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R BRI AT E R 2= B AR BRI 70 BT 8 1
TS 2% 4 R £ 14T, R 80MeV-u ' PCOTE TR
MR, L E S ANFIES: 0. 100, 150, 200
F1300 Gy

13 HiEEEREERT

1.3.1 WAL EE

2012 4 4 H 18 H¥ AR e Fh 3 dp T 5 220
LM, MEFFEITEE 20cm, FREE 40cm, FH=
FiAE 45 WAL LFF, AWES, HEIEREHE, K
BJE BRSO o TS A AR A KRB S A
AR e BORIAMI SR S G BOREEN
ERp, HENBCIERRIEE BRI Rk
H, FRE, SIRARELL.
132 HAE%kt

V4 FH ) U 7 R 2% P a4 Sk N Excel &1,
A 3AE Gk o AT At SPSS17.0, P34
() L 55 % FH Duncan 323, 25 P 2 537K PR A p<0.05
FoRo

14 Z[FH DNA YR BV BN 18 S 7S 4

1.4.1 A H4 DNA 23

ST HRER G A R AR, R
Fe B R PRRTE M2 ARERFEAAE . DL M2 A48 7
ARG FoR R, B E.Z.N.AHP Plant DNA
Kit $#2 USRI 20 DNA, e A0 3R A 4 ialm &
PR VLR EAT o TEARBEFFR, N T % RNA X5
T, AR BOEFEH A 10 uL RNaseA EEFEH
10-20 min PA £ BRIEF A H 1) RNA . $2HLH 1) DNA
2 1.0%ZE AR E BRI R B 5e B4, 11 H DNA
Toi5 g R g, IR T — B M R .
1.4.2 RAPD 7547

PCR JxFKH] 25 uL 74 &, £ 7 Taqg DNA E &
0.25 uL, 2xReaction Mix 12.5 pL, DNA 4% 1uL,
5% 1.5 uL, ddH,0 9.75 pL. ¥4 it FREAL 51 34
M _EAE T AR, PCR JMARFAH KRR AR

(bmD) HIRA FSE K] Golden easy PCR systems

PCR ¥ 341 F 1% % J3E [E Bio-RAD A ] My Cycler
TM Thermal Cycler. PCR # 32/ F W F: % 94 C
AR 5 min; 285 94 “CAHE 505, 36 ‘CiE K 505,
72 CIEMH 1min 30s, 3L 45 NMEFR; &5 72 CLE
i 10 min, 4 CLRFF. ¥ G 1.5%35 IR W Bt
JiE LUK BEAT 3 B

143 FREIESRT 57

AR PCR 317 A 1 2% U AR R UK
B IR B R AL B A A R g, B
PHEHE WS €07, AP HIENICH “17, Gitd
R AR Jaccard KIEATHIBAE ST, FBIE R AL
AN F=2Ng /NNy, Forf Ny st BRI 9 AR 44 3
[ B 240 Ny I Ny U2 SR N SR AR AR
T3 R B 2 R

2 ARFIERBFRMAE M1 REkmH
PR RIB T

21 BFRiREKAERETK

2 R O AR I BSR4 AR e K
A B, AT AR AR AE T8 R B — 0 IR AR
oo QI 1 TR, Bk T AR I K TR 1) 1]
RAARRR, EERIUY G ER TR R
0855 HENRZE. AR/ R R R R
A AR, kS, BRI G
PRI S Sz At B R L,
F o AR (T a o BT oAU R 8 2 R A
ABMEARE N, (EHACHIRR AT 2-3 KRB
Fi4b, RIS GIER A TG, PR
PRI ke, (BTC Rt e

Mutant Control Mutant £4

i \-
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o

F/e R < S
Bl B TAAA Ml R

Fig.1 Phenotypic variations induced by carbon ions on M1
generation

22 AEFIEHRSFRIAE M1 KIxSHITK

BENBH LAY

M 50 bEUE KE EERHEARZTR, H
SEFRAT IR “ & F 557 MR BEGEAT T 4
THHT. W 2 o, BRES T AR IO K Sk AR
R AR, BR 200 Gy 4h, ARG ERER GRS
Xk HEAH B Bl T B, fEL AR R B8 R IA 21 25 7K1
KRB AR TR RZ. 55h RETHR
R KEBCRA —EMEIEN, xR EECR
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i B AR RO T S A A RO B #6 Biz SR AR AR IR0 T

ZAE 4532, MAB TR EER DB S EZA
7, SRS MBS S RIICE UL, K
Z REAR O BBURELE 2-4 32, A AR AR LA 43

! I ! I 1 I 1 l
100 150 200 300

Dose / Gy

The plant height / cm

& 2

The plant branches

BB B2, @B T AREEEKE I EERBE
NRERES . SXIRALL, 300 Gy @ AR
AR P 3K 2 2 KT

ab
ab
1 i l i 1 i
100

ab
1
150 200
Dose / Gy

300

B AR K SR R AN BB A RN, @ b oK AE p<0.05 /K A B3 2 57

Fig.2 Effects on plant height and branch of soybean induced by carbon ions
Letters a,b represent the significant difference (p<0.05)

23 AEFIERBSFRIFENAET M1 K=EMH
VNl

e E S ENE R NG v EPS P s
ITENEM, WK1 TUES, ERE “&5F 557
F B VARG b b6 5 TR = R 1 0 28 2 00
BAAR 5 e FE PR A 34 . 100 Gy 48 B8 5 K= bk
SEH. FAARRIE. Bk RN R AR N R FERE
FIREA%; 200 Gy 58 RS Bk %5 Fa bs ) 5 0] BEAH LA
— 38 s KRR 300 Gy 48 S &7 R 48 s XA
PRI, AR B T HREBERA I “ R
TB7 ek RN T AR LI AR TO R
HZ 1 1[4, 200 Gy fElE K e EigmBa —x
MIPLHA, 45 RS SR SE BRI 250 6o R L

PIRE T 4.28%A1 3.72%, 17 B Rk 2 AN p E D)
SEEIHRE T 10.96%A1 4.91%.

FAN, ARtFRBL, 1E 0 Gy & 300 Gy 4R 8+
Fheh, #5505 (] JLAN R 2RI K AR ey
filtan, PG FRREHCE eI 0-107, H/ME
HHLLE 100 Gy, O AME LA 150 Gy; HkkbiEE
SO 11-212, fH/MEHIALE 150 Gy, fRME H
PULE 200 Gy: ok AR e [y 3.57-46.35, i
/MEHILLE 300 Gy, KB HILAE 200 Gy HRLEH
A A 8.00-25.67, He/IMEHBLLE 100 Gy, %
KAEHIAE 300 Gy CHHEARSIHD) . HILAT WL, &
FREE I T 218 m E BRI =8 200 Gy
At

®1 AAFEETHRERN KRG EERRKEMR

Table 1 Effects of different dose carbon ions irradiation on yield factors of soybean

Frilles FPRIEH FARRIEL PRI (SR TIE K b
Dose / Gy Pods per plant Seeds per plant  Seed weight Hundred-seed Rate of empty Ratio of seed
perplant/ g weight/ g pod /% and pod
0 66.17+5.41 125.33+11.73 25.27+2.21 20.15+0.32 7.63+0.04 1.91+0.07
100 58.27+7.67 107.91+16.07 22.29+3.47 19.64+1.27 7.18+0.07 1.79+0.06
150 64.25+11.02 123.63+22.92 26.13£5.17 21.51+0.43 6.14+0.07 1.87+0.13
200 69.00+11.09 130.00+28.30 28.0446.00 21.14+0.30 7.11+0.03 1.82+0.17
300 48.70+9.29 92.60+19.11 19.57+3.89 20.38+0.20 6.70+0.07 1.89+0.13
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24 WHRBEFRERIFTHEERTHREH RAPD 47
r

R Rk A B 1 oM B € AR A F) R AR R
(WL 3), iZRA M BB T H 100 Gy 585
Fo IZMPRTA TR B Y Ho R S B
wth, 1 HM AR, R AESITR . AT
M2 FsbRAT, WOSR JE R I B 0 E 4k SR AR R 9t
t, RUEL. YRR AR AR RE 51 R A
FabR DL R SRR B2

Mutant

Control

e ®
O..‘

B3 g i 1 AR ML A O B SR AR

Fig.3 Mutant of brown seed vessel induced by carbon ions

N B E RS DNA KF B 5]
T A% B T AR R R B AR, A SR BEALY
B2 SRR R AT B AR M2 48 DNA
BT T 28007, B 70 25190 6 &y 14
FEW, HoAR 64 %51 R A BL AN S MRS B 1 %
W N3 2 Fin, 64 &51M3LH 576 49 4%
wtH B, HAoek B 2R 286 2%, SPIIREARS]
Y14 4.47 % FARARY G B 5% 290 %, 3
FEEEBI Y IR 4.53 2%, SXTIRAHLL, AR AP
BB 2 11 2%, WD KR T %, RN EZ AR
N 6.2%. ¥ YR Jaccard AT E
RBFAE 2%00.9513. ] 4 2 H 16 2519193
. EEAT I, AR G0 R HEORAE f 9AR
PRI 1 22 2R AU, Bl S8, X12 Al M3 514
48 J5 6 ORI SRR L N A I 2 (M 22 5, T
S317. Y5 M Y4 ¥ 14 J5 R I A 5k B 2R (1) 22

£ 2 64 %&EHLEIHIH RAPD 23047

Table 2 RAPD analysis of control and brown seed soybean by 64 random primers

RN - E i EZO ZEE % FHME 2%

Names Amplified bands Polymorphic bands Polymorphism rate Genetic similarity
W4T ks> 2%y coefficient
Increasing bands Flawing bands

X Control 286 - - - -

RAHK Mutant 290 11 7 6.20 -

Mt Total 576 18 3.125 0.9513

B 5 XPHEAIZEAR A RAPD §M 4545 : S356. S350, S8. S317. X12. Xl1l. M5,

M4. Y2. Y5 . Y4, Y3. M3. M2.

M1 Rl S337 NBENLEIY, HE% 51 ETATKERXT I, AR RAM, Ed B O F S Hre iy B 22 5 1 ki
Fig.5 Amplified bands of RAPD: S356, S350, S8, S317, X12, X11, M5, M4,Y2,Y5,Y4,Y3, M3, M2, M1 and S337 are random
primers, each lane in the left is the control and the right is the mutant. The white arrows indicate the polymorphic bands

3 g

B AR SRR SRR, T 50 R, K
HISLRIE AL B M B B RAF . A
FOEIE T REHRF R, B Tal KRR A

RAEBATE T AEN AT LAAS BRI ) R AR AN
A TR A, SRR A, iR
FARMRAAMRKIATEEM AT UL, AH2

RO BRI SRR 4k, 2R

WEnot, HA RN PR RE, RItER G T
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MR SRR Y . AR SRR R, IR SR AR
oy B BER AE . MBI, Xl
REEA IE R AR A f i AR A, [RIAE
SRR EE T LR IE AT A B MR R
WIMEIKZE M RAZRT, SRR E AR TS
P 55 G B ARBIHT R R AHE 7L A ]
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B B EE AR 2R bR B A A R TR G 2
P S BRI S5 3 I F PR “ R SR Mgk, Ar
NHFFERT, K5 4 e A B 6 FE AR LA B R 1
PPN, T /N 7 B A e T o) R A B — 5 T )
Tk A SE R s TS, R AT S T
PO K 52 1 A A B AR B R 2 AN [R] 72 A TR &
SISO R R B A AR, AT Bk RS Ak
XTI LT KD hek. ikl
TIF 3 0K 8 38R0 5 - SRV N K 7 32 3% ol
“Copk 147 AT T RS AR EE, SRR HATRIFL
AEFEXF M1 PR B R e E R, T Bk SR
FRRLEL R S LU IRAE, B — AN &
BT A SRS G, S ERARE, B
PRIEFN BRR S AR . ZREREAR
N RGERA MO AFR 4, HNS55EET &
BE T IEERAEAFRAMRAR R, Aok, wFhiE
72 5 B L0 4 R P AR A e 3 i SR S A AR
A—BUREERRE . 200 Gy R E KRG~ EE
PRRILRLF, WAL X, BT BAER T —IRK
S E R E R ES .

T R TR 5 R A AR T JER A A R Tk

VIR IR o SR — M5 3 i — L AR I R AR
AL KRR I3 5, PP AR AR R 8 ALY)
R P A ) P SRS AR 5 | R A ) R R 4 DNA K
AERUEEWT R, KA BER, BEHSISR, RE&S
BRI TRAR o 45 R 51 R 1 AR KR R 445 £ gt
TR 428 — 3 4 A LR O, 20 tH4E 90 4
X, RAPD HARMERN—FI7 M. (KFE. A K
M FARc G2 T Z A, RN T &7
W5 DNA MMl & PABE R 4 5 DNA
NER, SR AN TARM 10 bp 5140347914, i
Jii A B R W st rEL VIR AN [R] R 38 2% 5 0 o AT
220187 ] RAPD ARICHARN & TiE NS A T
FiF 5l R ERANAEE R 24l DNA 5 ib47 74
W, 145 M AELZ 10 N BA 2SR5 9 815 2
T 94 NEEMA A, NNRABRE FEAR T
T AR AR, TR RAPD iR
LI A e RS Ty N2 4l 2 01 51 S i &)y i 5
[AIZH DNA 485, 15 Fhgl 3ty ig 103 (A B, H
Hs RS R B 12 4k, 45K W RAPD
FARRKIIER A DNA KABEBR—FFEE. A
R TT . AR F RAPD F AR I 88 1 A48 K
G 0 AR SRR R DNA JRSUEIE AL, 64 4%
Sl IE B 5K 576 2%, Hp gk 2R R BRI
N Sk R D S AP IR A, T B S R
FEIGAASC S 7 DNA AR S AT ASE A B 0 65 3 £
R, I B Ria e s e M2 R4kek
o BT 1K LR A, 1) 2 HH I 2% s 5 A g P
DRIAHZES, MR B AN DR AR S 5 7 o B 6 A
1, 3 T NG 2= S 2 TR WSO e i3k AT B IR — 20 1T
Fo

gi LTI, BRE TR A3 557 KEMM
HAWER SRR, RN T —EN
ARSI, HiES T HFEA DNA 1. A0
T TRAR R 5 X REAH L 2 AR 2R bR R AR T A R
Ak, (HIXE2E JIFRIB R E KT, XAEMRS
Frilfeds i fie—, mMEBHEAERRAX, 55
T LA AR TR AR B K AR, W
WA E IS AR, RN BE
BT ARG EYE, NSRRGSR
A TARST T IR p) B A
ot B E R B AR b R B RO AR S A A
FIT X B oK 2 I B A6 BT F K 5 -
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Preliminary study on current mutagenic effects and brown seed mutant of soybean

induced by carbon ion irradiation
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ABSTRACT Dry seeds of soybean “Hefeng 55” were irradiated by carbon ions at different doses. The characters

including phenotype, plant height, branch number, yield trait and DNA fingerprint were investigated to explore the M1

mutagenic effects. The results showed that various phenotypes appeared after irradiation by carbon ions. The plant

height and branch number of M1 generation were significantly inhabited by carbon ions. The pods, seeds and seed

weight per plant as well as hundred-seed weight showed the same trend of decrease-increase-decrease along with the

dose increment. However, these variations did not reach a significant level. Among these variations, a seed vessel

mutant with the color turned from yellow to brown was selected from the M1 generation, and this trait could be

inherited stably to M2 generation. RAPD technique was used to check the variations of genomic DNA fingerprint in

control and brown seed vessel mutant. It was found that increasing bands or flawing bands were induced by carbon

ion irradiation, and the genetic similarity coefficient was 0.9513. In conclusion, all the results show that carbon ion

irradiation can induce the mutagenic effects on both the agronomic characters and genomic DNA of soybean.

KEYWORDS Carbon ions, mutagenic effects, Soybean, Brown seed vessel mutant
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