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1 Badkgound tothe Pro edt.

Cold-inducedpal lend erilityi st hemog yi dd-afedingpr oblem fort heAud rdian
rice indug ry, leading to yied loses of 20-40% ,or A$15-29 milion, on aver age every
34 years The moleaul ar bas s of the problem rem ans large y unknown, and breedi ng
efforts have been largdy unsucoesst Ul due to the ladk of reiable sd edion tedhni ques
int hef idd/glasshouss, andt hel adkof molewl amarkersf ord edionof ool d
tolerant| ines | dentificationof t hem ol ecul arbas sof t hepr oblem mayl eadt ot he
identification of markerst ha will gr eatly f adlitate br eeding of oo d-tolerant
Audrdian rice varieties Our darting point wasto gudy the accum ul a@ion of sua o
that ooour si nant hersaf ter ool dt reetment W ei nves igatedwhet her col daf feds
eqresd on of agene inval ved in sua o2 m egbol ian, thereby introdud ng am egbal ic
blodk in suar o2 megbalisn.

2. Obj etives

Detaled sudy of the effed of col d on suar o2 megbol isn inrice anthers

- To idetify the gene invol ved in sugar mebolign that is affeded by ool d in
rice athers

- The dudy the effeat of ool d on the expr ess on of this sugar m eibol ism gene,
inor dert oi dentifyt hes gndingmechani an usdbycol  dt oaf fed wa ose
m egbol ian .

- To identify m oeaul ar m aker sthat coul d be used in m alker -as8 ged breedi ng.
- To dudy effedt of col d on sugar mebolign in col d-tolerant rice vearieties
3. ht rodud oyt edchni cal i nfom ationconcani  ngt heprobl em orresearch
- Breedingof ool d-tolerantr icevar ieties odi ffiaul tbecauseaol  dgpel  Iscannot
bepr edidedi nt hef idd, adequat egl ashousei nfragruduref orl arge-d e
Hedionepea imensi snot ava lable ardgl ashousecol dt olerancei snot
aways reprodud blein the fidd.

- Theava ladilityof obj edivemo eaul a markersf or ool dt olerancewoul d
greatly fad litate the work for bresder s

- Co dtoerat rice varieties from Hungary and China have now been identified.
Thesecanbeusdt oi dentifygenel od t hat coul dbeussdasam a ker f or
ool d-tolerance in breedi ng popul aions



I m povi ngour know| edgeabout how ool daf fedsaa osm e aolism may
lead to the identification of m olecul a m aker s qui tabl e for breedi ng

The M ehodol ogy - ind uding adesyi ption and jud ificat ion.

Grow ricepl antsunt il f lowerings ageand har ves ant her materid f or
epa imens

Bi ochemicd quant ificationof com ponent sof uar oem et aol ism toi dentify
thepr oblem causedbyool  dt reetm entof ant hers measur ementof U oe
levds € achoont ent andi nvertaeenzymead  ivityi nool d-dresed and
norm d anthers

Cloningandssquend  ngof i nvertasegenesi nr iceandi  dentificationof t he
gene encodi ng od | wal inver tase that isaiticd ly effeded by ool d in anthers

Studyingi nvertaegeneeqr esona theRNA | ed bynor thernbl ot
hybridiztionandRT- PCRThi senadbl esust od udyt heef fedt of ool dand
otherd imui( horm onegoni nver tasegeneexpr  esd on, ¢ ryout t im eoour ¢
epaimens 4 udyt isuel ocaionof i nvertaeeqr es on,andul timadyt o
identify the right gene.

M ake inver tase prom ofer-repor ter gene cond rud sfor trand ormaon torice

Producet ranggeni cr icepl antsoont aningpr om ofer-reportergenecond  rud s
Thisdlowsusto gudy prea €y in what cd Isthe gene of intereg is expr essed
and w hat the effed of ool d on thisexpres onis

Det ailed reaul ts-induding the datidical anal yd sof reaul ts

W ef oundt hat col dt reetmentat t heyoungmi aogor ed ager el tsi na
dramdicdepl etionof & archacoumul aioni nt hepol lengr ansa at hes s
Starch isesent id in pollen grans as Sorage car bohydr ae for energy suppl y
during pollen germ nation and fertilization.

M easr ementsof wua ozoont ent Sowedt ha ua oxl edsi noeaxdi n
anthersthat were ool d-treeted a the young m iorogoor e dage.

Cond dent with thee reaul ts wefound that the enzyme adivity levd s of od |
wadli nvertase but not <l ublei nvertaseder esseuponcol  dt retmentat t he

young m orogoor e dage only.

Theer eultsaugges t ha ool di nducesar edudionof od wd i nvertase
adivity,whi dit henl eads oabl odkageof wua oseauppl yt ot hedevd oping
pollen grains This blockage is expl ans the absence of darch gt hes sin the
pollen grans a m alrity.

W ehaved onedandssquencedf  ourriocel nvertasegene. O SNV14).W hile
dlof t heegenesr eexqr esedi nt heant hers onl yt he O SINV4genew as



ged fic for anthers The exqr esd on ofO SINV4andO SI NV2are represed by
ool d.

- Moredd aledeqr es onand yd showedt hatOSINV4iseqr esedf ora
dhortper ioda t heyoungmi aogores age wher ei ti s down-regul atedby
ool d. Thisisthe ariticd dage for indud ion of pollen derility. It isd < present
ahghledsi mmedidy o ter thef ird mitoticdi visonunt il | a&ei n
devel opm ent.

- Prdimnary reaul ts sugges thet the expr ess on ofO SINV4Am esenger RNAIS
higher in som etolerant lines than in D oongara, but in one of twotolerant lines
inved igated o far, there wasno effed of ool d on the expr ess on of the gene.
Botht hehi gher eqor ed onl evd sandt hef ad t hat col ddoesnot  r epres
eqr e on of O SNV4in one of the lines m ay cont ribute to ool d-tol erance

6. Disus on of reaul tsinduding an anal yssof resach out mes
oom pared with the obj ed ives

The finding that sua o2 megboligm, and m oe gea ficd ly the expr ess on of
the OSINV4genei sd fededbyodl di sani mpotant € epf orwadi nt he
identification of the m deaul ar bad s of ool d-induced pollen derility inrice

- OSINV4iseqr esdf oraver ydor ttimea t hea iticd & ageof pol len
devd opm ent,t heyoungmi aoor ed age whi chmakest hisgeneaa  iticd
target for ool d trestm ent

- Cdl wal invertaze is esnt id for provi ding the deve oping pollen grain with
o o Col d-inducedr edud ioni ni nvertasead ivityat t hatd agem ayaf fed
energyuppl yt ot heyoungmi aogoreandadi  guptionof nor mdpaol len
devel opm ent.

- OSINV4deqredond theyoungmi aoyored agemaybeesent id f or
provi ding the pollen grains with sua o to com plete the fird gages of pollen
devd opm ent. Fa luret odoowi  Ilr el ti npr emaureabor tionof pol len
devdl opm ent.

- Theef fedof col dmaynot bessdr adicaf tert hef irdmitoticdi visond age,
when O SNV4exqr es oni shi gher andooour  sf oral onger per iod. At t his
dage, the enzym e m aybe requi red for darch biogmt hes s which oocour s a the
later 2ages of pollen devel opm ent.

- The faat that O SNV4expres onishigher or, in one of the varieties ted ed, not
afededbycol d, pr ovidesgoodpr ogoed st ouset hegeneasama  kerin
breedi ng exper im ents

7. in pl icationsand mom mendat  ions- wheepos ble ad atem ent of
i evant cod sand benefitsto the Audral ian indug ty shoul d be provi ded.



- The finding that O SNV4isan anther-ed fic od | wdl inver tae gene that isa
target of ool dd resi si mpotant andwi llenadl eust ol ookf ormolel a
m aker s for breedi ng.

- Toahi ewet hisweneadt oaqui remoredea aledeqr esd onda aof t he
OSNV4gene moregped ficd lyabout wher e( exadt od It ype t hegenei s
epresedandhow t  hegenei si nfluencedbyd  imui suhashor  mones
(absi scad d, gibberdlic ad d) and 2ua o

- Theava labilityof ool d-tolerant | ineswi Ild ©0d low ust og udywhat is
different about the expr e on and regul aion of this gene inthoe lines

- OSINV4isl ocaedi ndr omoome4of rice Co dtoeane!l od hae
previoud y been m gpped on this cdrom osom e It would therefore be usef ul to
identifyt hecol d-tolerancel od i nt hecol d-tolerant var ieties Dr.X. Zheo,
Univ. Sydney, i saur rentlymaki ngdoubl ehgol oidl inesf rom aa ossof
Doongara and twotolerant varieties Udng m orost dlite m apping wewill be
ablet o detifyt hesd odi nt hef uturesndsewhet  hert he O SINV4geneon
drom oom e4 isinvol ved.

8. A dexii ption of the P ed ht dledual Propet y and of any
com m ed ally dgnificant deve opm entsai s ng from the Proj ect .

- | dentification of molecul a m aker sbased on our O SNV4resear ch will greetly
faa litatebr eadingof ol d-tolerantr icavar ieties M ol eaul arm ar ker soul  dbe
m adeaval labl e to breeder s as easy to ue PCRm akersor diagnog ic kits

- Itmayd enddl eust odes gnd rategiest orgenet icd lyengi neeringool d-
tolerance inexiding rice varieties which coul d save alot of tim ein produd ng
tolerant ver ieties without changi ng other im portant traits eggr an qud ity.

- Thismayenadl eust ogopl yf orl Ppr otedioni nt hef utureandcommer ad
goplications on the long term .

9. R emom m endations on the adivities or other ¢ eps that m aybe taken to
fut her deve op, disem inate, or to com m ed ally expl oit the reul tsof the

proj ed.

10. Rd evant Rdeenass

- ‘Chi lling-induced pol len & erility inrice i sasd aed with ua ox
aooum ul ation and repress on of goopl adic inver tase expresd on.” — SN Oliver,
JI Van Dongen, PG e genber ger,HS Sa ni,SF Fer nandes ESDenni sandR
Doferus Pl ait Phys ology. Submittedt o CSI RO Plant | ndug ryedi torid

pand .



- ‘Cd d-inducdg eilityi nrice asvegt o far.”- SN Ol iver,ESDenni SR
Dolferus Rice Farm as N ew detter (subm itted).

A dknow | edgem ents

- SN Oliver, Rice CRCPhD dudent (projedt 3209); thiswork is part of a PhD
projed (Rice CRCprojed #3209) .

- Jne Ed ingtonand Sandr aStops CSIRO Plant | ndugry. f or exad lent
tedni cd a8 dance.

- Dr.Jr Van Dongen, M ax-Plandk- Ingitute Gol m Ge many.f orhd pingwi th
the U o2 m easurem ents and inver tase engym e assays

Dr.HS Sani,Uni verstyof M ontred,Canada f oradvi ceandmanyhd  pful
disusd ons



