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Fig. & The expression of the high temperature-responsive genes during
anther development. The upper graph shows the relative expression
ratio of each gene during anther development in a whole young
spikelet that is under 3mm long (3p =3mm), in an immature anther
{anther lengeh = 0.8, 1.0, 1.2, 1.5, 1.8mm) and in a mature anther [MA).
The relative expression ratio of each gene was obtained by dividing the
expression level In each sample by the expression level in the 1.0mm
anther. Transverse sections of the corresponding stages of anther
development are shown in the lower part. Bars - 50 pm
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AK105540 ARI0ETAT AR106545 ARADTS0

Fig. 7 In situ hybridization analysis of selected genes down-regulated
by high temperature. Digoxigenin-laheled antisense RMA prohes of
faur selected genes (AK 105540, AK 106747, AK 106946 and AK107501)
were hybridized to cross-sections of rice anthers at the microspore
stage. Bars = 50 pm.
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Fig. 8 The effects of high temperatures on the expression levels of the
known tapetum-specific genes. The relative expression levels of Osas,
TOR and OsRAFTIN were analyzed by real-time RT-PCR. Untreared
samples are represented by gray bars and high remperature-rreared
samples are represented by black bars. An expression analysis was
perfarmed in the anthers just hefore high temperature treatment
(day 0 and after 1, 2, 3 and 4 d with and without high temperature
treatment (day | o day 4) and in untreated seedlings and seedlings
treated for «d (5). Real-time RT-PCR analyses from day | to day «
were performed using RMA fram rwoe independent experiments.
The relarive expression ratio was obtained by dividing the expression
level in each sample by the expression level at day 0.
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. e A U JE SRV AR BN Tabie 1. Amylmemmntaﬂhemkﬁesﬁteﬂwheng:hmuﬂmudmh—
: ] - = velop at different temperatures. Also shown is whether the 5 leader intron splice

site is AGGTATA or AGTTATA, market class when grown under typical field
conditions, and number of microsatellite CT repeats in 5"-untranslated region.

Marketclss €T~ GT Temperanwe  Amylose (%)
repeats (°0)
intermediate 20 G 18 22
25 23
R 19.0
18 209
25 174
E5) 129
18 28
25 245
, 3 246
| 25 16,6
- £5) 119
18 241
25 253

32 253
Figure 1. BNA gel blots of samples mamtained at 18, 25 and 32 °C 12 19.6
during endosperm development. a. Total BNA from- 1, Lemont (in- 35 HIS
termediate amylose); 2, Panda (low amylose), 3. Rexmont (high '
amylose). b. Ethidium bromide staining of total RNA. gels shown 3l 101
in pane] a pnor to bloting. ¢ ENA from: 1, Lemont; 2,
Panda; 3, Rexmont; 4, Toro-2; 5, L202. The 2.3 kb band represents
fully processed GBSS mPENA; the 3.4 kb band represents GBSS
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Table Il. Amylose content of rice grains of various cultivars ripened
under high (33°*C28°C) and normal (25°CG2(F () temperature

Amylose Content

Cultivar Reduction Ratio”
25%C20°C IrCesc
o %

‘Nipponbare” 18.8 = 0.39* 17.1 = 0.61 *** 91.0 B
‘Koshiibuki® 17.8 = 0.49 15.1 = .98 ** 84.6 g-rm
‘Tentakaku® 19.7 = 0.60 15.5 * 0.80 *** 78.7

‘Sasanishiki’ 18.4 = 095 165 =1.13 * 89.6

‘Hatsuboshi® 19.8 = 1.11 150 = 0.48 *** 75.9

2520°C

*Walues are means = sp of five replicates.  "The ratio of amylose
content of 33°C/28°C-treated rice to that of 25°C20°C-treated rice. **
and ***, Significant at 0.5% and 0.1% level, respectively, as deter-

mined by Student’s 1 test.
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TP ATP
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Endosperm ceall

Figure 8. Ratio of cumulative expression level during & to 30 DAF of starch metabolism-related genes. The cumulative
expression levels during & to 30 DAF were determined by semiquantitative RT-PCR and densitometry for grain filling under 25°C/
20°C and 33°C/28%C, as described in the legend of Figure 2, and the ratio of cumulative transcript level for 33°C/28°C to 25°C/
20°C is shown for the respective genes encoding enzymes/translocators on the starch-metabolizing pathway. The genes induced
=1.5-fold and the corresponding reaction step are indicated in bold and with a thick arrow, while the genes repressed to <0.70-
fold and the corresponding steps are indicated in bold and with thin arrows. The products of AGPLT and AGFPST genes have been
estimated to be localized in amyloplasts, while those of AGPL2 and AGPS2b in the cytosol (Akihiro et al., 2005; Ohdan et al.,
2005). The pathways described in the text are solely depicted. MOS, Malooligosaccharide; PKc, cytosolic pyruvate kinase.

Plant Physiol. Vol. 144, 2007
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Photoinhibition
Hann:

Wansgauasannninanaansalumsw ldsoasesi

Cultivar differences in photosynthetic tolerance
to photooxidation and shading in rice (Oryza sativa L.)

PHOTOSYNTHETICA 39 (2): 167-175, 2001

JIAO Demao and LI Xia

Institute of Agrobiological Genetics and Physiology, Jiangsu Academy of Agricultural Sciences,
. Nanjing 210014, China
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C3 Photosynthesis: Rubisco

Minimized Photorespiration

Directed Mutation of the Rubisco Larg CO

Influences Photorespiration a

i ; -I
£ I Mesophyll cell ﬁ
ooy

Rukrsco

Spencer M. Whitney, Susanne von Caemmerer, Graham S. H

Molecular Plant Physiology, Research School of Biological Scienc
P.O. Box 475, Canberra, Australian Capital Territc Rump THvin
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The C4 Kranz Anatomy
C3 Photosynthesis: Rubisco }}\ }J '_‘ | -~
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C4 Photosynthesis: PEP Carboxylase then Rubisco
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Lack of natural variation

\.
-

Lack of understanding
about cell- type specific
expression

7

Lack of understanding
about gene funciton

Limited success in
chloroplast
transformation




Current Topics in C4 Rice

- Screening Sorghum mutants for traits converting from C4 to C3,

- Screening rice mutants for traits converting from C3 to C4

- Screening wild rice for C4-ness traits.

- Identification of genes involved in the C4 photosynthesis pathway using a T-DNA-tagged gene activation/knock rice mutant libraries.

- Identifyingtranscription factors regulating genes associated with C4 photosynthesis.

- Developing a cell-specific comparative systems approach to C4 photosynthesis and leaf development

- Transcriptome analysis of C4 leaf development in maize

- Light-induced changes in the transcriptomes of mesophyll cells and bundle sheath cells in maize

- Epigenetics and transcription - diurnal and circadian regulation of C4 genes in maize

- Developmental pattern of Rubisco LSU peptide and transcript localization in two Kranz versus two single-celled C4 Chenopods
- Utilization deep sequencing methods to define the maize leaf transcriptome

- Transcriptome analysis of C3, C3-C4 and C4 Flaveria species

- Suppressing Rubisco in rice mesophyl cells and elevating the expression in bundle sheath cells.

- Developing cell-specific promoters (mesophyl or bundle sheath specific) for gene transformation.




Current Topics in C4 Rice

- The molecular evolution of carbonic anhydrase in C4 plants

- Designing C4 photosynthesis in a C3 mesophyll cell: biochemistry, diffusion and anatomy

- C4 epigenetics

- Identifying small RNAs (miRNA, siRNA) regulating genes involved in leaf anatomy (kranz anatomy) and phtosynthesis.

- Measurements of intracellular refixation of respiratory CO2 in Oryza sativa

- Efficiency of the CO2-concentrating mechanism in single-cell C4 photosynthesis

- Resource use efficiency in C3, C3-C4 and C4 Panicum Grasses

- Analysis of cyclic electron transport activity in C3, C3-C4 intermediate and C4 Flaveria

- Reconstruction of the genetic regulatory network of photosynthesis in Arabidopsis
-Physiological impacts of the C4-like pathway introduced into the mesophyll cell of rice leaves

- A novel PEPC targeted to the chloroplast of rice

- Setaria viridis and Brachyopodium distachyon: model systems for the genetic engineering of C4 photosynthesis traits
- Engineering C4 cycle metabolism into a C3 leaf: what do we need to change?

- Transforming C4 genes, i.e. PEPC, ME, MDH, CA, Rubisco, from C4 plants (i.e. maize) into rice.

- Toward generation of single cell C4 Arabidopsis and rice plants
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-~ 2) Breeding program

Platform Technology
S-year goal

1) Gene function discovery
1 gene in 1 year

1 variety in 2 years
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Phenomics

-Robust
- Precise

- High throughput

Material Development

- Backcross

- Recombinant Inbred line
- Chromosome segment

| substitution line
- Isogenic line
- New mutagenized pop
- Germplasm
¥
Genomics

- Association mapping
- QTL SSR, SNP-based
- Real time SNP array
e Multicolor labeling
- Next generation sequencing
(SOLEXA GAlI)
- Updated SFP genotyping
- New TILLING
- Automate liquid handling
- non gel-based genotyping

ehe Discovery (Future tec

=
p—

nnologies)

Transcriptomics

- Real time multiple
gene expression

- Next generation
sequencing tech

-Wide coverage
microarray

- Micro RNA

3

2

m 35 O O

A 4
Metabolomics
Proteomics

\ 4

Transformation
- RNAI
- Arabidopsis model
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Gene Discovery
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Breeding
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JHN M, (100,000 seeds)
l Induced mutation

grown M, plant in field
(96 well plate format)

-Fast neutron (33 Gy)

Collected M, seed—> Seed library
____,Morphological

evaluation

Collected DNA —»

for genotyping

grown M, plant in field~
(8 plants/M1 line)
Collected M, seed

l

grown M, plant in field

3 plants/M1 line)

ollected M 4 see? "

Seed library

Nutritional quality
candidate gene screening




Identification of M4 mutant population
(24,000 lines for 2007-2009)

2. Forward genetic
approaches T

High throughput
phenotypic screening

-Submergence
Lrought
-salinity

Jron stress
- Blast pathogen

| &

Mutated gene mapping
(SFP and AFLP)

}

Tolerant ! Susceptible lines ‘

A0 liness trait

2

Rice Gene Thresher

1. Reverse genetic
approaches

& s ke o prediction
of gene function

- ldentification of gene encoding ERF family
- ldentification of gene azzociated with @TLs
for hiotic and abiotic stress

High throughput
% G enotypic screening
- Pyrosequendcng

- Dired s2quencing
-DHPLLC

'

Tolerant ! Suscaptible genes
5 Geness T ait

| o] |

profiling
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Phenotypic screening
Total of plant screening : 21,072

mutant line :247
Submergence Tolerance: 6

*Submergence supper Susceptible: 241
" Sub1 genotyplc screening

— — - .
SUIC-2  SubiB2  SubiA Middle No
JHN-WT : Il I 1.8 cm/d
— — —
SUICA  SubiB2  SubtA2
MUT4 — — Rapid Yes
24 cm/d
— — p—
SubtC-t  SubtBt  SubtA _
FRISA  — - Sgpesson TS
1.5cm/d
SBIC2  SwiB2  SubtA2 )
KDML105 , — Rapid No
2.6cm/d

Submergence tolerance: Sub1 locus (Sub1A,B,C)

Elongation type Survival

7 day Recovry after de-submerged




Functional Genom r Chlorog

Plastome x Nucleome

Single cell photosynthetic model

Plastid Transformation J




Common ancestor of
plastid and modern =8 =i
cyanobacteria

™ Common ancestor of
| mitochondrion and
— S / wa-group of modern

Protoeukaryotic cell I proteobacteria

Endosymbiotic Theory



Fast-growing photosynthetic single-cell organism
Heterotropic/Photosynthetic
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Plastid transformation

high-level
transgene
expression

lack of gene
silencingand
position effects

multi-gene transgene
engineering containment

Plastid transformation technology to monocotyledonous cereal

crops promise improvement of agronomic traits, and the efficient
production of pharmaceutical or nutritional enhancement.
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Agricultural Sciences in China T H -
2009, 8(6): 643-651 ' SCIenEEDlrECt June 2009

Establishment of a Gene Expression System in Rice Chloroplast and
Obtainment of PPT-Resistant Rice Plants
LI Yi-niit*, SUN Bing-yao>, SU Nmg?, MENG Xiang-xun?, ZHANG Zlu-fang! and SHEN Gui-fang!

Chloroplast transformation: bar gene

Sacll HamH T Sac |

-
A pREF —H S Fig. 1 Construction of chloroplast transformation vector
—

HE (1487 p and localization of foreign gene bar in the vector. A,
" ' bp) P el (1 463 bp) . .
plasmid pREF, showing the two homologous fragments,
|¢— 0.7kb —'| ndhF and trnL, in the wild-type rice chloroplast genome; B,
plasmid pRB, showing the integration of the bar gene
sue 1 €Xpression cassette between ndhF and trnL fragments of

Saell Lramb | DamH |

- PREF. Gene bar is expressed under the control of 165 rRNA
gene promoter Prrn (16S) and psbA terminator sequence
B o = DB —{psbA 3°). The sites of primers (P7 and P8) for PCR assay of
il Prrm (165) . PebAY" . w1 transplastomic plants are also shown in the maps.

18kh »

Flg. § Herbicide sensitivity assay by smearing leaves of Fip. § Genetic analysis fior resistapce to FPT of F; progeny from

tramsplastamuc nce plants with PFT soluton. Left. barcontainmg reciprocal crosses between transplasiomic roe lnes and wild-type

transplnstomic ree plants; rght, noo-transplastomic wild-type s rice lmes, Sesds were placed oo PPT-snpplemented medinm. A

plants. tansplastome lme (2 = wild-rype line (1 ); B, transplastomic
e () * wild-type hse (2.
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