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Effects of NaN, and ultraviolet combined mutation on the growth of alfalfa

callus under salt and drought stress

LI Bo,LIN Hao,WU Ting-ting, CHEN Xue-mei
(College of Agriculture , Forestry and Life Sciences ,Qigihar University, Heilongjiang Provincial Key Laboratory of Resistance
Gene Engineering and Protection of Biodiversity in Cold Areas, Heilongjiang, Qigihar 161006, China)

Abstract; Alfalfa callus of Tumu No.2 was used as experimental material, callus was mutated with different con-
centrations of NaN; and different dose of UV, and treated with NaCl and PEG stress at different concentrations. The
erowth status of the callus was observed. The semi lethal (LC50) and lethal (LC100) concentration (dose) of each
treatment was determined according to the survival rate of callus. The content of proline, soluble sugar, MDA and
the activity of CAT in callus were assayed. The results showed that the growth of alfalfa callus was affected by muta-
tion and stress.The survival rate of callus had declined with the increase of NaN, concentration and UV irradiation
dose.The semi lethal and lethal concentrations of NaN, was 4.0 and 5.5%107 mol « L' respectively. At the distance
of 20 cm, the semi lethal and lethal doses of UV induced mutation was 6 and 8 min. The survival rate of callus de-
clined with the concentration of NaCl and PEG increasing. The lethal and lethal concentrations of NaCl was 1.5%
and 2% respectively. The lethal and lethal concentrations of PEG was 25% and 30% respectively. Compared with
different mutation and stress treatments, the survival rate of callus was 16% treated by NaN, and UV combined mu-
tagenesis and PEG and NaCl double stress treatment. The content of proline, soluble sugar, CAT enzyme increased
and MDA content decreased in the callus under NaN; and UV combined mutagenesis. Screening of alfalfa callus by
mutagenesis and stress could improve the salt and drought resistance. It provides the basis for using somatic cells to
expand the resources of anti—stress variation in alfalfa.
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1.1 iR+ R

PAEIHL 2 5 578 JCR i i s th a2
BURMEL, S5 5505 R R AR AU TR T S S it,
1.2 R FA*E
1.2.1 ®HARGEARIZRA  FIRF O BN E
ISR 0.5 em® 247 /B JG 42 2 AR AR B o=
FErp R0 2~ 3 RAY A4 2 21 B RT 1 Ry i AR A e
PR, dRARREFRIE D MS+2,4 - D 1 mg - L'+ 6~
BA 0.5 mg - L™+ 30 g FiEMi+8.5 g BiflE(pH=5.8) ,
1.2.2 NaN,Fe ¥ & F T FHURE (N Z)LHF

FHWERR 2t (pH=7.0,0.2 M) i &k JE N 1.5,

2.0.2.5.3.0.3.5.4.0,4.5 .5.0x107° mol - L' 1 5.5x
107 mol - L7'HY NaN, &, B A 4UE F NaN, &
W PR KRR 4 h 5 TG K ek 3 WK, gl
BURIEAR ARG I 2, A BRFE 2y 120 S s i 2 41
(HHL90.5 em®) ,25°C ST FRAE TSR 25 d,

VEH 30 W AT, LA 20 em YRR B FIA[R]
() BRSFESF] (2,3 14,56 .7 min 1 8 min) 2 554k
AR L, A0 BE AL B2y 90 B 11 41, kot
i 25°CHE IR FRAR G 25 d.
1.2.3  NaCl #= PEG Wrif 850k B89 ik KAl
HLYIFIAL 0.5 em® £ A7 /N BePh e & A AN ) vk B
) PEG — 6000 YA FRIE T PEG W ik B 46 B
H 0% 15% 20% 25% F1 30% , 45 BE AL 3 245 90
et g 25°C iR G R A th 55 5%, 40 Wil AE 2.4
6.8 d Al 10 d B HAL$E 5] MS FARRE SR REFE

BAGHSYIEI AL 0.5 em’® 24 /NBL ) B &
NaCl B BEREFEFH (NaCl ¥ N 0.5% .1.0% .1.5%
F12.0%) , [ FhER IR AL BRZY 90 B (4141 ,25C

P TE R B FRAR TR 12 d,
124 AA4FTRERGUEZGTE Sma ¥
BAASABE S A K R 40 4 2 1 AE % NaCl
1 PEG BB F2 30, o B A kb2 8 d Fi
10 d, A6 A L 2L ak R R 9%, Ak RPTRE  F
NaCl ZbFEFR A2V A PEG INEUEREFREL
o T IRE AL R 10 d, AT I kAR SR
1.2.5 ARAIARG R T U7 MR S 2
JE R e =B, T3 % (MDA ) &5 500 5 2R FH AR
UL L2 R, PV T 5 % 0 2 R P BB 9%, ik
SR AU M (CAT) I R SR FH 48 A e % |
1.3 BGEAGEEERMEGEAREXRNIE

WAL HEE R (%) = MHLET () $/
R AL AUE (H) < 100%

RO EICR (%) = 20T (B)
B/ R A 42 (B $ix 100%
1.4 HIELESSH

FIHGe 53 BT 384 Execl 2003 SPSS 17.0 X fir
DU 1 25 T A B A O B5CH R AT 5 25 40, LA 4%
A PR AR AR A0 25 5 B B

2 R 550

2.1 NaN,fNEZIMLF T AGARERNII I

2.1.1 NaN,# &  HIE@HALX NaN, 55227 L1
EEURR 23 AR TR MR FE Y NaN, 5728 i, Hidk K 2 3]
AR (DL 1), FREEH BE NaN, ik BE 34
WA Z R B I, FLA s ) B B RIS, A
Pl U5 IR B G AR S Bl (a2 e
NaN, ik B 5 405 41 247 T 5 ] 52 0 AH oG M (L3R
1), FEFA R RS20 (FT S d) @ U0 4w
1k, 55 10 KA BEL NaN, Vi BT 10935 00 A1 45 4 2 %
WEALIET . B3R 2 25 d W}, BEE NaN, J5A8 ik
FIBE N, WA AU BAE ARG, 4.0x107 mol - L™
NaN, 4ZbHA] IEIEHE N 50.83% , M & h NaN, )
LGy, ,NaN, ¥ N 5.5%107 mol - L™ kb B 40 F AL %
49 95.83% , LU FE 4 NaN, Y LG, , LCs, N BT 41
ZUET IR —F 1 NaN, ¥ B, LC, o, WA A 4UE 4>

HRIET- [ NaN, ¥,
2.1.2 RN FE BRGNS AR

LHNMRFA G, HAE KRS Z 38— 52 (WL
2) R Bt 5 AR50 R B3N, A L SUAE S R
B R, TEHERI (AT S d) @A 20 AR
b, 55 10 KA A7 A 2 AN A ) 500 ek g 184 i o 5 20
LUBWHBAIET (IR 2) | BB G IR I A HERS | &5
PR PR AL TR v, AL R T 6 min, A4
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W, H B @, fETE R KR T, KAk
WA S AHSSENE R B A, AR E
25 d B, BifiE 52 A 25 A8 ) i B, A4 AL 2L
HHCRBHE AN, 6 min AFRHBBER K 51.11%,
I HI R 2L 1 1Cy,, 8 min 40T 4H BOHE F L F
96.67% , I N S HMRIN LD,y o

213 AAFETHRBAHARERKIL HIE
RN 2GS B AR AR A R | oA KPR I 32 51 B
WA, A LB RN WE 3) . BEIE
AARFRET 6 d WAAA LB EANIR WA K T, 5
FREISd LA, WAy @HALIF G ERIKE 4K
(WLE 4),20 d BB T oRBWA: K, MRS
25 d I, A 2O 5 Wi IR ek IR A K

1 2 3 4 5 8 9 10

TE:1~10 24 NaN;#J% 4 0,1.5.2.0.2.5.3.0.3.5.4.0 4.5.5.0 5.5 107> mol - L' f {4141,
Notes: 1~ 10 was callus under NaNj concentration of 0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5x107 mol - L.
B 1 FRERE NN, FEEERGAR
Figl Alfalfa callus induced by different concentrations of NaN,

F1 NaN, FTHERGHALEKRKR

Table 1  The growth status of alfalfa callus induced by NaN, mutagenesis

NaN;#¢ 2/ (mol - L") HICE/ % WAL NaN3 ¥/ (mol - L71) HIHEA/ % WOHS A5
NaN; concentration Lethal rate Callus colour NaN; concentration Lethal rate Callus color
0x1073 00.00 RFLE Light green yellow 3.5%x1073 37.5 IR Pale yellow
1.5x1073 1.67 IRFELRE Light green yellow 4.0x1073 50.83 A Yellowish-brown
2.0x1073 10.83 HRE A Pale yellow 4.5%x107 66.67 HHB 1A Yellowish-brown
2.5x1073 20.83 IRE (D Pale yellow 5.0x1073 81.67 ¥ 5, Brown
3.0x1073 26.67 IRE D Pale yellow 5.5x1073 95.83 #35, Brown
:
‘ (R B
1 2 3 4 5 6 7 8
T 1~8 N EINR N AR (0,2,3,4,5,6,7 min 1 8 min) FAE @A,
Notes: 1 ~8 was callus of UV irradiation for different time( 0,2,3,4,5,6,7 min and 8 min).
2 EINEREHEBERGAR
Fig 2 Alfalfa callus under ultraviolet radiation
R2 ENMEBEIEBTRGARERKR
Table 2 Growth status of alfalfa callus after ultraviolet radiation
HESFRF ]/min BOLH/ % AU A A5 HELGF IR} ]/ min BOILE/ % AU A5
Trradiation time Lethal rate Callus color Irradiation time Lethal rate Callus color
0 0.00 IREELELD Light green yellow 5 43.33 HiHE (7 Yellowish-brown
2 0.00 IRFELERLG Light green yellow 6 51.11 HHE (7 Yellowish-brown
3 20.00 RHE Pale yellow 7 76.67 ¥4, Brown
4 27.78 RHE M Pale yellow 8 96.67 {4, Brown
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Fig.3 The survival rate of callus by hybrid mutagenesis
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Fig.4 Alfalfa callus by hybrid mutagenesis



190 T2 XA A5

o536 4

—

(=3

(=)
1

BMs4d \Nod Esda HEiod i2d

o®©
(=}
T

=N
(=}
T

_

o]
(=]
T

1% % Survival rate/%
-
[=]

\
'
. .
. .

(=]

0.5 1.0 1.5 2.0
NaCl¥ J& NaCl concentration/%

B 5 NaCl BB TRGELANTFRE

Fig.5 The survival rate of callus under NaCl stress
2.2 NaCl #0 PEG BMEX A AR TR R FERKIK

bl

NaCl W8 R 45 A0 4 U5 0 A8 Ak 0 &
5, EKARBEILIEN 6, Bl £R v B2 (1% 38 i 0 Ab 3L A ]
(B IE 1 A A A 2L A SR B B A, 7€ NaCl Jip
SAANFE 10 d FIHEEE A 1.0%F 8 d FIHEEE 1.5% M,
AT SUAE 35 R 43 A 53.96% . 54.31% , 34 31k 5]
NaCl 1) LC,, 7E NaCl Jip3a 402 12 d FIHkEE42.0%

1 2

B, A B EIE FR B AR, 17.45% , W1k % fie
L MR BE SR NaCl Y LC, g o

PEG Wil B 78 i HUE KRB 7, @4
HLFT RIS WK 8, % PEG ¥ B 1 58 A
T A BRI 1 T A 0 A S A I R0
%, £ PEG Wil 6 d FIHSE N 25% I, 7796 Ry
48.10% , WMk £l PEG 19 LCy,, 7€ PEG Wil 10 d
FVREE R 30% B, HAF G 2RIk, o 3.80% , Ik i
S} PEG 1Y LC g
23 EAFEXTEMEMETEEAGALE

LS

BAEBLMEA R LT 2Wa T Sy
HAVERARDLILE 9, 5 22U A7 05 32 A2 16 D &
10, &8 520 PEG Wl &2 & 7548 (1) NaCl B
38 B A5 PEG H1 NaCl if 4b BRI (0 8 15 AT
Vg4 WE 25 B 3 i) 1] 0 39 I A0 2 F W, B3
15~18 d BAE KRS TRE , 28 51520 PEG
H1 NaCl ZbFET 0@ 5 2B R A, N 16%

TE:1~540,0.5%,1.0%,1.5%H 2% FE NaCl 4b BER A5 4L
Note:1~5 was callus under NaCl concentration of 0,0.5%,1.0%,1.5% and 2%.
6 NaCl BHE TEREHEHER
Fig. 6 Alfalfa callus under NaCl stress

H:1~5H50,15%,20% ,25%F1 30% % PEG A @i 4141,
Notes: 1 ~5 was callus under PEG concentration of 0,15%,20% ,25% and 30%.
E7 PEGHMETEBEMAHGAR
Fig.7 Alfalfa callus under PEG stress
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Fig.8 Survival rate of callus under PEG stress
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LB (LCs) +PEG(LC g0) ;2. A AL (LG ) +
NaCl(LC,g0) 53. 5 475 (LCsy ) +PEG (LC 09 ) +NaCl(LC,00 ) o
Notes: 1. hybrid induced ( LCs;) +PEG(LC o ) ;2. hybrid in-
duced (LCy,) +NaCl(LC,q) ;3. hybrid induced (LCy,) +PEG
(LCyg0) +NaCl(LCg0 ).
B9 E6FTRHEMTFEMETEERGAR
Fig.9 Alfalfa callus under hybrid mutagenesis and
stress of salt and drought
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Fig.10  Survival rate of callus under hybrid mutagenesis
and stress of salt and drought
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R 360 R L X BRI T 55.36% il 41.88% , AT ¥
PR U X BB AIN T 52.15% F11 37.12% , CAT B#5 % e

XA T 7.58% F 5.77% , TN I & 1 LeoxF B
KT 30.66% F1 25.23% , {E =FhiFEAE4bH b NaN,
WA 5 I 2R | AT ERE S 1 A CAT BRSP4 2 5)
FeXF BB T 59.77% \77.91% 1 9.61% , N . FE &
B BRI T 40.48% ; S AMNR AR 5 I & R |
RIS PERE O R CAT [ 35 1k 23 1) L o BB 1%
66.75% .105.83% 1 9.72% , 5 & & £ H G IR [
T 44.56% ; NaN, + 5 SN IR 5175748 5 19 Il 208 | T
TR B B OF CAT il 3% M 2 51 b XF B8 8
155.31% .258.90% F1 21.14% , N [ & 1 Ho X} R [
KT 64.20%, =A== IRGHLELHS
R . rT PR I CAT BTG PES e, N &
AL, 7EIR G578, NaCl ,PEG il NaCl+PEG i
A WrE L # , NaCl+PEG 1R A k36 47 2H 2 20
AR e CAT R % M 38 fe s, TN R & A1
NaN, +5 /MR A AR A B 5 T 5 18 A s L 2%
AT RRHBTRE S .

x3 BFERTEMEMETEERGHANEEMENLERNEL

Table 3 Changes of physiological and biochemical indexes under mutagenesis and stress

Qb N R T PERE AL A
Treatment Malondialdehyde Proline Soluble sugar Catalase
reatmen _ _ _ - R
/(pmol + g™") /(pg-gh) /(mg-g')  /(U-g'Fw-min™")
%t 8 Control 0.662"+0.030 134.99¢+1.878 0.326£+0.01 58.569+0.594
PEG(1.Cs,) Bl , ' . '
PEG(LC., ) stress 0.49"+0.004 191.53%+1.151 0.447%+0.01 61.94°£0.201
o) stress
NaCl( LCs, ) Hitt ) i . )
NaCl(LC.r ) stress 0.459°+0.017 209.72¢+1.718 0.496'+0.01 63.00°£0.252
50
NaN;(LCy, ) 48 )
NaN,( LC., ) induction 0.394920.017 215.68°£1.312 0.580°+0.010 64.19°£0.095
3 50 >
FAL(LDso) 722 0.367°+0.003 225.10°+1.718 0.671°+0.080 64.25¢+1.263
Ultraviolet radiation( LDs ) induction - 0. AU EL ’ =0 e =L
NaNy(LCyo) +5APER(LDgy ) A AL 0.237£0.010 344.64%+£2.577 1.1704£0.010 70.94% +0. 144
NaN;( LCs, ) + ultraviolet radiation( LD, ) hybrid induced ) 0. . xe. ) 0. : 0.
BEFE+PEG(LC g ) WA , . , .
Hybridinduced -PEG( LG, ) stress 0.109"+0.002 374.07" +5.728 1.876°£0.020 71.5"0+0.144
< 100
BB +NaCl(LC o ) W1 . ] , 1
Hybridinduced+NaCl( LC 1 ) stress 0.191£+0.003 354.56"+2.977 1.532"+0.010 72.56"+0.505
e 100 ) stress
BABHEHRA A )
Laipkaihg 0.036' £0.001 390.28°+2.976 2.337°+0.020 79.00°£0.172

Hybridinduced+mixed stress

AR FRRR 25 B3 (P<0.05) AR FRFERZR R EBE (P>0.05),
Note : Different letters indicate significant difference (P<0.05), and the same letters indicate no significant difference (P>0.05).
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JE A AR R AL 515748 +PEG+NaCl &b
PIXAAS RS £ PEMAE A, X UL L R S
AR SRR R TR R R AR AR AR e A LA
YLAURPTTE X T B S A AR AL Y £ 5 1)
FIASE M A 56

S % X #k:
(1] 20, 28— AR R AR E B R LN [T 84k
24,2003 ,17(3) ; 239-242.
[2] HIRRR, SRIK R AL BTN & F b i B S5 4547 [T ]
LR 42 5 07 FHAE 2 ,2011,30(1) :87-91.
(3] KW, T3, A8, 5. & B AAEARAED B R i e b
AR ,2010,14( 12) :52-53.

(4] W, 5TV 5, 5.1 5 /KRS A B0 5 U5 61 ) K 4 S5 5 78
AR KT R AR 2015, (4) £ 10-13.

[5] ZRIEs%, K45 mhlobe 45 & AN 78 5 5 @0 4 20 i
FE[ ] AEY L T2 A7, 2010,46( 12) + 1247-1250.

[6] N 30/ XRS5 28 SN S X6 0 2 2 i A3 A UG B 1Y
B[ )] PE AR BE 4, 2013 ,24(5) :49-52.

(7] ZFi, BB SAMRF R A A S P B R ()] T
EHBIX AL AFSE,2005,23(6) :103-105.

[8] AFXFS, ZEMEDk, SRAEMT 25 ] v SF L& ZAL N5 R (1 T oK
TGS B R MR B AR ] A AR R, 2005, 19
(5) :356-359.

[9] FE#.LLHME K EMS Fikif S/ NEN SIS D].
AFRIE bR K2, 2007.

[10] Bk, ASEF, 82 2. NaCl Al Na, CO, Wi X #4281 15 41
LU IR AR [T . P b Ak 2 4z, 2006, 15 (6)
153-157.

[11] Nagy Z,Guoth A,Nemeth E, etal. Metabolic indicators of drought
stress Tolerance in wheat: glutaminesynthetase isoenzymes and
Rubisco[ J]. Plant Physiology and Biochemistry, 2013, 6 (7) :
48-54.

[12]  Besse, BRAE, RIE, 5. H 25 @0 41 U0 50 W36 1) A= 38 R
NEBFSE[ 1.8 DR 2 B 2 4z, 2014,31(5) :89-91.



