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Gene Differential Expression of a Green-Revertible Albino and High-Tillering
Dwarf Mutant Afa-1 by Using Rice Microarray

GUO Tao**, HUANG Yong-Xiang**, LUO Wen-Long, HUANG Xuan, WANG Hui, CHEN Zhi-Qiang*, and
LIU Yong-Zhu'

South China Agricultural University, National Engineering Research Center of Plant Space Breeding, Guangzhou 510642, China

Abstract: Phenotype of the 4fa-1 mutant characterized by green-revertible albino and high-tillering dwarf is controlled by a single
recessive nuclear gene Aw- (), which encodes a chloroplast protein containing the mitochondrial alternative oxidase (AOX) struc-
ture and involves in the electron transport chain of chloroplast respiratory regulating biosynthesis of carotenoid and carote-
noid-related secondary metabolic pathways. In this study, expression analysis of genes involved in carotenoid biosynthesis and
carotenoid-related plant hormones biosynthesis and gene-expression profiling were conducted before and after the turning-green
of hfa-1 mutant. the results displayed that expression levels of genes involved in carotenoid biosynthesis and carotenoid-related
plant hormones (GA, ABA, and SL) biosynthesis were decreased in the albino leaves of Afa-1, suggesting that mutation of hw-1(7)
inhibits the biosynthesis of carotenoid and has an impact on carotenoid-related secondary metabolic pathways. Gene expression
profiling and functional classification showed that genes related to physiological processes in response to photoeynthesis, en-
dogenous stimulus and stress were differently expressed in Afa-1 before and after its turning-green. Expression of genes encoding
proteins related to the electron transport complex Cytb6/f were up-regulated significantly, indicating that Cytb6/f would provide
some compensation in electron transport and redox of plastoquinone in the 4fa-/ mutant.
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Table 1 RT-PCR Primers for analysis of genes related to carotenoid and hormones biosynthesis in rice
Gene Forward primer (5'-3") Reverse primer (5'-3") Amplicon size(bp)
OsPSY1 GGAGTATGCCAAGACCTTTTA AACACTCATTAGCCCCACAG 367
OsPSY2 TCTGGGCAATCTATGTATGG TCGCCTACGTCTCTGAGAAT 419
OsPDS CAGGTTGTTTGCCAGGACTT GTTCTGTATGTTGGGATAAGC 308
OsZDS TCGGGTGTTACAGCAATCTTT CCAATCGCTGAAACTTACATC 310
OsLCY AGGGAGTTCTTCTGCTTCGG CTTGCTGCTGCTAATGGTGT 395
OsCRTISO TGCTGAGTGCTTTATTGTGAG CAGGCAAAACTGAGGCTTTG/ 412
OsCPS1 CTTGTTCTCCCCTTCAGCTA CTTGAACACACTTGGTGATAC 335
OsKS1 CGACTCTGTATTTCGTAGGAC TCAGTCCGAGAGTAGAACAT( 348
OsZEP GTTGGTGATGATGCTATACTG AGATCAACGACGTTATCGCA 412
OsNCEDI ATAGTAGTTAGCCTCGGTCTT GAGCAAGAATCCCAAACTCT( 320
0sCCD7 GATGGTGGCTATGTTCTTCT GTAGTTATTTGGTTCCCCTGA 316
OsD3 AGGATAAGTGGGTTTCAGAC CGGGCTCCATTTGCTTACTT 373
Actin TCCTCTCTCTGTATGCCAGT CGGAAACGCTCAGCACCAAT 351
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QRT-PCR hfa-1 95C 30s , 95C 55,58C 30s,
2xSYBRGreen  72°C 30's, 40 , actin , 2 AACTLI0]
master mix , 25 uL PCR , 3 s (
PCR CORBETT6200 PCR 2)
*2 BATH/WEPRE MR, EYHEEYSHHEXEEN QRT-PCR 514
Table 2 QRT-PCR Primers for analysis of genes related to carotenoid and hormones biosynthesis in rice
Gene Forward primer (5'-3") Reverse primer (5'-3") Amplicon size(bp)
OsPSYI GATACCATCTCCAAGTTTCC AACACTCATTAGCCCCACAG 152
OsPSY2 TCTGGGCAATCTATGTATGG CTACTGGAAACTTTGACACTG 179
OsPDS CAGGTTGTTTGCCAGGACTT TGCCAGATATTTTGCCGTTGA 170
OsZDS TCGGGTGTTACAGCAATCTTT GTTGGTTAGTTCGTAGGAATG 179
OsLCY CAGAGATAGGTGAGGTGAGG CTTGCTGCTGCTAATGGTGT 145
OsCRTISO TGCTGAGTGCTTTATTGTGAG CCCATCTGCCAAGGACATAG 144
OsCPS ACGAGAGATTGAACAGAACA CTTGAACACACTTGGTGATAC 159
OsKS1 CGACTCTGTATTTCGTAGGAC GAACCACCACTGTGATGAACA 181
OsZEP GTTGGTGATGATGCTATACTG AGTTGCTTCTGATTGCCCGA 171
OsNCEDI ATAGTAGTTAGCCTCGGTCTT CCTCTTGGTTGCTCACTGGA 164
OsCCD7 GATGGTGGCTATGTTCTTCT GATGCTTGCTCTATGCTCATT 187
OsD3 GCTTTGTCTTCCAGGTGTAT CGGGCTCCATTTGCTTACTT 182
Actin TCCTCTCTCTGTATGCCAGT TGAATGAGTAACCACGCTCC 185
1.3 MAS3.0 (http://www.capi-
Affymetrix (GeneChip talbio.com/zh-hans/support/MAS),
Rice GenomeArray), 51279 , 2 TIGR
, 48 564 1260 s TIGR Plant Trans cript
, 2 Assemblies (http://plantta.tigr.org/) ,

NCBI UniGene Build #52 (May 7, 2004) GenBank
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Fig. 1

A: RT-PCR ; B, C:

Expression analysis of genes related to carotenoid biosynthesis in the ifa-1 and WT

RT-PCR ,3 ; actin

A: semi-quantitative expression analysis of ~w-1(f) and genes involving in carotene biosynthesis; B and C: quantitative RT-PCR analysis of
hw-1(t) and genes involving in carotene biosynthesis, and PCR was repeated three times. OsActin was used for normalization as a control.
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Fig. 2 Expression analysis of genes in plant hormone metabolic pathway and Aw-1(¢) of the hfa-1 mutant and the wild-type at the
2nd-leaf stage (albino) and the 4th-leaf stage (green)
RT-PCR ; B, C: RT-PCR
A: semi-quantitative expression of Aw-1(¢) and genes involving in plant hormone biosynthesis; B and C: quantitative RT-PCR analysis of
hw-1(t) and genes involving in plant hormone biosynthesis.
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Table 3 Quality test of total RNA and chip signal

>

Ase0/ 4280 Aaso/A230

No. of chips Content (ug puL™") Total amount (pg) Percent present (%) Scale factors
F1 2.05 1.30 1.44 280.6 44.92 2.85
F2 1.99 1.54 1.08 156.1 41.19 3.69
H1 2.06 1.49 1.37 265.7 45.67 3.02
H2 1.99 1.55 0.96 186.5 45.50 3.15
211, Areo/Aaso RNA ( ),
1.8 ug 15.0 pug Oligo B2 Poly-A ( ),
3'/5' ,
, 2.4
F1 F2 ;H1 H2 s
hfa-1 C ) ( ) ( log
3 57195 Ratio=1 log, Ratio=-1) ,
hfa-1 ( ) 4 361 Cluster 3.0  hfa-1
, (F2/F1) 2 ,
(H2H1) 4-A hfa-1 2
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Fig. 3 Scatter plots of signal intensities for all expressed probes on the Affymetrix microarray
F1 HI: hfa-1 ( ); F2  H2: hfa-1 ( );

F1 and HI indicate the wild-type and the /fa-/ mutant at 2nd-leaf stage (albino), respectively; F2 and H2 indicate the wild-type and the hfa-1
mutant at 4th-leaf stage (green), respectively. Green or red dots indicate the down or up regulation of gene expression, respectively.

A H2/H1 F2/F1 B

H2/H1 F2/F1

576

j|» Down

— 868

Up
3-2-10 12 3

4 ERFESH Cluster BEDHER

Fig. 4 Clustering analysis of significant probes

>

Green and red indicate the down-and up-regulation of gene expression, respectively.
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Fig. 5 Functional classification of differentially expressed genes during the revertible green of the Afa-1 mutant (P<0.01)

% 4 KEGG R Pathways 44 (P<0.01)
Table 4 Metabolic Pathways identified by KEGG(P<0.01)

P P
Pathway Count P-value Pathway Count P-value
Photosynthesis 17 3.13E-29 Porphyrin and chlorophyll metabolism 3 5.73E-05
Carbon fixation 13 1.67E-22 Gamma-hexachlorocyclohexane degradation 3 1.51E-04
Nitrogen metabolism 6 4.71E-11 Glutamate metabolism 3 1.84E-04
Pentose phosphate pathway 5 2.43E-08 Ascorbate and aldarate metabolism 3 2.42E-04
Glycine, serine and threonine metabolism 5 2.43E-08 Proteasome 3 2.63E-04
Glycolysis; Gluconeogenesis 6 3.33E-08 Lysine biosynthesis 2 4.58E-04
Oxidative phosphorylation 6 2.41E-07 One carbon pool by folate 2 6.88E—04
Glyoxylate and dicarboxylate metabolism 4 3.09E-07 Protein export 2 2.75E-03
Fructose and mannose metabolism 4 1.38E-06 Fluorene degradation 2 3.00E-03
Biosynthesis of steroids 4 2.27E-06 Alanine and aspartate metabolism 2 3.26E-03
Flavonoid biosynthesis 3 6.81E-06 Limonene and pinene degradation 2 5.05E-03
Starch and sucrose metabolism 4 2.96E-05
, 2~17
5)

V-ATPase
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Table 5 Differentially expressed genes associated with photosynthesis
Gene name Description of function Gene name Description of function
Up-regulated genes 0s08g0560900  Photosystem I reaction center subunit II (PsaD)
050420235600 ATP synthase b chain 0Os07g0435300  Photosystem I reaction center subunit IV (PsaE)
051220207500 ATP synthase beta chain 0s09g0481200  Photosystem I reaction center subunit V (PsaV)
05100355800 ATP synthase beta chain 0s07g0148900  Photosystem I reaction center subunit psaK (PsaK)
0s07g0513000 ATP synthase gamma chain, chloroplast 0Os05g0560000  Photosystem I reaction center subunit VI (PsaH)
0s10g0527100 Chloroplast ATP synthase a chain precursor. Os12g0189400  Photosystem I reaction centre subunit N (PsaN)
Similar to chloroplast ATP synthase delta chain .
0s02g0750200 0s03g0333400  Photosystem II Psb27 protein (A)
precursor
05030278900 F-type H'-transporting ATPase subunit b 0s01g0881600  Photosystem II reaction center J protein (PsbJ)
0s02g0750100 F-type H'-transporting ATPase subunit delta | Os01g0773700  Photosystem II reaction center W protein (PsbW)
Photosystem II Lvi 1 tei
0s08g0104600 Ferredoxin I, chloroplast precursor (PetF) 0502g0578400 ©108yS f_:m OXVEET CVOTVING COMmPpTex Protei
PsbQ family
Ferredoxin--NADP reductase2, leaf i
0s06g0107700 errecoxin feductases, feal tozyme Os01g0869800  Photosystem II subunit PsbS
(FNR2)(PetH)
0s02g0103800 Ferredoxin--NADP reductasel, leaf isozyme | 0s08g0119800 Photosystem II core complex proteins psbY
(FNR1)(PetH) (psbY-Al)
Phot tem II protein PsbW, class I famil
LOC_0s10g21290 Apocytochrome f precursor (PetA) 05010938100 © (I)sys em 1 profein B8 class T lamiy
protein
LOC_0s03g55720 Cytochrome b6f complex subunit (PetB) 0s04g0690800 22 kD protein of photosystem II (OsPsbS2)
Cytochrome b6 f complex iron sulfur subunit .
LOC_0s07g37030 0Os07g0141400 23 kD polypeptide of photosystem II (PsbP1)

LOC_0s01g57945

(PetC)
Cytochrome b6-f complex subunit 4 (PetD)

Down-regulated genes

05010501800 (?)Xsybgg ;l'emlvmg enhancer protein 1OEED ) ¢ 0662000  Vacuolar H'-ATPase subunit A (V-ATPase)
05010792400 Photosystem I assembly protein ycf4
Pathway Cytb6/f
, 6 PSI  hw-1(f)
PSII Cytb6/f ATP
2.7 RT-PCR
Cytb6/f , , RT-PCR
PQH, pc hfa-1 () (
(http://www.ricechip.org/), (7 ,
Cytb6/f 7, RT-PCR 0.409,
PetA PetB PetC PetD
hfa-1 RT-PCR 26 20
( 6), , hfa-1 , 6 :
Cytb6/f RT-PCR :
0.29~4.90

>

B

hfa-1 ,
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Fig. 6 Differentially expressed genes related to photosynthesis Pathways
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Table 6 Analysis of differentially expressed genes of cytochrome b6/f complex during the revertible green of the ifa-1 mutant

Fold
Probe set ID Annotation F2/F1 H2/H1 Fold change
0s5.29056.1.S1_s_at Apocytochrome f precursor, PETA 1.01 591 4.90
OsAffx.32260.1.A1 at Apocytochrome f precursor, PETA 0.91 1.35 0.44
OsAffx.32260.1.S1_at Apocytochrome f precursor, PETA 0.94 2.72 1.78
0s.12837.1.S1_at Cytochrome b6/f complex subunit, PETB 1.19 3.21 2.02
0s.2248.1.S1_at Cytochrome b6/f complex iron sulfur subunit, PETC 1.60 3.18 1.58
OsAffx.32330.1.A1 _at Cytochrome b6/f complex subunit 4, PETD 1.13 1.42 0.29
OsAffx.32330.1.S1 _x_at Cytochrome b6/f complex subunit 4, PETD 1.68 2.06 0.38
g .2 r=0.409 LA
£ . . 3 it
20 L et -
s B IS . hw-1(f) im
g . i IMMUTANS(IM)
2 . _5 [12] ]
log, (ratio by microarray) m
B7 XWE NERSEVHREVERAXEERNERTRS ’ m

E £ RT-PCR £ R BTHE K5 # (ro.0s, 24 = 0.388; ro.o1, 24= 0.496)
Fig.7 Correlation analysis of expression ratios measured by
quantitative RT-PCR and microarray in the selected 13 genes

associated with biological synthesis of carotenoids, GA, ABA, and SL
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