L (B) and 15 g/L (C) NaCl

pretreatment; D-F:The taproot length of the two materials cultured at different salt concentrations with 0 g/L (D),5 g/L (E) and 15 g/L

(F) NaCl pretreatment,Different letters on the histogram indicate the significant differences of a trait among different treatments between

two cultivars.

B 1
Fig.1

22 24 KERBENTTFEF= I HA X L 704k 22 4G
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N T ARER 2 AR SR /N7 i 8 %0 8 T Ak
P e 1 25 S, FRATTRE /L 15 3R 5 B A 7 i
17 beAs s DA 5 4 4077 6 % e IR by Tif 5 1 o 1K 1Y

2 AR E AR F B & 5 X 2k i 18 B e R

Response of the two barley cultivars to salt stress during the seed germination stage

PEHFE A5 . 7EJC NaCl WiAb # A 244 F . 48 30 BI/h
7 FEA [E] R R E NaCl 55 9% 38 3R 45 19 A 43 7=
/N F 130 mg/IL, Wife 11 A= EH KT
180 mg/ L, 4 30 1Y & 7~ & W AR T 4L 11, KW
16 30 76 /N6 s 3 0 46 1 B B2 i 22 AR F AR 11
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(E 2A) 433 100 mg/L NaCl FiiAb ¥ 5, 46 30 H
/NELTFFE 0,100,200 1 300 mg/L NaCl 15 3% F 3k
15 0 377 i 3 W AR T AR 11, 3R WK BT o vk R 1Y
NaCl i &b # X%t £ 30 19 /N 1 7 18 A% 19 B 455 1R K
(Kl 2-B) ;&3¢ 300 mg/L NaCl #i 4t ¥ )5 , 4 30 1)
INFE T AE AN )k B NaCl AL 3R 15 358 3845 19 A
P77 1 B v TR BT B VR B (100 mg/ 1) NaCl i ik

A

/N, H 2 A B8 @ s 7 s AE 0,100 I
200 mg/L NaCl i35k B & 12 7 . (H1E
300 mg/L NaClf35 55 1 46 30 M@ i o 3%
AL 11 19 21.64 % (| 2C) , £, 46 30 /NMET %
Fe JO R B 8 NaCl(300 mg/L) Ak #i% S )5 . Xt
o JO i VA R ) PO A0 T A7 M A

il

il

B C

~ 950,  OFELL H11WFE30 H30 ~250r . Ofk11 H11W4E30 H30 _ 230 o1 H11 g0 HB0,
o a 200t ab ab
%)-a 200 g %c %;a ab
° g © = o 150
£2 150 gz Z%
b= T I = S 100
LS LS L3S 50
;Lﬁ‘ 50 iﬁ iﬁ
i =5 & oL LU - L
) == T00 200 300 = == 100 200 300 0 100 200 300

R BT R IR I/ (mg/L)
Concentration of NaCl stress

A:0 mg/L NaCl T4k BE R o 2 A it A fE AS 5] 57 2k v o2 0 300 8% 57 F w9 sl i
MRS TR A& C:300 mg/L NaCl Hiab 38T, 2 A i P 26 AS 7] Bt & ¥

R WME BT R IR I/ (mg/L)
Concentration of NaCl stress

ERIhIE BT B/ (mg/L)
Concentration of NaCl stress

B:100 mg/L NaCl Fi4b B F , 2 A 5 Ff 7EAS 6] 5T 2 vk &

g
FEER Wit 55 22 R @i =i, A Calli yield of the two ma-

terials under salt stress with 0 mg/L. NaCl pretreatment; B:Calli yield of the two materials under salt stress with 100 mg/L. NaCl pretreat-

ment; C:Calli yield of the two materials under salt stress with 300 mg/L. NaCl pretreatment.

2 FAIEFAIEFRE S NaCl REREXE 11 fE 30 GG ~E

Effect of NaCl concentration in pretreatment and medium on calli yield of H11 and H30

Fig.2

23 2N KERME 2NN E TEKERN
XM

i3 A 2 AR RHE R & B B S
TIHES OB & 2F % ER KM@ ™ &t i
Xf A & B A e R 2R R B R K 2 E] 3 IR
ARG A0 & R B0 2 0.600 Fl 0.648(F 2),

2 2AKESMBFHEPINNAFESEG

HAEXF £ K LL B B9 Pearson 18 XM 4 47
Table 2 Correlation analysis of the relative differences values of

germination rate, taproot length and calli yield between two cultivars

— o KRR T
=Lz e o
. IR Germination Taproot
Indicators Calli yield
rate length
— 1 0.600 " 0.648 "
w
Calli yield 0.039 0.023
12 12 12
N 0.600" 1 0.642"
KR
Germination rate 0.039 0.025
12 12 12
N » 0.648 " 0.642" 1
FERK
Taproot length 0.023 0.025
12 12 12

T * FRIARAE 0.05 KGR F 52 A G,

correlation was significant at the 0.05 level (bilateral).

Note: * shows the
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24 2ANKZESRBIE/NTE T B A A 25 BB A K 8
EEMRIEERX

R 5B 2 A SRR /INFEL - s 1 e i R
SES5r F AL R 58 T /N (U 5ER HosH -
SP1.E3 {Z RiEL M3 N HoSIAH 1. # i1k 1 97
FH K HoRPLPO FIEIF &GN F 1 &K
HvelF1A 7 2 A F 0 1 300 mg/L NaCl %
W IR PR (- 3) . fEJC NaCl Hib B,
2 A~ b FRAE IE B S5 A RS W a AL B R 9 HosHSP1
HEHEERSHY LR EEZ R ARSI 300 mg/L
NaCl AL H )5, A 0 mg/L 15353, 78 300 mg/L
NaCl 3555, 46 11 rhiz i DAY 2 5k it b 2% el 2>
T97.09% , 4% 30 v 5L R SR 3k i 20 R 2R N 93.95 %
(B 3A) ;7F 0 mg/L #1300 mg/L NaCl 5 &b B 4%
T2 MR Z Y HoSTIAH 1 P 33k 8 75 K [A]
NaCl it 15 35 3 b ¥ 00 3% % 22 5 (& 3B) s HuR -
PLPO BERAE T WAL 5T . F 300 mg/L NaCl
Regemt AL 30 LR R GR AR 11 WA, &0t
NaCl i 4 ¥ )5 . 7F 300 mg/L NaCl 535 44 F %
BEHAEAE 30 R ILE S5 11 W EEZE R
(1 3C) s HueIF1A B #E JC NaCl i 4b 2 9 5% 1
T AHEE 0 mg/L Ki 3R 4, 46 30 LR Rk A
300 mg/L NaCl Jfpif Bf 8 3 0k /> T 49.71 % H & 7E
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300 mg/L NaCl FAb B 55444 T . 46 30 th 3L R ik
EH 0 mg/L Wi AR ERINT 77.11% 546 11
TER AL R B E 8N T 59.15% (| 3D), &5H%

A

]_@ E 200 Off11 H11m{E30 H30
RZ2 160 a
ﬂ, -
= QE 1.20 b
ESE om0
o .8
52
< .
T o .40
23 goolti & C 1S €
= 0 300 0 300
0 mg/L NaCIFiAbH | 300 mg/L NaClFigh 3
0 mg/L NaCl 300 mg/L NaCl
pretreatment pretreatment
NaClFt 2 &/(mg/L)
Concentration of NaCl stress
C
oOff11 H11m{E30 H30
Eﬂm'H o p
2§ 4.00y N
™29 3.20)
= B
a3 240
= o X
E v 2 160 b
SEs 080 ¢ ¢ CI < |_$_|C
5 E 0.00! Ol . M 1 . L .
I ’ 0 300 0 300
0 mg/L NaCIFiALHE | 300 mg/L NaCIFfikLb#
0 mg/L NaCl 300 mg/L NaCl
pretreatment pretreatment
NaCUFt &2/ (mg/L)

Concentration of NaCl stress

A: HusHSP1; B: HuvSIAH1;

B, 280 B B W B NaCl AN B fS . HusHSP1 il
Huvel F1A R GEXT T 46 30 28 it 55 W B 10 36
WBEEEEMHEH.

B
”_@ g 050 Of£11 H11m7E30 H30
g
® Sz
rEX
TS
Iz0°
Selrs} =
-7 0 300 0 300
0 mg/L NaCIFiAb# | 300 mg/L NaCIFi4LRE
0 mg/L NaCl 300 mg/L NaCl
pretreatment pretreatment
NaClFt 29 f&/(mg/L)
Concentration of NaCl stress
D
OfEl1 H11m{E30 H30
1_1@! S 100 .
W o~ 0.80 |
Rig
& ik 0.60 b
32 a0 ¢
S gE d cd ¢d ol g
=TS 020 |_|_| |_L|- |'L| i
g E 0.00 . t .
s 0 300 0 300
0 mg/L NaCIFizb 3 300 mg/L NaCIFiiab s
0 mg/L NaCl 300 mg/L NaCl
pretreatment pretreatment

NaCL{ 2 ¥ B/ (mg/L)
Concentration of NaCl stress

C:HvRPLPO; D:HvelF1A.

3 2 MMENGFHAMEEBENXBERNREIER

Fig.3
3 it

HE P %t 36 5% 1938 1 5 HE P A 2 OB 2L, Hodxd
S & I 0 R T L & T S AN Ak B
77 2 ARAGF B S — P e o i A & R . A
WFFE R VB AE AR K & B 1) G B B 1 % 32 Wy 301
Ao 3L A O] 7 2 A 0 g Xt R P A ) OGO R
KL A R R R KO A K R B Y SRR L %
B B3 B4 T 0 P T DA WA e A S A R R L
61 F S Y E 53 SIS VU o AR R R T A A N /)N A
T I IR SR A s P R A R B R T
BB, AR RN ERE BN CEHBEMRD
SRR 0K S 0 i £ P 5 R AR K T i B 2
— B AR AR, K E AN TS S m
BBt SR & B B 2 A~ & B B NaCl il 4b
B4 I 07 LA 3 A IR A SR LK 30 A B R a5
I B M % NaCl i S 40 B S 69 1 3 MK T 48 11,
R 2 28 0ok e o o TR BE (R B R 15 g/ NaCl, /vl
F R 300 mg/L) NaCl i kb ¥ )5 , 4 30 FhF il
N B T A S BN, LA R R R R R Y R

it

Expression of the key genes associated with salt tolerance at the microspore culture stage between the two cultivars

Jopie 5 SRR, R ZER | ERK M@ B B ELT
A6 11, HE A A5 P Fh 9 A 384 B Rl e T
ASTA] b B AE /N 175 T A0 B B sl R 1 R B B AR
K& F X NaCl 5 A& ol 7 4b # 5 19 mi Ny 22
5o BRI 75 /N 2 U 15 57 B0 sl R B kB B
SR NaCl 5 W30 11 4b B, X1 & A g i 35 H97 #r
HAEFEEZE L.,

I A S Bt 25 0T A 0 T 6 43— BIL TR B 5 0 A T R
A o R B /N BB A Rk DR A A 35 B W 0 )
N AR R EE IR . Zhao PV HF R R
M LeHSP21.5 J& K78 i Hh i 2 %58, % 2 Al
R ER ) T AZ 1 R 3G 5R . Ruibal 487 iR 38 T 7
bt Rk PpHSP 16.4 5L [ g 48 o 48 0% 1 Tif
Pk, R HF, 23 300 mg/L NaCl Fi4b # )5,
FEER 38 A B R AL b R UGS ot HosHSP 1 3
PR ik il 3 30, 1245 5 Lia &% [ F
FEERARRL UL, BRI E TR .2 5
FEERYTS 20 S AR Ak . © 0 S T BEXT T
B R T g s R RN SERA R S B VAT 4PN
YR 41NN ) B RSORN IR 58 1 T S A A
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S ) Z2 B £ A A A AL R 22 356 DR Bk 2
S GHE B X — Y T g i AT s A Rk
PEEAE Y £ v B A AR K R BRE . R, X
SR RRHE R T EE, AR ERE T
TACIFIA) R P EENE A G RAERN T Z
— R FRIRZ IR N B SR A Y R B e A
SR A8 T 27— A e P E Y, Lin U
% I S UG T eIF 1A 7E /N 48 i 1y 25 &k
M rh Z R . APPSR, HoelF1A 3L R 78 G
NaCl FiALF A 214 T . 46 30 L R 3 3k = 72 3
30 D H R AE 300 mg/L WALHR ) &R,
AE 30 Hf I R 3R 1 o0 7E R 0 Ak 3 A L 10 W R
BT 4k 30 BB IR 4f A2 B Fh W38 fy L H 2 2
i NaCl il 4b 5 . B 5% R 45 BE 1 14 58

AW 5% 8 7 AN R K ZZ i B A /N0 Tl 3 5% 3%
aob e v O i U R T Ak B () e 1Y RE T A AE 22 5L 5 R
T 3k R £ AL B N BE 7 0 25 S A S AR
AETE M, BRI/ 20 B vk NaCl
WA B 5. 5 WG S @b HouelF1A F1 HusH-
SP1 fEZ | H w255 ks, TS H
fiif b 4 3 5 A7 G, W1 ok i — 25 R N 96 B SR A
ZR 58 S R B M DA R R 8 A ol )Rt
2%,
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Abstract The salt tolerant cultivar H11 and salt sensitive cultivar H30 were used to study the
effects of salt pretreatment on seed germination and microspore callus formation in barley. The germina-
tion rate, taproot length during the seed germination and the yield of callus in the microspore culture
stage was compared under the salt pretreatments. The expression of four key genes at the microspore
stage of the two cultivars was investigated under salt stress. The results showed that the seeds and mi-
crospores of H30 were less tolerant to salt than that of HI11 under 0 g/L. NaCl and low NaCl pretreat-
ment.Under the high concentration of NaCl pretreatment (15 g/L NaCl in germination stage and 300
mg/L in microspore stage) ,the salt tolerance of H30 was significantly enhanced. The germination rate,
taproot length and the yield of callus were significantly superior to that of H11 under high concentration
of salt stress.The results of the correlation analysis of germination rate, taproot length and callus yield
between the two cultivars showed that the relative values of the differences between the two cultivars at
the stage of germination and microspore were significantly positively correlated. The gene Hus HSP 1 and
HwvelF1A of H30 were significantly up-regulated at the stage of microspore culture in comparison with
that of H11 after 300 mg/L. NaCl pretreatment.It is indicated that the differences in the response of test-
ed barley cultivars to salt pretreatment at the stage of seed germination and microspore may be consist-
ent, HusHSP1 and Hvel F1A of salt sensitive cultivar may be related with the response of NaCl induc-
tion at the stage of microspore.

Keywords barley; salt stress; salt pretreatment; pioneer plants; microspore culture
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