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FWNipponbare & /KA £ 40 B, 1T Kasalath 85 888 5 A

BE— BB R I, KRR ARAE T SR R W I NRAT 1 HE [N 7E Kasalathh R 5 T iy, RW], NRATIHERY
1o 22 A 5 PR 2 T BUR BUS T Pl Kasalath AR AQEE & b L i 25 A . Ak, SRIMA N, Nipponbare
MR AR Y 53 0 5 2 25 5 T Kasalath o 107 H., K& f4a il #9582 73 WA ¥ Os FR D L 47 PRI E SR i 1 o Ao
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FEASES 0945 Rk FRIZAY

SR A4 39.5 x 10° hm R+, (5t FLAT
Biih - 5E140%, FEMAEIGE | A SR
WX EHELEPEE D TRE R 5 K
M ISNE X, T o A R R p R A L AR
HHLIX, PETERI G A AT 514,875 ~ 2035
km?, 2 05 4 [ il B AR 15.49% ~ 219 7
Foy '*' FlKochian ' Ay 42 F S W Ve + e 1 B
EYERNEENFZ—, @wEENT, H5Ehm
B DA S I AR kR L s SR e 7
XY TR, H24 3EpH < 5.50F, SRt AT
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ik, HEgR Y h e iis 2R EE Rk,
TR B EE L STARISAS M ABCHE 5 1
fi8 -5 [R1AE 76 AKCRE AR 15 200 JH 7% 200 i 65 32 3K i STA R 2B
Brashn HERR R AT AN, FHTE 0k 09 40 i RE
MEfsREEE 0 . OsFRDL4ILH 4fi5 (1 8% [k =
FAEK RIS ML o A [ 3R 3K, BB AL s i
R, JER M K RE N A0 PR B L N, IR FE A KR
R P o Hp 327 40175 T 0 3% 0 A B o AR UK
mn A, ELA LR 19 53 0 5 0% i TR ) R Gk i OE
e 0 AR S BERIF Y 3 64 i IR 7E AN AN [ 48
KR RN ZE S, BRITAKR S AP B e 22 57 2
BH ERFEF R RIBEMIE, 250K R b
ol 7 3 8 AL 0P S A o

LR i

1.1 sy

IRIG I K FE S AP AN . Kasalath (A)
IR26 (B) . Bik277 (C) . #HF6S (D) | W
388 (E) . #iaAl2S (F) . Batl6 (G) |
Koshihikari ( H) Fll H 7 ( Nipponbare ) (1),

TE A b B ORF R AR B Fh T, FE25°C T R
TR, SR 5 He ik B A T Y B8 AR
25°CHEEHEZF2 ~3 d, BET 0.5 mmol L' 1
CaCl, (pH 4.5) IHWATFR LR TR do BEHUK 3
AL AT, 43 ES A0 pmol L™, 30 pmol L7
50 pmol L™ AlICL,#YCaCl, (0.5 mmol L', pH
4.5) WW PR FE24 he ACFEFTE 3 E R BUR
K, HHAAERRKR, A0 B
1.2 REREEENE

ATk, KL 0.5 mmol L' ffCaCl,
(pHHM4.5) B PE: 1 dJF, HmEKEMII
M4 7E 550 pmol L' AICLHYCaCl, (0.5 mmol
L7, pH 4.5) W H R FR24 ho VIR AL PR S 1
M4 (0~1 cm) 104, 0.5 mmol L™'#JCaCl,
WP YE3 G, A LS mlf L& F, A
1 ml 2 mol L' fUHCHAW, *PIA][aIWrHbFESh . e
/024 b, WHAET LIEREEE10 ml .08
i, EAZES ml. HICP-AES (IRIS-Advantage,
ThermoElement, J¢[E ) M@ ¥ & &, AFAH
ERAax
1.3 RESDYHKESNE

AR & SR WAL TR W2, %8 R

%A0.18 mmol L™ (NH,) ,80,. 0.27 mmol L™
MgSO, * 7H,0. 0.09 mmol L' KNO;, 0.18 mmol L'
Ca (NO,) , - 4H,0. 0.09 mmol L' KH,PO,. 6.7
pumol L' MnCl, + 4H,0. 9.4 pumol L™' H,BO,, 0.01
pmol L' (NH,) 4Mo,0,, + 4H,0. 0.15 pmol L™’
ZnSO, + 7H,0. 0.16 pmol L™' CuSO, + 5H,0 FI10
pmol L™ EDTA-Fe, BEHUK AT MIKFEER, X
Al LB S d, & FTpH4.5890.5 mmol L' CaCl,
BRI, RIGHE50 pmol L7 AICIL 0.5
mmol L' CaCLIAW (pH4.5) ZbFH24 h, W HHE

PR W W AR U o B AT 5 o P B8 38 4 i i
( Amberlite IR120 H*, Aldrich, ZE[E) AEAH3 o
BHES Fac it g ( AG1-X8 Formate, Bio—Rad,
FEH) MEFRMH, FALS mliY2 mol L™ HCI
A3 3R ML BT B 1 WGBS e VR e
BEZE AL (AL 10008, HA ) gz T,
5 1 mUE 2l K3 i 28 WO b i =4, RDE R
o B WA A5 (B UFLC-20, HA)
W o M40 @%FE (Agilent, SB-C18,
250 nm x 4.6 nm, 5 pm) . FishAH A BERR E 2%
i (A, pH4.5) —HIE (B) , A (98% ) —B
(2% ) . Wi#0.8 ml min™', PEREE20 pl. HiR
30°C.,
1.4 RAERNABJIREL

n Eprd, KFELHEAE0.S mmol L™ AJCaCl,
(pHR4.5) WP dJF, wEKFMILIZK
M, 7650 pmol L', 50 pmol L™ AICLHCaCl,
(0.5 m mol L', pH 4.5) W 59524 he YIEL
AL PRSI (0~1 em) 10~20%%, FHZEM
KIEBEF LA LS mIBy B0 8, 57 BV A WA
PR, A EE 3R B SE e KR
BIAKE G R iR aE, MA350 pli) 2478
(TIANGEN, ) , BEEE¥SEEIR1.5 mliy e
&P, Z£12 000 r min~' ( ThmeroMicrocl17, &
B AT ELL, IR EERHTGuige R H )
PEUY (TIANGENMI16, HE ) #EHRNA, &
ERE6O plEF
1.5 RNAR®F

WeHL 14 plRNAJLAPCR/NE B, H X #;
FikH & (TOYOBO, HA) , A4 nliy
R FE MM (5xRT Buffer) , 1 plfyfil
BEW (EnzymeMix ) , 1 plf 5 ¥R G W
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( PrimerMix ) , 320 HMZI:/%O S SRR T R
37°C 4T 15 min, 98°C&M TS min, 4°CL LR
N, f5%]cDNA.
1.6 LB EEPCR (RT-PCR)

RT-PCRM10 plf&FR: 5 plfTip qPCR Mix
( TRANSGEN, "[H ) , 4.5 pl BKEK, 0.2 ul
BIEm S, 0.2 plBg 514, 0.1 ulfcDNA,

A R H S22 Ot E &8 PCR (Light-
Cycler48011, Roch, %Kit ) . BIERIF N =4
%, 95CTF15s, 55CTF15s, 72°CF20 s, 345
G, Hrr, ARTI. NRATI. OsFRDL4. ALSI
ALK Histone H3VE NS LN, STARIHI
STAR2W N HE P H ActinfE N NS I . LIS
FPHIEL R,

*1 KAEEPCRIIYMFIIR
Table 1 Primer sequence for RT-PCR

3 ¥ Primer J¥¥1Sequence (5 to3") %% LHkReference

HistoneH3-F AGTTTGGTCGCTCTCGATTTCG

HistoneH3-R TCAACAAGTTGACCACGTCACG

ACTINI-F GACTCTGGTGATGGTGTCAGC

ACTIN-R GGCTGGAAGAGGACCTCAGG
ARTI-F CAGTGCTTCTCGTGGGTCTT [6]
ARTI-R CCTGTGCGTGAAGAACCACT
STARI-F TCGCATTGGCTCGCACCCT [9]
STARI-R TCGTCTTCTTCAGCCGCACGAT
STAR2-F ACCTCTTCATGGTCACCGTCG [6]
STAR2-R CCTCAGCTTCTTCATCGTCACC

NRATI-F GAGGCCGTCTGCAGGAGAGG [7]
NRATI-R GGAAGTATCTGCAAGCAGCTCTGATGC

FRDL4-F CGTCATCAGCACCATCCACAG [10]
FRDL4-R TCATTTGCGAAGAAACTTCCACG
ALSI-F GGTCGTCAGTCTCTGCCTTCTC [8]
ALSI-R CCTCCCCATCATTTTCATTTGT

1.7 HiELLE 2 % B
XK R (RRE) A ARMT .
RRE= (RLy, =RLy,) / (RL¢, (=RL¢,) x 100% 2.1 AEKIERMEEMPIET BRI R

XH, RLy, A F24 WG B RL, NS
AEBRRT IR K ; RLe, X BEARBE24 WG AR K
R Lo k) B A T A AR I

ARG, AH X AR AR FR I S5 R 10k &
S SAME , AR O I 25 R S 4Rk A -
B, HARBNIREL W FEME. 5o rk A
Excel 2007F1SPSS 16.03K{F#EAT A FRANGE T 70 #7 o
BN ZR )5 22081 ( One—way ANOVA ) K56 A [
AFRTED < 0.05 55 T 1Y 22 5% W 1

A, AHY R AR S a2 2] 1 R
PRI, 0005 A ) 4% T R A AR A A T B 42 Ao Xt
BRI B TR DN T R T R R SR T O AN
Gl i Ay p T AR L AT L, R [R K
FEELFPAE30 pmol LT4HIRMANIE T, E42Z8 TR
) R ARl . It H R Kasalath 224 il G H A &,
AR K R K 32.27% . TiNipponbare | 3 3 15 A1 X
TR, AR K R 68.17% (A 22 18] 1 T 7k 25 {1
Fik35%, 2R BE . 1E50 pmol LT, i
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70 b 30 umol LAl
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Relative root elongation (%)

bed bed be
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or bed be
40t
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Relative root elongation (%)
o

bed be el

A B © D

E F G H I

JKFSG b Rice varieties

Ee A~ T 20 CERIKAE i i Kasalath |
it R V- HMH = bR 2=

IR26. WA277. #fE6S .
AR F AT R 2 B AEfE B 2R (p<0.05)

WAL388 ., A2 |

B HL16. Koshihikarifll H ASH ;
T [FJ Note:

P v A KL

A ~ 1 represent rice variety Kasalath,

IR26, Aoyou 277, Yangdao6, Yayou388, Yangfuxian2, Nanjingl6, Koshihikari and Nipponbare, repectively; Data are means

+ SD, Different letters represent significant difference between treatments (p <0.05) . The same below

E1 30 pmol L™ F150 pwmol L7 4540 FH24 hoK A5 AR XHAR i K

Fig. 1

PR A 2 2 1 B . b R,
KasalathfE A 7K F U S A sz 1 i e WA b, AR
R HK27.95%, TMiNipponbaref39k i PE AP, M4
KAHN54.60% o BUB A TP 5 G R ] 22 R ik
26%, 5. I, RYEA SR POl 15
B, Kasalath A A %48 U Rl Nlpponbarej{]
RE XS 0 T o o
22 AEKERMIRRESE
RSB I AL, WRAFFRN
ORI L KRR — R AR R A L SR T
i 55 AR AL S AR AR A R = A G MR 2Hh
nl I, Kaqalathlﬁﬁ*ﬁﬁtﬁqiv\E%Nipponbareﬂ/ﬂ1.6
f, 225 AR, Kasalathff 524 5A B0
mnFl, I HARRER & i MY 85 , Nipponbare A 81
TEfPE Rl AROER & A XA
2.3 ARREIKERMIRADIDITERS E
TEAEYITE SR AL RIS, AR AT Lod iy
WA SIREE PR, TR E
AT K, NipponbareLﬁKasalathfﬁ%ﬂLfﬂﬁﬁWj
BRBEIR I W T2 S, AR AL 85 PO A A R

Relative root elongation ( RRE ) of the rice plants exposed to 30 pmol L™ and 50 pmol L™" aluminum ( Al) for 24 h

0.12

= a
= T
= 010 T
> 0.08
HE ?
§:§ g 006f I
K 004}
B2
§ 0.02 F
(=]
S .
= Kasalath Nipponbare

JKFG b Rice varieties
2 50 pmol L™'f1AbFH24 WK REHRAREA £ ik

Fig. 2 Al content in the root tips of the rice plants exposed to 50
pumol L™ Al for 24 h

Sy E B TE, UL AT R Y 43 Wb A7 AR I 6
Mo [AEF, Nipponbarefh &b RS #7152 53 Wb it b 2
5 FKasalath (E3) , #0007 648 v 5 R 7 45
JUR 30 23 0 WA B 22 I T AR R R R R AR
2.4 JKIEMAIMEXEERIE

M E4n 0L, FAbBRIS , ARTI. ALSIFISTAR2
HE TR TE AN TR) 0 T e o o K R o ) R 3k i 0 3 2
5, MSTARI BRI H G E AR EER, M
STARI 5 SRAT27E Ui fig AL [FAR/ER . Bk, %4
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o 400 0CK a
= 350 m Al

B E 300

=2

gz 250t

® 2200 ¢ b

;fg % 150 f .

RS 100 o

W3 S0

7 il
= Kasalath Nipponbare
3 JKAF B Ff Rice varieties

K3 50 pmol LB AL BH24 hK RBAR B F AR 43 i
Fig. 3 Secretion of citric acid from roots of the rice plants

exposed to 50 pmol L™" Al for 24 h
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Kasalath Nipponbare
JKAE WA Rice varieties

ALSTEIRIX; ik i

STARI WX ik i

AN PR K R R B ER T 25 SR A G, (EAE
— B RFSE . Hih, ARTISLHAESART S, #
AP AR B A BER . R, ZIEH B KR
HAR Z AR T A DG S A B I, (EAR B IER
SRR KRRk B AR, MALST, STARIF
STAR2W Z 505 TG Rk B % LT, R EEL
Wzl S Rkil, SHARRER D —5,
tHIEISAV L, A ¥ S, Kasalath5Nippon-
bare INRATI (L ¥ W3 B I, RWNZEEKH 2
RifsT. Hrh, Kasalath T NRATIFRiK & 5,

5 3.5 a

T 30f a

=}

E 251

.E 20 F

2 15}

g b b

s 1.0

(5]

i

ks 0.5 F

(5]

S !
Kasalath Nipponbare

a

S 6r

3 a

B 5[

5

)

@ o, b b

§ 3

Q.

5 2 B (]

2 1F

=

§ 0 1 . 1
Kasalath Nipponbare

JKAG S Rice varieties

K4 50 pmol LA b HH24 hitH 563 AR I AH X e ik i

Fig. 4 Expression levels of Al tolerance related genes in root tips of the rice plants exposed to 50 pmol L™ Al for 24 h

Nipponbare FINRATI 415 . KasalathdWNRATIHY)
FE F ik it 2 = Tk S A Nipponbare, W T
NRATIREF AN RS e iz E ML N, ALS T4t 11
ABCHE 3z VR SCRE A 40 40 M 9 19 85 e 1 28 W0 vh
Wl ok, DAL, 3T SR [l 4 ) T KR X 4
W L AT, A, Kasalath5
Nipponbare MALSIH) Kk F I o 5 225, KL,
Kasalath" P NRATIZRIA R T, Al 51E H 209460
MRS, SESmHEFIZE, A
Tl AR o 2E—2500 %2 Kasalth fINipponbare 28
i BE AR S B A, Kasalath AR 220 i BE v i

R 2 2% & T Nipponbare (KI5B) .

i ESCRl L, 48 AL 3 )5 K FE i Os FRDL 4%
Ry ik el i 2% BT, B IHEEGR 5 10045 ~ 200
B . Hid, BEURS R Kasalathi OsFRDL4HY 13/
FE R R T4 ﬂﬁ‘lﬁlﬁnﬁl\]ipponbare m IR EL .
HULHED , OsFRDL4HEPR 533 WA~ 7K i it F ] 119
i 45 22 S A7 6o

e 3T JUAFE WK R T AR AL BRI 5 v, 55T K A
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— ~
S 0.06 = 3
g [ ek 2 A 5 0.055 - B BE2000 Lo . .
o8 = 0.05 | WAl = Mgt ¢
=] s a
3= b EZ 0050} T Kz e0f
# £ 0.04 as B b Z 5140 -
g £ B 0.045 T Sanot
ZEE003¢ s 1 = £ 100 F
23 =2 0040 @7 80
c N = g
&= ;0_01 | ¢ B £ 0035 2 Z 40t
g = L& o 20
=z 0 : . 20030 : 'S5 0
&~ Kasalath Nipponbare 8 Kasalath Nipponbare = Kasalath Nipponbare
< &

JKAG hff Rice varieties

JKAG hff Rice varieties

JKAG hff Rice varieties

K5 50 umol L7SHANIE R AHOCE IARARAR X b G (A, C) LLRARRAMIEES &5 (B)

Fig. 5 Relative expression level of Al tolerance related genes in root tips (A, C) and Al content in root tip cell walls ( B) of the rice

plants exposed to 50 pmol L™ Al for 24 h

1} 5 A A DG A PR 20 Wi B, O HL X SE LD R 2
B DL S 22 it /K R 40 75 7 I iR AR B A0 A,
ARTI . FRDL4, NRATI. ALSI. STARIFSTAR2
S o o ART IR 7K R 55 i 4 A DG B TR it o] 425 1A
¥, HIEEOK R 20 5 mPEA DR 3 1T A Y
h O KRR TR AR 2 AR, IR R
AU, AR ot Ao 160 430 i 44 1) 22 e o AR R AT
G A BT 3 A () 0 T P ) 7R ot o v S T A
AL YR IR AL, AR FTHR MR P AH OC HE 5] 55 7K e i b
] SR PE 26 S YOG 2R, A /K ReR T 5 o o 7 22 412 A1
i SR

MR I AR A fie B S AR AL, 2 40 7
SRR TRAL, PR, TR RE AN () KR it R [ T 45
P2 LRFEEMEN Y, HARBNE RS2
BT A W R IE A e LT Bk
i, KasalathJCi&7E30 pmol LA 250 pwmol L748
WAL PR, HAR MR B2 3 3 i 1 H e o BT
W HC Ry ARG 40 UK A Wb Al . Nipponbare e AH [r]
PRV AL BT, R 35 i T A KR A
A X SR T K R R (811 o IR HL, TE
MEHRER AT, KasalathPM A8 & & i &
f%]:‘l:Nipponbare (K2) , #H—4HUFE5C T Kasalath
B S Ry 0 SRR K R L Nipponbareﬂi]’fﬂﬂ!ﬁ‘ﬁﬂ(
AT S

BRI, BALBG, ARTI, ALSIF
STAR2F:H #E Kasalath 5 Nipponbare # 1Y 3 ik 2 I
Jo RS, STARIAEAR AL PG A7 AF 1. 35 22 5¢
Horbr, ART L2 7K e 50 T 4 AH G BE PR i e st I8 1
I A Z AT, eI H R 8 5T REJF A BE
KBRS PEAS AT A2 . Wb, ALSTHEDA 3R 35

HAE P i A A 22 RPN B, UIHALS IR RET
AN XA KRS L AR T 25 S ) B RN, R
ESTARIAE AL TS W B A7 W35 22 5%, [HSTARI
SHSRAT2AE Yrhe EACREAE, Nk, X242EH
55K o R) S5 T 25 R A A OC, (EAT I —
AR (K4) o 53—J7ii, NRATIFIOsFRDLA
KixwmAARFEER. BLEME, WAKE SR
HMINRATIH) KRB W% ., Jf HKasalatht
NRATI3E[H 3 15t 1 3 &% FNipponbare, FLARZ
21 Hf BE 45 7 5 5 3 5 T Nipponbare ([E5) o i
XiaZE U HES R, BUBOK RS SRR R NRAT IS A Y
Fika W E LTI KRE MR, JF HAEg i b,
LA Y R 3k B 5 KRS i B B TR0 P SR IR AR OG, iX
HARBSE G RONAE, HEDW AT REA DL WA JE A
(1) SoKkFEmAh R 225 A 58, (2) KA
AR 2R HIE, NRATIRER AN 12
UM, AOKFEN AR A REHLBRIR B A ER |,
A RE T B0 TR AR AT, DT R K R Y 2R
Ko Li% B b R, NRATIE Fk bk R 40
P A 38— A B ) 4 T, L[] e 745 ) 4 i R
DL S B B0 B T, A ALS T
FKiKmWAHN B FL, #F—20 0% Kasalth #
Nipponbare*ﬁ%éﬁﬂﬁﬁ%t‘jE@%ﬁiﬁf%, Kasalath
R 2 20 it BE v (Y 55 7 1 B 5K W 2 R T Nipponbare
(KI5B) , WﬁKasalath'ﬁNipponbareq:‘ﬁﬁﬂ%%ff?
B E R MALS I FE R I T R E X
5, I, KasalathtPNRATIHY = 260k &l G2 (il
B2 R EKasalath 0, EGR T E MK,
OsFRDL4JEFZ WK REER Mt PR d 22 38 N,
Fw it 2 B S AT R R Y B s B UIROC . IR AR
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964 S - 54 4%
KRBT 0 o 2 05 5 0 2 1 A 5 T4 1988, 19 (7/12) ; 959987
GORLFD  ELAG ML 4 T 5 % L 2 5k [ 5] Yamaji N, Huang C F, Nagao S, et al. A zinc finger
HE [10] CORFSE R IR, R TE S AN K R R o transcription factor ARTI regulates multiple genes
ONFRDLASI G B N[ e e
OSFRDL4E/‘J%\:ZJ\\$§E%‘%:FK&SEﬂath (A5C) ’ j-JF [ 6 ] Delhaize E, Ma J F, Ryan P R. Transcriptional
HAEFRALB)S . Nipponbare R S FT 152 i1 73 Wb kAl regulation of aluminium tolerance genes. Trends in Plant
23 T Kasalath (&3 ) o 03X A~ i i ) 7K Science, 2012, 17 (6) : 341—348
FEAEAL G T, AT LAE A FRDLAR R A&, L [ 7] XiaJX, Yamaji N, Kasai T, et al. Plasma membrane-
%%’J*ﬁjﬁ?i%ﬁaﬁ/ﬁ %Ai{iﬁﬂp E/J/‘ftu Uﬁi’f\ﬂ%’e localized transporter for aluminum in rice. Proceedings
éﬁiﬁ@ﬁ%i%ﬁ/‘]l&w, }J\Wﬁéﬁ%%ﬁﬂo EJHTJ' . 7J($W of the National Academy of Sciences, 2010, 107
S5 G P, %6 DA ) 0 B Ll (s
[ 8] Huang CF, Yamaji N, Chen Z C, et al. A tonoplast-
SEHED , FRDL4HE DY 535 P /KR it R I £ 7 5 localized half-size ABC transporter is required for
%Eﬁ%o internal detoxification of aluminum in rice. The Plant
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[ Objective] Aluminum ( Al ) toxicity is an important factor that inhibits growth of plants

in acid soils. Different plant species are often different in Al tolerance, and so are different varieties of the

same species. Through a series of hydroponic experiments, this paper was to explore difference between

two varieties of rice, Nipponbare and Kasalath in Al tolerance and mechanism responsible for the variation.

[Method] Plump seeds of the two varieties of rice were selected and placed in an incubator for germination

at 25°C. Then seedlings similar in growing were divided into two groups, one undergoing treatment with 0.5
mmol L' CaCl, and pH 4.5 for 24 h ( Treatment CK ) and the other with 50 umol L™" AICl; in addition to 0.5
mmol L~ CaCl, and pH 4.5 for 24 h, too ( Treatment Al ) . Root length was measured before and after the
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treatment with a ruler. After the treatments, some roots tips (0~1 cm) of the seedling were cut down with
a knife, and placed into plastic tubes containing 1 ml 2 mol L' HCI, separately, for 24 h extraction. Then
the solutions were analyzed for Al concentration with ICP. Besides, some root tips were put direct into liquid
nitrogen for refrigeration at —80°C for late-on RNA extraction. To compare the two varieties of rice in Al-
induced citrate secretion from the root system, some two-week-old seedlings were treated as in Treatment
Al for 24 h. Then solution from the treatment was diverted into a column containing 5 g of cation resin
( Amberlite IR=120B resin ) for adsorption and then into another column containing 3 g of anion resin ( AG 1
x 8 resin) . The anion-resin column was then eluted with 2 mol L™' HCI and the eluate condensed into solid
through evaporation in a rotary evaporator. Then, 1 ml of milliQ water was used to dissolve the solid adhered
to the evaporator for determination of content of organic acids with HPCL. [ Result] It was found that under
Al stress, Nipponbare was less inhibited than Kasalath, for it had longer roots and less Al in root tips,
which indicates that Nipponbare is an Al tolerant variety of rice, while Kasalath an Al sensitive variety. It was
also found in further studies that the expression of NRATI, which is responsible for controlling Al uptake,
was much higher in Kasalath than in Nipponbare, and the high expression is possibly the major cause leading
to the high Al concentration in the root tips of Kasalath, an Al-sensitive variety of rice. Furthermore, it was
also found that under Al stress, Nipponbare secreted more citric acids than Kasalath did and the expression of
OsFRDL4, a gene controlling root secretion of citric acid, was significantly higher in level in the former than
in the latter, which demonstrates that citric acid may possibly play a critical role in rice tolerating Al and the
variety of rice controls secretion of citric acid by regulating expression level of OsFRDL4 gene. However,
tests were also done on other four genes that may be related to Al tolerance, but no direct relationship was
observed. So further studies need to be done. [ Conclusion] Nipponbare and Kasalath shows different Al
tolerance in the present study. Nipponbare is an Al tolerant rice variety, while Kasalath an Al sensitive
one. The difference in Al tolerance between the two varieties of rice may be attributed to the differences in
expressions levels of NRATI and OsFRDL4.
Key words Rice; Aluminum stress; Aluminum tolerance; OsFRDL4; NRATI
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