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(1. AR Rl B 2. AL KA B,

B hER 2 (3 &

J7&K TN 510642)

E: ATLEZNERS KRG E 13 FAF, Bnftties s Riddd. 28, R wHERF
HMEF G RERR S R (FF), k@GR, BREX, BBEITF. ATREZAFRGAR, kb6 MK
THRB 2 A B Z, AT 130 A 10-mer ALY 3 % &5 DNARAPD)3| 4 4= 17 sty 38 h RKE % Al
(AFLP)3 14404, oAt £ F 40 DNA 347 % A s g 2o, A7 282 R YR = RN REKRS R
F DNA X8 # ERRIAR G % A £7, Ao mEFRes REGEE, % 6%-12%. ki RMASFKF Lit—

BIEU T % R BRBL A X AA AT A A AR .
KRR FRBE; AKAERITIK STFARILH
FESES. Q754  HEIFRIRFE: A

H 1987 LK, FH 2 Al SUED Fh 127 7]
FEEL NSRRI R 5 (10 Ja A b & R A
A, N R R IE E R AR R A T R 5
RRIFFE R 24 CIRTFA D R R RAE K
B, IFEE R T EAKRE N2 HREED
m A (R), FEErT AP A, AR, Mei
SEUR AR I BEHLY 4 2 25 1% DNA(random amplifica-
tion polymorphism DNA, RAPD)Jy kXt =% [a] 75 4%
S BRI TARARIAT /30T, 3 AR T
SAFAFAE. 20 2l 60 FFARLIR, &, B EF
RN TRV RS T AR 2 N AT T AN DA, R
WD WG T A IR ML S . /5 DNA 31 7K FX)
2 2 ARIEFEIAF I E AR R TUHRIE

TAHEAKFEFP51E 1996 4F 10 H#AH TR A=
A, RS 5 R RO AT m AR S, &l
B TARREFERAS T MR E M RER R,
S S E 6 LI PRI 20 DNA BEAT T 18] 83 5l R
(simple sequence repeat, SSR)Z &MEmHr. N T
Bk B AR IR AT, A SR HE K]
AAERENL TP AR 73 T ARl 20 A 75, B RAPD
Ny 1 B K £ & PE (amplification  fragment
length polymorphism, AFLP)XJ 1 f#) JL AN 848 44
HEAT A3, DU T fid G DR 21 1) AR 4K

NEHS: 1000-6737(2002)04-0478-06

1 #R57%
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HUAE SRR T 13 DT AR AR R R
PERBIAEE o« B H TR (HKEL N 13%)7E
1996 4= 10 H T P B ik o] 2 AL (- AT B 178
-320 km, fHiffi 63°, &M RHIE 2.65 mGy)#&
P15 Ko IRHJE 5 IR [R]ISAE )RR oR . L,
MR — AR B AR IR TE A MR AR e (1 58 AR bk
FRo AREFFLIRIGH 8 NMRAKRE AL 4 RN )G
AT K]
1.2 DNA 2E

Z: I Murray S5O $2 454 DNA (1) CTAB %,
HEAT /KRS S DNA $2HL.

Yeis HER: 2002-01-27
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EHEN: S, 1971 4E4, BhEEAFIU0L, R,
Hi%: (020)85280200, E-mail: jicai@scau.edu.cn.

BIER: M2y, #, LA, g (020) 85280200,

E-mail: mtmei@scau.edu.cn.
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1.3 TERHEKZRS FIRCHH
1.3.1  BEHLY 12 A7 DNARAPD) /M T

Z: i Williams 2571 J5 ;. % H Operon A 7]
(17 130 A~ 10-mer K #L 51 % E RAPD 4 #7, 7
9700DNA " H4{X(PE A 7)) EiEAT PCR 414, 473
S NAR B IR AR R A 25 pl, AR DNA 2 40
ng, Mg* &K 2.0 mmol/L. 4 [z W [ 4 1
H: 94CHIANE 1 min 5, 94°C, 45 s; 36°C, 1
min; 72°C, 2 min; 38 NMEIN, AL 72°CF i Afif
10 min. RAPD P=#% 1.2%E IRkt ik,
B S Ay BT R e 2
132 8 Be KR 2 & PE(AFLP) /iy

% Vos S8 B ] AFLP J57%, KM Gibco-
BRL 2w (£ [H) ) AFLP 43 ik &, LL S #xid
VAT . UR/KHE DNA FE 5 H E O 200 ng, sk
HT 17 55AE . ¥ RNERSE, 90°C I
3 min, SRJGE 6% NI IENZ B Lk o B, Bt
T BT X e R IBOR s 4 10 b g R 4
(BioRad 2 w])Rr il i s 45 3

2 &% B

21 ZTEIFSHERTRRFFE
AR B RBYE 4 RALER, "L
PERARE, 0 IR Bk fE S 2 ks ) SOk, AL
SOCT AR VEAE T B o IX UGk R AR B4R
(ST-1, dwarf). FHAAF K (ST-2, larger spikelet).

RIS FG |7 (ST-3, shorten grain). 754748 45 (ST-4,
purple grain). ®J M ¥4 K (ST-5, lengthened
flag-leaf). A F (ST-6, male sterility)6 4~ 5¢ 4%
A, LA Sk SR Tk i B PIAS e 0B
(&) ML— 5 (ST-7, huahang 1). Efi1 — %
(ST-8, huahang 2)(F 1 J F3CH A 45 0%
ANFIRALR R )o IR LLTEAR R R T2 248 S R IAE
MR 5, WURARARAA, HAPR MR LG R R 2
41.1%, iy B SR, Rk ag, RORAR
F, WARIE O, MR KRS AR, ARG vE H
o [53] 2R0 P R [RE SE AR AR, A 5 5 (A T SR AR A
My WA S, ISR AR R,
HEVEAT R, HMEMERTE, EA e 45
AR, Aep— 5 A S, R MOKRES
B) 5242 Je AR R a8 LR I R0 1R £ 5 PR K0T o
(M R)e H i —5 5 5m, K, ik,
PERAS G, T 2001 A IE I T A48 S A
AHET o AT S LA R B L AR — 5 e
UF, AARSERTEE, IEAEAREHER .

f BRI, ) RAT R BUK AR ] S BUE AR
FENSHTTZ . ZMEFNESE R, R %0
A RIS AR G020, O T @3 — PRI IX
DA SRR IR Z A A e e A 22, R
7t DNA 73 F /K B e RS fE e 225, W& 1
G H RV EA TRAZAA S I E R A (R, BAJR AR
XF Ry Sl BEAT T RAPD 8% AFLP 23 #1, DL T fi#
X LT AR S AR R HE DR A (1) 28

Table 1 Traits changed in rice mutants induced by space flight

Name Mutation types Changed traits

ST-1 dwarf The plant height is 41.1% lower than that of the original variety,
with curled and dark-green leaves

ST-2 larger spikelet With larger spikelets and more grains in each spikelet. The aver-
age length of spikelet is 23.8% longer than that of the original
variety. The average grain number in each spikelet is 56.4%
higher than that of the original variety

ST-3 shorten grain With widen and shorten grains. The ratio of average length to
width of grain is 28.6% lower than that of the original variety

ST-4 purple grain Color of grains changes from yellow to purple

ST-5 lengthened flag-leaf With lengthened flag-leaves. The average length of flag-leaf is
30.4% longer than that of the original variety

ST-6 male sterility Unable to produce pollens; but female fertility

ST-7 Huahang 1 With higher performance in yield and grain quality, when com-

pared to Texianzhan 13, the original variety

ST-8 Huahang 2

Similar to Huahang 1 in performance, but not so stable as it
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2.2 RAPD 4R

M Operon A FFENLGI Y25 & AL By C. F,
O. R. U. W. Y "REHLIEE 130 4514, LUJUfd
DNA Jy %f B, X} ST-1. ST-2. ST-3. ST-4.
ST-5. ST-6(W.% 1)/ DNA #:47 RAPD 2)#r. K&
WK1 o, AR BT 1. SR A,
ANFRAZARI) DNA ZK-A8 e (2 A0 2R BN
TMIE: — R e D,
14 = ABEHLG T IX 6 A G848 44 I JE Rl DNA 3™
LT I LT/ P R &S WS L ERY © SV g E|
Zr (GO R B 2 a8k Ay
PRI ZE S, RN IR RA, (HoE)E
HIE SRR M 2= 5. TR A2 MNER
FESZI6 SRR, UG vE Y 1A PR N sk b
IEZ P N IS E RE TS S 1 27 R/ [ P i ek
h0.5-1.8 kb, ¥ HGREGSAT =) 05| 2 A
Mres g 738 2. AR E S, oy i
H5.8%-11.2% 5 I A AN F R =4 W AR LAAE—4
B BoARREE R A T (g — AN, W) 22 25 1 e 7
9 5.8%-112%, BCE(EMN— @R b T #4558
A AL ) I AR SR . dn b ST-6 A
BRI T R01.2%) 5 m, N FACFER T
IS R DNA KR AE T HROKIAR L. B A0
WL GALAHAT T A P22 M5, R IZ ARk
WA K B KA TRZIM A . 43 RAPD 514
BN 127 NP KE 297 AN, KHHEMEASE AR AR
JR A ¥ DNA AT 2081, M2 1 416 A8 {7

&) (B)

Fig.1 Electrophoresis of RAPD products of rice mutants.
(C) OPFO1. DNAs from: CK, Texianzhan 13; 1, ST-6;

112 I Be(BEAL) I AT 12.9%, 55 ik 45 1
(11.2%) bzt .

] Lk A TR B K R A1 e A L ) &
PRAA AR FRERINY 13 BORARAR, T E R,
BUNLEEH T 30 NRENLS 1Y, DR B%PAlA 13 S
HEPEAN T RAZR LA S 55— BRI & Bl TR36 (1)
DNA W4, HEAT T RAPD 2087, i) 2 24&
TP RAAR L A 2 A A — LU 7EHAL
13 MR T RA R B ALY B 143
Be(sfn), 12 B RA2ENE, 28
BNy 8.4%; MAEHRFAING 13 55 IR36 W b Fh ) 4 14
2 185 SR BL(REAL), Forb 99 MR B (B R 2
A, ZEMEN 53.5%, EHEEAFREKRY

Table 2 DNA polymorphism of rice mutants with
RAPD analysis

Name of No. of primers Total loci Polymorphic loci”

mutation' screened detected  No. (%)
ST-1 128 500 29 5.8
ST-2 129 519 52 10.0
ST-3 126 524 58 11.1
ST-4 128 521 49 9.4
ST-5 129 517 39 7.5
ST-6 127 534 60 11.2

UThe names of mutation are the same as those shown
in Table 1. ?Compared with DNA from Texianzhan

13, the original variety

The random primers used: (A) OPR09; (B) OPU19;
2, ST-3; 3, ST-5; 4, ST-2; 5, ST-1; 6, ST-4 were

used as templates. The names of mutation types are the same as those shown in Table 1

IR36H 14 21 177 AN Fr Br(BEAr), o 100 AN v
BB EA 2, 28 MIL 56.50%2 %, W]
DL R E] 1Y) DNA 22 5328 i T JE Rl S5 M v AN 7 5874
A2 If] DNA 255,
2.3 AFLP #/H¢ER

PL ST-1. ST-2. ST-4. ST-6. ST-7. ST-8 LI

SRR DNA AR, 16 17 X} AFLP & #1
S A AT T AFLP 08T, ZAME Ry 1%
3, B A W 2. 5 RAPD J5 ik 2L,
AFLP 73 M7t R 2 250k, AEEDI2H bt 2 Rl L
e MBI R, ANEFSIWAE, Haeril
B2 AN, HAM N2 SEREA—FE, 5]
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Table 3 DNA polymorphism of rice mutants with
AFLP analysis

Name of No. of primer Total loci Polymorphic loci?

mutation” combinations detected  No. (%)

ST-1 17 415 25 6.02
ST-2 17 451 39 8.65
ST-4 17 441 42 9.52
ST-6 17 468 50  10.68
ST-7 17 451 30 6.65
ST-8 17 469 56  11.94

UThe names of mutation are the same as those shown

in Table 1. 2Compared with DNA from Texianzhan

13, the original variety

&) (B)
CK123456 CK123456

v :
A

Fig.2 Autoradiography of AFLP analysis
for rice mutants. Primer combination used:
(A) EACC+MCAA; (B) EACT+MCAA .
E:EcoR I , M:Mse I . DNAs from: CK,
Texianzhan 13; 1, ST-7; 2, ST-8; 3, ST-6;
4, ST-2; 5, ST-1; 6, ST-4 were used as
templates. The names of mutation types

are the same as those shown in Table 1

WAL (K 2B I i 2 SR BoE A, X T A
FER R A 1-2 2 2380k, A 5144
B 2 A) WIREAS SEAZ AR IR AT 22 VB R, 3K
VL] DNA JK-F (1738 5 A6 A FE D A2 ANE— 11

BEALI .

Fb#c 2 2 f1 3, Jil AFLP 5 RAPD Wikl &
IIREAN R AR 22 A VE 3 M AT FHAL IR G5 51, oo T
PERE AR AFLP 4 5 RAPD 7543 41 T £4 1
ZAL NN 10.68%F 11.2%, %42 5 A8k 1
PR 2 BT 5 9 v 1) 22 25 P JRE AT 2 R AR (5.8%
6.02%). IXLLLEHUEI]: KR SEAR AR L IR LG AR A
SIAFEAE DNA K B s, HOAN RN R AR 5
HILNZ] DNA (A8 5 X B FEEE SR AR IR o IRl
RN 55 KL DR 20 588 2 )2 (5 A7 A0 SE R A
Frilt— 9. AFLP 04T T NRAR EAHIE &
LR P = A BRI R (R AL 5 (ST-T) R 4E
i 5 (ST-8), Hrh ST-7 MR Rk # ke, J
Z AN FWRAC, h 6.65%, ST-8 28 5wk
Fasg, HHZiAMOIREE ST-7 EAL R, HEZ AR
P #%(11.94%) L ST-7 15, UiHH — 3 E DNA /K 1
Y SN I

3w i

Vi g Fo 25 1A A i BLAF ST 0384y, 25185
BH MBS — & REA, FElEWt. g, )
FRAEAR I OO 5 38R MK FE R i & AL R
MR, SEYEME ETRITH E, SR AT
B LA AR AR RO AR P R AR I
PR, ST i 2 () PR 4% A ) $8 280F 1 1) 15 AR A
s A0 A6 4 5 BRZ A BE AL 23 B 1 P 28
DNA 7r Fhrid, KRR 28 TR 4 4300 Hb 5 1k
H SRR SRR T R AT o AR SR i
T, ZATEN ST B2 6%-12%,
AT L7 [R) PR 8T AT S50 DR A P A 235 40 40 11 2
A5, ST IR R H RAPD #8301 H 98 48 44 55 Jiit
Tl 18] 1) 22 28 2R AN J A B 30 b A 2 T ) 22 28 2 1)
10%-25% (W15 5 IR36 2 0] [ £ A PEik 53.5%,
WL 2.2), o] AT THIE S A 5T BT 20 T (0 A4 ki
o AR ARRERL Y 13 ISR R, TR B e
TRA%.

AW S AL W S [FIRE J LA AR A4 L SSR V2
I MTIRTHI 2 A W Ik T A SO 45 2R, 1A ST
RAPD 5 AFLP 7 #7145 IR b #20 (k 4), U
ST-6(HEVEAE FRAL4A) A, RAPD 5 AFLP 43 #t
ZER RN 11.2% 10.68%, 11 SSR XA 0.35%.
s RAPDTFIT AFLPEIS KT 1R JsL 2, 3 Y ol 77 v 40
ST AT HEAN FE LRI P (R BEALAE (7, SSR J7 1ML
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AL R AL A (g B P A, IR AN A B
PR T 8 i FE DAL A g DX 2, R AR AE R D 4
PS8R 2 [ G i X 67 1) A S it A L SSR
JHEGENE], BT A —N 1 BE il R AR IX 2L R A R v
HE YA R BURIBLG o Xf— LESAR PR SAR S,
DI ek IR BY T TR IX RN 73 &
Jto AHEFTARIA T ) ST-6 13 A 52 {7 15 3
WEFCIEAEREAT A, LA ik 23 [ 5 A2 (15 1
HUBRIX e LR (B St

Table 4 Comparison of the results of analysises with

RAPD, AFLP and SSR

Name of Polymorphic loci(%)

mutation” RAPD AFLP SSR?
ST-1 5.8 6.02 0.71
ST-2 10.0 8.65 2.12
ST-4 9.4 9.52 1.41
ST-6 11.2 10.68 0.35

YThe names of mutation are the same as those shown

in Table 1. ?Data from reference [5]

R NEES: ASIE A LIPS - SO I ERESR (28 N & AN
A PRBN A AR T AT S R R
G ARSI, T R R RE . e
BRI EAA O 2 A BUR A T 32
2O B AR AT O AT C O A2 T
ZERPTUESE, W A MESEUIA ] RFLP 2387 7 ks
K 7 AE T B (L 1) AR T BUK R AR R 4 R
Az, UEWI A% 1T DNA v Brsk ki Jk fi =42,
IFor M 7 3 DAL P9 R A (0 AR S R, TR 5.15%
—-6.39%. Zhu ZFUILL LET 24 150 keV/pum [ o Fi
TN - G RIAAE A 41, L2 PCR K
T ST FARARMIER, BB B K L) 55 LET
LFIEANSG . Hei SMBTHE— DU HOR o PRI FRE
THTR-RE RS, WEW T8 o R4
AL R] 5 SR A A (A 1 v o S ATHEN A
RRE PN LTI AP B o Rl LT SN 0 )
K] AR (I mGy 7K ) B A% T 4 A% 8 1) v
BT (i X 2, v IEO) B R BTG R GA R
Gy), (H T2 () v B AR S T R e B RE T . o
FAESWRE R DR TR T Rt nT e 51 2L
JEACH LB R AR . B PR A R P A b
P R 7R, R R R 1 e AR R A A A i
PR T LED 22 0 W E I IEAE AT, JLE R AT

W T Mo e A (R AR A

S 3
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DNA POLYMORPHIC ANALYSIS OF RICE MUTATION INDUCED BY SPACE FLIGHT
WITH MOLECULAR MARKERS

YI Ji-cai', ZHUANG Chu-xiong', YAO Juan', WANG Hui>, CHEN Zhi-qiang’, MEI Man-tong'
(1. College of Life Science, South China Agricultural University, Guangzhou 510642, China;
2. College of Agronomy, South China Agricultural University, Guangzhou 510642, China)

Abstract; Dry seeds of Texianzhan 13, an indica rice variety, had been on board the Chinese
satellite at an orbit of 178-320 km for 15 days. Mutations in morphological characters on plants devel-
oped from the recovered seeds, as well as their selected progenies, were investigated. Several types of
stable mutants in morphological and fertility characters, such as male sterility, dwarf, shorten grain, larger
spikelet etc. were obtained after selected and then inbred for 4 generations. For exploring the genetic
basis of mutation induced by space flight, RAPD and AFLP, two kinds of molecular marker analysis
were conducted to find the differences in genomes among 8 stable mutation lines, including two
high-performing lines used in rice production in Guangdong Province, and the original variety. 130 ran-
dom primers and 17 primer combinations were screened in RAPD and AFLP analysis respectively, and
around 1000 loci were totally investigated. The results indicated that the variation rates of genomic DNA
between each mutant and Texianzhan 13 could reach the level as high as 6%-12%, which is only equal
to 10%-25% of the polymorphism between two indica rice varieties in general. The various polymorphic
rates were observed in different mutants. The results from this study demonstrated that space flight could
induce mutation on rice seeds and the changes of genetic material in mutants were verified. The impor-
tance of space radiation, especially high LET particles in mutation induction is discussed. Further study
in the detection of space particles hitting seeds, as well as the analysis of the mutagenic effects is being
performed to understand the mechanism of space induced mutation.

Key Words: Space flight; Rice mutants; Molecular marker analysis



