Chinese Physical Society

Mﬂﬁﬁ Acta Physica Sinica

. Institute of Physics, CAS

B EESBUIES TR N R 5 -2 SR8

F%% XL Kem &k

Damage-repair model for mutagenic effects of plant induced by ionizing radiation

Li Duo-Fang Cao Tian-Guang Geng Jin-Peng Zhan Yong

5| {5 & Citation: Acta Physica Sinica, 64, 248701 (2015) DOI: 10.7498/aps.64.248701

1E 261715 View online:  http://dx.doi.org/10.7498/aps.64.248701
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/124

AT RERCH B BB S &
Articles you may be interested in

TSR HE 12 2 P iR 2B K e L B S LA,
Microenvironment-enhanced invasive tumor growth via cellular automaton simulations
VP22 4%.2015, 64(5): 058706  http://dx.doi.org/10.7498/aps.64.058706

H£T- DNA 5473 1) 8 2 R 25 F 5
Study on regulatory network of proteins based on DNA damage
YEi = 4.2014, 63(1): 018702  http://dx.doi.org/10.7498/aps.63.018702

p A< ALY 1 A7 RO it AR R A S 40 407 48 5 N A TR 7

Theorical model of enhanced low dose rate sensitivity observed in p-type metal-oxide-semiconductor field-
effect transistor

VP22 4%.2011, 60(6): 068702  http://dx.doi.org/10.7498/aps.60.068702


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.248701
http://dx.doi.org/10.7498/aps.64.248701
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I24
http://wulixb.iphy.ac.cn/CN/abstract/abstract63949.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63949.shtml
http://dx.doi.org/10.7498/aps.64.058706
http://wulixb.iphy.ac.cn/CN/abstract/abstract57335.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57335.shtml
http://dx.doi.org/10.7498/aps.63.018702
http://wulixb.iphy.ac.cn/CN/abstract/abstract18575.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract18575.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract18575.shtml
http://dx.doi.org/10.7498/aps.60.068702

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 24 (2015) 248701

B BB BB I R 45 - 1 R

#5502

# 7ok

G - & &

1) (AT AE TR 2 A B 5T, K 300401)
2) (AL T K2 S TAE2ERE, K 300401)

(2015 4E 7 A 16 HYEl; 2015 4E 9 A 2 HIKRIER )

T P B S A AR R A ) 255 PR B N S A R OV 5 AR RO, ST T R R A SR )
AN B B AR e X BB AR T4 2 BB SR AR, 9F T 17 A R A 2 DR AR X AR R T v, R A
R AR, BRI SE SR IIE AR, EIRBR R4 H “ DR RIS R E R R, A
RE— B IGUERTR, Xt 2 B "L SR ROK A8 R I SE R R HEAT B AL A, AR TR AT ORI A
MO ZHL, BT RN EUR S SERBR AT & B R S I -2 ARy R A S
T A M) R0 LB WF TEANAR S VR AR R0 A (it T BB AR AR AN S5

SEHRE: BRI, (PR RN, ORI, D

PACS: 87.15.A—, 87.23.Kg, 87.53.]

e e FEL R IR A FEURE 1 RE B A AR M)A T
B R AR LS, DRI SIS S e B R iy v S
4T (ionizing radiation, IR). H BRI 2 FE YK
2 P, %S AE AR B K e AR AR AR 5
BETTAE IR R AR A R B EEZ AN EIR
H AR R RERIAL 5. M 1927 £F Muller 1 2
ISR 24 08 A A B 5 AR RS DAR:, Rl A A 5 AR
BOR—BHHR T EDE A S R . AT, B
BRI AR ROR O iz N TR A B SRAAE
FRAEHE AT AL E B, JFRAS TIRZ T ER
% 5 26l

P, 120 S R A0 35 A 1) IS P T 9 R B8, T A
SRR T AR f5 . H B AR AN 5 A A A
RRL ) BB AL B L 22 il o R A5 A8 7 A 4T 3 £
R B I R — . R AN SO A5 AR ) R
TR IR, ITTaf HE S 380 A 40 0 0 3 R R 3
ATRAZ N A B WDBERT B, AR B, AR B

* LA HARRN RS (S C2013202192) B Bh 1 UREL
T #E/E#H. BE-mail: yongz2013@163.com
© 2015 FEYIEFS Chinese Physical Society

DOI: 10.7498 /aps.64.248701

AP B 7. TED BRI B, S 2R 1 B B 1E AR 1Y
I A (10710 s) PTARLEAED R, AP 70 1 A0
HEIA B B K g3 R A AU, PR AR
B s B, BhES 2R AEY D T L
PEHI 51 g0 N (B AE 1072 s ), IRASH/E
Yooy ¥ JUH & DNA 73 745 RO D RE A T8 38, ok [
SE N R AR 5 RE NS OIS LE AR B AL
TR 48 S B 5 AT WA SR 70 2 Ja I RHL . 70118
SR I TR A A R e e B b
B2 2 5 KAV 22 — &R i A2 AR A0 SO
IR BB A 2% i BN 3 R AR RN
TR A 50T, JE IR AE RN R )
THREMI SR AIAMARSET:. i B AR ST5 2E YR 1A B
PEF R AEAFIRS SR L AR, B2 WA 1
BUEMEIRA A e R, HAT, HB R A 5 A R M
FERGRI R A o TR 2 A D PR G 145 07 T
BF 50 A R3E 0121, A 437 KPR R B 2 A
PRIEAR B30 77 2 A T R M A 4

I R TR R 2R A — A E B L AR O A )
AR ERERE, ShPD 5401 i) 52 0TI AP A5 2

http://wulizb.iphy.ac.cn

248701-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.248701
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 24 (2015) 248701

“JA B AR SRR O AR U TR I S AR
RErp R« R AR R A, I < Hy i Y A
PIAF A5 BB AR A R B IO OC R 11T <O
B A7 R SRR R B IS R A B
R AN RAEY) B S5 R D e 2 2 R IR 3T 6. B
A BV T BT A LA TR B A R -5
BIRR, M ICIEXS R « D80 208 -7 B2k 2R
2RI BOMERE. Dyt SR B AR SR 5 AR K
S PR BEAR AR R0 PR R R B S AR i AR LB A
TR AR B AT EEE X

2 MAEET

F, 2 8 S A S 1) e L B AR A Y 2 HH Lee
Al Morrison 8] 2 37 (U BE A R [ 35 X DNA 45 K
I EERNIR, Chadwick #1Leenhouts [*9) 3 i3 #f
FUHL B AR S DNA [ 58 453 7 AOUURE 47 £ 3o R i S
Ty B S 2R S O AR A AR FE A Y RN 43
TR BRI B R R AESR I, E4AH T4
OS> 90 S E A A E R SREN LR, H
5SS MR A B PO Ay T AR SR R
B, 20 i 2.7 DNA 4 1’735’]@5@%[”'&5% g 2122
FEMEFEA ) NATTEE ST T 40 A HE 2 A 40 TJJE’JTIA}/E
B F AL 2324 i, Manabe %5 22261 2 T
H, 5 6 S 0 6 5 A AR [ R AR A i R 2
RSP M RIR A HH O, R B 2 R AR S 4547 5 Al A&
E. T8 I 5 /)N B4 PR R AR A R 1) S 6 AR 3 AT

&, WERM I RAS . B SR  BEIR B K
@fQHJH@QH/A}:{/\ijEE%%EﬂE%AMS 758 Rk
N ERR I T B e T FEA.

TR G M, H s AR SRR F R IS 1) X A
W W5 A S IR AE A R AR R ), R A
RPN 0 S L B AR S R A AR T B . AR
0 O R AR O] 3R b BRATIE 2 R S
TP T B A2 AME, M7 K R e A
ARAS B R A I ) ) 2 B, P 2 4a M
f*%éﬂﬁi MNP, FEREAR R AR RS ]
DL A= IEEES . AL MBUEES L. 1E
%?QSB%?QSE@%IE% PR, B0 R N R
P, T BUIEAS K 2 76 Fh 1 1) B R 0 %)) 8 1 A K
TR BETS. 7E H B 5 S 2R A T A RS Y g
K1 .

R FIRE RIS 1 R AT AR IR N

zo(t) = (fo— K1 — K3) zo(t) + Hix1(t)

+ H3wa(t) + ¢(t)xo(t),
i1 (t) = Kiwo(t) + (fi — Ko — Hs) 21(t)
+ Howa(t) + ¢(t) 21 (1),
Bo(t) = K3xo(t) + Koy (t) + (f2 — Ha
— H3)xo(t) + o(t)za(2), (1)
z;(t) (i = 0,1,2) R Z MEHEAA T BREAEHL
E‘;*ﬁﬁi&}ﬁ, FIRAS AR R A B 5 2 )3 — A 26 A
in(t) = 1. fo, f1, fo NOMIRTES B 5 191E NAE;
Ky, Ko, K Jo 452 MRS G385 D Jors i
SRR A R WA B, 3R RS R R ) AR A I B
WA H B HR B RE =, RN Gy, 7R B NGRS
&R 2 BE T R, B REEMNT) — 1 8%
Ip — LT — o, 10 FE B FE SHE A SR R B =X
FAF IR AR /NOT LA RS Hy, Ho, Hs 70 HINEZS
2 (B FAE G IR u N AR BEAE 5 1 H S R S
WA 155 ¢>%?ﬂﬁ%ﬁﬁij{d\‘fﬁiﬁ‘ﬁﬁ)\%ﬁ, B1H

AT S B RE AR (0 T 238 B (1) E:ﬂxz
BEUR AL A2 401 T BMTR 21
xo(o) = SO7

1'1(0) =0, (2)
LI,‘Q(O) =1- S(),

o, So RMMIFE B IRFA T HIAEE .

mgéx g%s

EER (1)
PNy PN
PUAZS (1))

BOEZ (1)

K3
Hﬁi

Bl 7 H B e S R A b BOIR S Z AR e A
Fig. 1. Transitions between the states of a plant pop-

ulation induced by ionizing radiation.
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Fig. 2. Properties of the steady of the radiated plants:
(a) The distribution of the relative concentration of
each state versus radiation dose; (b) the survival rate

versus radiation dose of radiated plants.
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Fig. 3. Properties of the steady state of the radiated
plants with the plant repair effect: (a) The relative
concentration distribution of each state versus radia-

tion dose; (b) the survival rate versus radiation dose.
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Fig. 4. Theoretical analysis on survival-dose relationship
of the maize inbred line radiated by heavy ion: (a) The
distribution of the relative concentration of each state ver-
sus radiation dose; (b) the comparison of the theoretical

results and experiment data.
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Abstract

The plant mutation effects induced by ionizing radiation involve a rather complex process which is composed of
physical, chemical, biochemical and biological stages. Nowadays, although ionizing radiation has been widely used in
plant mutation breeding, the theoretical explanations for the mechanism of the ionizing radiation caused plant mutation
effects are insufficient. Especially, a saddle shape relationship between the plant survival rate and radiation dose is
found in the mutagenis effect of ionizing radiation on plants. The underlying mechanism of the saddle shape relationship
remains unclear and challenges to all extant models.

To explain this relationship, a damage-repair model for the plant mutation effects induced by ionizing radiation is
proposed in the present work. Our model is based on the rate theory of ionizing radiation in which the cell damage
and repair are taken into account simultaneously together with the micro- and macro-biological mutation effects of plant
caused by ionizing radiation. The states of the radiated plant individuals are grouped into three categories: normal,
damaged and lethal categories in our model. The evolution dynamics of the relative concentrations of the three categories
are determined by a set of coupled equations which are mathematically the same as the Crow-Kimura equations in species
evolution theories. With the numerical solution of our model in its steady state, the relative steady state concentration
distributions of different categories of the radiated plants with increasing radiation dose are obtained. It is shown that
without the plant repair effect, the relationship between the plant survival rate and radiation dose appears to be a
conventional shoulder type one. With the plant repair effect, our model gives a saddle shape survival-dose relationship
which has been observed commonly in the experiments on the radiated plants by ionizing radiation. To further test
the model, the experimental data on the inbred lines of maizes radiated by heavy ion “Li are used to determine the
parameters of the model. It is shown that the theoretical results are basically consistent with the experimental ones. In
addition, the mutation characteristic of the survival plants also appears to be a saddle effect-dose relationship, for which
the theoretical model could also give a reasonable explanation. Our damage-repair model explains the saddle shape
relationship between the plant survival rate and radiation dose, which indeed illuminates its power. And it provides a
theoretical basis and reference for studying the biological effect mechanism of plants induced by ionizing radiation and

conducting ionizing radiation plant breeding.

Keywords: ionizing radiation, survival-dose curve, theoretical model, saddle shape
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