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Screening the Genes Associated with Anthocyanin Biosynthesis in

Roots of ‘Tsuda’ Turnip Using cDNA Microarray

XU Zhi-Ru, LI Yu-Hua
(Life Science College, Northeast Forestry University, Harbin 150040, China)

Abstract: Anthocyanins are important secondary metabolites in plants, which are involved in many functions. The white
peel of an enlarged root in ‘Tsuda’ plants turned red after irradiated with UV-A light for 48h, but remained white when held
in the dark. Red earthnuts and white peels were hybridized with cDNA microarray made by unique gene fragments of
subtraction library. The expression of 81 genes were up-regulated including cytochrome P450, PAL, F3H, ANS, CHS, DFR
and GST gene fragments related to anthocyanidin biosynthesis. The expression of 47 genes was down-regulated after
irradiated with UV-A light. The northern blotting results showed that the expression of PAL, CHS, F3H, DFR and ANS in
red root peels was more in ‘Tsuda’ turnip after irradiation with UV-A light than in white ones held in a dark condition. The

results of northern blotting verified the reliability of cDNA microarray.
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FRAOBEIE N Ol re BBl 78 BEFEAE TR R URNAH,
AR ILHNHIEOR g 8RB H A AR F B Sl
TXHEE MBS, H TS s Z A S e R
WO AL B AT R N % R % 14 (phenylalanine
ammonialyase, PAL); K& 2K 24 B & 1k B (chalcone
synthase, CHS); 2RI 20 Wi 2 e i 7 A2) B (chalcone-
flavanone isomerase, CHI); #{¥¢Hi-3-F21L B (flavanone
3-hydroxylase, F3H); — 5 s i i -4- 3% J5i ¥ (dihydro-
flavonol-4-reductase, DFR); 1& tf % & J& i (anthocya-
nidin synthase, ANS)HIZE T - 3-O- i ¥ 5L # i (UDP
glucose-flavonoid 3-O-glucosyl-transferase, UFGT).

L) A6 R0 S S5 () 3 E ek R B T 52 9 7 DR 22 5 T
Ab, AhFREREE I 2 ' B A% R R ) 2L AR
FHE2L L i SRR A 6 5 18 (0 3 7 AR 6 AH G
fifg 3 R ) 0 HAT R AR RO JE Aok BE RS
7R WIE 9 AP Y O A % T UL Casati P
AELOIRIUIm RAEIIR 4B 51 %48 LA T K Rl B
RIS T AR I8 5 A e FERT R 2 1 00 o

J % (Brassica campestris L. ssp. rapa)i % /N &
M, AR S E R TeE WA, AR AR R
o AERREE L T R4 B AR R, O Y
T PR (LN A DAL, ot B,
T —AAE 0o ARS8 UL 985 A6, FIH HI
PROCJE TP IR S B DR BE il cDNA F B4, KR
BEIFAT R I AR 6 B A6 T 3R 5 BRI AH QB A4, [
A Northern 222 HAR, LACEIMAETT RAED S
8 O B s PR BB A PR A A G S DRI A e Ak # 4%
R FRIEEI BT O X TAER KR
FAEY) G I B e i
1 MERUTA
1.1 #R

I 0k 2 MR () FH e A A 2l &R, R IR 44
b RE A, BRI U6 I K IS 4 AR i AN AR
BRER, HE PG . PRI H BLJG W REAT O
R,

UV-A(352 nm)J'6 AL HE (4 €4 i K HAR 48 h, HX
A B PR BRI A G RS 1 00 B AT 5256
1.2 5¥F55RF

I SC PR S L R B PCR B4 51 741 8 -

T7 5141, 5-AATACGACTCACTATA G-3'; SP6 5|4,
5" -TAGGTGACACTATAGAA-3'.

Northern Z&AZ 51 /¥ 514 F3H F-5'-AAG-
CGGATACACGGTTGC-3', R-5'-ACACGAGACGAT-
GGGAAG-3'; MYB F-5-TATCAATCTGTCAGCCT-
CT-3, R-5-CTGCTTTCAGCAACC-3'; DFR F-5'-TT-
TGTCCGTGCCACTGTTC-3', R-5'-TCCATTCACTG-
TCG GTTTT-3'; PAL, F-5-TGGTCGCGGTTGAGG-
TAC-3’, R-5-CTCGCAGAAGCGTGAT GG-3’; ANS,
F-5'-CTTGGAGGTCGATGGTGG-3’, R-5-CAGGGT-
GACAGACATCTTAA-3',

Ex-Taq 8451 S DNA Marker 2500 H 5424 TR
(KN#E)YF R A7 . 96-well PCR Clean-up Kit 4 H
V-GENE Biotechnology Limited /A ], mRNA purifica-
tion kit JJ [1 Amersham Biosciences 24 7. CyScribe™
GFX™ Purification Kit {7 #&f1 CyScribe™ First-
Strand ¢cDNA Labelling Kit J#J 1 Amershan Biosci-
ences /A ) . Cyanine labeled deoxynucleotide(cy5-
dCTP A1 cy3-dCTP)J¥ | PerkinElmer A 7] . Northren
AR 41 RE H Roche 227 .

Trizol RNA $2H0: 0.8 mol/L ZEEEAN, 0.4 mol/L
il MR, 0.1 mol/L BEMRHA(pHS.0), 5%, 38%
Tris- T F1 .

1.3 = RNA B9%#&

7E 1 mL Trizol $EEE A I NI BE (1 B J2 6 K,
MRS, #EIKHRY 15 min. A 0.3 mL &1, 1&
% 5 min, 12 000 r/min &5.0» 10 min. J_E3F, A 0.7
mL &1, #&% 5 min, 12 000 r/min 0> 10 min. I
i, N 172 AR 1.2 mol/L S AL 8N R 25 AR 5+
R, FIEEE YT 10 min. 12 000 r/min 250> 10 min,
It FIEW . 75% L RELREDUNE, M 20 L K1E & &
TIKE# RNA.

1.4 HIBXEHSHSERRFBROTEIaL

7 96 FL PCR AR HH 47 388 151 9k SC P28 1 ey S 6 8 1 B,
SN Tm A A 40°C (1 T 7 F1SP 6 5149k 5E). A
96-well PCR Clean-up Kit Zli4b 41 2= 4 . 4k J5 (13~
HarE=ar LUk cDNA 41

1.5 SHREHXR

1.5.1 mRNA &) b & 5% FARie

FJH mRNA purification kit 4lift, mRNA. W%
449 EARIC I cDNA, 5t cDNA ¥ 54 ] Cy 5-dUTP
FRiC, UV-A 2L FEIRKT #) cDNA #£454 H] Cy 3-dUTP Frid .
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REbRC“, FIF CyScribe™ GFX™ Purification
Kit 4ift)s, WA 1.5 uL A80. 7.5 uL hy-
bridization bufferfll 1.5 uL FERZ, TR AJHE,

152 #RRARE

W ER AW B v b, SR v, 42°C %
AL 14~16 ho 55°C, 10 min PEH AT M5, HKIR&
1xSSC, 0.2% SDS; 0.1xSSC, 0.2% SDS; 0.1xSSC,
0.2% SDS R 4l /K U, K5 500 r/min FiE
L, BTG
1.5.3  Hm B o4

FIH] PerkinElmer /A &) [f] Scan-Array™ Express
Microarray Scanner F 306 05 i#E 4T X K4 IF
PEM A BT EHR
1.5.4 Northern 22 %

PREF FH M =2 Al o DUSORE 4 BEAR 2E 4T — IR
PCR & B H )7 B, R b == A id (19 INTP BA—K
PCR J" ) W BEMCEEAT — I PCR, & ARET .

R HUR I RI(50 v, 5 h)HLIK L RNA, R4S RURE
L RNA EAEER 15 pgo Al F ok 280 R, ) R W ER s
Bl 50°CHETBE, P AN 52 30 5. 50°C Tk
A8 1 he IINZRTERIERER, FAZid B YEIE, X Ot &
ROE R . RARAT 4R
2 iR
21 HREFRENTEFRGLER

XPHIPRSCE ) 1 424 ANFe Ly BCdEAT
PCR M4 AI2lifh, HyicoR: il g5 R R i 2 5 B o] ) %
cDNA W FE51. PCR LA 45 R M 1.

1 $35ERFER PCR 4L4)

Fig.1 PCR purification product of singleness gene
22 BREXRLSE

2.2.1 cDNA % XArit s X
FEI UV-A FIER G 45 Ab 21 173 T 26 75 HUAR iz

& RNA, 2ifk mRNA, REsdRETHH cy 3 ey 5
Fric cDNA (58— 485, AWM, g
JE 1 uL AT e 444, 5 550 nm A1 650 nm nJ LA
5E cy 3 Al cy 5 FRICIH) cDNA [#)& B G AR 5oR).
222 HRERER

R FH W98 S P e DR BE I PCR 4l =4 i
#% cDNA FlFE%), ks LREANFE S R SR 3
R, B SO cDNA 96hR1d 5 55 4448 & v
ARATEE R 2.

UV-A
.ﬁ.
PR
&
5
4%,
+ 4

2 R EEEEREAS R

Fig.2 Scanning datas regression analysis of cDNA microarray

M 2 AT AR Y, I8/ UV-A JL B AT
R A T A PRI B PR IR A AR A R R A )
SENAEZ . UV-A U R RIE B E RN 81 4,
Hh REM B EWAERA 23 4, UfieE14EWE
% HIAH S FE ] H B (naringenin, phenylalanine ammo-
nia-lyase, flavonone-3-hydroxylase, dihydroflavonol 4-
reductase, cytochrome P450 family protein, chalcone
synthase, glutathione S-transferase, anthocyanidin syn-

thase). SEIESAF FRIEEFHWIERA 47 4, Hh g
AR 7 A, HEL S RIAILR M IR
e Tk 2DHE9T. 3 1 21028 1 34 UV-A BURF T &k
IR R SR B

2.3 Northern 3T &R
2.3.1 FAHHE

TRE 2 A R 1] 3, Ml bl AR e B
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F1 UV-AREEHTRELETLMBSER
Table 1 Genes showing changes in their expression in response to UV-A
E [A] HE R i ik logo(FEME/UV-A)
Gene ID Gene description logx(Dark/UV-A)
gi: 15225914 41l i f2. % P450 Cytochrome P450 -2.561794
gi: 20260116 KN % R fif % i Phenylalanine ammonia-lyase -1.738958
gi: 729506 H e il-3-F2 1L Flavonone-3-hydroxylase —2.440301
gi: 29423729 {6t & 41 Anthocyanidin synthase —2.085897
gi: 3420729 FRILR 247510 45 ¥ Chalcone synthase -3.550372
gi: 29423733 W RE-4-1% J I Dihydroflavonol 4-reductase -2.461981
gi: 15228723 ADP #ZHi ALK -7~ ADP-ribosylation factor -3.066608
gi: 5487875 it A i Catalase -2.921929
gi: 30684587 SRR 28 B 440N T kB Chloroplast thylakoidal processing peptidase -1.992870
gi: 15231715 FEWE TR AL 4 Fructose-bisphosphate aldolase -2.261564
gi: 18417073 B JE K A X W & 1 1Glycosyl hydrolase family 1 protein —2.663293
gi: 27372775 AR Wi %L 2 Lipoxygenase 2 —1.897458
gi: 7488462 o 7] 45 43 3 7R 45 & B2 11 Miyrosinase-binding protein -1.832905
gi: 15224581 BT K S #F5WE Glutathione S-transferase -1.520043
gi: 30688003 Tl 18 JUL I 125 IR 188 5% Jié 2B 11 Phosphoinositide phosphatase family protein —2.000040
gi: 14009294 6-Tilf 2 4T 4 R N 6 1 6-phosphogluconolactonase -1.376754
gi: 21593104 JUN ¥4k 2 4 JUN kinase activator protein —1.042483
gi: 20140684 BRI R 45 (1098 5 (41 [ &4 Translationally controlled tumor protein homolog -1.738958
gi: 15218423 JH &% 2% AR 1 B 77 XK % B 1 Trypsin and protease inhibitor family protein -2.099237
gi: 1747310 Myb #f DNA 444 1 Myb-like DNA binding protein —1.144814
gi: 18401338 17 Z LB Ubiquitin-conjugating enzyme -1.572243
gi: 15218699 WD-40 K& 5 1 WD-40 repeat family protein 1.034744
gi: 15235714 ARF TN FRILH# L EF Xyloglucan: xyloglucosyl transferase 1.515856
gi: 15224803 ACC % 1L ACC oxidase 1.714526
gi: 7488440 £#i% S % M Aluminum-induced protein 1.023808
gi: 15241799 Ji2 J5 PP 35 15 IS0 1) 77 2K % 2 1 Pectin methylesterase inhibitor family protein 2.293073
gi: 15239146 3R £ 4 AL I8 SR Malate oxidoreductase 1.746043
gi: 629544 3 B4 R B U Mitogen-activated protein kinase 1.562310
gi: 18423748 Hr AN Protease inhibitor 1.051310
! 4 M bp IEREL L AR R 12 1) PCR =115 5 K IS
2.3.2 Northern 2 X 4 X
2o FUFT UV-A Gb B JE 75 P 48 h, LA ILG 1
730 AR %] o Northern 258 45 2R 8 7R (K] 4): PAL F1
250 CHS FEAEAR WG lH IR IL BAR T LI 48 h )5
100
Dark 48 h Dark 48h
3 —K PCR P4t & SARi2 a05R S B &N oL s
1: F3H4RER; 2: F3H —R PCR *4); 3: DFR #8%F; 4: DFR — X PCR * ANS &" _— MvB —
1 M: 437 AR i (DL 2000). rRNA RNA
Fig.3 The first PCR product and probe labeled by dig-dUTP
1: Probe of F3H; 2: First PCR product of F3H; 3: Probe of DFR; 4: 4 FEHEEBRDAEF UV-ARIE 48 h RIERIPHER
First PCR product of DFR; M: Molecular weight marker (DL 2000). OE 3o

{2 PCR FHLIK A, I b AR

Fig. 4 Expression of genes in peels of ‘Tsuda’ turnips held in

the dark and treated with UV-A radiation for 48 h
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ff)Z ik, F3H. DFR M1 ANS K PRI7E R WG A iR
ik, 48 h IR LEEL RIS = N, MYB %
BRITE A DL 0b 1K R IA SR T UV-A RS 48 h
WM Rk
33w

i ok SC PR vk S R R B ) PCR 4464 m] LAl
#% cDNA TBES]. BT A ERRE S N R — E
SRR AR SE, PCR 442 5 W 5 e 5 ) BA— 8 AT
BT B b, DA AR IR A F 2 A8 &5 1) — S0 Fnap
SEME . S AME TR R e R DR B s A4
TR A E SO KL DR, T8 K i 22 AN [R] 1 Ak B
Joi R I 3K 6 TR (1 R IR ARk, mT LA S o5 R4S 4
FIAEE o

ANTR] b B H I8 5 1AM 4l 4 mRNA J5 766
cDNA % 45 ARIC cy 3 Ml cy 5. BWRARiCHIR
HEALEINE cy 3 Ml ey 5 HIE R, DL 3
FECF 45 (038 2508, FIHE S 056 B A2 50RS
Hh S s R AN R R A AR

8K PH 48 5 o A G — S 6 2R W R A I S 2k
WUV-B(280~320 nm). FHYAERAIEREp =T —
L UV-BI F 0 vk, Hp 2z — gt B R g
BRI UV-BI (22 Y0, CHE AL T 2571 P 1 2S5
KBV XM R, BT E oM T
W FTRR IR 2 5 J2 it M e, BRI 59 UV -BA S X P 348
an g =L AT R, OBIRE S I S 2
HYIR AT, JUMZEA A B (phenylpropanoid) 13
T R AR I SR IE Y, W PALFICHS, i IF iR
73 RIAE2, SR/ Bk R, B fIUV-B
FRGT I D BE TEAN S A6 TS R SE LI PR, AR
EAHCHESCIE R, 6 B, 4006, ek, 8ok,
UV-BHIUV-A &b B [ 56 35 LR I, A3 H O A
UV-AT] DL B0 H I8 3 PR Je A8 75 =2 AR B (O
HIEAERRE ). [FI T UV-A(320~400 nm) (¥ %K
KX B T H G K X B Py, DR A 552 56 32 11
UV-ATE A M — SIS0 T e & B AR th {75 32 2B
B A S R (115 5 R B A5

X FH 96 B AR BEATUV-A R R R AL B, oS 2%
AL R DR UV-ALE B AT R e 20 1 ik R LG
Rk RN E L, Iy RR S 5
HMED A . B FEHFUV-AR B LE N ERIEW] &
A R R DR A AR A T R AR R R T S R R

A, WMPAL, F3H, DFR, cytochrome P450, CHS, ANS
G o SRR ) KRS DR A A 4 G A A ' IR STy
% I (glutathione-S-transferase, GST)MfJFE [, LLHEAE
AT G A R - IS A i b R 0 1%, 2
fiFE ok A/ JE A2 (2 00 S ok ) ) ) 3 T A 2R P20 )
AN BROT A BT TR0 B SR AR B, A D ORI —
A B 1) glutathione-S-transferase(PcGST1) 3 [H £E UV
73 CHSFRIL M MG S S o B, Mk
PR AU V-A R B 251 R Rs S A I BE R 5 iR PT £
AR R AR R IR G B E A G
HRAT 4l b I8 WYtk b R RIS T R At i DR ) ) e
AR THE— PR, DL X eI N 510 %4
Y6 R AH G DG 3R, AT 0 e 55 46 75 2% & A 9K 11
AR A 45 R ok DR I 1 BE A

T, RERAEBMER DAL A S
FRBTEE A B B AH G T 5 4655 38 A6 e G 1 ik
DAL, AT RLSR e B n AHERR, dnsrm A Uv-A
MIUV-B B I8, R H B R, i asg
GEIRRIA S 45 R, 5 — e FE R b n] DLJE B oA S 56
rh i B 1) 5 A6 R A G R IR

RS kg ks Bl B ERAEYE
8 K Bt T AR 5 DR 1 1R 6 IR B 4T Northern 42 A8
By, UV-AKLHL 48 hih, IXEERLA RRIL R H# A B
e, P CHS. DFRFIANSHE R () 22 ik K R 1
B o Sze-Chung 55 FH 15 5E O B &b 2E = % (Sorghum
bicolor L. Moench) [ 1411, WL+ H{LH 2 R
AR F3H. DFR. ANSWIRIA R, gy i3 i
A AN G, LS G R B A58 A S N
1675 2 AW A RO B Il DA I 3Rk A A DGR
TR0 e Northern %48 &5 S HE— 2D ik 7 o5 )7 2%
A S TN S 25 R T SE

ARSI TR I PR AE UV-A AEH T AT L
o, UEB T UV-A 5#§IHE H S #H 6H £ N AEY G
FAAEA R R R, SRR T UV-A Z AP 2 B b A7 A
HH 56 75 PR B 5 €0 1 155 32 Uk B 48 ) LI A AR Tk —
ST (AN, ASSEEG 45 G BE R i oy - R BOR,
SRET KR K ARG BE N, 3R o B A 7
WG YL 31 5 H Al
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