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2 CPERERR

P CEMREEZ B

b5 100049)
220 730020)

WE FHWIHREREY 80 MeV/u MURRE A TR (EFE: MG20) A1, Eidxt M1 ARk,
FHEE, SCHORGTENNE K DNA FELEE BTk B 7T M LET Bk AR 0 7 RKAR M1 ARHIARSGAEY)
TR GERRY], BRE T AR E KR T tkm B B IIEIER . AR ay SRR
g MREEYEIM TG FRCRES, R b RS RN R B R N R R E s 2
RAPD AN 48 HE J5 AR () DNA f8 80 ES AT 087, @ 28R 15.483%, & AEHEAL AL 2 [R] AR A
HAE 0.710—0.863 [a], #AbTEL [A] AR LTE 2 5505 40 T S e B B RO R 1, ER S R AL S R I 4 2 ] A7
AR ZRE IR B TR A IR T, B IR AR, & LET 48 oa i kiR
FA BRI AR, RN B 5 R IE R4 DNA IR T —E R T2 S ER .

KEEE BETFHR, BER, RN (RAPD)
FESES TLY9, Q691.5

H AR (Lotus japonicas) X &4 ffE. FIH
M RG, AZFEETREKREREAEY, Er
TR X, FEH R 2 02 FidE, A
FIIREE I 32 1 S A B 8 FRAME S S o iR R
s 2 R I R AR P 1 SR A
HY), HABURREE BRI T MR, AR
& AR AKEE, — A% 3 8N
FERH K /NFHRHELIN, 2908 472.1 Mb, &R 2H 4514
T E, ARSI A S R AR i, O 5 ik
DI D) 5y s AR FF R K e, 3 6 IR 1 v 42 o 25
RERIBERIEG HA, AR &R R
OGO, TR N G R, ARG
[ BN 52 22 00, IEAF R ) i AR e A2
R RGBT, TR Y A B = LS
LRI BH, Bk 2 10 Sh g L R A 4k e e e B
K 22 500 1 AR AR s PR e B AR K218, Fh
TREsRE S, Pt mRYE, R E FhE
K, DRI SR — P Y R 1T v ) B R ok
X BRAR AT 18 A% o R B R 5 3.

FE SR B PR A R P B 1 15 A2 R
=, WAV AEBAE AR R, NIRRT I A] A
PRAFE A A FRAAR, IRYE B Tl HARIE H BB Al
FERL LHJUH4ES, EASMERR N A F Fh AR
AR T RERG KRG T2 VIR R R
Fofr, AR SR S B R AR 2R R A X SR
y SRR AR R . ATAER, LR T DAHRR Y
PRI AP~ R T A — T 46 32 DT B e At
FAR IR o B TR AL BT R A VTR RE R RCK,
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A2 N AR B AT, VF 2 8 RAR AR 2
FIEYI P ARARIRTS, Widblrg T, B0, RRJYE. M
B RORRUE A E, EAH A R,
BT IRR N SR IR AT SR e F6, 5
fr B Bk ok s SRt S RAR T kK7 BUIR
/T DA T ) 5 1 BRI AH O 2 ok 4% il 1 T e
Ve, TORHE A8 1 AOE A MO TR AR | A
AR, AR SR PO ER B SRR AR A
T, AM1ARBIRRE . FEFE, 4R S5 & DNA
SR L S R O NEY ¢ I
PIZONE,  CASI O S8 R A 5 A 1 R 7 P S
Fiti K3t o

1 MRS HEE
1.1 ERES

AR (EET. MG20) i1 [ B2 B
AR A R I ST B AR A AR B A S AU A
W o P R AL FE T AR PR 10 min, Z&TR Kk
5—8 i, Wi TJEER T EAN 16 cm LR, %
FRERER 0.5—0.8 cm, 7EH Fis E—#E T4+
HIESL. W& N: (22+2) °C, 16h /8 h i,
5000 lux YEHEGREE, 60%AHX i E .

12 EEETAIERE

TFFCE T 35 mm x 10 mm (IR MA, F

FH b B R 22 B 3 AR BRAE 5 BT =5 M B B 1 In e 2%

(HIRFL) $2 AL &1 Rt AT dm i i 2, ¥I4hRE

4 80 MeV/nucleon, #4555 7514 0. 204 50
100, 150. 200 #1300 Gy.

1.3 AEKEIRIRRREN

1.3.1 F&#ZAMAHME  BHAEK3S dHEKIR
MR 34y, BEANCMERREST, HOR
SPRREEE E KRR 8 E AR, 105°C %
# 10 min, #R)5 85°CHL 24 h, FRELTHE. XAEK
40 d 1) BIARAE AR i ok 3oy 2R 0K, BASR
132 tbéezsheanze RECREENER
BB SEA IR AU a3 B A R ZEUA R 35547 1)
MR REER (FW) JEIIAN 80%ARRAR, &G
ERGR LA TRE . LL 80%NEIE R NS, H
SP-756PC AU A1) UL 4y 6 6 BE T2 Sl e A s 72
645, 663+ 470 nm LLHIEEEAE, 4% a (Chla),
M4t b (Chlb), KMHEEE (ChD) MEHE MR

(Car) WE (mg/g) LA FARIIH:
Chla= (12.7A663-2.69A646) /FW

Chlb = (22.9A646-4.68A663) / FW
Chl= (8.02A663+20.21A645) /FW
Car= (1000A470-3.27Ca-104Cb> 229 /FW

133 #FES T/ FrARR® 3 RESE, il
AFER ] SPSS17.0 Gt vt 43t 4k A4 3555 a] 1y 9 14 L
2K H Duncan 7%, DL p<0. 05 NEZEHMZRKF,
BREEY N TP E £ SE”, ANETFEHMUERAE 0.05
KV EHREER.

1.4 RAPD ( Random amplified polymorphic
DNA) 43#f7

1.4.1 DNA #5440 KA CTAB EMNAK 30
I AR B R R OIS R 2H 8 DNA: (1) 65°C il
4 2xCTAB(1 mol/L Tris-HCI pH8.5,0.5mol/L EDTA
pH 8.0, 3.5 mol/L NaCl, 2%CTAB, 0.1% [¥] B-3%
WD PFEHR; (2) BAIEFENLIER 5 B E AR
B 00y (PO HIR S R H, RS JE NN 650 uL 11
2xCTAB, T 65°C& & 1EIR 1 h, A &3 JLIKk;
(3) IINEARFRA -l (24:1) HRE),
B 10 min, 12000 r/min B> 10 min; (4) B &S
#EE 2, A 350 uL NaCl (5 mol/L) 1 500 pL
SERRE, #2251 H B T-20°C HFYTHE 2 h; (5)12000r/min
B0 10 min, EJEA W ZOUR DNA JE, 75% 0
VEVRDTUE 2 IRJEIET, A 30 uL /% TE (10 mol/L
Tris-HCI, pH8.0, 0.01 mol/L Na2-EDTA, pHS8.0)
s (6) H 1.0%35 e e VKN DNA Jit & i3k
ATREI, 255 TSI AT LI RE & DNA B T-20°CUKAH
RAEEH .
142 PCR 4 ¥ #&n  HHRBEVLS Y3 H Lk
AT A R, PCR N AF (Golden easy PCR system)
T 3 RARAEER, (bR HRAF . PCR ¥ 151l
FZ£E Bio-RAD /A#] MyCyclerTMThermalCycler
B . PCR MK FR N 20 uL: 2 x Reaction Mix
10uL, DNA #fR 1 pL, 549 1.5 pL, Taq DNA %
4/ U, LHWK 7.2ul. PCR I HIEF: 94°CTHAL
£ 5 min; 94°CAPE 1 min, 35°CiEB/K 1 min, 72°C
ZEfH 2 min, 45 MEIR; 72°CIEM 10 min, 4°CLRAF-
PCR ¥ 347 WIH 1.5%E e WEHER KA T 70 25 o
143 #AE%TEH GOt B ATE, #
[ 35 e M IR A R A B DNA A (10 kA7 3
W, e “17, el €07, IS EdE A
NTsys2.10e FAF AT AT
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2 #R
7R I HOBR S T B R T BRI

MAREEE (TEHKD) e 7K ERIR
A, THARRTYFRMGE, B DA T8 5 2
HrEfEE R E KB E R R —. AFEFE
PR 25 - SR S 0o AR Bk T £ i L 5 3
FIVERH (B 1. 20 Gy AR 5% R 7E T &

2.1

(A)

The individual fresh weight / g
o

0 20 50

100
Dose / Gy

150 200 300

The individual dry weight / g

BILRENER, UFE=50 Gy i, TEEHE
FETF R, BB TR, 55 IR LA
Et, 50. 100, 150 200 Gy Ab¥f2H H 1 5 flf 5 5
HIFEAE T 39.4%-. 58.9%-. 61.4%-. 65.6%F1 40.3%-
51.5%- 55.3%- 62.2%. fi7l& 300 Gy AbHEZH A4
Ve B GXIRAALL, JLPAE AR, HT6EE
AU XS HEZE Y 18.1%F1 18.8 %

0.08

(B)

0.07 -
0.06 -
0.05 [
0.04 -
0.03 -
0.02 -

0.01 F

0 20 50 100

Dose / Gy

150 200 300

B L BB 0t 7 AR bk e o (AR T . (B) I 0. a—d ARRAE 0.05 7K B B %R
Fig.1 Effects of carbon ions irradiation on individual fresh weight (A) and dry weight (B) of Lotus japonicas.
Compared with each other, ** p<0.05

22  AREIFIERIRE TR B KRS IR

MBI EER SR —, AR AK
40 K HE BARBE SBE T it b, 45 SRR RS T
AR SR A BIAR R s A R IR, e 2
P BEAR S  ET E R R s (E 2. 5
SHELHAIEL, 20 Gy 48 MR 4L ik v 0 W it PRIk
T AR A S A P ke v )l B T X R 2 . For, 50,
100~ 150 1200 Gy AbFEZH ik =143 B BFAR T 20.6%-
21.8%- 38.6%F 62.5%; SHEIKT i E A —FL,
B 7T & 300 Gy AbFEAH (P RE AR AR 4K 52 380 2 B 0 i
PR EA AT FRZH T 8.1%.

TRFENRBTFRIBRRELEBESE
HIFZAR

VEOSREMIIE & A F R 5 A OE RE M 3 22
MBIt ER, HaREMEHE RS EN T
PRI (0 SO U 3R 1 R T AN RN R s
TR O BRI Aot B R S B HER
1AL, ARG TRS, R R B4R R a B
ZRARAMRAE DR A BRI ST 5 R

2.3

#, RIfE<150 Gy 440, DL b3 MobfltaR& &
B — A I, B R &R, w7 200
H1 300 Gy AbFRZH A €28 2 B -5 0] JE ORAR AH [F) 7K
SPECH RS T 0 IE . HERE b BISFS 2E R I
I IR A5 3 T S P AIC i 3, {H2 20 50,
100 1 150 Gy Ab#H2H 5 X} B8 2 70 B S5 22 57, 17 200
300 Gy JbHRZH 2% 3 b 12 2 U B BAR T XS HE 4.

22,5

20.0

—

175 | d q
15.0 F
125 F
100 | b
75 F
50 F
25 F a

0 1 1 1 1 1 1 1
0 20 50 100 150 200 300
Dose / Gy

The plant height / cm

B2 R TR AT RKAR bR e O 5. a-e ARARAE 0.05 7K
FEAREER

Fig.2 Effects of carbon ions irradiation on plant height of
Lotus japonicas. Compared with each other, *°p<0.05
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1 BETERENARLEERESENER

Table 1 Effect of carbon ions on the photosynthetic pigments contents of Lotus japonicus

&/ Gy M4t a/mg-g”! H4tE b/ meg! HMHEEE /mgg! K% PR /mgg!
Dose Chla Chlb Chl Car

0 0.32240.049® 0.14140.021° 0.46440.028" 0.06540.005%

20 0.41340.010° 0.13640.002° 0.54940.009¢ 0.07840.003%

50 0.43440.008° 0.13940.004° 0.57340.013¢ 0.08340.001°

100 0.38340.024" 0.12540.005° 0.50740.029% 0.07240.004"

150 0.39140.028° 0.12740.010° 0.51640.034% 0.07640.007"

200 0.34740.030% 0.08940.019° 0.43640.024° 0.07040.006

300 0.2707£0.014° 0.08940.006° 0.36040.017° 0.05540.002°

H: a-d R 0.05 KT LHEEEZER.
Note: Compared with each other, ** p<0.05.

24  TRFBHBETRSEHREEEA DNA

8 RAPD 4 #f

A BRI K A T LS R R AR E
VEIR S AR BRI 203, O T — IR R T R 2R

KABhr M A AR R T DNA /K B RAE S Ars |
), N RAPD HiA Nt R ZH FALBEZH DNA 3k
1T 7RSS A BT, AN 100 45 10 BiZE 5] 4 b ik HY
59 Z&Y sk taE, EWSIYE T RS . &
2 AHT RAPD 434710 59 25BEHL G901 7515 2

£ 2 RAPD T ARIESI Y REFF

Table 2 Primers used and their respective base sequences

5|4 Primer 7% Sequence 5|4 Primer 7% Sequence
P1 GTTGCGATCC P31 AACGGTGACC
P2 AGGATACGTG P32 TGTAGCTGGG
P3 AAATCGGAGC P33 GGGAGACATC
P4 TTGTCTCAGG P34 ACCCGGTCAC
P5 CCGAATTCCC P35 TGGCGTCCTT
Po6 GTCCTTAGCG P36 GAGTGGTGAC
P7 TGCGCGGATC P37 ACCTGGACAC
P8 AACGTACGCG P38 GGATGAGACC
P9 GCACGCCGGA P39 TCGGCGATAG
P10 TGATCCCTGG P40 GTTGCGATCC
P11 TGCTCTGCCC P41 GGTGACGCAG
P12 GGTGACGCAG P42 CTGCTGGGAC
P13 CTGCTGGGAC P43 GGGCATCGGC
P14 CAGGCCCTTC P44 TGTCGGGAAC
P15 TGCCGAGCTG P45 GTGCGTCCTC
P16 GTGACGTAGG P46 GTTTCGCTCC
P17 ACGCACAACC P47 CAAACGTCGG
P18 CCCTAGACTG P48 GGTACTCCAG
P19 GGATGCCACT P40 AGGGAACGAG
P20 AGACCCAGAG P50 CCACAGCAGT
P21 ACATGCCGTG P51 CCGAATTCCC
P22 AGCCAGCGAA P52 ACCTGCCGTT
P23 CCCGCTACAC P53 CATACCTGCC
P24 CTGCTTAGGG P54 TGGGGCTGTC
P25 CAAGGGCAGA P55 TCCTCGTGGG
P26 CAGAGGTCCC P56 CCACTCGTCT
P27 CCCAGCTGTG P57 CTGCCACGAG
P28 ACGTAGCGTC P58 CACAGCGACA
P29 AGCGAGCAAG P59 GTTGTTTGCC
P30 GGATCTGAAC

030204-4
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Bl 3 R 4 AN By . iR 2 v 59
By 1974 4, Fo 400 N2 %
Wro HXTIEAAILE, 200 50, 100. 150. 200 £
300 Gy A4bHE 411 RAPD #8415 2 5 3R 1E 15.232%
—28.625% Z[f. 59 % RAPD FEHLGI ¥ 3k
20 Gy If] DNA B4 276 46, Hpda (JRiG
TR AE T H & A 1 DNA 4407 26 4%, Bk
i CH S TR A I DNA 26717 40 %% .
50 Gy fI DNA 4647 274 4%, HAugigas 31 4,
BRAT 47 250 100 Gy [ DNA B2k70 269 %k, H
s 28 4%, BRIGAE 49 4%. 150 Gy ¥ DNA
2617 285 2k, FLHHiF 29 2%, BRRAT 34 45 .200Gy

1) DNA &5k 302 2, HAHmgar 29 2%, sk
M 17 %6 300 Gy ] DNA B4 278 4, Hdgr
W 29 %k, BURT 41 k. SXTIRA IR R DNA
P& BB HAAL, EIRAEAY AR HA
WA (R 3 AE 3), X7 R ER A
AL RTE R A B B TR B 2 A T S A a5 . SR
NTsys2.10e A Gu vt 2 Hr A [F) 77 b 2 7 R AR 5 Ak
R E AR AR AME R 2L, AR IE 4. R 4 7]
7 PP AL ER ] A AE ALt R ELLE 0.710—0.863 Z[H],
FLAE R/ 5 4 S 90 2 T B S R R I, (R X R
HERBHZWAA—ENESE, XEARET
FARRTE — E R Lo T H BKAR I8 4% 2 FE .

M1 23 4567 IM172:3°48556 74M 1 2 3. 4 566 7|M1 2 3 4 5 6 7

B e . 8.8

4 A o

B3 VU BIRHRIBARHK 1 41 (M 2 44 P1, P5, P30, P45): M, DL2000; 1—7, 0,20, 50, 100, 150, 200, 300 Gy.
SREN TP RNV E 203k ¥ g
Fig.3 Amplified band patterns of carbon ions irradiated Lotus japonicas by 4 primers (from left to right: P1, P5, P30, P45).
M: DL2000; 1-7: 0, 20, 50, 100, 150, 200, 300 Gy. The white arrows indicate the polymorphic bands

23 59 KREHLS| WY I8 & o

Table 3 Analysis of amplified bands of irradiated Lotus japonicus by 59 arbitrary primers

#IE/ Gy S¥ i I [:0F i ik i ZEE %

Dose Total bands Increasing bands Flawing bands Polymorphism rate

0 290 - - -

20 276 26 40 23913

50 274 31 47 28.467

100 269 28 49 28.625

150 285 29 34 22.105

200 302 29 17 15.232

300 278 29 41 25.180

R4 TNFELIRHEZ B FAE B RE
Table 4 Similarity matrix of Lotus japonicus irradiated by carbons

Fl&/ Gy 0 20 50 100 150 200 300
Dose
0 1.000 - - - -
20 0.803 1.000 - -
50 0.767 0.737 1.000 - -
100 0.770 0.770 0.710 1.000 - - -
150 0.803 0.779 0.755 0.758 1.000 - -
200 0.862 0.809 0.815 0.811 0.863 1.000 -
300 0.788 0.776 0.728 0.802 0.770 0.842 1.000
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3 TWig

KHALISKR, FIH TREBEHAT S EER N E
CUA R R, H Al P 5T & B 1) 25 [ 4 o
BRAEHRE, HEHTEERNE AR E
PR, AR EERIA L A A S (AL 7 B — 25
Flo AR, HE TR E B AR RS AR
S LET A1 RBE, B 15K £ 1) DNA KA
BEIT 2 R fgeAn A, TR DR LA 7 AT SRR B T
ARG LA — S S S Y A B At A 45 2
R R o ASHIEFE DL B KRR AL, B T
78 LET B3 FAO0 H M1 ARAE K A FEFE 5 2 DNA
FROUEE 2, R — PR R LET S 448 5115
BHEM. MRS R B T AED AR S5 56
REFE A

FE A P B 2 S AR AR 2E KR I 1 B2 F R b
Z—; VEVINERSHE S E MRS, BiE— 1 E
B IE R AR A RAR AR, R Bl R EIR &
PR S B IR 2 —. B BKIRE N —FhE
B, REREE I = B LA IR R B R AR
HREEEEN B —, BRI — N T K5
Sy REMRIE R AT R B I X REXTER S — e R E 5
TAEFRIFIE, 16 H AR M55 A bt g E2E
F o AT 7045 SR B B 25— SR S0 T AR Ak e
T FE A PN, X5 BT A KA AN K AR
Krysm—3 7, /NFE 20 Gy ALFRZH 50 IR T 2
EER, HFELE 50 Gy LR, Fke T E
BEFI RN PG, H5X IR ZEREE . X
TN TR T A0 B AR 175 AR OB Bt 1 =
S {EARFRMIFIRIEEN, 20 Gy IS TR
FEASIE LUK AR () A BotR 0= A= B SR (e g2, A
50 Gy #2, T BKARORE = A T S R 4632 B W 10
S22 558N 300 Gy I, fERRIIAE K B4 32 5
2 (4 DR 100 Gy 245 FOBR B —F SR S i
G AR TPl 15 A A B

PENFEP A A R RS S A e RE 1) 32 Bt
R EER, HEERMEHE FRNEETRLS
FELRA (0 A T 1 DA A o P8 0 3 o 1k o e,
AT b A 2, 2% 1) 5 B 0] Tk 25 R S D i 7 R
UK. W S L R OR AT 2 R A B S R A
MR RIMT SRS, LERRIIE % 57
Ih— AN RATKR R R S B SR M, RATRIRE
FGE RN AR A IO 4828 ay TSRS
S MR SRR LT mERRAES, 7R
R EA GRS ERS IR . SLRIEW, KilE

HOEEE P EER IS SR T E A N EALhI (A TR k=K 128 )
B RMUAA = A B R 3 R R i A ST T4
T3 RT R A2 A DAy o 2 g B A ) A s 3 230 (1 52
HA QU RN, ARFH R R DA RIS, 1M w7
U ORI RN — 5 TR B PO ok 1 1 SR A
A ET AR AR ™ A T G OV, R T O R TR
WU T 53— J7 AR 4 S RO R — 2 R
FEf, BEE IR ARG I Bt & RN E 2
EXIE D b7 NI TR o (N e e NSRS

RS AR AT 28N L IR R AT AR AR Y 5 AL R
I 2 B R R A AR R A B R AR e A S5 AR o
RONE; A AR R 51 ) DNA KT B3R,
SR 51 R AR 2 AR A B R AEA% ) o 4% 14
Lie Y, RAPD R ©L4 RS 8 7 S
SRR DNA 2T, 523 (a4 4 7 Fh
S F AW FEAKCE BB, 4 s 4 iE
RAPD BOARNS PEFEBIRGH) “RE 587 KR K
TERAL R HEAT 2 VR W B, FEY 1Y) 200 2 2%
DNA FBHFA 5 ANRBUER T 2850 ARICRH]
RAPD BN A [ 75158 15k 125 5 AR S5 1) 1 DR 2 1A
/1 DNA HHATHRGUEIE 2T, SRR YIS ALY
X PR ZH I A A 7 e . BRI 22 e R RN
RAPD 3551 8 H (i R 2, 7 33517 S2 )5
S . FTRERJE PR R K E TR A 5] A
RAZ, DNA Fr BABA KRR, TIX LR AR AT RE 5
L SIS B R SR AT S B 7 A B HE L
RAPD 734145 R 70 70 R I Ha A A ER A A 512 1 244K
FARIEFIZ DNA 1224k, X B 78 B 1 AR o4
FI AR RS RO RS 3R 5 T 7P HIESE, E
RGP I ZE R T R 1 2 M2 AR R
VIR AEAER], BATEAERE . Bk, A8
o B AR S 2R, R B Tl B TR
1 AR S R AR (70 T WL

ZR PR, BRI TR R AT R A B R
W ACHRA RN, RS AL T BRI A K
B, [Fr G 7R NS, AMaR,
TR E AR SRS A R — P s
¥k, HHEN T TR HHR R BT AU E R 1
AR, R B TR IR . LET R,
FIEPL R IATIRAH &, R E AR ER T
TR AT, DIWERIRAT A ROR AR Hk, fEBL
ARFFLEEAL L, W RAPD i A 48 R vl it A%
M 2 RAE, AT BOR OB, DR DL S
DR, 3B I 1 e [ 8 % 2 B 45 5 (0 7 2 ik
A0 R At 3 B 5 A AR LB EAT IR AR R

030204-6
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Biological effects of carbon ion irradiations on M1 generation of Lotus japonicus

DU Yan'? LI Wenjian' YU Lixia'?
LIU Qingfang'” CHENG Gang’ LIU Ruiyuan' LUO Shanwei'? ZHOU Libin'
1 (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)
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ABSTRACT To investigate the M1 biological effects of carbon ions on Lotus japonicas (MG20), dry seeds were
exposed to 80MeV/nucleon carbon ions at doses of 0 Gy, 20 Gy, 50 Gy, 150 Gy, 200 Gy and 300 Gy. The dry and
fresh weight, and plant height of M1 seedlings were significantly inhibited by carbon ions. The contents of
chlorophyll a, total chlorophyll, and carotenoid showed the same trend with an initial increase, followed by a decrease
with each dose increment; meanwhile the content of chlorophyll b showed consecutive drops. By using a random
amplified polymorphic DNA (RAPD) technique, the variations of genomic DNA fingerprints of the seedlings in
control and treatment groups were examined. The 2,238 bands were amplified by using 59 primers, and 400 bands
showed differences, and the total percentage of polymorphism was 15.483%. The genetic similarity coefficient among
the control and treatment groups were 0.710—0.863, and there were no obvious correlations between the similarity
coefficients and dosages, however, differences indeed existed between the control and treatment groups. In brief, all
the results showed that exposure to carbon ions had obvious biological effects on both the development and genomic
DNA of the M1 seedlings of Lotus japonicus.
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