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Analysis of Saline—alkali Tolerance Mechanism of Rice ‘Changbai 9’
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Abstract: Through the transcriptome sequencing analysis of saline alkali tolerant ‘Changbai 9’ under different sa-
line alkali stress, differences of expression gene and expression patterns under different saline alkali stress were pre-
liminary studied in the paper. At the same time, all the up—regulated genes under two saline alkali treatment were

annotated. The results showed that when ‘Changbai 9’ was under saline alkali stress, some proteins and enzymes of

osmotic adjustment showed upward trend, these genes may be involved in the ‘Changbai 9’ salt tolerance process.

Key words: Rice; Saline alkali; Transcriptome

IR — RO 8 B B SR KRR AR
oL T L 52 0 R el ) 2 0 AR S R R A K A
2J) B SYT S W L A [ s aT LS m KR A AR 2
PREHEIRE S TR 5 K R T R O A9 Ak
W58 8 2, KB 23 2l o QT 5 32 Al 5¢ Bk 7
M, B € 5 7K R I 4 A 5% A9 A 3, T AR
K, I HARARTE 7 25 AR A 5y 52 B IR BT N R (1952
W], S 1052 O A S5 2 DR A7 i 7 7 ) TRE A A o B o
YL PP 7 BT BE 8% X 5 A4 4 4L/ 40 i b A ik DY 3R
5 bR 2 v T I, 4 B R B Tag FR A0 AE R .
T LA XA AT ol 45 A R DR L P Y A I
YR TG 0 B, DTS B ] DR 3R ik oK F DL
Ao i I 5 DA 3 3K 22 e A5 E AT O 50, S O o A X

Y iE B HA:2015-11-24

EETE . S A5 4 (0010404) 5 B FZ KR L ARK R
T H (CARS-01-15) 5 & bk 4 # 0 ¥ ¢ & & 5 H
(20130206001NY) 5 [ Z & F = Bl £ T & W H
(2012BAD04B02 ,2013BAD07B02)

EE BN R B (1981-) , %, mIFSE 61, -, BE5E 5 1l A
A E R

BIREE :ZR 2,5, Bt U5 0, E-mail: qyli1225@126.com

FEL Py 0 i R WL B R AT R R ARG o KR
Pl 119 5 2 75 MO ARl B2 BE T 1994 4F- H 22 1)
Tt B 7K A s B, 7E 75 MRS PG S kB b A DX R AR
20 A, R R KRS AR R O T 58 s Tk,
¢ LT Fh LB, X T4 5 it £ kT S A ik E A
FHZEE L,
1 #MH#E57*
1.1 REH R

K95 (CBY) J& H & A 4Rl Bl 27 Bt /K
It T 1994 4F- 57 78 1) 7K &g b B, i 46 614 38, 7 pH
=8.5. L 48 & Eh i 0.3% S5 F T B U 6E IE F A
K, 7 pH=10 1 L5858 T e R 45 2B 4, A S
455} CB9,
1.2 REFHE
121 %3k

W7 45 BE B R A0 Bl 1 22 19 IR SR 517 T
B 15 min Ji5 , FHZE WK 0Pk 59K, 25°C o6 M AEIR
MR Eish2 d)n , 2N T PR
Bigg KB — 0, RS — S R
B 3 G SRS IR &bl AR TR OK B IR B



6 AoAb A& e BE s Sk

— OSSO AT ER AR 30 A B
1.22 #HaEmaE

R 1A X I, 2 A b B X R (CK) 7508
K 35 3% (CB9_1) , &b 3 43 5l H 0.2%NaHCO, (24
mmol/L, CB9_2) (K ik &£ 4t 3 ) , 0.4%NaHCO, (48
mmol/L, CB9_3) (¥ FEALH ) , & 1555 7 do 43l
T4 3 1 AR 2R O T R P R v R L R
PRAF T -80°CUKAE & HT, P44 ik = b mtiti R
R E B AA PR Al 3217 RNA-Seq 7 .
1.3 ERRIEEAMRFIE

3L [H 2 35 & LA RPKM (Reads Per KB of Millon
reads ) (H 7~ , 715 A FE K 1) RPKM {8 .

10°C
NL/10°

RPKM {E >4 1.00 B, X} F 44 1 Kb #9 5 A,
100 J7 1~ reads LA 1 read 88 Ho 4 b3z 3k
o PR 7E R e A B Y B A B R T RPKM {H >
1.00, DDA Ay 322 3 DR 76 3 Bl Ak B R 2635, DL 2€ 4K
B SR Ik E O X IR, 5 22 S A2 /), H P<
0.01, WA Ry iz 3 N kA 22 7 3Rk

2 R L5 5H

2.1 b e e R B [ Y 0

AR KRR A S % E N, 15 e UL RP-
KM {8 =1 > 5 {5 ok i &, %+ B8 CB9_1(CK), LA )
F 31 229 A4~ 3 K R 3k, 4b FL 1 (CB9_2) A il £
32 854 N HER ik, AL FE 2(CBY_3) FR A& 3 32 096
AN R 3R A 3 A A 3 o S AG I 21 36 047 AR R
K1) o o, Ab 31 ) BE rp 2[R 2 58 B R AT
29 561 4, Ab B 2 Fiowf e v e m) 3 3K 3 AT 29 148
A A EE 1 AL 2 ot [R] Ak B A 29 929 4,
3 Fif b 2 e ] 3 0K Y L AT 28 506 S (K 2)
HY LT DU IV B2 R A Ak B AT BB 5 5 T BB 40 3

RPKM =

37000 ¢
36000 |
35000 |
< 34000 |
39854
™ 33000 | 49006

= 32000 7 7
31229 / %
2 7
. .

= L
%) 31000 ?
® 30000 | /
CB9 1 CB9 2 CB9 3

29000 %
NGk sz

28000

B1 EERZEZHESS

(2238, B 5 Bl B2 1 1 i SR R N I
, BB AR TS o 5 i A A O K TN Y R

o

MR E

T R AR5/ I

TR IR S AL B/ %o FR
2 FERETERRIEINER

22 HWMEERRIEZEESH

AR 5 CBY H 43 1 46 1 F] 36 047 4~ Fk K &
ik, DL R R B E=2, P<0.01 i fEHE 1T
T 22 5 AR IR B L AR 4 25 53 4R L 7E AR )
AR B v B A 3T R REAR X, R B PR R R A A
R =R (SR 1) . RIRBE L, B AR R R

F1 TRHEHLETERERREEXSHF

TR O XIR(CK)  AbH 2/ IR(CK) B
1 1 1 3479

1 — 364

1 l 9

2 — 1 1952

— — 463

— ! 1840

3 ! 1 4

! — 409

! l 2997

W TR BEL, | FRTHERL, > LERES
LS O N (U S I =7 N T L
TFRIBWEE A 3 4790 B T RES 5 T
ERBRAC I B AR s oA 22 5 1 364 A % 3 B R AT
REFE (5 Wk BE SR A 3R 3k A2 B T I N E &R
NI 9N, U I MR B2 R Ak B R bR SR A Y
K HEH S5 T A R BEE ok i
Frem KRR 2 RE LB, R 2
R RN TS SRR E R OA B R A



248 R KRNI 9 S AT SR BHLER 2> By 7

Rk  RiE & LT A 1952,
X B[R AT BETE i e B AR A A B R A X 3 A
N e BEEAL PR T MR A 2 R Rk MR A
463 >, 12 43 e PR AT BE X Ak b e R U A
Z: 55 2 ER g Qi B 5 v v B AR BB 38 R O 3R A
(55 R 1 840 A, %38 43 3 PR 1) 3¢ 35 W BEAE =5 VA &
RO b Az B T, F kI3 (IR B R m Ak
PR T AR IB IR 7E Sk B R BT, Rk
TR 44 B 25 51 4094, AT RETE i Vi
RS TN IR ER o SR s S 0 Rk A T
Tt FEERA 2 997 A, 12343 3 R AT g X i e
BERURR T W B R B BT T 32 B T R Ak A g i
il o UE B R R SR AL B R R kY R A
e g ER B AL P T e 1 2 IR A ik

FEAR IR B Eh A B R R R L A 3 852
AR BRI A 3 4104, /5 W 3 30 m b 34
T RV FRR R EE A 5 4354, F AR LA
4 8464, F W E L AL B R, 5L R BLBA T
TG R B VA B Ak TR X PR ok B Ak B 1 SR
KA FE A 295 A4, T I Rk LA 451 4> (A
3), VL KA A L A i 2 5 T s Rk 5 48
figi b B AR AR R AR
23 HEMEERREEENINGEERSF

T AP U 85 R i Ik R R A A B R R B R Y
JE AR AT 0 355 RN ) 8 R B K B — S il 2% I B A
RL i e R A2 2, I L ok 2 Ik PR 7 306 355 e rp 3
AP WATE . BN, & 8 B EGE B R4 %

6000
@ LKA
1000 | o N iRE
< 2000 r
m
< . S
@ CB973)CB'9{2
W | -451
i 2000
i
-4000 |
-4846
-6000 -
ENELGSE

B3 FARASELETERERRERASH
MR IR 4 Tk i 4 ik Ak 28 11 45 4 33 ( EGF-type aspar-

tate/asparagine hydroxylation site domain containing
protein) , fH ) T T AETE. S SHE MK AN R Z K
WM B IR B R T T BT R EY
AR RN B E W AF o I 215K G A AR W)
fiff (Haem peroxidase family protein) RJ 4 fk i 45 1L
ARAMEm RS, HA HER L AL
W IE WIS PERY DA . SR L4033 P450
¥ & 1 (Similar to Cytochrome P450-like protein) ,
HAMAMINGE, Z 54 E MG IRE. Al
B g R ERW], K E 9 S a T A &l fg

AR Ty 1%y S A A0 A ATL A R A 1 AL AR, A T RE R G
T B A Y — A E R

x2 ARHZEWAETHS LAEZRERDETR

Gene_id log2 (RbFE1/CK)  log2 (AbFH 2/CK) |- i % BE Trhe R

1 0S12G0465000 6.484 8.208 7 1.27 Hypothetical conserved gene

2 0S02G0113200 6.302 4 7.808 5 1.24 Similar to Cytochrome P450-like protein

3 0S08G0188900 6.388 7 7.626 8 1.19 Similar to Germin-like protein precursor

4 0S09G0561450 6.433 7 7.282 8 1.13 EGF-type aspartate/asparagine hydroxylation site domain
containing protein

5 0S08G0477100 6.393 1 7.191 6 1.13 Similar to Latex allergen

6 0S02G0824100 5.957 6.687 7 1.12 Cytochrome P450 family protein

7 0S04G0121300 6.331 7.066 9 1.12 Similar to OSIGBa0115D20.4 protein

8  0S09G0561482 6.106 9 6.602 7 1.08 Similar to Wall-associated kinase-like 2

9  0S01G0389200 6.192 4 6.584 4 1.06 Protein of unknown function DUF679 family protein

10 0S07G0127600 5.884 1 6.229 2 1.06 Allergen V5/Tpx—1 related family protein

11 0S06G0521500 6.289 1 6.644 5 1.06 Haem peroxidase family protein

12 0S09G0543900 6.340 1 6.668 1.05 Transferase family protein

13 0S01G0963000 6.105 6 6.410 2 1.05 Similar to Peroxidase BP 1 precursor

14 0S07G0127500 6.231 6.471 6 1.04 Similar to PR-1a pathogenesis related protein (Hv—1a)
precursor

15 0806G0210900 5.8322 6.019 1 1.03 Lipase, class 3 family protein




8 AoAb A& e BE s

4145

3 % ®

BTN TR dh Al 9 5 A9 it 3 BB AL 2EL o
PEAT T WF SRR, 3 R i o Ak PR35t A% 3
TEAL, g BT T ] 5 R ROR S PR A i DA A A
FIX B % T 382 0 M i 1A 55 720 LA 3R A BR Al
SE L DX 8] PG5 5812, AR X AE 1R Rl B 32 % v 45 U
J2 A TR) A AR HE B R AR 9 5 1 2k o 7 PR
KEEAE TR BEDY o A MR B FE RO MERR 5 R W IR
i T R R AT B 5 B A

e 57 ZH WIF T S Hk TR D) R K 45 A8 BF 5 114 R il A
WA A, TR SR A R AR N 2 D RE DT R 7R
A S AR 1 2 T A 7 Y, I LG AL
K MBI D RE B A EAE T o e S el R
Xt BT A B 5 53 7 W R AT 0 2 5 0 R R TN A B SR 2
oy, B AN AR B S Jm 8 i 5 I AL 4% e o
TE KRB i R AR 60 T R IKKF 21

AR 1206 ok o 26 A DU T R - R R A A B
A O B A B T, i ey 0 6 0 R DR e 9% ) o f
FH B, AR 8 R BT B A 2 s i B gk AT
NREERE, BRI B 9 /e sh B T, —28
B A A ORI S 3 R B R S i o
M B 95 E 2R i A 5 i 35 19 77 30 SR Ak
HUR B 7 B iR, FL ER AL BE AT RE A [R) T
—SEA YR HEER ML o PR A R ot — 2D %) 22 S 3k
I R R AT R 0 B R 5 R BRI, i — 25
i LT £ BRUML B

S Uk -

[ 1] Shannon M C, Rhoades J D, Draper J H,et al. Assessment of
salt tolerance in rice cultivars in response to salinity problems
in California[J]. Crop Sci, 1998, 38(2):394-398.

[ 2] Flowers T J, Yeo A R. Variability in the resistance of sodium
chloride salinity within rice (Oryza sativa L.) varieties|J]. New
Phytol, 1981,88(2): 363-373.

Lutts S, Kinet J] M, Bouharmont J. Changes in plant response to
NaCl during development of rice (Oryza sativa L.) varieties dif-
fering in salinity resistance[J].J Exp Bot, 1995,46(12): 1843—

1852.

[4]

[5]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Zeng L, Shannon M C. Salinity effects on the seedling growth
and yield components of rice[J]. Crop Sci, 2000, 40(4): 996~
1003.
Hoshikawa K. Growing rice plant:an anatomical monograph[M].
Tokyo, Japan: Nosan Gyoson Bunka Kyokai (Nobunkyo), 1989:
30-31, 59-67.
B L BEIEA, AR S R BUE A R KR S R S i
S L7 P BIEE L] 7 AR B, 2005, 30(5) - 7-10.
B, R 2RO S KRS R 3 ROE 5T O ().
AL RHE 2010, 35(5) : 21-26.
Zeng L, Shannon M C, Grieve C M. Evaluation of salt tolerance
in rice genotypes by multiple agronomic parameters[J]. Euphyti-
ca, 2002,127(2):235-245.
Moradi F, Ismail A M, Gregorio G, et al. Salinity tolerance of
rice during reproductive development and association with toler-
ance at seedling stage[J].Indian J Plant Physiol, 2003,8(1): 105—
116.
Ammar M H M, Pandit A, Singh R K, et al. Mapping of QTLs
controlling Na®, K" and CI” ion concentrations in salt tolerant in-
dica rice variety CSR27[J]. J Plant Biochem Biotech, 2009,18(2):
139-150.
Pandit A, Rai V, Bal S, et al. Combining QTL mapping and
transcriptome profiling of bulked RILs for identification of func-
tional polymorphism for salt tolerance genes in rice (Oryza sati-
va L.)[J].Mol Genet Genomics, 2010,284(2): 121-136.
Ahmadi J, Fotokian M H, Identification and mapping of quanti-
tative trait loci associated with salinity tolerance in rice (Oryza
sativa L.) using SSR markers[J]. Iran J Biotechnol, 2011, 9(1):
21-30.
Zhang G Y, Guo Y, Chen S L, et al. RFLP tagging of a salt tol-
erance gene in rice[J].Plant Sci, 1995,110(2): 227-234.
Lin H X, Yanagihara S, Zhuang J Y, et al. Identification of
QTLs for salt tolerance in rice via molecular markers[J]. Chin J
Rice Sci, 1998, 12(2): 72-78.
Gong ] M, He P, Qian Q A,et al. Identification of salt-tolerance
QTL in rice (Oryza sativa L)[J].Chin Sci Bull, 1999, 44(1): 68—
71.
Prasad S R, Bagali P G, Hittalmani S, et al. Molecular mapping
of quantitative trait loci associated with seedling tolerance to
salt stress in rice (Oryza sativa L.)[J].Curr Sei, 2000,78(2):162—
164.
MR, SRS, 203, 55 . B0 RS 4 i 00
Bl 19 S50t DR A PR A ARG [, PR 47 27 41, 2009, 35(2)
301-308.

(T3 £08H)



