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1. Background to the Proj ect .

Cold-induced pol len st erility i s t he m ost  yi eld-affect ing pr obl em  f or t he Aust ral ian
rice indust ry, leadi ng to yi eld losses of 20-40% , or A$15-29 m illion, on aver age ever y
3-4 year s. The m olecul ar basi s of the probl em  rem ains largel y unknown,  and breedi ng
efforts have been largel y unsuccessf ul  due to the lack of rel iabl e sel ect ion techni ques
in t he f ield/glass house,  and t he l ack of  m ol ecul ar m arker s f or sel ect ion of  col d-
tolerant l ines.  I dent ificat ion of  t he m ol ecul ar basi s of  t he pr obl em  m ay l ead t o t he
ident ificat ion of  m arker s t hat w i ll gr eatly f aci litate br eedi ng of  col d-tolerant
Austral ian rice var ieties.  Our starting poi nt was to study the accum ul ation of sucr ose
that occur s i n ant hers af ter col d t reatm ent. W e i nvest igated whet her col d af fect s
expr essi on of a gene invol ved in sucr ose m etabol ism , thereby introduci ng a m etabol ic
block in sucr ose m etabol ism .

2. O bj ect ives.

- Det ai led study of the effect  of  col d on sucr ose m etabol ism  in rice anthers.

- To ident ify the gene invol ved in sugar  m etabol ism  that is affect ed by col d in
rice anthers.

- The study the effect  of  col d on the expr essi on of this sugar  m etabol ism  gene,
in or der t o i dent ify t he si gnal ing m echani sm  used by col d t o af fect  sucr ose
m etabol ism .

- To ident ify m olecul ar m arker s that coul d be used in m arker -assi sted breedi ng.

- To study effect  of  col d on sugar  m etabol ism  in col d-tolerant rice var ieties.

3. Int roduct ory t echni cal  i nform at ion concerni ng t he probl em  or research
need

- Br eedi ng of  col d-tolerant r ice var ieties i s di fficul t because col d spel ls cannot
be pr edi cted i n t he f ield, adequat e gl asshouse i nfrast ruct ure f or l arge-scal e
sel ect ion exper im ents i s not  avai labl e, and gl asshouse col d t olerance i s not
always reproduci ble in the field.

- The avai labi lity of  obj ect ive m ol ecul ar m arker s f or col d t olerance woul d
greatly faci litate the work for breeder s.

- Col d tolerant rice var ieties from  Hungary and China have now been ident ified.
These can be used t o i dent ify gene l oci  t hat coul d be used as a m ar ker  f or
col d-tolerance in breedi ng popul ations.



- I m provi ng our  knowl edge about  how col d af fect s sucr ose m et abol ism  m ay
lead to the ident ificat ion of m olecul ar m arker s sui tabl e for breedi ng

4. The M ethodol ogy - incl udi ng a descri pt ion and just ificat ion.

- Grow r ice pl ants unt il f lowering st age and har vest  ant her m aterial  f or
exper im ents.

- Bi ochem ical  quant ificat ion of  com ponent s of  sucr ose m et abol ism  t o i dent ify
the pr obl em  caused by col d t reatm ent of  ant hers:  m easur em ent of  sucr ose
level s, st arch cont ent and i nver tase enzym e act ivi ty i n col d-stressed and
norm al anthers.

- Cl oni ng and sequenci ng of  i nver tase genes i n r ice and i dent ificat ion of  t he
gene encodi ng cel l wall inver tase that is cr itical ly affect ed by col d in anthers.

- St udyi ng i nver tase gene expr essi on at  t he RNA l evel  by nor thern bl ot
hybr idizat ion and RT- PCR. Thi s enabl es us t o st udy t he ef fect  of  col d and
other st im uli ( horm ones) on i nver tase gene expr essi on, car ry out  t im e cour se
exper im ents, st udy t issue l ocat ion of  i nver tase expr essi on, and ul tim ately t o
ident ify the right gene.

- M ake inver tase prom oter-repor ter gene const ruct s for transf orm ation to rice.

- Pr oduce t ransgeni c r ice pl ants cont aining pr om oter-repor ter gene const ruct s.
This al lows us to study preci sel y in what cel ls the gene of interest  is expr essed
and what the effect  of  col d on this expr essi on is.

5. Det ai led resul ts - incl udi ng the st at ist ical  anal ysi s of resul ts.

- W e f ound t hat col d t reatm ent at  t he young m i crospor e st age r esul ts i n a
dram atic depl etion of  st arch accum ul ation i n t he pol len gr ains at  ant hesi s.
Starch is essent ial  in pol len grains,  as storage car bohydr ate for energy suppl y
during pol len germ ination and fertilizat ion.

- M easur em ents of  sucr ose cont ent showed t hat sucr ose l evel s i ncr eased i n
anthers that were col d-treated at the young m icrospor e stage.

- Consi stent w ith these resul ts, we found that the enzym e act ivi ty level s of cel l
wall i nver tase,  but  not  sol ubl e i nver tase decr ease upon col d t reatm ent at  t he
young m icrospor e stage onl y.

- These r esul ts suggest  t hat col d i nduces a r educt ion of  cel l wal l i nver tase
act ivi ty, whi ch t hen l eads t o a bl ockage of  sucr ose suppl y t o t he devel opi ng
pol len grains.  This blockage is expl ains the absence of starch synt hesi s in the
pol len grains at m aturity.

- W e have cl oned and sequenced f our r ice i nver tase genes ( OSINV1-4). W hile
al l of  t hese genes ar e expr essed i n t he ant hers, onl y t he OSINV4 gene was



speci fic for anthers. The expr essi on ofOSI NV4 and OSI NV2 are repressed by
col d.

- M ore det ai led expr essi on anal ysi s showed t hat OSI NV4 i s expr essed f or a
shor t per iod at  t he young m i crospor e st age, wher e i t i s down-regul ated by
col d. This is the cr itical  stage for induct ion of pol len sterility. It is also present
at hi gh l evel s i m m ediately af ter t he f irst  m i totic di vi si on unt il l ate i n
devel opm ent.

- Pr el im inary resul ts suggest  that the expr essi on ofOSI NV4 m essenger  RNA is
higher  in som e tolerant lines than in Doongara, but in one of two tolerant lines
invest igated so far, there was no effect  of  col d on the expr essi on of the gene.
Both t he hi gher  expr essi on l evel s and t he f act  t hat col d does not  r epress
expr essi on of OSINV4 in one of the lines m ay cont ribute to col d-tolerance.

6. D i scussi on of  resul ts i ncl udi ng an anal ysi s of  research out com es
com pared w ith the obj ect ives.

- The findi ng that sucr ose m etabol ism , and m ore speci fical ly the expr essi on of
the OSINV4 gene i s af fect ed by col d i s an i m portant st ep f orward i n t he
ident ificat ion of the m olecul ar basi s of  col d-induced pol len sterility in rice.

- OSINV4 i s expr essed f or a ver y shor t t im e at  t he cr itical  st age of  pol len
devel opm ent, t he young m i crospor e st age,  whi ch m akes t his gene a cr itical
target for col d treatm ent.

- Cel l wall inver tase is essent ial  for provi ding the devel opi ng pol len grain w ith
sucr ose.  Col d-induced r educt ion i n i nver tase act ivi ty at  t hat st age m ay af fect
energy suppl y t o t he young m i crospor e and a di sruption of  nor m al pol len
devel opm ent.

- OSINV4 expr essi on at  t he young m i crospor e st age m ay be essent ial  f or
provi ding the pol len grains w ith sucr ose to com plete the first  stages of pol len
devel opm ent. Fai lure t o do so w i ll r esul t i n pr em ature abor tion of  pol len
devel opm ent.

- The ef fect  of  col d m ay not  be as dr ast ic af ter t he f irst  m i totic di vi si on st age,
when OSINV4 expr essi on i s hi gher  and occur s f or a l onger  per iod. A t  t his
stage, the enzym e m ay be requi red for starch biosynt hesi s, which occur s at the
later stages of  pol len devel opm ent.

- The fact  that OSINV4 expr essi on is higher  or, in one of the var ieties test ed, not
affect ed by col d, pr ovi des good pr ospect s t o use t he gene as a m ar ker  i n
breedi ng exper im ents.

7. Im pl icat ions and recom m endat ions -  where possi ble, a st atem ent of
rel evant  cost s and benef its to the Aust ral ian indust ry shoul d be provi ded.



- The findi ng that OSINV4 is an anther-speci fic cel l wall inver tase gene that is a
target of  col d st ress i s i m portant and w i ll enabl e us t o l ook f or m ol ecul ar
m arker s for breedi ng.

- To achi eve t his, we need t o acqui re m or e det ai led expr essi on dat a of  t he
OSINV4 gene,  m ore speci fical ly about  wher e ( exact  cel l t ypes)  t he gene i s
expr essed and how t he gene i s i nf luenced by st im uli such as hor m ones
(absci si c aci d, gibberel lic aci d) and sucr ose.

- The avai labi lity of  col d-tolerant l ines w i ll al so al low us t o st udy what  i s
di fferent about  the expr essi on and regul ation of this gene in those lines.

- OSINV4 i s l ocat ed i n chr om osom e 4 of  r ice.  Col d-tolerance l oci  have
previ ousl y been m apped on this chr om osom e. It would therefore be usef ul  to
ident ify t he col d-tolerance l oci  i n t he col d-tolerant var ieties.  Dr . X .  Zhao,
Univ. Sydney,  i s cur rently m aki ng doubl e hapl oid l ines f rom  a cr oss of
Doongara and two tolerant var ieties.  Using m icrosat el lite m apping we w ill be
abl e t o i dent ify t hese l oci  i n t he f uture and see whet her t he OSINV4 gene on
chr om osom e 4 is invol ved.

8. A descri pt ion of  t he Proj ect  Int el lect ual  Propert y and of  any
com m erci al ly si gni ficant  devel opm ents ari si ng from  the Proj ect .

- I dent ificat ion of m olecul ar m arker s based on our OSINV4 resear ch w ill greatly
faci litate br eedi ng of  col d-tolerant r ice var ieties.  M ol ecul ar m arker s coul d be
m ade avai labl e to breeder s as easy to use PCR m arker s or diagnost ic ki ts.

- I t m ay al so enabl e us t o desi gn st rategi es f or genet ical ly engi neer ing col d-
tolerance in exi st ing rice var ieties,  which coul d save a lot of  tim e in produci ng
tolerant var ieties w ithout  changi ng other im portant trai ts, eg.gr ain qual ity.

- Thi s m ay enabl e us t o appl y f or I P pr otect ion i n t he f uture and com m er ci al
appl icat ions on the long term .

9. Recom m endat ions on the act ivi ties or other st eps that  m ay be taken to
furt her devel op, dissem inat e, or to com m erci al ly expl oi t the resul ts of  the
proj ect .
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JT Van Dongen, P Gei genber ger, HS Sai ni , SF Fer nandes,  ES Denni s and R
Dolferus.  Pl ant Physi ology.  Subm i tted t o CSI RO Plant I ndust ry edi torial
panel .
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