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Biological effect and targeted mutation screening of space-induced
mutagenesis and heavy ion radiation in rice
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Abstract: [Objective] To compare the biological effects and variation frequency of two mutagenesis methods,
including space mutation and heavy ion radiation, in different generations of rice (Oryza sativa L.), and provide

some methods and theoretical guidances for rice mutation breeding. [Method] The dry seeds of pure line rice
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variety ‘Huahang 31’ were treated using space mutation and different dose of heavy ion radiation, and the
seeds without mutation treatment were used as the control. The phenotypic and cytological mutagenic effects of
the 1st generation of mutation (M;) were analyzed. The amylose content and grain shape trait of the 2nd
generation of mutation (M,) were screened by phenotypic and genotypic targeted screening. The variation
frequencies in M, of two mutation treatments were compared. [Result] The seed vigor index of space mutation
M; was 14.62% lower than that of the control. The seed vigor index of heavy ion radiation M; showed a saddle
effect curve with the increase of radiation dose, and the seed vigor index of 10 Gy heavy ion radiation M; was
14.92% lower than that of the control which was like the mutation effect of space mutation. The grain type and
amylose content mutation frequencies of space-induced M, were 4.14% and 1.61% respectively, while the grain
type and amylose content mutation frequencies of 80 Gy heavy ion radiation were 4.88% and 1.55%
respectively. When HRM technology was used to scan the 673 bp sequences of four intervals of Wx gene, three
SNP mutations were found in 4 736 samples of space-induced with a mutation density of 1/1063.83 kb. Four
SNP mutations were found in 4 848 samples of heavy ion radiation with a mutation density of 1/815.68 kb.

[ Conclusion] Two kinds of mutagenic treatments can induce the character variations of rice. The

physiological effects of space-induced mutagenesis M; is similar to low-dose heavy ion radiation, and the

42 B

mutation frequency of M, is similar to high-dose heavy ion radiation.

Key words: rice; space mutation; heavy ion radiation; biological effect; mutant screening

PSP R ISR . T KFE Oryza sativa LoFT i
i ide B 2R (M R IR &% Rh Y BE oAk 2417545 4]
RO S AN P AR B AR ) 0 I S, T = A
) Ol 1 736 5 N LI R R 7 s 0 N 71
R T I R DR R B3 A S A TR AR
B Rl b OORIE S EAERY, 2 A AR AR H 2
(R R I B85 R B AR S5 S AR R A 8 B
SRR R S R R SRS SR A, Hoh, fE
W5 AR R R RBAEY], AT
REhr P, &P 45 DNA FIYL 04 25 14 ) A8
b, FEgema L 1 R IETY . BB R AR IE
N B Be T HUORL T 5 A AR N 10 43 7 B 7 R AR
SR AR R, 5 YA N I R R R A, gt
1M DNA #5347, Qe fhmids . &7 R A 16
2R e AN e B WRERE R, TP AR IR AR A RO L A
Uit X GTER K v SR EURSY . LA 5L R B, a3 H
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KT BA —E AR S &880 KRBT IE 2 45 ]
KATIE AT R (2 Gy) 55 758 ST AR RE % 5] 2K
FEFi ¥ DNA F R84k . Shi 2" FJH AFLP
AT MSAP J7 A6 I 25 18155 A48 % o 85 1 75 A8 /K g
R] 40 FH 28 WS A5 70 S 1A 45 SRR I, 2 oy V2 R e %
B3 DA KRG L R AN R W B R 4, IF B B T
A5 B AR BT 20% HIAH AR AL A . Wei 250
Eb A 25 () A8 A C B Ne B 1 M Fe & FHEIEH

gh R, 2 A PR ETA BT AR 38 T DA AR 2R
AT 2257 24, 5 RSP e (R AR, BLFE % L et
TRHF Yt AR5 )5 By, 8 L TR S
2% () 38 48 5 K R 1 2R 1 R IE SRR AE 2 81, 2 mGy.
62.2 keV/um [{1"°C 2T 551 55 A RIAFHE S 25 (7] 36
BRI bR S B T R A (A S
THBRNIRE T S%, B K2 AR A
SXoF T 7K [ A 0 25 2808 % i AR 7% S5 A 26 (1 LG A A
Fe b LR IE

R RBAR R BT 31 5 PR
AT 2 A5 AR RN B B T AR Ab B, IR AR — AR
177 R AL M 25 AR RS 4 BT s S AR AR E
B VE B B RORL Y MR HEAT T R 2R R IR Y )
] G, R 1T R B E AR LW T 2 P Ak
I MERAR FAIE . KRR B R DL A AR fE AR
(RO R A S S S R S
1 HH S
1.1 #H

R 31T R RO K A B K AR

B R LRE BRI FE A O 7 R R A K 40 2R
i, Ll AR E AR RN E, R EPRIRERE

1.2 753
1.2.1 #FEaAE KETMFIE3 0 —haE
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4 A 6 HIRH), FEHUR A 12 d, BUE S 200~500 km;

5 — U IEAE A R B 22 N AR LA 7T AT,
HE 703 E HIRFL 4L 2CO ARt 47 T Fb
TR AL T, F 5T RER 80.55 MeV/u, fEIEFIE R
49 20 Gy/min, % H5E 537 5. 104 20, 40, 80 Al
160 Gy; %l T~ FIE Xt IR, AT, A8 )5
HIA T 53— (M), M T ROl R 2y
FHF 6 7K & PR e 376w PR FH e 55 6 A
R 2 AN H, DLk G T TR 52 M AR 3
FRSOGRAF 5 AE AR (M) Fh7, M T A ROl K 2
I AR . 2017 4 3 A 8 Hi&F M, B
o E B, By 22 d A 4752017 47 A 20 HIE
Bl My, BREE 13 d . KB RIFIIBE R E KR
H, KA SE 8 R, JE 1350 B Spkid A, 47
PREE 20 cm>20 em; EEFERE 667 m iR 2 20 kg,
TLERE 667 m? IR R 21 kg 0 BRI AL, 5%
IR 667 m* F 16%(p) SURTE 40 g+20%(p) =¥
4 100 g+18%(p) A< XL 300 g+20%(p) FEHEIF 20 g
57K 100 kg, W55 B G RN IR = AL UR ., S0k
T~ FEIELI PR At 0 S ERUE

122 #-FFHmz BT RZFEE (12 emx12 cmx
6 cm), BN 2 5KIEIKAL, M ddH,0 R/TRIE. &
AbEREX 100 K Fp 3 SN KR 5 &, 30 °C 1R BT
%, MANAH 3 REE . BRIAA KGN THE,
B3 RFAERES, 557 KA R FLINRF
2, 5 8 RilE oK. THESLEMFRIRFRE K
IR FIREG W TR AR S (AR L RS T
FAXE AR 315 AR RN

123 MRRFEHRWE SHEX| M REY KERF
EHRIE AR FERR GG I R AR, AT Qe iR 52 . HUK

G IR BRI (41 0.5 cm) 20 5 RS Jeth, Tk
FJE, 400 R BB WA 2 2150, FH
1 000 £ 2B B 22 ek S B o 0
BTN 2 RE G AT R F I VIR, B4
F B FE ALV EE 20~30 ANIKFEAR AR, FEANAR AR L 22
300~400 M4
124 REWKRE A ZHASTMNE WHE M, AL
Ab B e o HE S 30 Bk, T A IR B AR AR L S K
S8 AE T B BEAC, A RO 2 S R
BRLTE KL, TR R . ZSAERREE 75
X M, S FAEZ 20 000 #, BRI TE 2 BT A AR
B K RLBE, T IR AR A . TF BT RS 2
(X) SFRHEZE (s), 3R Hx+3s (EUE TG B, B R E
FEBLTE E 2 A My, MR AR AR

H4 73 (A1 5 A8 S B B 1578 M, B A6 I 43 il
HBEAT SR IBOIR S5 B ks, I B4 ML CRAT FC2K) i
PR A K o SR 2 T8 DA7200 B 4405 BT A
FRURE K BB SR & B (AC R KGR 7R 3R AT A 0
T B e b & A T AL 3 4 (MS. M6 Al
M32), ¥ 3 AMEERUEIN R 1) AC - FIMEE R
ZRE S I B AC B o TH 50T R )T 35 8 % b 1
72, R w3 IEUE 6 Bl K 1R A AE e Y [ 2
HMET My MRV TR
125 wx ARAB R TN RHEEREIRBUKRS
FEKN 4 DNAYT, ¥ wxe B wx 384 7= 9 43 ) %
101030105010 7:1.9: 1. 110 1 B EL R S F i 6 A
ANFEAE R ) DNA VR A #H T HRM &0 (5142 W
F1), WEREN DNARBGBMER., HEH
31 57 A M, fRE R DNA 4% 4 #RiE A $2
DNA, R LR 4 Y66 FE it (EPOCH2T) Ml &
DNA J5ii 8% E 9 22 50 ng/uL.

&1 BT HRM MR 54ER

Table 1 Specific primer information for HRM detection

SImARR AL A w51 ¥(5'—3") JE51%(5'—3") Fr BUK/Mbp
Primer Detection Former Latter Fragment

name site primer primer size
Wxab-O wx'5wx* GAGGGAGAGGGGGAGAGAGAGATC TCCAGCCCAACACCTTACAGAAAT 348
Wxab-1 ZFALE CTTCACTTCTCTGCTTGTGTTGTT ~ CATGTGATCGATCTGAATAAGAGG 110
EX4-O0 CAGATCATCACAAGATCGATTAGC AACCTGAAATCACCAGTGGAAG 286
EX4-1 exon 4 CCAAGTTTTTGTGGTGCAATTC TAAGCTCAGTCCAACTGCTAAATG 204
EX9-O CGACGGGTATGAGTAAGATTCTAAG CATTCGTTCTTACCGTGGTTG 384
EX9-1 exon? AGATCCTTTTGAGCTGACAACC GTACTTGGCGGTGATGTACTTG 294
EX10-O AGAACGAATGCATTCTTCACAAGA  GCCTCACCCCTTCTAATTATTTGA 421
EX10-1 exon 10 ACAAGGCAAGAATGAGTGACAA GCATATCGTGCAAGTGTGTCTT 247
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95 GRAMENE(http://www.gramene.org/) 72~
M) wx LR P, £ 4.9, 10 MR+ XI5 A
Je wx M wx® Z2E FAL S ¥ 8 PCR 514, 514
K H] Primer Premier 5.0 #4151, LA TAEY
TREA PR A G s, R FBAEE PCR € 1& & 1R K
. 830U PCR S 1 #2415 % ¥l PCR ¥ 34 4H
&, 45 F 5 NN 200 uL ddH,0 Fik; 55 2 #69
W NAK &R & 2xTaq Plus Master Mix 4.0 uL .
10.0 pmol/L 5147 0.3 uL. ## DNA1.0 uL f1
Evagreen MA19¢ 5644k} 0.3 uL, Ml ddH,0 % 10 L,
I 15 pL & b7 12 045 K . PCR RBE: 95 °C
AR 3 min; 95 °C 48 M 305, 25 'C ik 305,72 C
AR 30 s, 15 MEFR; 72 °C IEAH 5 min. Y4,
J&i, 95 C A2 30 5,25 C 3Bk 1 min, 7R
BT 328 PCRY MY EOLEEE HRM
fr AR H o {8 A LightScanner96 #t17 HRM i,
HARTE R4 H B A B GC & &1, ik (5)GC
SR H I BUA R T RIS 66 (75) CL 450
T 96 CARFFIEE 62 °C, BELME N 180, Haill4h
W A9 Scanning 3G AT 22 4047 .

V4 97 34 73 21 1) 5 AL 9% AR VR A ) B B PR R AT
DNA $2HUHH4 —#i e 2 50 ng/uL, ¥ ¥tk DNA 5
XTHE DNA 4% 101 IR & a7 3§ PCR &3, #7318
FEYIREAT HRM AU, AW 73k F) F o K 0 43 3
(1) BEAL TR B EAT R S PR S 9 38, 51 A
F HRM #:3 fif) .28 PCR 5[ ¥/14h 5141, PCR 2
NAK &R & 2xTaq Plus Master Mix 25.0 pL.

10.0 umol/L 54 2.0 pL. #4 DNA 2.0 uL, il
ddH,0 % 50 pL. PCR Jx¥: 95 ‘C B 5 min; 95 C
AFPE 30 s, 25 °C B2K 30's, 72 °C A 30 s, 35 M
¥£;72 °C ZEfH 5 min. PCR J=#)% 20 g/L B g A it
JB2 L A I 2% i B LB — 5, 16 A AR B KRR
o (P E) A RAR AT, 7 AN CLC

Sequence Viewer 7.7,

2 BERG5H

2.1 ZFENFTEMEZ FIFTLIEKEMRT M, K
EWFYRL

211 M, R#FEAFRERIK M, AFPTKZF
RIS R (R 2) K, AR E 21 AR YR
Pl IS D3P T A RIFE B R . 5 X HEAR L,
BRI KR RFRFK RS
JIFEH 2R Bk s, Hor, 75 1 BOE X B8R
—25.22% ~ —9.01%, 3= W 5 B 748 O Fp 738 )1 3R
PN B S AR E ] o 23 BB AR T T R ik
FHRFEMBFIRE BFK BT
16.53%, 530G J1 48 EL LT IR PR 14.62% . BEA4F,
AFIF R E R TR S, RFH. FK R TREN
TG JIAR A R0 R R RN 2k (B 1), BT
EHRFIE (N T 20 Gy) F, $45 8505 B8 7 B 1)
S8 o v 35 0, e R 0 B — e AR S AR AL
I ST /b 28 B /K A A% T 3 8 - 1 e R R
BE AL 2% ()75 A8 3N SR = (M T 10 Gy) H
B P EA AL, AT E R, FERY
R AR B 2 AR T R K.

®2 ZEFERESFEENMFIENZM

Table 2 Effects of space mutation and heavy ion mutation on seed vigor

Ak 2 KEFH1% K% #FK/em REFFEEL EWAE R4
Treatment Germination potential Germination rate Bud length Germination index  Vigor index
CK 94.02+2.45 (0.00) 100.00+0.00 (0.00) 6.11£0.09 (0.00) 37.19 (0.00) 227.32 (0.00)
SP 100.00+0.00 (6.36) 100.00+0.00 (0.00) 5.10+0.08** (—16.53) 38.06 (2.34) 194.08 (—14.62)

5 87.29+1.29 (-7.17) 97.07+0.07 (—2.93) 5.69+0.16* (—6.98) 36.38 (—2.18) 206.85 (—9.01)
10 86.14+1.82* (—8.39) 95.15+3.00 (—4.85) 5.59+0.14* (-8.48) 34.58 (—7.04) 193.40 (—14.92)
20 81.3242.01*%* (—13.51) 96.20+1.95 (—3.80) 5.52+0.11%* (=9.72) 33.80(-9.12) 186.52 (—17.95)
40 87.43+£3.27 (-7.02) 95.37+2.30 (—4.63) 5.83+0.13 (—4.67) 35.70 (—4.01) 208.00 (—8.50)
80 82.69+0.97** (—12.06) 96.29+2.75 (-3.71) 5.3540.16%* (—12.42) 34.39 (—7.55) 184.09 (—19.02)

160 80.47+1.83%* (—14.42) 95.56+2.36 (—4.44) 5.174£0.16%* (—15.39) 32.87 (-11.62)  169.99 (—25.22)

1) CK: 578 SP: &[] 3% % 5 5.10.20.40. 8042 1605 F) R A E & T 454 R Bl 5 (Gy); 165 MEIE A ABRT RO, Ao st p=(4 22—~
X RR)/AE B x100%; “*” “xx” 53] % 75 CKA0.05.0.01K-F £ 7 2 F
1) CK: Control; SP: Space-induced mutation; 5, 10, 20, 40, 80 and 160 represented different doses of heavy ion radiation(Gy)

respectively; The data in brackets were relative effects, relative effect=(treatment — CK)/CK x100%; “*” and “**” represented

significant differences with the control at the levels of 0.05 and 0.01 respectively
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Fig. 1 The germination potential and bud length of rice seeds treated by different doses of heavy ion radiation
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R 3o R 3 WL, (A AR AL B A KRR AT M,
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Table3 The main agronomic characters of contemporary plants of rice seeds treated by space mutation and heavy ion

mutation

— j SR s .. e b —

s Pk i/em K /em No. of (EE YR SESEE /% HRiKE  TRR R
0.0
Plant Panicle . No. of spikelet Setting Grain length- 1000-grain
Treatment . productive . . . .
height length . per panicle percentage width ratio weight
panicle

CK 119.1741.48  30.22+0.81 8.33+1.45 232.51+11.95  80.03+1.18 3.99+0.02 21.47+0.13
SpP 120.30£1.90  26.50+0.54** 8.40+0.51 184.92+7.62%*  84.94+1.61 3.9840.06 21.18+0.42
5 121.20£1.46  27.33+£0.61**  10.00£0.45 161.29+14.02** 84.56+0.54 4.00+0.02 21.88+0.16
10 121.60+1.21  28.50+0.54 7.60+0.68 193.85+£14.00*%* 84.55+2.61 3.96+0.01 22.00+0.17
20 121.40+0.98  28.47+0.33 8.00+£0.71 193.24+6.63**  84.02+1.75 3.924+0.02 22.24+0.07
40 118.40+0.81  28.34+0.61 8.40+0.81 183.72+£9.25**  82.63+1.61 3.92+0.05 22.00+0.25
80 121.25+£0.63  28.76+0.32 8.25+0.48 201.59+14.05%* 63.13+5.36** 3.94+0.03 21.83+0.17
160 121.30+£1.02  26.79+0.87** 7.20+0.66 189.71£14.31%* 48.69+5.13** 3.934+0.02 21.36+0.34

1) CK: A ;SP: Z R %;5.10.20.40.804F 1604 7 KA £ B T4 1 B M & (Gy); & 7 5484 -F L4737,
“r” R 5CKAE0OIKF 27 2%
1)CK: Control; SP: Space-induced mutation; 5, 10, 20,40, 80 and 160 represented different doses of heavy ion radiation (Gy)
respectively; The data in the table were mean value + standard error, and “**” represented significant difference with the control at
the level of 0.01

2.1.2 M, RRAGHARIER da e R L5 R

A 225y 24 B S T 4 ) 3 R R B, B e AR
Pe B AR RIL T G R IR AR A, R 4 NE 25y
FUREL T T o R R Qe R B AR R ) Gt S5 R
H 4 7] W, 25 () AR F B8 148 ST 301 R T K
MO A M A 22 43 2410 S, Bl B B8 -4 5 7 = 1
W, IKFEA 225 ZLF8 BORWT FEAK, 1% T %

T et AR IR AR 2R BT I, 160 Gy A3 f e (044 iy
AL S Gy WL 2.5 5. BEFHLFHE Ly
FLFRHUBRAR A% T 70 38 I e 0 Ak ey AR 22 389 i, A
RN 5 R E (S Gy) =S TS AL, 2 Hi
AR B BTSSP S, SR BT B B
I J5 B AR BN 35 5 4y LS5 [R] Wy A e (e A S Y,
Forr, Wi 2 i LR (I 2).
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Table 4 Effects of space mutation and heavy ion mutation on root tip cells of contemporary rice plants
" i , i AR AR IS Aberrant types of chromosome
LTI BT 5500 R AR = e g
LG o . _ XU a2 A . etk ABENR
Mitotic Permillage of ~ Aberration rate ¥ Fr
Treatment . . Double bridge Laggard Unequal cell
index micronucleus  of chromosome Fragment
or poly bridge chromosome division
CK 5.32+0.27 0.38+0.18 1.25+0.50 1(0.25) 4(1.00) 0(0) 0(0)
SP 5.26+0.31 1.12+0.32 3.28+0.92%* 1(0.25) 9(2.00) 4(0.75) 1(0.25)
5 5.10+0.34 1.23+0.47 5.25+0.92%* 1(0.25) 11(2.75) 3(0.75) 1(0.25)
10 5.15+0.34 1.82+0.44 6.25+1.08** 5(1.25) 8(2.00) 8(2.00) 2(0.50)
20 4.90+0.32 2.56+0.46* 7.00£1.17%* 4(1.00) 16(4.00) 5(1.25) 0(0)
40 4.63+0.24 3.61£0.72%* 7.75£1.43%* 4(1.00) 19(4.75) 4(1.00) 2(0.50)
80 4.2940.56 4.434+0.59*%* 10.00£0.58** 6(1.50) 20(5.00) 5(1.25) 6(1.50)
160 3.89+0.26* 5.81+0.84** 13.25£1.82%* 6(1.50) 16(4.00) 10(2.50) 16(4.00)

1) CK: s SP: ZH#%;5.10.20.40.80f 1605 H1 KA E & F 54 KRR M F(Gy); & P &IEH T AL47 7,
“xr o “xx? gk T 5 CKAE0.05.0.01K-F £ 5 225 2) & PIEF a9 RALK T A T £ A o) an BB (FE T N HUE) & PTULES

o LR R AR B 5 (%)

1) CK: Control; SP: Space-induced mutation; 5, 10, 20, 40, 80 and 160 represented different doses of heavy ion radiation (Gy)

respectively; The data in the table was mean value + standard error,

@

and “**” represented significant differences with the

control at the levels of 0.05 and 0.01 respectively; 2) The values in brackets represented the ratios of the number of abnormal cells

(values outside brackets) to total cells in cell division(%)
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a: Fragment; b: Single bridge; c: Polybridge; d, e: Single bridge at anaphase; f: Chromosome lag; g: Unequal cell division; h: Micronucleus
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Fig. 2 Chromosomal abnormality of apical mitosis of root tip cells of contemporary rice plants after mutagenic treatment
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Table 5 Grain type variation in the second generation of rice seeds treated by space mutation and heavy ion mutation

e - FHMEER) ARdEZEs)  BREE TR RE% UGV .
Treatment Grain type Average Star.ldzilrd Rat?gc? of Coeff%ci.ent of F  Range of screening
value  deviation variation variation <x-3s >%+3s
SP $i K Grain length/mm 9.69  0.1349  8.70~11.00 1.39 0.67
i %% Grain width/mm 2.35 0.0230  2.20~2.65 0.98 2.95
Fi K 9% b Grain length to width 4.13 0.0647  3.70~4.68 1.57 0.08
M $i: Grain length/mm 9.72 0.1441  9.05~12.00 1.48 0.52
i %% Grain width/mm 2.35 0.0352  2.00~3.00 1.50 0.51
Fi K 9% b Grain length to width 4.13 0.0877  3.08~5.11 2.12 0.05
CK FiK: Grain length/mm 9.69 01029  9.50~9.85 1.06 <9.3764 >9.9936
FI9E Grain width/mm 2.35 0.0333  2.30~2.40 1.42 <2.2500 >2.4500
¥ % E Grain length to width 4.12 0.0734  4.02~4.28 1.78 <3.9017 >4.3424

1)SP: = 8% %, M: 80 Gy E & T &, CK: *FF8;2)%: * R85 -F ¥ 18
1) SP:Space-induced mutation, M: 80 Gy heavy ion mutation, CK: Control; 2)x: Mean value of the control
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8 1, R FE LA K 4 £ A2 /N 36 35 80 Gy H
AR AT 8 733 M AR GR IR B 426 4y RAZHS
Bl Hodr, R KAR KK 192 43, AR5 1 99 43, i w5 AR
B 51 s AR A 81 3, R FE LA K 117 3
AN 72 Ay o S ISR R B 5 AR TR R AR
BEAT RN 4.14% F1 4.88%; 4% 8] 7548 kb 7 1) 5 A5
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e, 7625 (8] 1548 K 5 B3 15 A8 M, AR A 43 3l i ik )
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Table 6 Variation of amylose content in the second generation of rice seeds treated by space mutation and heavy ion

mutation
i . N - N i gt v

KRB w(EBEIER) % FRHEZ(s) A S W P A2 B K% .

F Range of screening

Treatment Amylose content Standard deviation Range of variation Coefficient of variation
<x-3s >x+3s

SP 20.78 2.8957 11.91~30.81 13.94 2.97
M 20.80 2.8458 11.64~30.74 13.68 2.51
CK 20.92 2.2281 16.87~25.92 10.65 <14.2397 >27.608 2

1) SP: ®ia# % ,M: 80 Gy Z & T %, CK: *F1&;2) x: B4 -F 318
1) SP:Space-induced mutation, M: 80 Gy heavy ion mutation, CK: Control; 2) x: Mean value of the control
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red: 11:1; Green: Wx” gene; Blue: Wx" gene
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Fig.3 HRM detection result of DNA mixed pool with
different proportion
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a: Detecting amplifications of primers Wxab-O and Wxab-I; b: Detecting amplifications of primers EX4-O and EX4-I; c: Detecting amplifications of primers

EX9-0 and EX9-I; d: Detecting amplifications of primers EX10-O and EX10-I

4 DNARAMAY 4 X EK PCR 5194 /48 HRM LR
Fig. 4 HRM detections of four pairs of nested PCR primer amplification products in DNA mixing cell
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CK
94k Mutant

CK
4k Mutant

CK
RAEHK Mutant

CK
FRAEK Mutant

CK
FAZ K Mutant

W
TCATCTGTCA CTTCTTGATT
TCATCTGTCA CTTCTTGATT

o
TCGAGGCGAR GGCBCTGAAC
TCGAGGCGAR GGCGCTGAAC

@
CGAARATCCL ACTGATCE0G
GGAARATCCC ACTGATCGCG

.'
TGGCTGECEE CATCCOGEAG
TGGECCEOCEL CATCCCGEAG

i
ATAATACACT ACAAGACACA
ATAATACACT ACAAGACACA

GATTCTGACA
GATTCTGACA

AAGGAGGLGT
AAGGAGGCGT

TYCATCGOCA
TTCATCGGCA

CTCATGCAGE
CTCATGLAGG

CTTGCACGAT
CTTGCACGAT

|
AGGCAAGAAT GAGTGACAAA
AGGCAAGAAT GAGTGACAAA

1
TGCAGGCEEA GOCGEETCTT
TECAGGCGGA GGCGEETCTT
o
GOCTGGAGGA ACAGAAGGETD
GOCTGGAGGA ACAGAAGGED

i
AGGACGTCCA GATCGTTCTT
AGGACGTCCA GATCGTTCTT

A
ATGCCAAAAL TTCAGAACAA
ATGCCAAAAA TTCAGAACAA

i
TTTCAGGCAA 60
TTTCAGGCAE 60

CCBGETCGAGA 120
CCGGTCGACA 120

COTGACGTCA 180
TCTGACGTCA 180

CTGGTATAAT 240
CTBGTATAAT 240

ATTCAGTGGC 300
ATTCAGTGGC 300

CK AAAAAAAAAA CTC 313
FAE Mutant A AAAAAAAAA CTC 313

b

I
CK (exon 10) (+1) AIEAKALNKE ALOAEAGLPY DRKIPLIAF| GRLEEQKGPD
RAFYK Mutant (exon 10) (+1) AIEAKALNKE ALOAEAGLPV DRKIPLIAF| GRLEEOQKGSD
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Sanger 14

a: Sequence analysis, green for exon and red for mutation site; b: Protein sequence of exon 10; c: Sanger sequencing results of CK; d: Sanger sequencing

results of the mutant
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Fig. 5 The results of sequence analysis of exon 10 mutant induced by heavy ion
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