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WE: AAXFAOARAXERAR, ¥EERARANPERRAREBEESHTERARARET AT oM. B 36
HBERBETFFLE 20d BN 40 CHBAKE 2 ANFRBE, 2 A LE 12d4 25 dERA R FRR RNA, 5
HERRAHMAERRARREEEFHTEFAXZAREFAT ). ERBAAKRBLEHATR, EHE TG 32d
£t 968 AMNEFEAALRE, AP LAAX LR S 501 A, THRAXERN 467 A5 £i6/E 45 d AR F 1 064
MNEFERBAR, AP LARZEEA 2744, TRAERABEAG 7T90A. EREAW, MAEARRHK, LR S HA
Ay RETMY, VREXAZRFEAWARMAEFRE, SNTREAREBI RO ERFARZRAA X; 8
BAEOHERREZD, HEBBATLEARAAGARRS, AP TRA-FSEARSTRIELHA X, AR
UREMNANERE—EREMN, AARTRAAEAGHR T EATIAG, KAWEREMDAMEALR A E

SR EE T AR
X E O HERWE; ZEMG; FERARM; RFELABEAKE;, AR EF AR
hE SRS S565.4 XEkRERL: A XEHS: 1673 -9868(2014)11 - 0019 — 07

TEIN 32 K22 S 3R R W95 J5 17 » Zhao S5 DA X T B AZ s AU B R0 M RL I BIF ST X 42, e T
2 Fh R RIAT RO RE N IR 22 5 S5 RAEAT H A 1 547 DR, A 686 NIEREIERILES, RN
AR, XN YRR IR IR E A . BEA . WMEEE A . o TS Rmfe 5E K AR
PR 138 2 5. Zha 2L NIL-9 A NIL-1 X 2 TS5 2ok, DF9S A6 25 d 2 MmN R 78
ANFERBE ST & RN LKL ER, R ERERSG 25 d, LR AL PRI DL H A 5 R85 1Y) B4
Xof e PR R ik HLA B L A A I B 4 982,1 911 I 839 A~ 22 5 ek F A1 . i HLIE 7 AH R IR B i a1 Ab B
T, NIL-9 B9 & aha e NTL-1 %5, Li 25 15 000 4> EST XF S Ak 41 40 3 5 69 3 38 3547 cDNA 13 4 %71 43
B G5 RAERZ IS R A 89 AN | FEE AT IS A 95 DEEIAFFERIA 2 R, 291 083 AN KA 4t
BT 2 RER AR, AT =R AR R i A SR R R H105 7E 2 AN AR IR BT 25 5K 1 R s RRE B [ B
. Al 5L RS I 2R 28 3 BRI R T OR [ EAEE R IR AR S 30 d BT R SR KRG 45 R R B, AT Rt R
19 H105 IR, A 421 DESERIEIER , Hrb 220 MREFERIX T W, 192 MEEEH KA EH, xR
FEW AR, B, A A, k. gt REAE SR SEDR, BA - e iR M EE A F T,
AL b, SRS T R A g R AR N SRR R . A, MR S e AR A
FH 2 FPR S5 B2 . B9 T R SR A S5 AS R i 3 i R 25 S SRR W A8 5L e o B s B 5 R A OG g i
PR 48 T 8 K 4
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1 EBHBEFE
1.1 SRBE#MHS54E

AW R A LCD1, LCDY F1 LCD10. Hrfr, LCD1 Jy & il & ¥ 58 B K, LCDY9 #1 L.CD10
R I BB BB R, AR i BN A RIS T AR AL R BB FRAE 10 Bk, TFAESS 20 d ¥ 3 O AR
A3 3 AMIC TR RN B IR A EE . MRS BREE A4S 5 B, LR B R RIAE 40 CC LA I 3 AMIT R A UL o
37 °Cy el 13 °C, SFHREE S 22,3 °C 5 AF 2 PRI R #RALEE 12 d A1 25 d. BUIESS 32 AR B 32 d)
45 dCb3E 25 DA R E T/NRE b, BB AR AR, H R ] —80 CUKARRAFE R HI. IR “RNAprep
pure fHY) & RNA 2 BUXH &7 (H sk % . DP432) #EBUEH R 119 RNA, ZifJ5 i 3 —80 °C vkAH IR A7 75 .
3 MBI RNA SR RHR G . T8 UR 5 8 PR 58 SO0 BEOFIIR IR SR B4 AN R 7 38 58 35 % 43 #r
1.2 HBFEERRKIESH

AR HIF T HE R 22 6 TR YN A R R 43 A
1.2.1 EZEMEXE. KA LM

Ay Hra (i H aY = AL AR 4 Hllumina Cluster Station A1 IlluminaHiSeq™ 2000 & 4t, i #| M Illumina
Gene Expression Sample Prep Kit, ## & Solexa il 31 A,

1.2.2 »A7&

R B S RNA % 6 pg, SRJG FHBEERHEAT M 4 fk mRNA, I i 5 5k & BUMUE cDNA.
it NIalll WUIEEFRZE 57 R i, P85 3% 4% Tlumina 4223k 1, (EHE ARGk 1 ) Tag. @  #EERUTIE 5 78
Tag 3" K% Mlumina #3k 2, A5 W 0 % A A WL P51 R 21 bp Ar%8 . il PCR &k 35 )5 (15
AMEER)  SRIF HT 6 V0 5 P A Tk i 56 Jc Pl DK AL Bl RS 24 o A S Y FREE 43 1 I B Tllumina W P88 Fr, &ead
JEAE Y 3G B — A B3 F AP AR, A 4 FORTRIZEEARIC UG Y 4 PR IR . 5 Ja & ).

1.2.3 HWAmLA

Zead 2% 37 adaptor JP4 . KBRS reads, ZERAUSTH Tag . BRI /DL R Tag . BKEHN 21 nt 1Y
Tag , EBREENECH 119 Tag, iJ53R1E Clean Tag.

1.3 EEEE

AT L% 750 R RN A, K5 E S mRNA I FTA “CATG 4, M “CATG+17nt” 5
WS BRI E , SRIEH 4 DRESL I F 238 Clean Tag 52 % AR S 5005 5 vE 47 Lo, X HohE— 1
Xf B — A BE K AR 2 AT I RETE R . SE TS BRI X0 (9 B 4 Clean Tag ¥4, )5 X 4f Clean Tag $Uii
FRuEf oAb B, ARG AR AL BRI R b i, SR AT GO ThBe WM s vk, 8T A 22 57 3R A 5
] Gene Ontology (4 2 (http: //www. geneontology. org/) 4% term W&, 23 #rfE4 term 1Y 3L K%Y
H, I S58AEHEATT S, RN7E2EFRIBIER PR EFTEN GO FKH., FRBGZEF M GO Jige it k.

2 HERE5HW
2.1 MFRETH

OB 4 ASEES SFRZE Total Tags 1 Distinet Tag number Ht Clean Tag BY4% H 434, 4EJ5 32 d AL FE N
Xt HEAE 40 5 A 96. 64 %, 96. 61% H1 49.57%.,50.17% 5 46 )5 45 d 4b B A1 X BB AR 5 20 50k 97.70%
97. 70 % #1 50. 71%,52.59%. M 1 43#7 Clean Tags ¥ N B4 . £5 84 WELK T 100 Y& £k Tags 78
A RN XS B R AR L 6106, T FE DU/ T 5 AR ERIE Tags 7ERNE LAEH T\, o 5420 ~56%. WL &
mRNA Gt 50 % MR A H] 32019 /D% mRNA, FR&FAPE DU 145 & mRNA A — M, Uik
st ) 25 A Y 5 R4, AFS T — DB A
2.2 BERBETHEEHREFNRAPHERERRZIEHH

7E FDR<20. 001, H. [log,Ratio| =1 . LA SR Z&AF 0 M 76wl T AEJ5 32 d KN 2 968 4~ 22 57 K ik
FEA, HAp FRERKRFEF N 501 4, TIRERIBIEFRN 467 1~ ERE TS 45 d 2 2= R FE L 1 064
A o S 274 A, TR 790 A4~ (E 2).
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EIURE

[2, 5] (125 330, 54.29%)
m (6, 10] (35 764, 15.49%)

[11, 20] (26 495, 11.48%)
| [21, 50] (22 644, 9.81%)
| [51, 100] (10 052, 4.35%)
m > 100 (10 585, 4.58%)

MmN e RENFREFME ST

EIURE

[2, 5] (88 903, 56.38%)
| (6, 10] (24 546, 15.57%)

[11, 20] (17 505, 11.10%)
W 21, 50] (14 453, 9.17%)
W (51, 100] (5 968, 3.78%)
m > 100 (6 314, 4.00%)

MmN B RENFRERME ST

1

EIURE

[2, 5] (135 523, 54.16%)
m (6, 10] (39 199, 15.67%)

[11, 20] (28 770, 11.50%)
W 21, 50] (24 651, 9.85%)
W (51, 100] (10 817, 4.32%)
m > 100 (11 264, 4.50%)

MmN ERENFRERMESH
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800
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600 [
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EE#

400 I
300
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EIURE

12, 5] (102 945, 56.93%)
m (6, 10] (27 716, 15.33%)

[11, 20] (20 080, 11.10%)
W 21, 50] (16 171, 8.94%)
W (51, 100] (6 724, 3.72%)
m > 100 (7 203, 3.98%)

B BNFRERE SR

EIURE

[2, 5] (361 848, 5.29%)
m [6, 10] (272 454, 3.99%)
[11, 20] (388 174, 5.68%)
| [21, 50] (722 250, 10.57%)
| [51, 100] (709 680, 10.38%)
m > 100 (4 380 706, 64.09%)

Ha20 BN FARERE ST

EIURE

W (2, 5] (255 379, 3.70%)
m [6, 10] (186 543, 2.71%)
[11, 20] (256 542, 3.72%)
| [21, 50] (458 577, 6.65%)
m [51, 100] (418 726, 6.07%)
m > 100 (5 317 567, 77.14%)

Ha3 BN FIRERE S

EIURE

[2, 5] (392 870, 5.74%)
| [6, 10] (298 186, 4.36%)
[11, 20] (421 933, 6.17%)
m [21, 50] (787 177, 11.51%)
m [51, 100] (761 461, 11.13%)
m > 100 (4 178 188, 61.09%)

a4 BN FIRERE S

EIURE

2, 5] (295 576, 4.07%)
m (6, 10] (211 021, 2.90%)
[11, 20] (293 686, 4.04%)
W 21, 50] (511 900, 7.04%)
| (51, 100] (473 872, 6.52%)
W > 100 (5 484 949, 75.44%)

B 1 FF# & Clean Tag ¥ NH 4 4 it
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2.3 EREFINEER

Xf 22 S RIB B R HEAT GO THRETERE . 7T LU i 22 5 3R 0K Ak [H K ik DR 7= 0y e 1 1) A B 2 L 03 D RE LA
Kz 5Hy il .

SIATAE R N AESS 32 AW BUAMRIRAE G 32 DMy 225 RIBFENH, G5 R WIR, SN A0 22 73R
INELRL Bl 595 A, HER Y EE AR MR Sk . SME AR . 4R AR 4 AR B 7R R
1) 605 > 22 S RIBFE A 1Y 3 FIIRE Ty i, T S = B R B S 1 LSl i o A WL & ok, o L
G PE RGOS WLBh G PR 19 A28 R R B R R A T M, RABH =B REGIS PR 53 2 e Rk 5L
A 7T ANEPRUE RS B, AR 46 DR ERIL T M. FEEBRIA 594 D2 R RINEE R A Al Ry
M, EZE NG E M ZMEE MG AEY SR NG A D, TR fAEY T DAL, FEiR TG
32d 5K T AEJG 32 d AH L, 25 5 33k 5L D ™= W 3 20 5 008 19 A= A A A U G

PMRIRAESS 32 d X HR, FEmiiRAESS 32 d Byl 1 22 S Rk SR AR g 2 opr, — SRR RE T 555 DR R
IKBYEE, Y p<<0. 01 B, EVERER] 47 D22 B A, Hd A 28 A 5 UE b FIME G R R A0 OC, H
A 15 AR LIRRIEN, 1I3AEEENREREN: f 23 MERBEREENEY S BUEEME, Hr
17 DMEEE AR, 6 DR T RRIS. 75 47 D22 R RBER b, Jfidk i Rk E7E 10 5 0L 1Y 6 42
RHEAT 50 HT o S5 R 3k 6 A R /2 i %3k, 3 A Bra032343, Bra039705 Fil Bra016676 4> F LI GE#5 5 /K
ik T 1% 1 R B B e A G, AR A R R S ) G AR e AR SRR R R B R S T F I (my-
rosinase) 1 &, F: A Bra039705 M) H i i 19 15 # 45 B 17 B8 ( thioglucoside glucohydrolase); A
Bra004012 (4> 5 P RE AL 45 5 PHES 745 5 . 0 % 0 1 i o 1R 55, A ad B2 S o il i . <AL Iz 3l )
N, FER WS AR PR N IF T B (myrosinase) 5 35 [F Bra033504 4> T I g 5 04k i IR B 15 P AH 2,
A R O DR AR 40 PN O RS RS BRI A A B ) A AR EE B KR B s BE ] Bra010076 143 F
D RE S B I 2 HL AR RO WO R A G L el RUA . B Bra032343, Bra039705 Al
Bra016676 #5557 B AU 1 A A AR G, HEM X 3 A~ FE R W] BB 3 282 507 MR RBR 7 09 4R 06 1 5 AR
FEH Bra004012 W] BB 5 5130 A G Y B

AT 45 d 125 5 RIREL I O BEOMIRIRAE S 45 . 550 B8, SN M 22 5 Rk L B
BOh 753 A, HEPR Y B0 A T AR BT . B L A0 MR S AR SR SR AL E s TR R 736 2 ARk
B 4> T RE T T . BRI M L AR A3 I A4 R DU Rl i 25 4 (tetrapyrrole binding) 5 7E TR E] Y
755 > 22 S K DA 8 A g sk A D5 T A AR RO A5 W SR A — 28N A B A UG £ 4 A R
AR 3L 2 (carbohydrate metabolic process) . & MR AU #f i #2 (carboxylic acid metabolic process) . Zififg
FA 25118t (cellular ketone metabolic process) FJE 28 (lipid metabolic process) 4.

PMIGIRAESS 45 d A xd B, FEm iR T AESS 45 d AR gs b, —3LyERE T 1 198 422 3Rk my BE A, Y
p<0.01 B, JEEERER] 310 A~ RA N, Hivp 59 N IERUR RN FIE, 251 NEEFJEFREB T MM, 7 310
A2 RIRIEH T 80. 3% I HEEFH (249 M) 5B RACELE R A OC, 47, 700 FEH (148 ) 5k AR w1
BARIE, 11, 900 By LR (37 A 5 e By FIE AR B AR AR OC, 10. 906 B9 FER (34 45 RN R W AW A &
ek, HAt 22 52 Rk FE P p . ALER T BEBE % (glycolysis/gluconeogenesis) . 2 B il i) 4= 4 & 1 (flavonoid
biosynthesis) @255, 7E 7€ AMEAE AR, 37 A 22 5 Rk LR b JUA 11 DR JE Rk B, H4g 26
A FEPJE R IR T M.

30 #
3.1 ERREERASHT

TE T REHE DA 4127 B T AR W5 05 T, 4077 5 DR 2 0K 3% 1E A6 A % 36 ABOR B B 2 A . SR e v i
TRAFW T . BT RN RE P A AR P L N 22 5 3R L 38 AT LA STk DA AR AN [R] 1 4L 4 L L A )
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R B B v B DRI (v Bl 2 T 1 B PR A T .

AR SCRIF 5 H W TR 9 S A UL e U R BRI PR B R, O [R] AR B ] R R A 25 R SRR FEAE S 32 d.
AR AR B E PR AT, il R AR 47 D22 FREBEER T, 28 NMERE R R BIE, 19
PR FRIA TR, 76 10 fFRIAE D B/ 6 A FIHFRBER F, Bra004012, Bra010076 1 Bra033504 7] BE#f
ESYU AR I, i FE A Bra032343,Bra039705 I Bra016676 #B-5 I B2 FALH B9 QA ¢, X &M
1E)5 32 d ISR T, 52 BR800 50 ) 8 A A ot 1 38 B, R o 3 TR 0 3R ORI A T OE R BB BRAC I 5 A
BRI, X T ZABE R 2 S RBERNAEE: B TG 45 d, BESMEML, £1 711 2R
FIRER P, B 120 NREEFUZRE L, 1591 ANIEEERERIL T, 850U, BEE MR, 4K
ZHREL N A R D DRI R B IR SEBE AT G BT AT AR T A SR A R BT A BRI A R
WA O s TERPRIFE S M e I (IS 32 s iR T BRI L, Hrh e —Bor 5 K
SRR A K. X AT IR T, fEJE 45 d B b 22 5 3 a8 AR G AR B0 A9 BRI, 85 SRR B
WA 68. 9N MILHA S S5HBEMAB, A 35. 4N MERSE TRAERBYHAEY AR, XUERTHE
45 d 2 WA A AR .

ARWFFEAER BN, G AFEH, B R 30 B SR8 AR AT 7 A i AR 22 25 S 3Rk, O T I BR
BEORR S PR AR b ) A7 TR 1) 5% ) T 7 A O 2 1 25 R AR TR, B SRRE L R R T A B R L R R S ), FE IR R 2
], A O IREE i AR b A R A 2 2 R AR, (ISR ER, ARAREZ I STHEES
B, XUl B AR A ST AR T R A R i Y 2 RO Ok B B I R B R A A A DG
PEARK, FTLARIMIAE)S 45 d 2 FRIKXFENZ TG 32 d 22 R RIBEN.

3.2 EERREEEARSHEEABXENEIER

A5 i 45 30 19 J 360 475 5 S DR G A = g T DU . iR T, A2 B0 R 0 s . LR Dy A R
EELIGERE M I R KRR B R, W1, 5 - R A% R AR L /AR Ak i N 3 (G TA] Bra025431) .
JERGE 10 K & HEEIURGERFE W MOEAER S B R HEEZAMERS 5 BT rubisco # & MG (L
R WA BRI R G, AR R B RV, ESE T, 5 32 diIZBERRERERALR 4541
8. 14%; ZEMVIR T, )5 32 d ZFEFAMRIKEEIMG 45 d A9 4. 9 £5, RIALESS 32 d ¥l A0 A RO B g it />
TAEJG 45 d, XAESE T rubisco & & ANEALFEEE 506G H R M C R, ARBFFEEE R 5 HT A 45 RAE— & 2B A
(OIS EE S 7/ N T P N O S WA VA e = o i < i O R ) B B s sl < P S
Bra025431 (1, 5~ W iR &% BB 3R 1L / AL (rubisco) /NEJE . 6 R S8 1110 K & 1) & F iR ki i, L
fib e PRI FP 2885 22, fHL HE BT 3R AR

R 1 Cn HSP70) 76 i 28 Wt 25 0 T X A BT & M vk A8 b B E DY SR A
FEAE T 200 L G A2 25 Bl J0 300 P et AP SRR AR 05 s 3 R el R IS T O W IR A RIOBE S A 4 0 OG
fitg- o, H b AT G T T R S PR AR 22 3R O 4 IR 0 40 i a2 0 I an R R AR L kI
Bra004012 5, 7 (14 /2 (AL 40 40 M 5 52 25 P Bl 360 Jr 3t 1 009 0 58 o 00 2 6 45 o W 300 S A 5 e 5 U TR 3R
kR IR TR .

A5 28 A B AL JS HEAT 40 °C LA b e i 0 i R P 30 X0 22 S 3R Ak TR 5 e 2 AE 2 AR
Wk, IF— H R, R E 0T 58 TAE G b 7w I VR W 1 A B IR A9 32 0, L. R. Gibson Al
R. E. Mullen f) 52 56 31 W AF 58 91 5 1L 23 5 R R L Fh v 2 R0 50 i B8 19 78 Ak R BB 2358 T K &2 1 8 3%
JEH AR 22 56 T 38 A BIE S 4 R A BRI T 08 A RN R T A R T R K B OG R  RTRE R R TR Y
T Z A A G R AT AR T B R, AR T i TR — A AT 8 Y I DR A e R R
WA SR, AR, BEARBCE DI E B B R & AR A, (BT DU E O, RN A
TR AR 45 A AR 22 A T . e e T2 S X 40 P AR A R A 3 A O A AR 2
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ERNITTE AL AR VI RECE N = R @ =y |- K7/ DO = T RURAY 2 0 S N IVA SR o S e VA 2 = = D B R
M, AN IR OGP B s R e R DR ) 3R 8 R 3 N B IR e R P A . 7R K A o AR e B R A
FIEFHMEA S KAZH, 4000 K2 A B 8 A (heat-shock proteins HSPs )

Y TN A T T I S AE 2 RN R BB R A 5 B R R GRS O, AT DL 2 BB . 2 AR
[Fi] 5 DAL LA 6 RN LA ZH 2100 RNA FRIEAE B, LUKCR HI T I 26 38 0 43 B B0 R AT 0 3, 58 35 R 45 48 15 =
MR R, A, AR SC RN S BRI ER g T A AR, AR 2 bR AR I 3R A i KRR A R i — gy
BT SRS 0 22 S R R B

4 5 ®

X AE 5 A [ A B (8] SN [R) PR 058 T 22 5 R SR N B AT e it o M, S5 R DL A AR A X IR L 7 il T 4E
J5 32 dAEINE] 968 22 S KRS, Horp LR SRIAIEN O 501 4>, TR RIAEEN N 467 4> e T /LS
45 d A E] 1 064 2 SRR RN, Hoh LRI RN 274 4>, FIARIKIEN N 790 A~ 4ER R, BEE
F R Y R ZHCE A Rs b, D BERA R B BT RS DU A OCTE . BT AT RE S A R A R 5
4B N A SRR O s TERFRL AR SR R I I (AE S 32 s miiR MR R B RA R R L, Hrhl fg
— TR BE DN 5 BRI LA A OG. A ST A R S AN A A SR A — E TR RS AL 7 v R AR DN B 5 a0 RO Ot
AL Bra025431 (1, 5 — W R A% B M R AL i / AL /D 2 L SERSE 1 10 K ) 55 R8I L
7o ARAS Y 5 BRI 0 A O TR O S SRS BE T B

SE K
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Analysis of Differential Gene Expression Profiles of

Brassica napus at Seed Maturation Under Heat Stress

LI Chao"**, JIAN Hong-ju**, LIU Lie-zhao**, LI Jia-na**

1. Guizhou Province Institute of Oil Crops, Guiyang 550006 , China ;
2. School of Agronomy and Biotechnology , Southwest University , Chongging 400716 , China ;
3. Chongging Engineering Research Center for Rapeseed . Chongqing 400716 , China

Abstract: Digital gene expression profile was used to investigate the global gene expression profiles of
Brassica napus in different development stages and under different temperature conditions. Three B. napus
germplasms were transplanted into two environments (40 ‘C greenhouse and natural conditions) on the
20th day after flowering for 12 days and 25 days, respectively. RNA from the pod seeds was extracted for
statistic analyses of the differential expression genes after flowering in different periods and different ambi-
ent temperature conditions. With natural conditions as the check, in the treatment of 32 days after flower-
ing a total of 968 differential expression genes were detected in the greenhouse environment, of which 501
were up-regulated and 467 down-regulated; and in the treatment of 45 days after flowering a total of 1 064
differential expression genes were detected in the greenhouse environment, of which 274 were up-regulated
and 790 down-regulated, thus suggesting that the expression of most genes decreased with the maturation
of the siliques. However, the expression of a few genes significantly increased, a phenomenon worth care-
ful consideration, for they might be involved with the synthesis of the reserve materials and the maturation
of the siliques. The expression of a considerable number of genes were up-regulated under heat stress at
maximum seed filling (32 days after flowering), which might be related to the response of these genes to
environment. The results of this study were similar to previous results in some extent, indicating that the
research methods used in this study are feasible, and the elucidation of the genes related to environmental
stress has laid an important foundation for further research.

Key words: Brassica napus; heat stress; grain maturation stage; digital gene expression profile; differen-

tially expressed gene
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