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Effects of chemical mutagens on chromosome doubling of Agropyron mongolicum

Zhou Lu-lu'?, Fu Bing-zhe'?, Xu Dong-mei'”*, Gao Xue-qin’
(1.Grassland Science Institute, Agricultural College, Ningxia University, Yinchuan 750021, China;
2.Breeding Base for State Key Labotatory of Land Degradation and Ecological Restoration in
Northwest China, Ningxia University, Yinchuan 750021, China;
3.Science and Technology Department, Ningxia University, Yinchuan 750021, China)

Abstract: In order to improve the forage quality of Agropyron mongolicum and screen the best chromosome
doubling treatment, the seeds of A. mongolicum were treated with different concentrations of Colchicine
(0.02%,0.05%,0.08%,0.11%,0.14% +1.5% DMSO) and Trifluralin (1,5,10,15,20 pmol * L.”™') and the
morphology and chromosome number were identified after treatment. The results showed that the surviving
plants after treated were mixoploid of diploid and tetraploid. The treatment with 0.11% colchicine 1.5% DMSO
for 20 h had the highest mutation rate of 50% and the survival rate of 40%. The treatment with 1 pmol « L™’
trifluralin for 6 h had significant mutation effect with probability of 38.46%. These results provide theoretical
and experimental basis for further screening the chromosome doubling plants of A. mongolicum.

Key words: Agropyron mongolicum ; mutagen; chromosome doubling; ploidy identification
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B At B T A A A S (R R
BN E . FE 22 E TRV P B o3 285 s A
FRAE AR W27 R AL 22 55 A0 (B DL B G881 75 o 2 LR B o
SEJ5 AT TR O N TR A IR RNR A
BRI E BN FE Y P B (A, mongolicum cv. Nei-
meng) MK 1 55 KT (A, mongolicum cv.
Mengnong No. 1) B4~ ¥b 25 558 5 Fp s 7 4 J &0
FIHIRK AR Al 2R R A% 1A i 18 VK 5 (AL cristatum cv.
Fairway) 50 P B 3228 1) F, ACHRD 7 HEAT Y o 44 in 4%
(7oA A oA = N 3| 11 R L NS N /N S ST
S7ZB-02,

o B S A8 AR Y AR IR (2n =22 =14 1E
Yy, FC o /D R AR B S e 2R B A
283 G Ao A AR 1) A ) — R AT R RR B R L B
SR E IR LAY R AR I S R A M
i B R B U B AL R,V 2R
B, AL 2175 70 g (0 A TN A% 2ok A rh g R R 2R Y 5
SR B Ak B[R] L R Ah B A3 O 5 i A A G € A
AR R R I R R D P R (A
IS X 2R T R F AR EEE L., &
TR U0 = B Y o0 R 0 A5 375 728 350 i 24 (15 72 7 ik B2 LA
LAk BRI 6] FEAT RIS, B L 0 Hh SR A R Vb T R g
PRI 254 SR b P B A R B 7 S 11 308 Bk At

1 MR5EE

1.1 A e

2014 AFEFAR )T T B K 2w 3 52 I 5k MR 4R 1
W BT,
1.2 2EKES
1.2.1 FFEE A 5% IEEREHMH T 1 min, B
0.1% HgCl, #3110 min, 5 J5 FICH K EPE 3 K,
1.2.2 YR s ab 3 1) BoK Al ZE Ak 21 8 AT T
KB 12 b, £ VAR W NI R & B B, 0,022,
0.05% .0.08 % ,0.11 % .0.14 %6 FyRK KAl 2 43 3 1.5 %
T (DMSO) L 7E 25 C PR IZ AL FE 6,10,
16.20.24 h, I DAZE MR AR W AE X IR, RS Ab 3 3 K
HEELEBAEL 30 KA. 2) HUR RAF . E AR F
FEJ7 Ak B, T 980SR R AE IS 5 28 54 L Ak B v B2 4y
B0 1.5.10,15,20 pmol » L1, 4bH i a4 YK K 6.
12.,18.24.30 h, FHZE /K AL BAEXT IR, A~ b8 3 1k
HE L BAEE 30 Rifp T,
1.2.3 RERFR KA BES BRI KR T
FEor AN P2 B 400 15 38 P R 2 R 3% AR K
10 d JF A S| R gk s A K. AR AR KR DL, BT

o
J5 HEAT G AR FR R S
1.3 2%l
1.3.1 RMWESWEE LKF10dWEEmERE,
G R MENEIES, GBS L 7R B R
30 d Geit UG R R AR H AR R,

1.3.2 Bl vk 1) WA BORFS, T 0.002
mol ¢ L' 8-FEFLMEMIZ UL 4 h; 2) F%E . BUH R R ALA
RIEEE W PR E 12 hs3) R 1 mol « L' ERR
B 20 mins O Gl . R FE LY G A 15~ 20
min;5) W NS YL A% H .

1.3.3 BiEARIEINE

RAFR =410 KK ZFFh ¥ 8/ Fh 7 S8 X

100% ;
RS R =TT 50040 8/ 4 1 65X
100% ;

B 2% =30 d B A/ R R RV X100 %% 5
VSR N o S R U N S e U0 R ]
B <100%
1.4 Bdagiitonbr
iz Ffl SAS 9.0 Fil Excel #8458 11 & 7 225387 .

2 HBRESHR

2.1 RIS A SR VB S 1R AR 5 e

2 PRI AF 72 700 (1 Ak B, b 7 RE 40 R 3 AN TR
FREERY AR 5 (R 181 1o 8 & W14, 175 7228 390 4 3 43 4
P € A TN A 3 S L A B A X A A 2 Y A
A PR i IR o A 2 A SR T M1 SO L 20 i 2 2
PAAETE 4l Hh DR AR 4 1 v R ROER 1 A5 AR S
EW IR R 2R 40 R Ak i B W 2L
AL BRSSO TR & S AR B (0 % 2
ARG BARTEE v kA, R 4
B B AR B % B BRACHTE A v e SRR, 3R M
RS AR KL A L. BRIl 3R kb B A AR S 4 L
FLALTE o 32, SR 28 Ak 3 A 28 S 4 1 DA BRCIR B Ok 32
BERK K AL 2R R 38U R 100 Ve B8 1 R Ak B[] 19 4
U RO A8 S R ] G, e, 0,08 26 BR K AL Z Ak
124 h,15 pmol « L' 4k R AL B 24 h Fl 20
pmol « LA F] 30 h 1728 S 2w L 43l 92.317%
56.25%0 F156.25% . Hi UL AT UL, Bk K il & R 98L SR R %
RN A B REER S N E N R 9 i p A 1
2.2 BHRRGEAS TR PR R 2R S

BERK KA ZR M BE 1 T8, 90 P B R 2F R AR TR
K, L 0.05 Yo BRI ZR AL 3R 118 % 2F A b vy,
A4.67 Yo 5 K [F) BR KA 2R e B A R i Ak B [ Y A
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Table 1 The comparison of different seedlings treated by Colchicine and Trifluralin

7 725 3| Ak PR A BB 1] Th L Seedling number AR R R
Mutagen Treatment  Treatment 1EH B AL Bt B 1 Mutational rate of
concentration  time/h  Normal seedling Thick seedling Cruly seedling Globular seedling morphology/ %

6 24 0 0 0 0.00

10 23 0 0 0 0.00

0.02 16 13 0 0 0 0.00

20 15 0 0 0 0.00

24 16 2 0 0 11.11

6 27 0 0 0 0.00

10 25 0 0 0 0.00

0.05 16 19 0 0 0 0.00

20 17 2 0 0 10.53

24 14 13 0 3 53.33

6 13 0 0 0 0.00

Bk fil % 10 15 0 0 0 0.00

Colchicine/ % 0-08 16 1 2 0 0 12.50

20 7 5 0 0 41.67

24 1 5 0 7 92.31

6 20 1 0 0 4.76

10 22 4 0 1 18.52

0.11 16 21 4 0 0 16.00

20 7 5 0 2 50.00

24 10 14 0 2 61.54

6 17 0 0 0 0.00

10 13 4 0 1 27.78

0.14 16 10 2 0 0 16.67

20 8 5 0 0 38.46

24 2 5 0 5 83.33

6 26 0 0 0 0.00

12 24 2 0 0 7.69

1 18 23 0 1 0 4.17

24 21 0 2 0 8.70

30 13 0 0 0 0.00

6 22 0 0 1 4.35

12 20 0 0 0 0.00

5 18 19 0 0 0 0.00

SRS 24 13 0 1 3 23.“:)3

Trifluralin/ 30 21 0 0 3 12.50

6 21 0 0 4 16.00

pmol « L7! 12 22 0 0 0 0.00

10 18 20 0 0 1 4.76

24 19 0 0 4 17.39

30 ) ! 0 3 30.77

6 30 0 2 0 6.25

12 14 0 0 1 6.67

15 18 16 0 0 3 15.79

24 7 1 0 8 56.25

30 12 6 0 7 52.00
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s Ab BRI b B R[] T #1 Seedling number A FR
Mutagen Treatment  Treatment G AL AL Bk Mutational rate of
concentration  time/h  Normal seedling Thick seedling Cruly seedling Globular seedling morphology/ %
6 21 0 0 1 4.55
IR R 12 22 0 0 1 4.35
Trifluralin/ 20 18 13 0 0 1 714
pmol « L' 24 14 0 0 6 30.00
30 7 1 0 8 56.25

L3S
Fig.1 The morphology of different variation seedlings
Ha, EWA IS b AL HIES ;. BMANES . ORI WIES se, EWHZEE LAWY ZIE S g B2 h SRR 4 2208
B EWORIES; J A YRS kB E RIS LR E RIS,
Note: a, Normal seedling morphology; b, Thick seedling morphology; ¢, Cruly seedling morphology; d. Globular seedling morphology; e, Normal

young stem morphology; {. Thick young stem morphology; g. Cruly young stem morphology; h. Globular young stem morphology; i, Normal radi-

cle morphology; j» Thick radicle morphology; k., Cruly radicle morphology; 1, Globular radicle morphology.

KOEZFRETHBESEH 24 h B FHMFRIZHE 3D, BN TR ZFERLT 40%, H, 15
YEFRE1S % 25 3R AE 0.05% .0.11% M 0.14 %7K F- XA pmol « L' JUR R AL B 1970 79 B0 Fp T 7 24 & 2F R
Tt (P 20 &R BE KPR [ A B (6 b HARAH &, O 33,11 0%, HAZWRBE R A [ i i) Acb 3 2 ] 2% S
WEFR (20 KRR ZER B FH (P<<0.05), #ARARLM  FH(P<<0.05),1.5.20 pmol « L~ ¥ B /KA [a] i i)
(D P REFD - 2 R B VR B 0 i C A AR AL (B AR 2R OR B3 (P >>0.05),
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g 0:‘ ab
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1
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0.02% 0.05%

0.08% 0.11% 0.14%

FOKALZ IR E Concentration of colchicine/%

B2 BoklEREMLGERBENDPEELFENZIN
Fig.2 Effects of colchicine’s concentration and treatment time on germination of A. mongolicum
TE N TRl /NG 52 B R AR T e B A () Ak 38 i) 22 7] 2 53 | 3% (P <<0.05) . R Il

Note: Different lower case letters for the same concentration indicate significant difference among different treatment time at 0.05 level. The same be-

low.
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S0 ©
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L5k R IR JE Concentration of trifluralin/umol-L”
B3 @ARREMLERENDPEELFENZM

Fig.3 Effects of trifluralin’s concentration and treatment time on germination of A, mongolicum

2.3 HRRGEAS SRS VD R R AR R 5 e

PRI AR 50 X b 2 B AR5 10 R 5 R
Ky A KA VR B R 4L 18/ 5)  BLRK K il 2 Y
VR R T 98 AR 2. U B RKOK Al 38 3 M TE . Bl Bk
KA ZE e BE A8 KL 55 10 KT 2 1 v R AR K R Ak s
A/, Ab 3 24 h AR L BR 0.02% A 0.11 % 7K
A FAth vl B Ah BV R A A N 5 4% Uk R Ak B Y R
THE SRS EE/NT R, 45 R 2 4B
PR 10 R SRKHEEEN A SHET
e 3 BR 1 pmol « L' A9 5UR RALFE 6 h A Fp 11
e AR A T 0 B AR HE At 4% 4 B K P TF 0 R R
HR A AR T ok B, EL v BB, 90 A T 8K, T
SARKAB /N1 M5 pmol « LR E TR, A W] 4b B
B[] 7 5 AR K A A R B8/, 10,15 .20 pmol » L)
W R AN [ Ak LA () 1 v R AR A AR A K, 16 W]k

JEE R R, 0 Bl kS R AR K R e K
2.4 WA DN Th P R 2R R UK
Wil (1% 5 26 53 Wt

Sy ) IE 5 73 7] e B R Ak B S i) B TR 2R ) S i K
SER R R Z 2 BAE R L SAS 81T 7 25 4%
B (3D, 25 5% 8 7R 175 748 591 1) e 8 R A L B i) o b
T EZFR e SREAEANFERERZmW, KA
IR B X Vb B ) O B R 2R e AR K T 3
S (P =>0.05) , A [7] B[R] b B % 57 35 2% 28 5% | s F
FRAK A #5252 M0 (P <<0.01) , U8 B Bk K il 2% 1% ik
LS [) 2 B WA & 2F AR ) B IR [R) B AR OK Al Ab B
Ve A () % & 2F R LT v AR K 1) 5 i A7 AE B 8
HAEF . ASTR)HE B ) 80K 22 R [R) Ak BB [] R, 7
HREER LM AGFEEREFEES (P >0.05), HF%EF
B AR AR 3 25 (P <<0.0D) s JiUR AWK
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60.00 T FSeedling height

50.00 }
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30.00 |
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B 4 BUoKA R BEF0 &b 22 A 18] X

#R¥Root length

0.08% 0.11% 0.14%
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Fig.4 Effects of colchicine’s concentration and treatment time on seedling and root length of A. mongolicum
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JEE R [ 2 2 6 1 52 W) 7 78 28 AR S R % o v A
MK 52 i AN AE R BAEF .

2.5 Ra¥edi R B Rsilk

251 PORBEYRESER  IEW AR O R
N 2n=14 %, A5G Y R ECh 4n =28 &, Rk
5 25 5 P AT BT N A% 0 DO AR A 35 S A A A i
DO A5 A 40 M 4 R TR AR AR (IR 6) o A A B 1 e
R AR A T AR ES B S IE R 40 e ik
BHER,

2.5.2 BROKANZ X b 550G A2 5 e 6 4R AR S R
M BRI ZE 4 1.5 %6 — S AR AL B Vb 2 BT 4
BB I A A #R R P 4 B0 TE R Gk B 63.77 %,
0.11 % BKANZE BRI 10 h 14 &b B8 K F 06 2 5w
AR F] 91,43 % 5 4% &b HHAY Yo o (R 48 S R B B,
s S RAY g 13.30 % ,0.11 % Bk A Z B R 20 h 1
A FR K SF AR SR e KL N 50,00 %, R BB Rk
JE I BRI 2 H AR VR BE 0 3% SR AP (3R 3) . 45

10 umol-L"

B iR KRoot length

20 umol-L"
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Fig.5 Effects of trifluralin’s concentration and treatment time on seedling and root length of A. mongolicum

15 umol-L"

B IR RS RS F R, 0,11 % W BEALFE 20 h A Y
A K H AR S R KL Rk 5090, HOlE %o 40%0,
PR AS S50 0 J2 76 AN 2o B2 52 ) BT % 1 L Ak 1 A5 2
e AR 5 e TR Ot A) oK b b B K T e Dy e AR R
S4B K

2.5.3  FUR RN UD R SOE R 5 R AR R Y
Wi SR AL B R R A R R AR A e R R
(% 3), BEVEEE DT m, BUS SR 5T B R g, o
5 pmol « L 'SR RACER 24 h 1l L% 5w, al 1k 3
86.96 26,20 pmol « L™ ¥k BE T B[] 1y b 3 K - (24
30 h) I H#EF RS K Al 2 AT UK R &
Ab BB Y o AR S R R I, SF 3 & R AL
13.05% i A8 SR 0 38.46 % (1 pmol « L' AL BE 30
e ZE AN ERSROKESF M1
pmol « L™ AbHH 30 h Y BTG % 5 48 R AR AL &, L
Rk 81.25 % AR SR AT 3K 38.46 %0, 41 2 HI T M 96 AR
R AL B
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Table 2 Variance test of germination rate, seedling height and root length of A. mongolicum
under different concentrations of two mutagents
B8 7 EiEL 7D 75 5 K YR H i F B E K
Mutagents Parameter Source of variation df Significance
. Ab PR BF Treatment concentration 4 1.71 0.1618
R A X . o
o AL PEAT ] Treatment time 4 22.12 <0.0001
Germination rate . N . .
e BF X B[] Concentration X Time 16 2.07 0.0262"
. . Qb P Treatment concentration 4 2.52 0.0523
ORIl -+ = B33 7R i 5 - . .
ColchicineL DMSO Seedling heiaht Ab B[] Treatment time 4 6.3 0.0003
icin in i
olememe ceding hew Y i X} [A] Concentration X Time 16 2.27 0.0133"
B HbPRYE JF Treatment concentration 4 2.09 0.0966
AL PR [E] Treatment time 4 5.65 0.0008" *
Root length R X . )
¥k i X B[] Concentration X Time 16 2.36 0.0106"
- Ab PR BF Treatment concentration 4 2.2 0.082
AL PR [E] Treatment time 4 2.01 0.108
Germination rate . | . .
e B X 5} 8] Concentration X Time 16 2 0.032"
SR . &ilﬂiﬂwﬁ Treatment concentration 4 106.74 <C0.0001
] ) ) ) AbPEBT[A] Treatment time 4 18.63 <C0.0001" "
Trifluralin Seedling height . X . )
e B X 5} 8] Concentration X Time 16 0.71 0.7741

IS

19.28 <£0.0001 "~
9.26 <£0.0001 "~
0.0548

&tiﬂ?&kﬁ% Treatment concentration
Kb PR} [E] Treatment time

e B X B[] Concentration X Time 16 1.81
He o« RREFBEFP<0.05), » » FRZEFM B EP<<0.0D), FH,

Note: * indicates significant difference at 0.05 level, * * indicates significant difference at 0.01 level. The same below.

i8N
Root length

=~

Bo ZfEt@mpeafinmuErammiady

Fig.6 The chromosome number of diploid and tetraploid somatic cell

Wan Fl Widholm"™™ b 8 Bff 5% JIF 5 b 50 75 X A8 47 40 g
FAT ARV o 37528 500 7 40 A 43 284 i 30 3 2o 90 7] 9
A 1) T 5 5000 TR AS 3, DA Al e o A B E A
X AN G B4 0 B2 A0 B A /R S B R R R 2 A

3 Fe54Eie

A 5T 75 78 ) A B Bl A LS B 245 R
B o DR B0 50 47 L W 2 ATz T R4 2R )

AR SR . KK A 2% A0 R 2R B A7 D B A AL L Bk
KA RSO A RS S M RUE R
— R AR s TR RO — AT LA R RO R A i
AR A e FEME RN R R RO, Stadler S50 A

PR R U B A A A A AR A — 2
P2 Bl T A 2 A2 B R, 4k 2k B U — MR
FRAR B A5 A0 22 A 2 AT TR OK AL 38 A 3R
W& (Isatis indigotica ) 3k A5 R A% R () A% A B 1 JE 2
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Table 3 The seed mutation rate statistics of chromosome number of A. mongolicum under colchicine and trifluralin treatment

- b B Ak L 1) B Number B P B &AL A
Mutagen Treatment Treatment M R Yo (R R AR S Survival =~ Mutational rate of
e concentration time/h Plants Survival Chromosome mutation rate/ %% morphology/ %
6 67 46 1 68.66 2.17
10 50 40 0 80.00 0.00
0.02 16 28 19 1 67.86 5.26
20 24 17 4 70.83 23.53
24 23 18 3 78.26 16.67
6 60 47 0 78.33 0.00
10 49 33 8 67.35 24.24
0.05 16 25 12 2 48.00 16.67
20 26 11 0 42.31 0.00
24 41 20 6 48.78 30.00
6 48 27 0 56.25 0.00
Bkl 2 10 54 3(3 0 55.56 0.00
Colehicine/ % 0.08 16 32 25 3 78.13 12.00
20 24 18 4 75.00 22.22
24 18 8 3 44.44 37.50
6 53 34 0 64.15 0.00
10 35 32 4 91.43 12.50
0.11 16 33 24 5 72.73 20.83
20 15 6 3 40.00 50.00
24 30 17 1 56.67 5.88
6 49 32 2 65.31 6.25
10 46 32 4 69.57 12.50
0.14 16 33 21 2 63.64 9.52
20 18 9 1 50.00 11.11
24 36 22 3 61.11 13.64
6 27 21 6 77.78 28.57
12 31 23 2 74.19 8.70
1 18 26 22 4 84.62 18.18
24 27 19 3 70.37 15.79
30 16 13 5 81.25 38.46
6 30 22 4 73.33 18.18
12 24 18 5 75.00 27.78
B 18 25 16 3 64.00 18.75
SRR 24 23 20 2 86.96 10.00
Trifluralin/ 30 28 24 1 85.71 4.17
6 26 5 - 19.23 -
pmol + 1.4 12 30 12 40.00 16.67
6 18 28 9 0 32.14 0.00
24 22 9 1 40.91 11.11
30 14 7 — 50.00 -
6 53 18 3 33.96 16.67
12 18 8 0 44.44 0.00
15 18 24 7 2 29.17 28.57
24 28 7 0 25.00 0.00
30 36 16 0 44,44 0.00
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JEI SRS A TR 2 TR X b e A AR 1Y T A RO

905
a4k 3
5 7 ISR Ab SRR Bt Number L A SR
) Treatment Treatment % HE T Y T Y o KR s S Survival ~ Mutational rate of
Muagen concentration time/h Plants Survival Chromosome mutation rate/ morphology/ %
6 24 14 1 58.33 7.14
BURR 12 25 14 1 56.00 7.14
Trifluralin/ 20 18 17 9 0 52.94 0.00
pmol + 1! 24 24 0 - 0.00 -
30 20 0 — 0.00 -

FEAAE AR . YIRS AR A TRE W, B B
A RT R R 2E R BIT AR A A R A A
5 WO A5 AR R N A5 150 ) 8 s 3 AR BIF 5 BT A A R A
R IR AT R IR L 7T DL 15 75 00 7 R0 4 A6 R
FEAl

PR AR R AR L B SRSk 2200 AT s B ROR L B
WG B SZ BT ST A T bR . (R A [ AR % AN [5) 1 5] e
J& 5 4k B 1] A SRR AN (] Rk, AR AR A () A ) 15
AR B AL B KV, B1E R 36 057 400 i 1Y
TR R AL 3h B R (Cucumis melo) Fp+ 8 h v {fi
VAR R IR 32,204 B ARG IR Al R AE K A
WAL FEVPEH 7 (Cucurbita pepo) Fh T, 17548 R 1] ik
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