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e tah? ROCR M Bk L ghEsg M A
MULLAE D R ULY BKEMRE R OBEES R SR

U CPERREEBE A E ST 22 730000)
PCEMRFE MRS TR RS G W E AR E 22H 7300000
BE AT 6x108cm™. 1.8x10° em™ A1 3.6x10° cm™ [ 12C%" T2 7048 RO WA R D 3~ M1 ARZE ) 2k
ARFT DNA 4312 AVES R0 . 6x10°% em™ 5 fACTE i 5 A2 SRR & 2F R 48, (et Rbkpkes, Hamiehy
35 0 o T T2 Ak FEA P BRI~ b T 5 ey e N R AR P AR v, SRR R R, R RERR, 3.6%107 em™
AR SRR TR TR S i S R AR LE Sl s T 16.5%F0 19.9%, BEAME SR T AL R I T ek
RAET AN . FaF AL ISR DNA 43774 7 56m, JI% K 14 ANBEHLS [ 4rn] DAY 58 Hs i, e

EE IR DNA B, f 52 M2 AP DNA F B, R 52.5%.

XA PCUEE T
FESES Q691.2,Q691.8,Q319"3

BABR( Linum usitatissmum L. ), SRR A i FH SRR,
J& TRk RHLinaceae), —HEAERAKEY), &S
KMEMEY 2 —, H= 8 G-t . w2
FETIMEAR EL PIRE. SEE. PR EH R A2
SIARAEARAC R X, B O RMEY 2 —,
it 30%~40%, o o- VR & 5= AE S0%LA I,
TRRA G, MR SR B 72 mT LU A
F o B8 TR Ry AL (8 P 2 Ak, 0 AT R A
SN = A 0%) i AP TR ERUZ) 81 R RO Y o2
P T Atk ™ 4o 5 bR AE e ) = 20 A T
b, Z AT 50N, A H BRI T L) R,
LB T RR (1 IR AL 2 A R R b 7 80 . T
M &5, R T 328 T DR b DX IR AR B AR P AR 8
BHARICH W o uT SRR SEBR 2 7= AR G Ui P
Zey RS IR A AR S A 2 R, DAL
TR A B T R B B SR I SH BT
AR,

5y st AL, EE TAERREYE
WA HVFL IR, tetn: BB RRAR R,
LR B IRA S FEAEOL N, FREEEE B ARG
TACHAS, A FEDURT, N 20 4l 80 AR
IR L T S T A ARG . B
HATHE S AN e PR ED S LR EE Ty

WRRRE T, EEE%0N, RAPD(Randomly amplified polymorphic DNAs) 7

I DT TR, e 2l /7 K <pets 2
SN R, 33 T ORINAEAE O IRARAR, FEMRME
W) EABRREAF ) T w2 st
RS TR T EREMR T "CEE T
FOSHARRIERRAAL S P dhER . ek S
71 5% DNA 71 2 2 PERE T T (KI5

1 MR 5RE%
1.1 #

S AAARL A 22 N 2 1 v B R R T
1.2 EEAEAE

B RR A1 2 A 22 M HE B ek g [ K S =
(NL-HIAL) 5 & 7 JF 5 3¢ & (HIRFL)TL2 %y b 1
ATARIR I . LM B I B A T P,
SRmEEMRE . BEE. B B AR
EFE SRR 1), FZ e a g &, FE
BRI ECH R SR v AL, AR R A wE R A
KARBESRAT FIHAT . WURAESABR TR 3+

AER N 80.55 MeV/u, LET 4 40 keV/um, & HF &
A0 (CK). 6x10%, 1.8x10°, 3.6x10° cm?.
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1.3.1 K FHFa K 3F Fmle RN HE )& 25 G i
2000 Kio A EFLAFH I bRHE, 25 5 R0 R 2F %
AT 0k, KA R A A AT O
s AR IR T

R =

132 #HF ARSI ST 3 k4
iF, FEAACEE SR 30 B

1.3.3 W AMEAEHMZ SRR A
RIS (1) 7 2R R 32 R 2032 B AE K S min, 2 )5
R MBI A SR o R Sk = 2RI DY A M (TTC)
AR SHRRAENN S 1o ik s B A AR TR
(F462 5~10 4>, VIWTE2 s, A eppendorf %
o, BN 100~400 pL 0.2%TTC W, Hoem
162y, 76 30°C A9t 30~60 min. HUHAEZ, #
TEI b, FIERVE I AR, R hife 2 ZyRed
gy, 56 LB B0 MLEF BRI . MLAERY AR
CLPIIATIG F1, YOS Jliai; oA B
EEIRT NI 20 R I 1/ N | I/ WS 1 il i A
oo e EETER RN L

= R 3

134 FHARKERZEFTHE ERHPN
BEANGR IR - BN L 30 Kk, Sovh & BRI
e, FE MBS, brid. T ENETHFZ )G,
SRR, FREUEE, guikke R, 2R gt
FAN OB FE TR 8. R SR SORN Pk P o 4y

BRI FIIARMAT IS s s = DO

x100%

MRAL
P Ry )
FARR PR = 7*5@&
1.3.5 hfgaZ e K& IR B I KA 1

VeI, O ARE 10 g, IMAN— A AR (&Y
2g), FAFEE. HI AR (30~60°C) 1E 40°C/KH
BRI . B8 2 RuERVOE, AR S
W, FH AR A A R AR R e . iR
DA RS OB — 2, ) 2% RN i Ve

BEATR . N 1~2 g Jo/K B BN 25 5% B 7K 7
ZJE T 80°CKM A % A AT M IE Bk BT R )
MR, SCRER 3 K.

o EFLOGRR A T
o = x100%
b e = L0 T

1.3.6 RAPD(Randomly amplified polymorphic DNAs)
a4 (1) DNA $EU7E HOM A 2 47 4 e 1 g
H, AEANSRMER 20 ¥k S Doyle 5P HRiE
(K753, KSR CTAB &4 BT BRIE R 40 5
DNA. (2) RAPD X X 65 4~ 10 Bk EEREHLS 4
O BT A TREEARRSARAR S &
D) EATIRE, Kd I AATEW . EEVEGR 14
MHIEE K, AT AR PCR 1. PCR Jx
NAKZR(30 L) 45 3 uL 10 X buffer, 2.4 uL MgCl,
(2mmol/L), 0.6uL dNTPs ( 0.2 mmol/L), 0.6 uL 5l
) (20 umol/L), 0.2 uL Taq BF(1U) , #H DNA 20ng,
20.2 uL W #7K . PCR 2 N1t Eppendorf Mastercycler
Gradient ¥ 34X _F#E1T, RVFEF A : 94 CAME 5
min; 95°C 45s, 32°C 45s, 72°C 1 min, 40 {3,
T2°CHEAH 10 mine M) T 1.0%IKI SR IEHEHEI
b, 80V HIJK 40 min, A LEEGL(, BERHUE R
geini. RAF UG H T 3E— 2004

2 HBRE55H
21 RHFRMEFH

2COTHR B TR IS I = AN BRI RE T AR 10
Rz 2 ZEFNFNS R 2F FE 3 5 T 0 R 4L, 6x10°,
1.8x10° Fl 3.6x10° cm™ FIAHIN & 25435 1.43.
1.42. 1.25, XUiH] COME B TR IRA B T m
IR 1) 2 2R, i LAV 771 8 1) o 8 o MR L
FE S AT R BRRRR IR 2. (R R BRI
X SRR A, = ANEFRZH I ES 10 KA S
YA TML T 5%, 6x10%, 1.8x10° Fl 3.6x10° cm™
AHRF A A B 077 0.47 F10.34, A 46 )
EIHK, R EEBFIAR R ARG R RERE
IR 1o T3 4R 5 R PR AR 2F AR I
FAHIAE .

Table 1 Germination assay of linseed seeds

Irradiation dose Germination rate

Relative germination rate

Germination vigor . . .
Relative germination vigor

fem™ /% / plants-day™!
CK 51.57+0.57 1 17.17£1.58 1
6x10° 73.90+0.92* 1.43 13.33+0.99* 0.77
1.8x10° 73.40+0.80* 1.42 8.23+£1.57* 0.47
3.6x10° 64.67+£2.23* 1.25 5.93+0.36* 0.34

Note: *The mean difference is significant at the 0.05 level compared with CK
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T T PR B v R B A P ) R RS
MHEBRKER. £ 10 £ 6x10° cm? [ Fl
1.8x10%cm™ (KB RMK s 30 B2 v T IR, IR

95 30 AN 1.8x10° e BOKK s M T IR, o8
40 R J5 AN A BEZH RN 6 B RR vy 2 Rk T
BEER (WFE 2. BAEER, EE R
PRI A SEARBEAR, AUXAE 6x10° em™ (K51
ACAFAERI TR BEAE T 5 A v 30 1) o - s

23 RICALTRL AR RE bR m 0 S T I, U Rk s O A o2 AT

Table 2 Effects of 2C®" heavy ions on the height of linseed

Irradiation dose / cm™ 10d 23d 30d 40d
CK 4.63£0.18 20.67+0.86 36.53+0.97 52.50+1.47
6x10° 5.83+0.18* 27.67+0.89* 36.13+0.97 54.17+1.36
1.8x10° 5.44+0.19* 24.53+1.05* 34.40+0.93 53.73+£1.22
3.6x10° 4.40+0.26 23.43+0.91* 33.90+0.79* 49.43+1.00

Note: *The mean difference is significant at the 0.05 level compared with CK

23  EMEASMENENNE

3 T RS SRS A % AR B 5
Wi, AR R L . 6x10° em™ F &
(RIF BRAEH TG 7 LS RN T 3.5%. 1.8x10° cm™
A 3.6x10° cm™ PIASFRSIRRAEN 5 1 550 AT LG
SRR T 8.2%F1 14.0%. RIS 45 KL, K5 &
FR) R 3 - nT DA SRR S g, s
P S DU B S e T SRR TE 7 , if FL
FRFOR, IR LR D, RE =R —
NG, WX SHRRAE TSI EE, R &
N 3.6x10° em™ FIIRRTE RS ST IRATEL, KA —
. 1 6x10°% cm™ 1 1.8x10° em™ AL EE (R /N TR
LA (L 2),

100.0

—E
950 - —F
g
z %00~ T+
=
-g 85.0 — L *
5
5 800 -
%
75.0 -
70.0 Ll
CK 6 18 36

Dose / 10 cm™

Fig. 1 Pollen viability of linseed induced by '*C®*

("P<C0.05 compared with CK)
24 HBHHERE. BRTFEMTHRE

T JBR 47 B 351 SR AR SR 7 d 45 S L R PRk
PRAREE S . X5 BRI R AR
FILEEIARILL T A4 SARRBTREON bk

heavy ions

PEAE 6x10° cm” ARFIEAL SN 1055 AN/FRAN
3.5g/ K, R R AL X PN TR AR L) 25.7% Al
52.2% o SR 48 I A B TF s 21 1.8x10° em™ (IR,
LR R B L R A ) R AR T 20.7%, B
P BAUUR T 0.1%, Kk B S5x A F-T. H2
ERRRF A F) 3.6x10° cm™ I, N EILH FTHE,
FRRP B EE I ETET 19.1%,  BORRHT R ik
BT 1.3% (LK 3 FIE 4). SEAMHRBRIG Tk
W 25 2 B )R P B T T R 0 o AL X e R
TRIFERDL, 6x10° cm™>.1.8x10° cm™ 1 3.6x10° cm™
MBS TR E S T 3.1%. 10.2%F
16.5% (LK 5.

Fig. 2 Cytological observation of pollens of linseed
A: CK; B: 6x10% cm'z; C: 1.8x10° cm'z;
D: 3.6x10%cm™; Arrows refer to abnormal pollens
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o 420~
g 40.0 |-
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CK 6 18 36 *

Dose / 10% cm™

Fig. 3 Effects of 12C5* heavy ions on mean capsule per single
linseed ( P<<0.05 compared with CK)
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Fig. 4 Effects of '2C* heavy ions on yield per single plant of
plant of linseed ( P<<0.05 compared with CK)

7.5~
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6.5 - *

6.0 -

1000-seed weight of linseed / g

55 1 1 1
CK 6 18 36

Dose / 10° cm™

Fig. 5 Effecgs of 1>C* heavy ions on weight of 1000 linseed
seed( P<<0.05 compared with CK)

25 HEEEENE

20 OO R 1) 5 el )4 v A L
WS IR, LE sk B R TR0 (8 N i s, i FL 2
R, A, SRIUARN ETHE
Yo} L 2] AR5 A B 2L 1) W JRR A 725 T 40
326 g. 3.36 g. 3.69 g Ml 3.91 g. 6x10° cm™.
1.8x10%cm™ 1 3.6x10° em™ == /N R FE (1) 5 i B
e R R 3.1% 13.2%F1 19.9% (WL 6).
WAMEBEE AT (4120°C) 20 Hkf 3 AN AL B
S R0 AL AT B B, DU A Ry
(0.92+0.01)g/mL- (0.91:£0.02)g/mL. (0.90+0.02) g/mL
F1(0.91+£0.01)g/mL . KL 20 °C 1) %5 BE K410

The percent of oil content / %
w
N
(=}
I

30.0 | I | I
CK 6 18 36

Dose / 10 cm™

Fig. 6 Effects of '2C** heavy ions on the percent of oil
content of linseed( P<<0.05 compared with CK)

2.6 RAPDH#r

RAPD 73 M s A T T 65 514, Wikt T
14 S ERMELF. 40T . BONERUE IS 1E ik
Keorir LB 7. TA G AT EC 2~18
% PBASIMRAT T 7.1 4 DNA FE,
RAPD 7 ) K/INE 100 ~2000 bp 5 HIZ . Hoxt
L 6x10% cm?. 1.8x10° e A1 3.6x10° e > 43 7™
BT 13 45 28 45 30 %%, 28 5 DNA F B (L
3). MR IR ALBIZE 1R 2 ST R, 7E 6x10% cm™
MbFRZH 28 4% DNA FBA 17 s 284w, H
ZAPEH LT T 60.7%; 1.8x10° ecm AL FEAL ] 16
% DNA FBUZZ&MER, Z2E&MIEE 53.3%;
3.6x10° cm™ AbERALY 4 HI 1) 28 45 DNA HBL AT
19 S0t 2500, 28R AR 67.9%, T
HoAh PSRRI Z S E R (LR 4).

- 535 >t 533

*MJarker

Fig. 7 The RAPD patterns of primers S33, S35, S38 and S83
1:CK; 2: 6108 cm™; 3: 1.8x109 cm?; 4: 3.6x109 cm’
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Table 3 Primers of RAPD and the amplification of PCR

primer Primer sequence No. of RAPD band primer Primer sequence No. of RAPD band
S23 AGTCAGCCAC 18 S39 CAAACGTCGG 3
S27 GAAACGGGTG S40 GTTGCGATCC 13
S29 GGGTAACGCC 6 S72 TGTCATCCCC 8
S31 CAATCGCCGT S83 GAGCCCTCCA 7
S33 CAGCACCCAC 11 S86 GTGCCTAACC 2
S35 TTCCGAACCC S88 TCACGTCCAC 6
S38 AGGTGACCGT 7 S97 ACGACCGACA 9
Table 4 Band patterns analysis of RAPDs
Dose/ cm’™ Total No. of bands ~ No. of polymorphic bands Ratio of polymorphic bands/% No. of bands per assay unit
CK 13 — — 0.93
6x10° 28 17 60.7 2
1.8x10° 30 16 533 2.14
3.6x10° 28 19 67.9 2
. PR RIAR DG G (0 AR IR PR 4, 17 TP PR A A
3 Wk Rk, VRIS TAERNE S, MR R R

31 PCUEE TR R Y U B E

OO BT OB SRR I R IR Bk A
B TE D3 #0877 4 T BB S . o B 1 A RO
e LIe R E S RIN AP SN =3V ER AV k=R iEh
ATPEREAEIT, w7 A S U S B T 9o
[ITRERI=v o IHU VAR D) NG LA AN IS =y
SR b e R S 08 i kW RR 2B A 2 IR
Mo HE SRR UG A TR AT RIS 45
R AHERHMIRAE B 748 U5 10N AR AR BT
BE LRI

TR RN N RRIR B 7 AR 5 i
KB T BRE IR N7 280, 387 T GiHRE
AHWE TR . i A R B RALTE /M
T, AR 2 BN 156 BRI /M1 (1
FERAAL,  RARHBAER, EAT /M T 2B
WEDE . . 2MIBEZHIR. HE 2R
/T RANA—EL, i L TV 2 AR
Ko MRZEARBR K/ 7 RNEA 8 X
AWA BRI T e M EYE I, WA
KEHAK ] E AP ATk R A E 1k,
GIHME o RRR I Pk B AR, AF) 30% 10 il
TRNANE R BLGT RE o T80 2R 1 B 1)
AR ALY, WIS G A BT T AR LA (1R KIS
A—EL RSN T 2 D A AR,
HEAR KRN R ZE S o R el 1 B A 1)

b5 OO B 1A FEOGE H RR 2 4 2 IR P 5
FILL, T84 RO SR AR 2 MR IR 5 i AN
A2 Ak o BRI SR ORI LR 7 A R s BLAR R I
HAEAR AR IS B 1, ) R v A R A e 2
NESCTHIEL S o 53 A0 R T4 35 R0 5 b1
SR R A B R R R T, R
BT 3.6x10° e 45 IR 5 (14 W JBRASE o0 ol 125
MR AL = B, o Lo B S T
BT 20%. USR] PCTE B T, A
77 R B Y SRR S R A AR I T e

PEAN R 3.6x10° cm™ 4 M 70158 1K) )RR 1) 25—
ZACTTAE I 1] L oA = 2005 T 3 d, oty b xet
WAL T R4 — 2, XU THE—EfRE L
B R AR AT DL R A B, Rk E
FHIBR I S S Bl o 17 ELAE AR b b6 B EIG T
2 6%, A7 F) T3 R AP R

32 PCUEBETFIEBEHRAPDAHT

2 A R A S B T PR IR AE R )G,
KM AR HAEEM RN, XnlReS gl
I P P R e o s R A B A, IRiE DR
R AN, BT E K FIIER &
BRUWER H RS R E R, X AT
ARSI R A . 5l DNA Sk, &7~
2L U DNA B0O0UEE DNA 2. DNA & 258
% U791 45 DNA 7K°F I+ RAPD & —Fh A 2tk
B[R 22 S (AR PO,



R F5E:

TR AR R D +

N JBR XS AL R =/ A R A PR A S R 41 DNA
AT AT, AR B R H 2R R, Wi =A
A FR A () TR AL 45 W R R A T AR A 14 A5
WAL=z 99 4 DNA B, DNA J B &5rAh
7E 100~2000 bp 28], 14 D5~ 4ET 52 4%
A1 DNA F B, EEEH 52.5%. % B3 15 5 K
[N A (P SRR EF A2 R HEAT RAPD Wi Wbt 5 36
Bl: 10 N5 I3E 42T 78 4 DNA B, 2807
S TEVEER 250~1000 kb, ZA&PE DNA HLEN
69.2%"1, DNA F B2 252k b %R 88 14 I )
W2 MAAAEE IEM e, 3R R,
DNA F B2 &R ETF.

4 g

ASCRI PO E B AR IR, MR T R
AHFHLE], VP2 B R A 22 AR,
RGRGE S FREHR L R R SRR Z
BT E B TR Z W o A I AR SR A
nf LUHZE A RS AR DNA A . ZEAHE
FU 6x10° ~3.6x10° cm™ "*CO" T B 14 M Ab P vl
T, SE 2RI SRR A KR B RIS ER, 5l
R AR I AN KON, AT 32 BRI X SR E 0T
=, MK PCTTE B TR R, A e A
W, PORSARE,
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Preliminary study of Linum usitatissmum seed irradiated by *2C ®* heavy ions

HOU Suiwen "? WU Dali " ZHANG Yingcong "> SUN Landi "? LI Wenjian'
XIE Hongmei' LIANG Kai* ZHANG Yanping® CHENG Xi* QIN Qiangian® JIA Ruiling’
! (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000,China)
?(Key Laboratory of Arid And Grassland Ecology, Ministry of Education, School of Life Sciences, Lanzhou University,
Lanzhou 730000, China)

ABSTRACT The study of heavy ion beams as a new irradiation resource on seeds of linseed (Linum usitatissmum
L.) was reported. After irradiated by '2C " heavy ions (with irradiation dose: 6x108 cm?, 1.8x10° cm™ and 3.6x10°
em’ respectively), the biological characters, agricultural traits, pollens and polymorphic DNA of sample was studied
in Linum usitatissmum L.. The results showed that 6x10% cm™ of ?C®" could promote the linseed germination rate,
plant height and pollen viability. The 1000-seed weight and the oil content of seed irradiated by '*C®* heavy ions was
increased with augment of irradiation dose respectively. It has been found that 3.6x10° cm™ is the most effective dose
for increment both of seed weight and oil content with 16.5% and 19.9%, respectively. Cytological observation re-
veals that the highest dose (3.6x10° cm?) can also induce alteration of pollen shape of linseed. Furthermore,
RAPD(Randomly amplified polymorphic DNAs) analysis shows that 99 DNA fragments are amplificated by 14
primers and the polymorphic ratio is 52.5%.
KEYWORDS '*C® heavy ions, Linum usitatissmum L., Biological effect, RAPD(Randomly amplified poly-
morphic DNAs) analysis
CLC Q691.2,Q691.8,Q319+.3
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