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Mutagenic effects of electron beam irradiation on Lycium barbarum seeds

YAN Ting? CHANG Shujuan' YUE Jingyu' SANG Hao’
LU Min' FU Sheng' HAI Long"

'( Key Laboratory of National Forestry and Grassland Administration on Sandy Biological Resources Conservation,

SHI Pengfei’

Cultivation and Utilization, Inner Mongolia Academy of Forestry Sciences, Hohhot 010010, China)

*(Inner Mongolia Key Laboratory of Sandy Land (Desert) Ecosystem and Ecological Engi neering,
Inner Mongolia Academy of Forestry Sciences, Hohhot 010010, China)

ABSTRACT This study used seeds of Lycium barbarum L. 'Ningqi-10', a major cultivated goji variety, as
experimental material. Irradiation treatment was conducted using X-rays generated by an electron accelerator at
absorbed doses of 0 Gy, 80 Gy, 100 Gy, 150 Gy, 200 Gy, and 220 Gy. The effects of different irradiation treatment
doses on seed germination and seedling growth characteristics were investigated, and the optimal mutagenic dose
was preliminarily determined, thereby establishing a foundation for subsequent screening of M. generation mutants.
During germination, the 80 Gy treatment promoted germination; doses of 100—-200 Gy induced a dynamic response
pattern characterized by “initial inhibition followed by recovery”; and the highest dose (220 Gy) resulted in
sustained and significant inhibition. During seedling growth, the inhibitory effect on plant height increased with
dose, basal stem diameter was significantly reduced within the 150 -220 Gy range, and both leaf nitrogen and
chlorophyll contents were significantly decreased across all mutagenic doses. Notably, the 80 Gy treatment led to
significant increases in leaf width, leaf area, and leaf roundness, indicating potential for positive morphological
variation. Based on a comprehensive evaluation of seed germination, seedling growth vigor, and leaf morphological
variation, 80 Gy was identified as the optimal mutagenic dose for this variety. Linear regression analysis estimated
the median lethal dose (LDso) to be approximately 858 Gy, revealing the exceptionally high radiation tolerance of
‘Ningqi No. 10”. This study established the first dose—response relationship for X-ray irradiation generated by an
electron accelerator in this variety, defining its LDso as approximately 858 Gy and its optimal mutagenic dose as 80
Gy, thereby elucidating its dual characteristics of high tolerance and beneficial low-dose effects, and constructing a
variety-specific radiation response pattern. These findings provide critical technical parameters and a scientific basis
for mutation breeding and molecular genetic improvement of Lycium barbarum.

KEYWORDS Electron accelerator, Lycium barbarum, Ningqi No. 10, Seed, Growth characteristics
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Table 1 Effects of different absorbed doses on seed germination, seedling survival rate, and seedling height of Lycium
barbarum L. ‘Ningqi-10’

WHGRE / Gy TR/ % PR / em B %
Absorbed Seed germination rate Plant height Seedling
doses 0d 5d 7d 9d 12d survival rate
0 0 46.00+6.00° 70.00+4.00° 89.33+9.02% 96.00+3.46™ 11.56+0.83" 94.85

80 0 72.00+8.00° 89.33+8.33° 95.33+3.06° 98.00+2.00° 8.37+0.88" 94.34

100 0 32.67+5.03¢ 68.67+5.03" 84.67+5.03™ 94.00+4.00™ 6.83+0.68° 92.11

150 0 43.33+9.02" 71.33+8.33" 87.33+9.02° 90.67+9.02° 6.46+0.59° 87.52

200 0 44.00+6.00™ 68.67+11.02°  87.33+7.02° 90.00+6.00° 5.16+0.95¢ 86.76

220 0 42.67+7.02 68.00+8.00° 79.33+8.33¢ 85.33+4.16° 3.82+0.57° 80.85

e FEFVEE JEA RNG BRI AR R W) 22 7 B3 (p<0.05) M A FRER AR Z R AR E .. RAILSDIE T2 HILE . TFE.
Note: Different lowercase letters in the same column indicate significant differences between treatments at the 0.05 level, while the
same letter indicates no significant difference. Multiple comparisons were performed using the LSD method. The same as below.

A, B LTTHL ZhEpkE . RO R 5
e R A O (B D, B BE 7 04 )
ROSLTE BT o & bR s S R E A R RO
-0.961 0, BrE % 552K AHC R ECN-0.926 1,
g RBUR 104 0.923 5 F10.857 6, 2 B U7
BEREMAHEE LR EZERE., 80 Gy L#H
XFTAD 10 50k s AR R, bR O R A
1) 72.4%. 100~200 Gy 75 T 4 il 1 FH 2t — 2 1
TR, MK B N R AR 44.6%~59.1%. 220 Gy AbFH
FOHIAE B oz, bR IR 33.0% (GR
s

BT BRGE R, #— B R TAN F R Y =
AN T 10 SR T RS 2 AR HIR Ta] A
Ktk (B D, SIESWERLR, Fra W EdE 5w
HIER AT, WO R ZEE . RO R A AR R
F Pearson A ¢ REGHAT . G5 RKH, £ 80~
220 Gy FIE VG PN, 48 R E R TR 5 %)
BAEA, RN BE R S TG . R, K
RSPk SRR EREE S (ED,
F AR AH O 1 98 FEAH X B 55,  HLB 4 MR TR]AH 9%
PEAR I B KT,

1.0

Dosage
GP —0.253?
GR —0.§70

RN EVRerad 0.299 | 0.832 | 0.882

Dosage GP GR SR PH

1 A ERSR R AR B R MR F 7 B A S 4 AR KSR b
HIFA M3 BT GRIER: Dosage; K5 #: GP; i K % GR; B
#: SR; Mk PH) (G« SR H LSD kb AT (i 35 LG50, % A

2R HUE R Pearson MR R HL, 2 5 Rom 3 1, (R F p<

0.05,** {3 p<0.01)

Fig.1 Correlation analysis among seed germination and
seedling growth indicators of Lycium under different absorbed
doses (Dosage: Dosage; Germination potential: GP;
Germination rate: GR; Seedling establishment rate: SR; Plant
height: PH) (Note : Significance was tested using the LSD
method. Off-diagonal values represent Pearson correlation
coefficients. Asterisks indicate significance levels: * p<0.05;
** p<0.01)
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Fig.2 Effects of different radiation doses on the plant height
of Ningqi 10 seedlings in June and mature plants in September
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Table 2 Effects of different absorbed doses on plant growth indicators and physiological characteristics

WG FEAR Pk PR RAEREE/ om FALAER /om ASE M4k / (mg.g™)
/ Gy Sample /cm / mm East-west North-south / (mg.g™") Chlorophyll
Absorbed size Plant Basal canopy diameter canonoae Nitrogen (SPAD value)
dose height diameter diameter content (SPAD)

0 15 60.39+6.59°  6.14+0.83"  35.20+7.94™ 33.3349.68 16.57+0.66° 51.57+1.42°

80 17 77.73£10.36"  5.97+£1.26®  26.82+10.17° 20.35+5.60° 15.44+0.87° 48.60+2.57°

100 22 53.09+24.04"  6.96+£2.76"  31.09+19.90° 31.09+29.98" 15.05+0.84" 49.08+2.40"

150 22 49.30+£16.14%  4.73£1.72°  41.91+21.72° 37.27+17.90 15.22+0.94" 49.06£3.27°

200 22 52.03+18.06™ 5.34+2.16™  41.86+22.90" 37.55+22.92° 15.18+1.47" 48.80+4.85"

220 23 42.56+19.03°  4.52+1.38°  25.00+13.13° 24.70+16.97° 14.48+1.67° 46.83£5.15°
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24  ARIREFIEFHCEINEEEITHFSH

A

PTG AR, MR RE L B A A
fabr e s AR KM B oy B H 5 T I ) 2 8
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AR fE Rt YR, (RERETE (2150Gy) T
RONLIRSS o« LRE A BE B AR 4L, 2 B I )
BN M KB L R R, Ul R AL B
fiirt a TR, TRAEIE R .

£ 80 Gy fll &AL T, TAL 10 50 F KB
93.86+0.44, 50 Gy X H2H [ 100~220 Gy % 4b 2
HINFAAEREE 2R, RPN B[ T 5%
fd . [RIF, 80 Gy jfll& i [ B w57t oty
TRTE &R R (F &L T D, mERNE
Ab TR 5 E 22 66 KPR T ik 5h B 22 R A B3
A S K5 LR AV

#3  ARBUGIEXHHIE M EARE R0
Table 3 Effects of different absorbed doses on leaf shape of Lycium

WS EE FE AR AL 95/ mm o HHS / mm

MK/ mm M/ mm® KL

HABE v RBUE HRIEES

Absorbed Sample Leaf width Leaflength Leaf perimeter Leaf area/ Length-to- Leafround- Leafcom- Leafapex

dose size width ratio ness pactness morphology
0 15 13.86+1.31° 65.07+4.92° 145.09+10.29* 567.15+83.16" 4.74+0.52* 0.3440.03" 0.93+0.01  15.39+3.32
80 17 16.80+3.49" 64.38+12.95" 146.58+29.94" 696.66+£292.97" 3.86+0.44" 0.4040.04° 0.93+0.02  18.21+10.61
100 22 14.51£5.64™ 63.60+£26.75" 143.68+59.98" 682.27+600.94" 4.46+0.68" 0.37+0.04" 0.95+0.01 21.48+12.98
150 22 13.08+2.27° 61.07+8.01° 138.02£17.99° 517.73+144.96° 4.81+0.88* 0.3440.06" 0.93+0.04 23.86+9.23

200 22 13.31£1.96" 56.81+4.62° 128.25+10.29° 477.75£91.41¢ 4.37+0.54* 0.36+0.04° 0.93+0.03  17.29+6.80
220 23 13.25+4.04° 59.27+8.78" 135.22+21.51" 520.29+221.15° 4.71+0.82* 0.3440.06" 0.92+0.03  15.79+6.74

ZR BRIk, ARG R T AS 10 5 0 R
SHAZERWBEREN: 1280 Gy & N F &3
WG58 AR A B SR TR KT R,
B EEBREE, MAE 150 Gy BLERFIE T,
MR R/ R AR 22 B[RV

2.5 AEIREGHELIE THREEFINEERE KiE
RAEXME
BT RTRER, Wik, e, diE. REE
MR REE. REELT RS HERET

Spearman fHK /34T, 25 (E3) R, RIKFIE
Hefd1o5 ke, mibdim 2 ask, 1w
220 Gy KX A K B A I 248 . SR1fT, 7E 80 Gy
FIET, MEsm. Keithmoh. R &R,
FI VS R R . 150~200 Gy Ak 35 I 5 I 5L 0
P, s, ERKEE ke, e, w
&) ZBAFAE R EEIEAEOG, KK 20
. AEESHGRSELESFEIEMEL, X5
BREAMGERARRE TR ERNH —8 &
LT A BRFR AR E B R R
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1.0
Dosage
PH 0.3537
E-W | 0.026 —0.537 0.917 KR
= 0.5

N-S |-0.680 0.006 —0.123 CZeH0k ) RRe]

RTN |-0.097 0.284 0.188 0.198 0.405 EEeli}

LW —0A464.—0.530 —0.730 0.466 0.065 EHe)
* *x
LL |-0.908 —0.061-0.360 —0.322 0.635 0.269 JOA:0[-N R[]
*x *x ** L 1o

LA ]-0.562 0.478 -0.570 —0.611 0.718 0.426 [k

*x o

LP |-0.839 0.059 —0.463 —0.448 0.592 0.285 JoKrfe]

LWR | 0:121 —0.810 0.345 0.610 —-0.318 0.063 Zk:t:{e] -0.182 —0.259 Y]
*x *x *x

LR |-0.096 0.851 —0.358 —0.590 0.418 0.126 {ek:leN 0.201 0.700 0.284 EvKey(s RRV]

LC |-0.510 -0.070 0.116 0.261 0.823 0.802 0.131 0542 0.553 0497 0.071 0098 1.000

LAS | 0.083 0.359 0.392 0.289 0.057 0.911 —0047 00650088 0.105 0.037 0530 1.000

NC [-0.844 -0.530 0.432 0.492 0.542 0.045 0.026 0.567 0.106 0.437 0.171 -0.211 0.469 —0.046 Ee]

CC |-0.875 -0.475 0.279 0.287 0.431 -0.191 0.171 0.608 0.127 0.495 0.037 -0.133 0.239 —0.245 ekeiv A HHl}
e e 10

4 Sy D S Q O %] O O
oébo) g (-_,)Q Q,'é & Q/> § NAEN N él' \g— v S < (@)

Q

B3 AFEWRGH AR N T4 10 5 B S8 A8 v A AR B A A 73 # G - dosage s B a1 : PH; 4% : GD s AR PU TR I : B-W 5 T'?

AB R < N-S s AREEH: RTN: 15 : LW s - LL s I : LA A LP 3 AT L s LWR 7B - LR )7 S80S LC s R

ﬁJAs%Q%NQ%%%ﬁ%coqa%ﬁmD%ﬁﬁﬁ%ﬁﬁ%$Mﬁﬁﬁﬁﬂr%wmmw%%ﬁ&ﬁ%rﬂ
FE,#REK p<0.05, #*{% 3K p<0.0D)

Fig.3 Correlation analysis of growth indicators in Lycium seedlings under different absorbed dose treatments (Dosage: dosage;
plant height: PH; ground diameter: GD; east-west crown width: E-W; north-south crown width: N-S; number of root tillers: RTN;
leaf width: LW; leaf length: LL; leaf area: LA; leaf perimeter: LP; length-width ratio: LWR; leaf roundness: LR; leaf compactness:
LC; leaf apex shape: LAS; nitrogen content: NC; Chlorophyll content: CC) (Note: significance was tested using the LSD method;

off-diagonal values represent Spearman correlation coefficients; asterisks indicate significance levels: * p<0.05, ** p<0.01)

~

26 TIRI0EMTFEEETNENHE

MRAE R 15, LLO Gy MR ALK 2% 96.00%
RFEAE, THREEFERAAN KR, Hd, 80 Gy
Ab PR LA R ZF R =T 100%, R0 HHAK T 22 3t
RURL o %5 T LDy, Al 50388 5 O3 5 5 1) 4100 o 280 8
N HEBRAR T & AL 3 RN P, A5 R A 100~
220 Gy 7l & 76 Bl N AR AT E i, il &
AN IRVEFR LA R A TR, TR R KRR
B 22 50% B BT 0k B @ WIS R B, A D LD, F A B
B o A7) 2 B AT 10 5 Bl A 6 28 38 1)
A 4 s . 7E 100~220 Gy 7 &G E AN, A
X} R 2R 7 R 3G 0 A R BE S, {H220 Gy

50% B, S RIS R 20N 858 Gy, BERIN T
Ficd 10 5 Ffr X6 - 03 2% X 5 28 LD, (14l 54
BRI, A7 LD, 2 T 100~220 Gy
B Y0 B B R A AMHESR AT, SEBR S BUE R E ]
REBH Ry AT AE AR Ze PR e B, 5 SR WF 70 B 7 B8 1 57
P IE .

R EE BRI, T 10 5 X 0 g A
(1) X 5 2 2R I H AR SR T T 32 1, AR LD, (il
fH 858 Gy it & T A Sk i W B 1 % & A &
(220Gy) » 5 & # 1& ) ¥ i “Co- vy %8 M LD,,
(23.99~49.60 Gy) "' M LL, A HF 58 Ak S AE A7 1F T
EFESE X —J7TH R BT A BT s RS A X

& T AN R 2 AT A 88.89%, i T 50%. £
LR PERIF 8T, WGHIE (X0 5HEEZFEER (V)
f [ A J5FE . Y=-0.063 3X+104.35 (R*=0.8368) .
BT Z B HTTREAMETE &, G R R R

SRS y S LR AR SR A A RS AR, Sy
J7 AR SR AN [R] D AC it Fof ) 8 S i 52 128 F) 2 =
B ARG RN ML T IER BT
PG R SR A 1 A HR AR .
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s« 100

P

-5 98 23

S 9% 3

3

g 94 ' .
g o

o y=—0.063 3x+104.35 ..
-% 90 R?=0.836 8

E )

88
0

50 100 150 200 250
Mutagenesis dosage / Gy

4 BT X SRR TS 10 SR LD, A5 5
(Eh 1 80 Gy AbBIAR RS e 2 2 im FX MR AL, R H AR B e
BERORE, ORI LD, 305
Fig.4 Estimation of median LD, for Lycium barbarum L.
‘Ningqi-10" seeds under electron accelerator X-ray irradiation
(the 80 Gy treatment exhibited a low-dose stimulatory effect,
as its relative germination rate was higher than that of the
control group; therefore, it has been excluded from
the median LD, fitting)

27 ETIRERMIGE S NBESNITMN

AR FE K Z-score Fx HE 4K AT S5 AL EE AL ,
XTI SE Pl FEA R SR AR BRI A B R
A IS8T IR TR IR BN E S F,
FH T4 T VP Al AS 8] JE R 2000 740 10 5 8k AR K
RIMEm. 4R ER, 80 GyMEANEGAEB
90.501, AR, LIIZAE T T 105
TEFFIIR CRFEF/MRFRY G . gk
Bk AR RO AR (RE B4R
TR Mt IR O T AR AR A D
ZHERIN M. LZERDIKEIZ 0 Gy X2
0.474. 80 Gy Ja, BEEFMENMINLEETR T ik
. 100 Gy N0.367, 150 Gy A-0.049, 200 Gy

N-0.369, 220 Gy N-0.924. XEH] 80 Gy 7| &4
TR e it 2 & A KR, 1100 Gy K& PA E 7 &
M BRI, EE 73RS I5AE AR R it
R EAE] 7 BRUE,  E B AR R &k 4
BT BALKYE . B, 80 Gy FIYE N AT 10 5 i
HiEERE, UIBRESLE ML, &M%
TR R

28 EBEFMERFLELEBFSHOLTSESR

FE M AT R B A, 53 770 52 40060 1 1 A K4
HRRLAL, 34 W %% B0 A T A Ak 1 B B R T A AR
Fo BAKTE, 7E100 Gy b B2 o ok 30 W5 Ak i A7
EAREXHTHAEMMEREK (BS., BRKE
MR EEHEAZE, ROMENHE. Hd, ®
AR/ B LGB A A R R 1) 0.818 £ (p<
0.01), RAR2HHEEM (0.678 %, p<0.0D),
PR 35008 BIR 0 35 22 SOk, T B AR R LR R
IEHPETE . HERBAESWE RN, BRI
BDERI, L REREKGE. A2, EiE, 1
ZRACESERESRMFEFESH (100 Gy) K
BREEABELEEZER (p>0.05, RPES
FEERFHFEE. X— KIUES B InE s X
SRR G AOE B AR R, Hix
A SR KR IETE Y K RS R .
BTM AR T EFREKME, ZERES
A AR, RIS RS R W
HRBEREME, IS MACH 7924 1 I
PER AT RE— P IRAIE .

Mutant 1

Mutant 2 Wild-type

Wild-type Mutant 1 Mutant 2

5 TR EEE AR AL T 1 T 10 S AR TR < (a) 100 Gy Fa R AL 3120 i e $RAT (10 4 it AR e ok % B AR 7Y
X HERR AR ()28 Sk 5 B AR U R TR 25X B, ZE M B9 A L B 55 T 5 A D00 A 38 Sk it KA 7
Fig.5 Slender-leaf type mutant of Ningqi No. 10 induced by electron accelerator mutagenesis: (a) whole-plant morphology of the
slender leaf variant and wild-type control plants selected from the 100 Gy irradiation treatment group; (b) comparison of leaf
morphology between the variant and wild-type plants, with wild-type leaves on the left showing lanceolate shape and
variant leaves on the right exhibiting slender willow-leaf shape
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31 TR0 SHES SR M ER R

F%

AT FL T ARGE T FAC R AR LE F T I A X
SRR T LD, 45 REW, T4 105X BT
T 28 XS 2 i R SR I M B R RS2 M, 7E 220
Gy FIH T X K 2F A7) 15 88.89%, H LD, fifi HAH
7 858 Gy izt ey T~ A% S I 150 B (1) de i ) B o IX — 46
BEBBULE " K “Co-y LR T 1 ST
RIFMILD,, (72Gy) fFEREER. MER—
J7 T ERUE T FEFHREE M OCTAS IR AT P e S5
EMFAELEEZERNER, 5B xEE X
Wk y SR AE D B A R . AW LR
Ty SR XSPER. HT AORII RO KR (1 i
RO, 5 LA 5] % S5 VR (1) FE R 2B 4 2% 38 R A7AE
EES, Ho X G RT EY) RN & Ty B
2k, MFEFE FHGEE Y, XHRRTERARD ISR
B, ANRET BB ]y SRR R R, TR g
Xof A5 S 5 SR VR R 58 i P e ST P 7 - S
Fo

() — W ok P AN (] it o ) 0 2 S R e 22 R 2
WIRAELEIED IR . Bltn, ZRFEHS D iRiE
5 AN B AR G LT AR/X OS2 LD, 5 LN 47.69~
87.07 Gy, Al K% 1k 39.38 Gy. ZL{EAA
A PN ©Co-y 8 HE Ry e B A7 7 . 38 22 5 1Y AR
TR TR0 5 i 2 WERE, #—PFE T
o AC JR A 40 (1 2 S SR B R S R L Rl
X E BRI T EESE

32 LD, SEEFTHEMHHEXRR

AHE T E AR T TAS 10 5 Rl B i 2%
X 59 8 55 HR ) LD, i HE £ 9 858 Gy,  [FJ I 2 T
Pl 7B AN &P AR TS ) et R AR A
ZIRARGE A VAL, Tk T 80 Gy NiE H B &,
KA S HEER, TN FEZEEHER T 5
A H PR AR

LD, 2 W (14 52 9 b B8 i b 0l 26 559 1) T 52 A PR
FE VP AR B BUR M R S A TS AR =
T B M O MoAGRTS iR KBS A 2 R A
T e BB RS . MRS [ B 7 REMLA (TAEAD
(B FhfarE . I E S AL R & 08 O LD, 1) 50%~
70% SR, DUBA PR TE 2 05 K 1 A7 36 B A p sk 15

I IR R ARSI U ARAIE 5T 80 Gy AN 5 LD, Aty
HAEM2)9.3%, WK T X —FMEpl, X—I7i
EAIE 7 AT 10 506 H 7 3t 4% X5 28 1 0 i i 32
M, 59— 7 R R % R A 25 58 AR Tl RE AR
TEAR BRI

i LDy, 51 3& B 77 & A7 I RAE R 5 & Fh
FHAFEI . Blhn, Lus ™ XF4 AN H R ALK
T S AP HEAT v B LR AR IR AL HE, R B LD, Yo 7E
316.6~426.7 Gy 2 [i], FHHURIFEHT 1613 [ LD, =ik
426.7 Gy. Wit —25, & EFER &Rk
FETE LD, Btir (£50 Gy) HIVEEI, CURf O fe 1
A RE . R, FEH = KHE & A NSIC Re
218 [y B2 LD, N 424.11 Gy, 1M i&E 52877 &6
Fil 9 200~300 Gy, {7 IHEFERME ™. B ek
& Mayas ] LD,, %14 295 Gy, {EAR3#E4 K 1) et
FIEAV N 50 Gy . Elsherbiny %5 2 b4 K 7K A5
Fh Gizal 77 (HFFL R BH,  100~300 Gy FOAE I &= v 5
LRl e R AR ZE K, T 400 Gy bA b e i & U = A=
S E RN, ESE T AR E M E BRI
THEICRE . XL 50 BEAREN X R AEY, (HXF
AAEV B EGEESEME, LFREKH T8
A i AR R B TR T EUE AR, EEIER
7B PRI 43 I SRR T 2 A S A R (AR T B X 3
T Bt DA LD, i

X WU AR A SRR E T, LD, S B2 2
PR BSOBE 0N 1 SR AR BRI, T 5 A 7R R
SELERUE R AT BRI AT I N, DNA#f1EE
B 4 38 B TG A 2 R AR R A R AR R A v 1) 7
B IX ] AR 25 I T S AR S B A A A
41 I DNA S 2 S ALH], 77 A4 “ D Rn”
(Hormesis), I N KA B & ORI . T
e 77 B A R ) 5 5O o I PR A B R £, RIS R £
B, AR AUR A A R I R R SR
Rk, fEEMSCEb, &5 2R 8l Tl T
LD,,, MFEREaEIEIE.

AW, T 10 5 (15 5w S IR AR T X
— M. ARMHEEEFLRE, AR
K AR AL AL SR B A3 ok i k. A A
et A S 18 BR bR AT 2R & 1P . S5 R
By, 80 Gy Wb M LRG| im, HN0.501,
TN R e HoAt I B4 . 1T 100~220 Gy b2
HBEE R B INLRG 15 RikmoEas, 220 Gy 4b
HHLEEB A%, ~N-0.924. 80 Gy AbBEAL7E R
IER F A R E N, SR TR RS EK

XXXXXX-10



A TN R R AT b T AR RN

CRE R B 57 128.72%) , H 55 1 b k58 . w1
B R R R EE I ER SRS, 20N
YRAVEA R IR . 117 100~220 Gy AbHE 40 B ok
OO, (AR BB B AN B RS B A
AR RE TR, RIH “mAEMGE K
fiEo PRUEWINALLE G150 45 N2 Ju e it M
—HIRNIE T 80 Gy 1E AT AT 10 5 HL 1k 23 B
AR A B

IR GE R AL 5 A E R B B A B R T
B o S5ETAE 10 5 (R S SR, AT R
FAEFENH R (1D FIEEE: P80 Gy Nk
BN, FEH5E S50 Gy #1100 Gy NiBhF=,
DL a5 A i R R I A= X )5 (2) AbEE
FURE: B350 B AL B RR T 2 000~3 000 K%, i {# MifR
A B R R O T 2240 85%~95%) , MARTH]
AT R R ER; (3) TFIEAMAE: MARE N
HEIRARK T EZ M (40220 Gy 4bFE4), R
ARKIEH KRR, MoATE & H AR EAR
(M RER. R, S KRE00ik;
(4) JsE R 6T Mo B RAR A A
Can AT 8 R B A i B RS AR D, 0] R 4T 4
Totk Ty AR E e A e, g E M. b
R WS T J5 2 MoAREH A i h 2P st AT
210 558 F M T R E R E AR 12

HAFERER A, 7EmS & TE 5 A= 100 Gy
b FRZH A BT AR R S AR A, XA EVIE T
BB MIBEALEA BT, 525 DNA FAH BAEH
HAMEAYE, Frw 5 1A &5 A8 AT §E R AR
o T O T B X, T A SRR KT ) S A
HRAEESES. Ft, EESEMWRY, &
ARG B ERAR IR, N6 A AR 7 2 21
(R IR AL e ORRF R 08 URR, DU KR FE R I IR
B RAPAR U

3.3 SHEXTARIC A CHI I B MU B H AT REAIL Y

AHTER I, A FWOR) & A B X T AE 10 5
PR v A K 1) 5 ) S 0B B T B R R AE . 4
FEI TR B R PR AR, T B A e R S I H B
434k, B 80 Gy Kb FE 4Lt 3 25 1 J5 B A K A2tk
AR PR 1 128.72%),  100~200 Gy 4bH 4L 1k 52 2 %
HEIKF, 220 Gy ab A RFEE 5240 . X FF “fRfE
AN BB B R AE AR ) 1 R S R
HHRIE. B, Chang %% ™ IR, R ITE
ISRy RIS, 58 B S0 A K AME I

%, B EEERET S S S KA,
RIL100 Gy AL HE R ARAERE RN 21 d J5 25 B4
B)LPAH E AR, RIS B w5 RN . B
F 3 X R AR KA IR T BE S AR S
DNA &S HLHIEE Kt E R 9 ERA L.

LA %o A1 71 2 PR 2 e ML) 7 22
MR IERIIESL . Gicquel 28 ™ S TF B 7T
KI, 10 Gy yEIRE % LI T 5 DNABE KM
o B S A AR, SRR BRI T
B AT 475 DNA B ML . Belykh %5 ™ ik — B HiE
52, yARIE ][N % S DNA & 5 3 (1 %5 _Fif
AT A & VE ) 5, R B B TR ] [ B
BOE R DNA & E R G MBTEAL D 4 . &
BT, Hay & 2 ORI, X5 2k5E R 5 AR
KO R R BENWKE D), HETEMEE3d
JERE B aRT AR, RS EHMZIKE,
7 DNA &5 2 e FHi a8 AL 78 1 P S /12
SR .

BT BdiEdE, AHFFTHEN 80 Gy A H A 1L 5
WL A KA, PTRE 50 S S T M)
T 40 B 1) DNA #7455 18 5 5 G0 Al S840 B 1 X 2 A
K, BRI BB ENWE 3, BEENE
FRFD G A K. % 100~200 Gy 71 & 4b
B, ARWEIR I RRLE 6 A H s B (1A% = 32 40 1)
TERHE— 00, B 250 HEZH 1) 44.6%~59.1%. {H
29 H IR M E I O E B0 X —25 R
PEo~, 1% R X TA) 3 A D4 S 4 4 TR LR HH A
ME B ZMEE VG, (H RIS B AT,
LA 3k 30 20 4% A AL o) A 2B LI N 45 DU B IE
AR, HEEZ R, 220 Gy db B2 78 B A A K
RS, R E AT AR O KA AT
DNA fitf fgn fa theee Jc, M TR A RE
LR

TEFR MR, BRI HED 53—
SEIG IO . S SRR AT RT3 Bk e AN TR i A
B 1 TR S Ak 72 ) S DNA 52453 18 52 A DG 2k
KR EEEfRIR, WRABITENE SN “RES
17 RS 7 AL

34 GIFISRE

KHFFE IR RGN T T 10 5 B 7 INs A%
X RFEIR MR RE-BN R, W T 58 S =2
PE 5 AE (LD, 29 858 Gy) M & B % 4 7 &
(80 Gy), NHIAD HL 7 I 48 X G 46 7548 5 A4t
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AtE T EE#HFRFTEE N AL AT TS
2R BAATEHEAEER, BT, B85 5
ABENE . A FEEH TR EAINTIZL XK
YRR BT A

RPN

1 RIRE, i, WU, & T Ing s A B Ak R
WA [0]. B RO B 5 3R, 2024, 26(12): 210-216.
DOI: 10.13304/j.nykjdb.2024.0726.

ZHAI Huqu, CAO Bing, GU Shuang, et al. Preliminary

report on breeding materials induced by electron

accelerator[J]. Journal of Agricultural Science and
Technology, 2024, 26(12): 210-216. DOI: 10.13304/j.
nykjdb.2024.0726.

2 CEARER, EEME, EIRIE, & FIADETR A TN iE e I
FEASKFERIBT AT [I]. Pt AR 24 (TP 3 0), 2025,
16(6): 795-799. DOI: 10.15886/j.cnki.rdswxb.20250048.
WANG Xiangbiao, XIA Zhihui, ZHAI Huqu, et al.
Irradiation mutagenesis of rice using a new type of
electron accelerator[J]. Journal of Tropical Biology, 2025,
16(6): 795-799. DOI: 10.15886/j.cnki.rdswxb.20250048.

3 Zhao Z H, Liu Z X, Zhou Y P, et al. Creation of cotton
mutant library based on linear electron accelerator
radiation mutation[J].
Reports, 2022, 30:
bbrep.2022.101228.

4 Li Y R, Liu L, Wang D, et al. Biological effects of
electron beam to target turning X-ray (EBTTX) on two
freesia (Freesia hybrida) cultivars[J]. Peer], 2021, 9:
e10742. DOI: 10.7717/peerj.10742.

5 RAE, WP, Bhiber, 55 & AE AT AR IR A A T
TR 24 5% B 0] AR AT 70 S 4R A T 241k, 2025, 43(3):

Biochemistry and Biophysics
101228. DOI:  10.1016/.

XXXXXX-12

10

11

030402. DOI: 10.11889/j.1000-3436.2024-0122.

ZHU Jie, TIAN Shen, YAO Xiaoyu, ef al. Degradation of
five pesticide residues in Chinese wolfberry using high-
energy electron beam irradiation[J]. Journal of Radiation
Research and Radiation Processing, 2025, 43(3): 030402.
DOI: 10.11889/j.1000-3436.2024-0122.

EET, MR, M, 5 . “Co-y ST L858 4T X & 75 T 1
P[], 53 M AL FL 2, 2025, 53(9): 20-27. DOL:
10.3969/j.issn.1001-3601.2025.09.003.

PAN Jinwei, XIANG Yi, YANG Hang, et al. Mutagenic
effects of “Co-vy radiation on perilla frutescens seeds[J].
Guizhou Agricultural Sciences, 2025, 53(9): 20-27. DOI:
10.3969/j.issn.1001-3601.2025.09.003.

VERRAL, 5288, MR, 5. 55 keV HL T A A B 1
WK T Me VOB T HUR BMIAC 0] 2R 431, 1995, 9
(2): 91-94.

WANG Lihong, WANG Chongying, YANG Hanmin, et
al. Unscheduled Dan synthesis in seeds of Lycium
barbarum. | irkadiated by 55 kev strong nanosecond pulse
electron beam, Ar” ion beam and 7 Me V,.O,,NBEAM
[J]. Journal of Nuclear Agricultural Sciences, 1995, 9(2):
91-94.

TR, BN, S, S — R AT E Ak B A R e
] AR [ H AR 777 CN116445467A. [P]. 2023-07-18.
ZHANG Yu, LUO Xuegang, HU Shanglian, et al. A
technical directional

method for mutagenesis  of

immobilized single cells in bamboo:
CN116445467A[P]. 2023-07-18.

POV, £, WA, & BT RS ERE S0
LT A7 MARVE KR B RS2 0], PE bRk 274,
2007, 16(4): 253-256. DOIL: 10.3969/j. issn. 1004-
1389.2007.04.060.

HUANG Haitao, WANG Dan, ZHOU Lijuan, et al.

Effect of combined treatments of electron beam radiation

sympodial

and GA on growth and development of M, of scarlet sage
dry seeds[J].
Sinica, 2007, 16(4): 253-256. DOI: 10.3969/j.issn. 1004-
1389.2007.04.060.

MSOUL, T3, T3, 2. “Co-y I 248 5 7 E M A 1)
HE W) RN [J/OL). 2 A 2 4R, 2025: 1-11. [2026-03-09].
https://link.cnki.net/urlid/11.2265.5.20251014.0922.002.
YANG Gaier, ZHANG Xuan, WANG Jiadong, et al.

Biological effects of “Co-v rays irradiation on Lycium

Acta Agriculturae Boreali-Occidentalis

barbarum L. [J/JOL]. Journal of Nuclear Agricultural
Sciences, 2025: 1-11. [2026-03-09]. https://link. cnki. net/
urlid/11.2265.5.20251014.0922.002.

R, Sl Mk, 55 . “Co-y S Zefm IR X 4 Fki A
TRl 2% 1) 5 28 R0 [J]. i S 0T 9 5 o L 224, 2025,



A TN R R AT b T AR RN

12

13

14

15

16

43(1): 010404. DOTI: 10.11889/j.1000-3436.2024-0053.
WANG Jiadong, FENG Kai, YANG Songbo, et al.
Mutagenic effects of “Co-y-ray irradiation on the spikes
of four Lycium species[J]. Journal of Radiation Research
and Radiation Processing, 2025, 43(1): 010404. DOI:
10.11889/j.1000-3436.2024-0053.

T, SN MRS TE A ERE SR M] R T EA
R H A, 2009.

AN Wei, SHI Zhigang. Pollution-free
techniques of Lycium species [M]. Yinchuan: Ningxia
People's Publishing House, 2009.

FAGLL, WROC, 5Kk 55, &5 . IE5BUA% A 0 V] 1 7 JBg DU o 2
WEARFI o R B2 m[)]. A SAE, 2011, 30(3): 477-
482. DOTI: 10.13292/j.1000-4890.2011.0069.

WANG Juhong, CHEN Wen, ZHANG Yong, et al.
Effects of storage condition on seed germination of four
shrub species Corridor[J].
Chinese Journal of Ecology, 2011, 30(3): 477-482. DOI:
10.13292/5.1000-4890.2011.0069.

] s -7 465 56 ip 23 (ISTA). [ s Bt 7 46 36 LA [S]. b
H EAO AL, 1999.

Seed (ISTA).
International rules for seed testing[S]. Beijing: China
Agriculture Press, 1999.

BRPEAE, Y, WG, AV R S PR R B X G
A 8 L) 2 00 2 8 R S R R VR [0, B AR SR
2019, 33(6): 1049-1058. DOI: 10.11869/j.issn.100-8551.
2019.06.1049.

LI Yirui, WANG Dan, ZHAN Xiaodie, ef al. Responds of

electron beam to target X-ray irradiation on bio-effect of

cultivation

xeromorphic from Hexi

International Testing  Association

gladiolus gandavensis and evaluation of radiosensitivity
[J]. Journal of Nuclear Agricultural Sciences, 2019, 33
(6): 1049-1058. DOI: 10.11869/j.issn.100-8551.2019.
06.1049.

R R AW § % I BT R ol s S = B s NS TR 2 i
[D]. At 5 H [ P A0 EE R} K %, 2010. DOI: 10.7666/d.
Y1775697.

NIU Shijie. Preliminary study on mutation breeding
technology of safflower and Polygala tenuifolia seeds[D].
Beijing: China Union Medical University, 2010. DOI:
10.7666/d.Y1775697.10.7666/d.Y 1775697

Sharma D, Sao R C, Sahu P K, et al. Comparative study
of radio-sensitivity and relative biological effectiveness
of gamma rays, x-rays, electron beam and proton beam in
short grain aromatic rice[J]. Indian Journal of Genetics
and Plant Breeding (the), 2020, 80(4): 384-394. DOI:
10.31742/ijgpb.80.4.3.

XXXXXX-13

18

19

20

21

22

23

24

25

26

Food and Agriculture Organization of the United Nations,
Rome (Italy) , & International Atomic Energy Agency,
Vienna (Austria) . Manual on mutation breeding[M]. 2nd
ed. Vienna: IAEA, 1977.

Lu Y T, Wang B K, Zhang M C, et al. Sensitivity of
genotypically diverse rice varieties to radiation and the
related changes to antioxidant enzyme activities[J].
International Journal of Radiation Biology, 2024, 100(3):
453-465. DOI: 10.1080/09553002.2023.2290293.

Vera cruz J A, Gaa K, Ricablanca J. Field emergence and
seedling performance of philippine inbred rice variety
NSIC Rc 218 (Mabango 3) exposed to gamma radiation
using cobalt-60[C]//Proceedings of the 3rd International
Online Conference on Agriculture. Basel: MDPI, 2025.
Herdiyanti F, Saleh M, Pujowati P, et al. Effects of
gamma-ray irradiation on agronomic traits and
determination of the optimal mutagenic dose (LD,,) in the
local rice cultivar Mayas (Oryza satival..)[J]. BIO Web of
Conferences, 2025, 206: 02004. DOI: 10.1051/bioconf/
202520602004.

Elsherbiny H A, Gaballah M M, Hamad H S, et al.
Inducing potential mutants in rice using different doses of
gamma rays for improving agronomic traits[J]. Chilean
Journal of Agricultural Research, 2024, 84(3): 380-390.
DOI: 10.4067/s0718-58392024000300380.

Chang S, Lee U, Hong M J, et al. High-throughput
phenotyping (HTP) data reveal dosage effect at growth
stages in Arabidopsis thaliana irradiated by gamma rays
[J]. Plants, 2020, 9(5): 557. DOI: 10.3390/plants9050557.
Gicquel M, Taconnat L, Renou J P, er al. Kinetic
transcriptomic approach revealed metabolic pathways
and genotoxic-related changes implied in the Arabidopsis
response to ionising radiations[J]. Plant Science, 2012,
195: 106-119. DOI: 10.1016/j.plantsci.2012.06.015.
Belykh E S, Velegzhaninov I O, Garmash E V. Responses
of genes of DNA repair, alternative oxidase, and pro-/
antioxidant state in Arabidopsis thaliana with altered
expression of AOXla to
International Journal of Radiation Biology, 2022, 98(1):
60-68. DOI: 10.1080/09553002.2022.1998712.

Mele B H, Bianchi A R, Guerretti V, et al. Antioxidant
defenses and poly(ADP-ribose) polymerase (PARP)

“radioresilience”

gamma irradiation[J].

activity provide against ionizing

radiation-induced stress in dwarf bean plants[J].
Antioxidants, 2025, 14(3): 261. DOI: 10.3390/
antiox14030261.



