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1 #RERE

1.1 Wb KRR I 21,

1.2 MRESHHE GHRE3IREE. B
BEI 500 7 AR5l /K AE R 7 HCE T 85 3R I, I
ANIEE S KA TH s AL B, 48 h J5 32 =L T
T EHA A TSR A, L 20 Gy AR EE S 80,
100, 120, 140, 160, 180, 200 Gy % &¥ 541, F
FHEZ s 2% (T GE R 2 MeV, 2%
1 kW, T/ #EliE 5 Gy) d- 74m it . TR B IR
FEFh P50 T 15 5 LN, o e P 22 & 3 BUR IR
Byoy, RS vk p iR 25 . R RS RS S ZI R
96 AL E W MHATE I, 15 d R AATE R —2F
K ULF 9 Ab B A (37 40 BE S 4 B B ) B 4k =K
o B, Fe BB ST 2RI M AR B REZH 1)
o WTRERL G, S22 BERERENLIEEL 50 il
W EERR RN, 2 BRI R, BISA M, AR, 5 B
BEHR 500 A7 A AR K RGP T H [RIVE Ry Xt B
1.3 KRZEWEWRAESIT 4 5 Kait M, Uk
BOFTH R 2R Gei136 10 KR ZEFh 884, 11
SRR S ASFIAIRT K 2800, Wi SR B4 15 R
(=), G b IEw AR R g i g (vt 7 BT R
R, AR | LI R e e e 1k A
K, HE MFET, THEARE S 55 15 R,
A L B R AR A B, 5 60 K (HhAE )
W 25 R . AU HE R 3 S L 5 =
AR, GEiTH R A SO IORE S Bk (B
Fhas R, THAZE A BRI T )5, BEL

TEHL 1 000 Wi i ks, BRI 453 0 TR (T
). M, fCAREFN G R 3 K 2 H ) LE 7K Ag Y
AT O, L BRAUK R AR KRB 275, X L
FEFBE M, AREARAK, 5 FOE KR /3 BE | MR I
AR A IR

1.4 HIBWESHKIE ffiH Microsoft Excel {4
(Microsoft Corporation, Redmond, WA, USA) 47
BHRWEE S, R T AN [R5 A A K AR TR
Prose HA W E k2 7, 1 GraphPad Prism
BAF AT T 5 22 43 B KR 7 22 53 BT (one-way
ANOVA), [AlfF R H T XB 15 2 HE L FIK % (Duncan's
multiple range test), P {E/N T 0.05 kN HA 4
T i 2P, e m (R0 ) P B R 4005 i Ze itk
fraf i fbzs Al

2 HRESH

21 M REEREERGEITHHT XM, KHFE
MR EZARZMRIEAT T A T AR X
6] (80 ~ 120 Gy)fF i #& I\ 77.58% [% % 61.34%,
TN 20 Gy FlHE, AR N EL 8.12%,
FHE X (8] (120 ~ 160 Gy) 7715 F M 61.34% %A [
ZF 44.71%, BN 20 Gy &, 7RG R T IR D
K ZE Y 8.315%; Ho, 140 Gy 417775 & 56.29%,
160 Gy 2H 44.71%, [k 11.58%, &= T HH4B 7] &
ZH (40 120 ~ 140 Gy, 5.05% ) A Rt . 7o 77 X ]
(160 ~ 180 Gy)fF i #& M\ 44.71%FE FE % 21.37%,
Rtk E] 200 Gy B, fEERIHE (£ 1), KEFEH
AR %2 2 A8 54715 2RSS0, 5 0 59 7] o JR] 19 ¢ &R

®1 TEEBERFIEI M, KiE4 SN

Tab. 1 Effects of different irradiation doses on the rice plants at the seedling stage
/Gy REFRI% RZFHI% AR B 231 % FHEA1% 4Tk R em
Dose/Gy Germination potential/% Germination rate/% Relative germination rate/% Survival rate/% Seedling height/cm
0 86.60+1.58* 96.00+0.73*° 100.00+0 * 100£0 * 11.38+1.27°
80 67.00+2.03° 91.20+1.32° 95.00+2.57 * 77.58+1.94° 9.53+1.65"
100 53.804+2.26 ¢ 86.60+1.44"° 90.20+1.98° 71.36+2.01° 8.18+1.61°
120 47.40+£3.50 ¢ 65.20+2.62 ¢ 67.91+£343 ¢ 61.34+2.22 ¢ 6.72£2.21¢
140 39.20+2.73¢ 50.80+1.73 ¢ 52.91+2.15¢ 56.29+2.65 ¢ 6.35£1.93 ¢
160 34.00+2.93¢ 41.60+2.09 43.33£2.37 ¢ 44.71+£2.36 ¢ 4.66+1.89 ©
180 11.40+1.59°¢ 29.00+2.14 F 30.20+2.26 ° 21.37+£2.26 ¢ 3.97+1.37°
200 2.20+£0.58 3.80+0.76 ¢ 3.95+0.81 ¢ 0£0° 0+0 ¢

TE: Bl LASHEREZE R AN R P RER R 2253 3% (P<0.05), T 1A,

Note: The data are expressed as mean + standard deviation, and different letters indicate significant differences(P<0.05),

similarly hereinafter.
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EHAEM T RGHE . ERE AR T 2
PR AH 56 Y =—0.042 98X+12.04, H rp, R>=0.95,
X MRS, Y gl ik s, 50T B AR L3
AW

A 2 AT, 140 ~ 180 Gy FI& T, B #k
TE 72 ~ 76 cm Z [A], TRIELE 21 ~ 23 g Z [, ¥7C
B E 25 5, M4S SR N 56.81% [ 2 25.54%,
£ B3 (P<0.05),

£2 140.160.180 Gy A IBAR R K HF
M, RKBEREERG T
Tab.2 Statistics of agronomic traits in M1 generation of
rice of the 140, 160, and 180 Gy treatment
groups after transplanted to field

R Bk e/ . e
WGy MRBIREm gy, THRTR
Plant height at . Thousand kernel
Dose . Fruiting rate .

tasseling stage weight
0 74.86+1.51 ° 1000 * 22.70+1.16
140 73.95+1.57* 56.81£2.47° 22.68+1.38*
160 75.21£2.56*  36.93+2.55°¢  22.39+1.21°
180 72.64£2.66°  25.54+2.39¢  21.58+1.31°

22 M,RRBEREFREKRGEIT MHAEKHK,

M, RROKFE R = AE T 2R 5y AR 1 22 28 AR,
Fhbk R AR i, AT BERUAE D, K AEST B IIRIR Y 4541
o, PR KA, DUBOK FE R R g 2, X
WEZH AR B 41 81 ~ 85 em, ALFHZH HI L T 35 Rk
15 140 ~ 150 cm AY7K AR, i SeoK FE AR 5 2R INAE
Tiemss 1, 2 YA, AR 2 R 2 P i Xt
WEL KRG A BERCH 8 ~ 16 4, Wb Z L T 8 bk
IKRE T BERCA 1~ 5 A (& 1); XF BRZL 1 Ry i 2t
ZEICEE, MALFRLE tp & P 12 BRAK ARG AR g v
(1 ~2 cm)H B H K (>2 cm); X B KR Fhoe B
OAEFEIR B R IR0, LA TR B €6, Ab 382 )
B 35 AR AR 20 F o2 B0 €0 7R E SR I R 2R 41 8,

(H AT R RS2, 1306 H R 2 T S Uk, KA
A7 M RR R Y. XTHE R, A 6 MRk RS
X A RGBT B R, LR SZ R, 15 d e
He B FE <3 em, ik BEAR 2D, A3 2k 54 ik Ak
(P& 1) 5 1 %o B 2 B A B0 2 g HE A /R A, o B
B &, iR A B, BB 2 R R AT,
UiEL 7 SR 07 A R o

BT 5 AR R OCHR A3 AT, 4% R % 7K
RS S HEFE M: 160 Gy(1.382 3%)>180 Gy

A HYURER, B AT BESAERR, C bk AR
A. Disease-resistant plant; B. Tillering mutant; C. Plant
height mutant.
1 #KFERE
Fig.1 Rice Mutants
(1.285 7%)>140 Gy(0.585 1%) (% 3), NIKMEHE
Z YRR, LIAEEBEH] 5 (LDsg ) JJy BEE, -
RALARAFTEAR, W5E 140 ~ 160 Gy A He 40 577
XA,
3 ARAFIETM, RREHRRER
Tab.3 Number of mutations and mutation rate in the M2
generation of rice under different irradiation doses

MR RARBERR AR %

/G .
Akt/Gy Number of Number of Mutation
Dose/Gy .
plants mutations rate/%
0 500 0 0
140 9 400 55 0.585 1
160 3400 47 1.3823
180 2 100 27 0.777 8
SR ER
14 900 129 0.865 8

Total number

1 4 RIRN, ASTRIERS 70 B T &R 2R f
JEFEEEANR], BIANTE 140 Gy S, S8 a i
HA ZEIR AR, (17 #5) s 76 160 Gy 28641,
AP I A A MR AR (15 BR) 5 7E 180 Gy
SR, RARE R R 2 AR Z RO I (8 BR) .

[F] — A 2R AN [+ S 790 2 1 o 7 % 85 A
fir 2 5, HHEP S ST : 2 BERR S 160 Gy
(0.088 2%)>180 Gy(0.047 6%)>140 Gy(0.042 6%);
PRiE 575 160 Gy(0.441 2%)>180 Gy(0.238 1%)>
140 Gy(0.127 7%); 54K %€ 48 180 Gy(0.190 5%)>
140 Gy(0.063 8%)>160 Gy(0.058 8%); Fl 72 i {4
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275 160 Gy(0.352 9% )>180 Gy(0.285 7%)>140 Gy
(0.180 9%); F#5EAE 160 Gy(0.176 5%)>180 Gy
(0.142 9%)>140 Gy(0.074 4%); MiZh 2% 180 Gy
(0.381 0%)>160 Gy(0.205 9%)>140 Gy(0.053 2%);
UG 160 Gy(0.058 8%)>140 Gy(0.042 5%)>

180 Gy(0) o FEF RSRARIMHT, M, FRACE RN
S A RUB R BEAR UR  R S €6,.(0.234 9% ) >k =i
(0.214 8%)>M24(0.134 2%)>HL24(0.107 4% )>+:
1} (0.080 5% )>43BE%(0.053 7%)>HTi (0.040 3%)
(#£5),

x4 FEFIETEREERRETHHE
Tab. 4 Number of mutations in agronomic traits under different irradiation doses
it/ Gy IYBERU IR Rk SRR FhEi@sk Rk Wik ENRLSTLY S
Dose/ Gy Number of tillers Plant height Awn length Hull color Early maturity Late maturity Disease resistance
140 4 12 6 17 7 5 4
160 3 15 2 12 6 7 2
180 1 5 4 6 3 8 0
R4 SR AR
/m\jﬁlﬁ
Total number of mutations 8 33 12 33 16 20 6
x5 ARFIETERZTHERARER
Tab. 5 Mutation Rate of Agronomic Traits under Different Irradiation Doses
M/ Gy TYEERU % Hemrve K% FGEEIE% BV WA/ % T/ %
Dose/ Gy Number of tillers Plant height Awn length Hull color Early maturity Late maturity Disease resistance
140 0.042 6 0.1277 0.063 8 0.180 9 0.074 4 0.053 2 0.042 5
160 0.088 2 0.4412 0.058 8 0.3529 0.176 5 0.2059 0.058 8
180 0.047 6 0.238 1 0.190 5 0.2857 0.1429 0.3810 0
)é\’?‘??l‘lh %/%
kyfz ° 0.053 7 0.214 8 0.080 5 0.2349 0.107 4 0.1342 0.040 3
Total mutation rate/%
3 I iR (0.352 9%), & W32 571] 2t X Aok 78 R D 72 1 £ 15 72

IR 8 75 72 B R T e A o B 1 R R %
T8, ik ) R AR R A AR S AR K FERh
FEAZ BRI, A KR B AR TR AZ 2 B 1 1) 52
Wi, e 2E3A . KRR X R 2R AR itk
1o A5 S AR A T ARG I A W RE AR, H 25
25, U BRSO e SR IR, T
BT A, KRR B 2R B X IRKE . X
FH M, AR K 50 ik e A B I ) S A
IR I BN YRR 7, 72K RS A BBl
il Z WK X BAKCE, Al =T 40,
i H M, REZ = AR R, Na &, Rk
SEHG M, ARAKAEA SC S AR R U4 BE AL, 15 | Fb
FEHEAF R RATE M, IR LB, 78 M, 1R
o R

140 Gy 41 Fh7¢ B (5 58 A% % 5 157 (0.180 9%),
HU R B (0127 7%), 43 BE KR AR R AR
(0.042 6%), BiHH 140 Gy 71| X6 Fl 57 21 (4 Rk 5
HABEFAERCR, S BEMER RSN 55 . 160
Gy 4 bR A R I 15 (0.441 2%), FPFe i Ak 2

fE 18550, PO AL 2 (0.058 8% ) N 3 4 fr, EA
PUMEfiE. 180 Gy 4. MRS ARF IR 51 (0.381 0%),
FER G RILTT(0.190 5%), BRE 275 544(0.238 1%)
i, (HPUR R AR RN 0, R EFE T HEAF T
PR AR OCIE B, BB S BOE RS . R, 140 ~
160 Gy 7l 18 X [B] V-7 T 5 A8 850 5 MR A7 15 %,
T RGBT A, Mk 2s R HE P M = 3
TRAR IR FhFE (7, (0.234 9%)>HK 1 (0.214 8% )>
21 0.134 2% )>F81(0.107 4%)>1K:(0.080 5%)>
A3 BER(0.053 7%)>H19% (0.040 3%) . FhFEB 0 %8
7 S e ] R 5 H P B R R R A G, T O i T
RESZ Z I HAERZ ), S5 A R A

ARG 465 X AN ) 77 o U (8 KRS 2 ik 2k
ARIEFT T Geit o3, ik T HA PR . FAE
KRR R AR R . 253K, R T K
FERZESR . RZER AR, Oifitkm . 4590
Wi 751 2 AR HE T B3~ BOERI S AE 140 ~ 160 Gy
Z 18], Ay e A A AR I ) i X [R], BB RIS £ 11
AR (55 BRA 47 ¥R), H M, IRE S 7= R Btk
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Irradiation mutagenesis of rice using a new type of

electron accelerator

WANG Xiangbiao'*, XIA Zhihui', ZHAI Huqu®, LI Wei’, REN Jie’, WANG Rong’, CAO Bing"”
(1. Sanya Institute of Breeding and Multiplication , Hainan University, Sanya, Hainan 57205; 2. School of Tropical Agriculture and Forestry, Hainan
University, Danzhou, Hainan 571737; 3. Sanya Mingyao Germplasm Innovation Technology Co., Sanya, Hainan 57200, China; 4. Cultivated Land Quality
Protection Station,Bureau of Agriculture and Rural Affairs of Taizhou City, Taizhou, Jiangsu 225300 China)

Abstract: A new type of electron accelerator device in Sanya was utilized for the first time to mutagenize rice
germinating seeds with seven radiation groups at doses of 80-200 Gy in a gradient of 20 Gy. Statistical analyses
were performed on six agronomic traits, namely, germination potential, germination rate, survival rate, plant
height, fruiting rate, and 1,000-grain weight of rice seeds of the M1 generation, and phenotypic mutations were
screened and analyzed for the M2 generation. The results showed that all the agronomic indexes of the rice
materials of the M1 generation irradiated at different doses tended to decrease significantly different with the
increase of irradiation dose, except for the thousand grain weight, which did not change significantly, and the
plant height, which was gradually restored to the level of the control group. The rice plants with mutation in
disease resistance, early maturity, late maturity, plant height, tiller number, awn length, and hull color were
selected from the M2 generation, with the mutation rates in the order of hull color (0.2349%) > plant height
(0.2148%) > late maturity (0.1348%) > plant height (0.134 8%) > late maturity (0.134 8%) > early maturity
(0.1074%) > awn length (0.0805%) > number of tillers (0.0537%) > disease resistance (0.0403%). The
optimal radiation doses for the rice sprouting seeds were determined to be 140-160 Gy.

Keywords: new type of electron accelerator; irradiation mutagenesis; Oryza sativa
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