WO 2011/ 084867PCT/ US2010/ 062525 JATROPHA HYBRI DS THROUGH FEMALE ONLY TRAI T
CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application clains the
benefit oWoWoB/0860Vi si onal Application No. 61/292, 751, pCirlusdoidamsasy 6,
2010, herein incorporated by reference in its entirety. FlIELD OF TECHNOLOGY
[ 0002] The present invention relates generally to the field of Jatropha
crop selection and breeding. In particular, the present invention rel ates
to novel J. curcas plants producing inflorescence with "female only" (FO
flowers, to oethd deHfY)ﬁRcmﬁilT ROUGHNENMA LErQALYyBRAIT usi ng

i nfl orescences with a novel "female only" (FO flower trait, and to seed
and ot her products obtained fromsuch J. curcas hybrids. | NTRODUCTI ON

[ 0003] The present i i t t.ron ant, which is known
botanically as Jatmm%&ﬁiﬂ Add Q%‘A H ﬁ% and which is
commonly referred to as "Physic Nut. " The genus Jatropha includes over 175
speci eﬁB?llsuEl@a pepifcatiga clagps te bepeldoldy ~Ssﬁ1f0dt§é‘?na éppgiﬂﬁlézném éé229?§5éa

dr oughtg ik @54shAY. 20 P& HERM, & =TeT} Ladd iR iAQBfij.gAN origin, which has
becone \IMEdespr ad t r’ougﬁoutcoﬁﬁe tdre]?)}b%fg%rl an lggﬁ{lre%i cal areas of the
worl d, including India, Afri EELIAOBTECHNOLIOGYerica. [0004] Mre
specifically, J. curcas is a small, diploid (2n=22) tree or shrub with
snoot h,[000Hy Ohe pedsit Stivddaok reliles gbnexild esthettidld 90 Jembmaescop weleetion addat ex

when cut. Jatrgpha curcas typically ﬁrows to between three and five neters
in hei gecdingyt In pagigylagy i Ripsenb injeghen silalee o meverd qticer Plpaly gradicing

gr ow NG AGRUIhELNSh JBRERPARY € FEATIORLANLS | GO AREHR W ehaye and
can progugﬂggq‘er Béi)?ﬁ an se%d@ﬁ?]olrefgg togJegsO ?/eng‘%% s(?dogo ng)w@ﬁé%uﬁt%ategg‘]on
mar gi naluréaangbridSesn offlodescanges with plrantls fpmeld waéy"aiFO) akice bratt.camdbie seed
processed for use as.a.diesel and jet fuel .substitute. [0005] The conbi ned
char act® ioélﬁr&"dﬂ}?tsﬂ]?g‘“\lfdfi‘ﬂ?é‘é‘%”plcﬁrrfﬂsﬁgbr Snon- agr onom ¢ crop; being
adaptable for cultivation on sem-arid and margi nal soil sites; and the

hi gh oil content of the produced seeds has initiated interest in crop

i nprovenent prograns. To date, Wa limted literature and

rel ated genetic informati on have been available to aid the )
[0003] The present invention relates to the Jatropha plant, which is known botanically as

Jatropha curcas of the Euphorbiaceae family and which is commonly referred to as “Physic
Nut.” The genus Jatropha includes over 175 species of succulent, perennial trees or shrubs.
Jatropha curcas is a drought-resistant, perennial species of Latin American origin, which has
become widespread throughout the tropical and subtropical areas of the world, including
India, Africa, Asia and North America.

[0004] More specifically, J. curcas 1s a small, diploid (2n=22) tree or shrub with smooth,
gray or reddish bark, which exudes whitish colored, watery, latex when cut. Jatropha curcas
typically grows to between three and five meters in height, but it can grow up to eight or ten
meters under favorable growing conditions. Jatropha curcas plants have a vigorous growth
rate and can produce fruit and seeds for up to 50 years, even when cultivated on marginal
lands. Seed of J. curcas plants produce oil, which can be processed for use as a diesel and jet
fuel substitute.

[0005] The combined characteristics of the J. curcas plant as a non-agronomic crop; being
adaptable for cultivation on semi-arid and marginal soil sites; and the high oil content of the
produced seeds has initiated interest in crop improvement programs. To date, however, only

a limited literature and related genetic information have been available to aid the



WO 2011/ 084867PCT/ US2010/ 062525 devel opment of J. curcas plants with
desirable traits, such as earlier maturity, early flowering, increased
femal e flwoepimgsserncreased fruit and seed count, and i RCTAB3@Ed/06I5R5Yyi el d.
[ 0006] For other cross-pollinated plants, the breeding and sel ection
process of hybridization has been enployed to nodify or to inprove traits,
efficiently and econom cally. Maxi mum genetic uniformty and inproved vi gor
and yield in hybrids is obtained by utilizing two distinct parental plant
popul atdeyplepmepti €h cafirpe Rlteved dpgragler figftenpuchc ahearior omaturiget PRELS .

[ 0007] figst: i I I; t 1S &pproach
a1 pl AR inGERAGhBIREINR, IRl BEPORIR e Bl Y ARR
resul t [0006 hydardtibrerasspotiinatedpldits thatatediag ent @lccpbapt®esrof$iyhpdigatdonuni que
genetic SE?I ection. 0008],€A second net hodﬁigts .seed n&fexual) ﬁro gation of

i nbr ed N3 el CRIRIOYH B%B’&G BET L0 YRPHOF HA[SS 1°1E)‘H§'u‘l‘ TOROM ALY ed 14 HER! ar e
derive : : : = PpQkdd i S QRS i Sd (A

gener agkleg%té?uﬁﬁ&%ﬁ%z?&{ Hg Ogle(FQ{l%dér%Fl gﬁ%dcﬁﬁpgfdrrldgf19902)F]ae1§édéh§9turt]1§9 {111 rrtl‘))vloogous
chr onosbstecp giarentadr glahio popylgioans, ovhi¢cldemani balachithel degrdeléeroit, | qoby edminalg
(hom)z%/{gotﬁi ) in aline is approached at the rate of 50% per generation,
such t HAT"®Y t he sixth generation 98.4% purity exist and, by the seventh
gener atjogom] 98- 2% mdined eRideRiial (RbdetiveNpopi@ition e By heappebdch Rl plamation,
sibling pollination or random crossi n? In isolation are essentially

genet i cgrivgd fraema siogle plantavhinlritst by eouldbertdieyrganliso(zmialybundi drossrafitwo alpgbiaelr ance.
[ 0009] I\e{tfaexni rfuignsléarrgtim 1| %.llgsl’ eh%‘rl\l@t\{cesre’lec lg_not occur frominbreeding. During
t he inﬁf’ree(tl’ell ﬁ’g proces YPHTIRYS SH 5 pertormance, yield and plant size
occur. [0b08] radicdidmeiivdpk avéd Vegodl) prupagglon abindedi ges] shidhopddass a

"i nbreeding depression,” and it is the reason that unifaorminbred |ines
usual | yingeEm pignt pogwations Intserhiaescirg| degivesh by pogeesss Af selfpallivation dsraly
devel opj ifor : t i . dj i Wele's | i nes
o produaa sl AnbY Rk, RARE hAT e MRLL e ReP o EnbERIGERC | OF
hybri d chrgooso(tegiais @sd Isgmodyasusharndgritehld STiasdogedel ofasbrogdifi® (hontogygoséty) in

achi eved,. As described in detail_Dbelow, the present invention exploits this
met hod & Bnepesoam%%#l?& $t e dy &f iSBEr?o PRr1 penpratiofy & ﬁ%gvage SHich BaberEAne
seed.  JNQoZQLAL(084GGAEEY HSLALAHORAeRRoRWIARY THERAAL:, TiNBIRIERENE from
description rel’ates "fermal e only" (FO J. curcas planfs that can be used

f or pr cdligiotlgaRion,Xatlmgyivdlipitiog enyanalnoh ¢rpiminglinpbelation derckseatlalty gencpbaht s
with the FOtrait. [.0012] In one aspect, .therefore, the present disclosure
bt ovi ddderieyt b st oSSR ERRTSbh ST or esconce with onl v
femal e [ho@er Blaxinfund RERT elcl®d heWRedH Mnhot Sbhst ABMI albkdedald  aburddie the

i nfl orescence produced by the J. curcas'?lant Produce only Temal e Tl owers.
inbreeding process reduction in performance, yield and plant size occur. "This reduction in

plant vigor through inbreeding is known as “inbreeding depression,” and it is the reason that
uniform inbred lines usually are not grown as a commercial crop.

[0010] A third method for developing a uniform plant population is hybridization of two
inbred lines to produce a uniform, first-generation (F1) hybrid population. Because of hybrid
vigor (heterosis), maximum yields as well as uniformity are achieved. As described in detail
below, the present invention exploits this method to produce first-generation (F1) J. curcas

hybrids and harvested seed.



[0013] In another aspect, the present disclosure provides nethodol ogy for
produci ng hybrid J. curcas seed. Such nethodol ogy conprises (1)

i nt er pl arwongiasmea plot, first J. curcas plants of a plremaiSgpe/osesest h
second J. curcas plants of a phenotype B, which differs from phenotype A,
such that pollen exchange within the plot is constrained to the first and
second plants, and then (2) harvesting fruits fromthe first plants,
whereby FI hybrid (A x B) seed is obtained fromthe first plants. In this
met hod, phenotype A conprises the SUMMARYny flowering trait and phenotype
B does not. Preferably, the plot where the interplanting takes place is
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may have been expanded clonally through vegetative propagation. |n another
enbodi rebAtactetiped gv ragt inglogaseenca ivith Ralys earhl flovars s Irp pepretesnd ginfiodiaent,

i nbred r.ef I e fhat,
whon t HECRERAI LB B8 MolchEREe piOERerRE MEVCLIER, blinl BEMLEE LS HEfhal

resul tiftigvdrs. hybrid progeny manifest vigor and seed yield that is superior
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FI GURE 2 provides a close-up a hor ype) J. curcas plant,
whi ch prfodwphesotype 4omeihc savord Wi tdurdyot plantal & alphmeots(parﬂj ‘fvhm:’al diffetsofrems . V\D
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via Seqﬂadéh@ﬂlﬁﬁ&ﬁhﬁ An akdd thiy is sﬁlﬁmltldl,ly hyb of gthdr J&wﬂaqﬂm@dh&am ﬂ@@ apgoduced
by (1) interplanting, in a plot, first J. curcas plants of a phenotype A
with se¥ethe ngdencaof polien oraffa@rongr@iémwét@e ohiHiccotds mrgmalf r om phenotype

A, t
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Phenot ype A corrprl ses Ie only flo phenot ype B does
not. Pridplespmpodipeat, ﬁé? %ﬁitan anty gad e gecq @hﬂ %rP rQﬂl sdtl&?félﬂt i ]E?H lingat |
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resulting F I hybrid progeny nahifest vigor and seed yield that Is superior
t 0 t hatcrodsedias bescriped ebal the resulting F1 hybrid progeny manifest vigor and seed yield

that is superior to that of either parental line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIGURE 1 provides a close-up view of a J. curcas plant with the FO trait; that is,
the plant produces inflorescence with female-only flowers.
[0016] FIGURE 2 provides a close-up view of a normal (wild-type) J. curcas plant, which

produces inflorescence with both male flowers and female flowers.



[ 0019] Accordingly, the FO J. curcas plants disclosed here can be used in
the same way as other J. curcas plants for use in biofuel production or as
a living wenor/o8¥st7, the FOtrait affords the instant JPCTarse@s/opisant s
particul ar advantages over wild-type J. curcas plants. For instance, the FO
trait will allow for efficient F 1 hybrid seed production at a fraction of
the | abor and | and costs of producing and transporting F 1 hybrid plants
derived fromclonal propagation of shoots. Further, the F 1 hybrid plants
produced as a result of intd2BTAMLERDESCRAIPRION hetter root growth as a
result of being grown fromthe harvested F 1 hybrid seed as opposed to

hybri d [00EHt sThapiesent disdosirgadlates dirn sestioe and upgel 2 J0020s phiseotypt thahisng

definitions, of r and phrases,enployed.in this description ar r.ovi ded
fo 111 hiZen s TRoARReRIL T aRRAR P uh D e SRR a8 1B er
in its genaall ¢eoghirk@ss caiche phertypRotRdactbhiged®y dglouseehcbeyith 86t femahe
under st ood according to conventional usage. The description nentions
conventdndmaile flewrisi ques for asexual and sexual reproduction methods. [0021]
A cul ti or ri 3| r S b I . e
cams. spoile TRy UFRIoRhet s Bufhul BUProPts BLVNEE of] AR B AR ARRIER b

di sti ngibitghiad éonameeiaheakcal¢anuabdresof Wfcrthl F/ 08485nBClu a2 B BHifo 252 Seatl t hi n
t he sane species. Two essential characteristics qf variety are identity
and r egF oA I % 8wt 3(%714% HERBSSEH ATt PRAECarhy UAimepliniag Bé

r ecogngﬁ&g RRd fh2hd QH@sSM%%{}lB%@QW%tth%E&RU %ré#s Mdls bPE tpﬁéxfb?yﬁeoﬁ,d es.

The distihgui shing features nor phol ogi cal characteristics,” col or
mar ki ngshiclpdif&irofrogi plainofypnct, isoelsthatpslEasexcharmetwitnn tioy ploersf amstarice] tdut
the FO trait i of particular,.i rtance in this caontext. 02

ot cultbiat b sPeerREins i inet TR e Jnid s O Ehptanby sda 11

char actigibligli GSpEad id shrathéd ohNBe Vigk pRink. MRhotSBe 4RBRIPPIESChBifdrhil¥-ohy
needed in order that the characteristic(s) by which the variety is

i dent i fllaeckringl traibend epbeneivped doest het. pPedeably, Peppdrantebhiges bt genctically

i ncreasgd. froma.single gengtype .or a mxture of genotypes.are referred to
o n ot rflins ST B Dby HRORH PRy lepPod it B e R oA RS s

i ncr easedhitignH] MRBRd pyv@ichabhmikovipscal tasdageld thauk iyaicedo gt i Eteytheror
"cultivar.” [0023] In this description, therefore, the terns "cultivar" and
"vari etBprenildingsed synonymously to refer to a group of plants within a

Spect b apdAgRImals 39%) b SUREENGORRELA, SOpSi b lBAREES,
ot her poksiblceramamilaits &s wt tihibivfudlgirodypeiones . as\hliviag foseessetntheaFOltesdist t he
distinctjv O.trait, a "variety" of the invention also my be

char act® ° pryptagt gmtgf%frﬁi?raﬁ Pl & YANGEET A WHKrivRE ot et Rign For

i ndi vi dyahe Mt ® walieviYedlidR Yor dPASER Pr hiBKd §tdRodReoYRNEatdcABn of the
segregation of traits anong the progeny of succeeding generations. On the
ot her Halpmt, antticlahd icosts "ofgprodwamg end traa$wotingah 1 debatleplants Idenged $iont eloaal
Jatropha curcas cultiva i.ndLvi dual, | e reproduced asexually, via stem
cut ¢ 1 ngeorgionel ot o u8 EE B phucSareond § F heli o il |
[0024] vAsuldingld Batel SO Gréw®Msah revadf bebding giowil rBA the hadvcAEQED Ibridladt S

that display |ess variation between individuals, generally (al though not
excl usiag@ppyschyo hybridplagh thae grerderivee remati¢raquttisgs.sel f - pol | i nati on. For

pur pos this.ipventigp,..a "lkne" is defined syfficiently broadly to
el uad 00, o SRR 8Ryisfay of Nmey Mg BrkBStalpteinals Herbgsh
pl ant, pievingd s¢ dnangidhtithgpraentt inssnidNCAd 1o guitle el kai@isdgeable reader in its

practice. Unless otherwise noted, the words used here are to be understood according to
conventional usage. The description mentions conventional techniques for asexual and
sexual reproduction methods.

[0021] A cultivar or a variety is a group of similar plants that belong to the same species

and that, by structural features and performance, may be distinguished from other varieties



[ 0025] Observed patterns of inheritance of the FOtrait are consistent with
a single recessive |ocus that, when honbzygous, manifests the FO phenotype
or trait.wBeoausesFO pl ants | ack male flowers, self-ferPCritsatioonses

i npracticable for denonstrating a "true-breeding” state for the trait,

i.e., a state where a significant amount of independent segregation of the
trait anong progeny is not observed. By contrast, plants heterozygous for
the FOtrait and the wild type WO 2011/ 084867PCT/ US2010/ 062525 produce

f 1 ower SVIHHN hiBE hsagesx spgficsecanl e esentiab shampeigtigies wr dgueLY rasm gty and
self-p j q f bt < ' - i tio of
1°F0 £ arrelEb . Maplyity SERARLGR, 1ol e DARRD b ReOR AR ML A
trait. fBm béhet wariptiagntvsithimnihk estopngpdcis. FONph etigingpshmgn fdaeurpol thaynaiced by
sibling plants. that, while simlar in genetic .cqonstitution, are .

het er ofyﬁaﬁglogwl tHEAGRY {iFY qolormllf&&sh%hﬁ&%l?é@n%%ﬁeg?ew I'Pach@npPlant s

t hat S%H%ﬂﬂ&t?ce}h& hPFOLAR i£8h§/a{rﬁéﬁlaﬁ oRhRRLiR i Bbnidlie het erozygous for
the FO'trait and have a w |l d-type appearance. In this circunstance the FO
trait i19022i dMost dgeictitwrel imretids mg ranel forithe clmeadterasitic or soptheserharacterancs

ot her wi_ se .ge ically uniform,backgr.ound, then, progen i1l . vary . .

ot odi ot BE STy R sttt e St nRepB R BT s, B OREnal The rhsdeteasticos

i nher i t@n&Rich[tRO2Bictrio gRMYifiIEENAll &% fepRdIQIematht Phoddngt Hoplulabivhs ehatbRSSI NY
of parental plants. Progeny in the present invention al so can be consi dered

t he of fispeised fpm geigglsradantype of a miguoug gshotypemars refpued ) asAitriipbr edndd ne i s
produced oy, SEDLLNG £A0SSING O Self, Paldl hRaL) on, Qvely sevenalioensrald ons
to produce a gene‘?| cafily honbzyygous p}f)ant gerect 10h- (}L\ ?’ny ArdcaltiVar i s
pr oduce@dnbiyerciadg a4 o Gcultintgeneletyakr I"yuldvat nct, inbred lines, collecting
seeds produced b he craoss, and then germ nating seed thus produced to

ot
make hylB023 p]naﬁ%(@ dayeeipHgibr iherefaese sthanderpisaneWtiyodided vByetyhi &cnissbod are
uni f or i i el y$i i
char acr e aRRRGRL 4 B oTRIRIRGEh GEhodRhRILY SRRl hllay gt share |
f r om t herteinfeeaitatfchhecer sicdudimy theiRD whigowhich pazdd thehefréantad e/piaal forinFO)
trait arises froma paturally occurring mutation of normal or wld-type
Jat r opHAATERPET PoFstd V%}ﬂéls%?(ftﬁm{}@ﬁpgﬁﬂ% \g’ﬁﬂlea%sa%wfﬂ st B ARSIV ¢ he
FO traifo phRdyoQakidt 8F BRGRNGRI W A14d Ifnﬁf% RhbBLRABA bEa bR okt o0
male flowers, in contrast to the wld-type, nonoecious inflorescence of

separ ateermdll eratidn foetvedes ifidliowral withihithe tviretgabased prihwriés or tbe Mehdthapha
curcas plants th i spl a he FOtrait are.effectively | e-sterile and
can be Bgam O0kalh ABwEY BF oroehy ot sEEitn SRR R R HPFE s eed
pr oductic@Rival 082 %) arldte’ slsoeadl deivierhecknef sink: RI dd-spray Blread lovithaedes, f or
hybrid seed production can be obtained by cl onal]yfropagatl on, via cutting
or tissbévidyhllybe, reprpdycasbpseantlbonat stramrerings| sk adtalvidp clongs| wewliddiss of

seeds qr | i hat .are honozygous for the FOtrait can be nmade, using
| i nked ersrsoq%égﬁpfﬁﬁgﬁn%aﬁgﬁegalﬁbow] I nfl orescence refers to an arrangenent of

f1 ower g004|a At elistidpuiskddsfrom 4 Nearpdt@nta. "link" Knavrodp of piamasthat dixpRiydbss
wi | d-type habit, inf]aorescences are forned term nall ){ on branches WO
2011/ 08488t prbesen 1ndysduglss generally (although not exclusively) by virtue of several

generations of self-pollination. For purposes of this invention, a "line" is defined sufficiently
broadly to include a group of plants vegetatively propagated from a single parent plant, using
stem cuttings or tissue culture techniques.

[0025] Observed patterns of inheritance of the FO trait are consistent with a single recessive
locus that, when homozygous, manifests the FO phenotype or trait. Because FO plants lack
male flowers, self-fertilization is impracticable for demonstrating a “true-breeding” state for
the trait, i.e., a state where a significant amount of independent segregation of the trait among

progeny is not observed. By contrast, plants heterozygous for the FO trait and the wild type



and produce both male and female flowers. In a FOJ. curcas of the present
I nvention, inflorescences are forned termnally on branches and produce
only fenawe 2b11008e863. [ 0031] Interplanting denotes a systPemuskoiplosases ng t wo
or nore crops or cultivars in the sane field, either m xed together or
arranged in separate, alternating rows. Pursuant to this invention, the two
parental cultivars are each derived froma single parent via clonal
propagation. The systemof interplanting is used to allow insects to

t r ans paredyssifloaiers ¢idioth srx andreambe selbrellingtpde PragerhEomoueh selepollipgion  t hus

o 294 8 BRI PYAN S0, Py ST AN D ciog gyl on
par ent aonkistest witlD 082 cebdre haisteanices trait. 1Sizhijaklgnplamg niaatfeaingahe BO enpl oyed to
(1 eng SLANoUOn other | ot srplsnting conf gty cne MOt plea b
LT R0 L XY 0 RRER R, 405 Pu gte  oml
for the FO trait and plants that are heterozygous for the FO trait and have a wild-type
appearance. In this circumstance the FO trait is said to be true-breeding and, if the trait is
present in an otherwise genetically uniform background, then progeny will vary predictably
with regard to the FO trait, based on Mendelian patterns of inheritance.
[0026] Progeny denotes the generation that follows a crossing of parental plants. Progeny
in the present invention also can be considered the offspring or descendants of a group of
plants.
[0027] An inbred line is produced by sibling crossing or self pollination over several
generations to produce a genetically homozygous plant selection. A hybrid cultivar is
produced by crossing two genetically distinct, inbred lines, collecting seeds produced by the
cross, and then germinating seed thus produced to make hybrid plants. The hybrid seeds and
plants produced by this method are uniform with respect to their morphological and
physiological characteristics. The hybrid seeds produced by this process also benefit from
the effect of heterosis (hybrid vigor).
[0028] The Female Only (FO) trait arises from a naturally occurring mutation of normal or
wild-type Jatropha plants. In the present invention, J. curcas plants comprising the FO trait
produce inflorescence with female (stamen-less) flowers but no male flowers, in contrast to
the wild-type, monoecious inflorescence of separate male and female flowers within the same
inflorescence. Jatropha curcas plants that display the FO trait are effectively male-sterile
and can be used, in accordance with this invention, as a parent in hybrid seed production.
[0029] The sizeable numbers of FO plants typically needed for hybrid seed production can
be obtained by clonal propagation, via cutting or tissue culture, in a conventional manner.
Alternatively, selections of seeds or seedlings that are homozygous for the FO trait can be
made, using linked molecular markers.
[0030] [Inflorescence refers to an arrangement of flowers on a stem or axis of the plant. In

known J. curcas plants of wild-type habit, inflorescences are formed terminally on branches



[0033] In keeping with the invention, different planting schenes al so may
be enpl oyed for efficient plant pollination and hybrid seed production.

I |1 ustratwoeonfossssch ot her schenes are those that entai PCTrUSepeosise®l y, an
alternating between one row of FO and one row of normal types, an
alternating between three rows of FO type to one row of normal type, and a
staggering the rows with alternating FO and nornal types side by side
within a row. [0034] Interplantlng is an efficient plantlng systemto

pr oducendyipdups Rathaealemad femaleohpwers flnge £lod etrcenhel thgnpreseatinyatioaqui r ed
to pro utilizing an
i nter pﬂgﬁﬁe%ﬁééf%?%ﬁ%ﬁn\ég?eg&%a{wﬁ) gﬁ{rﬁ{&ﬂgnve PC(IJIE: Onll};lj%‘lﬂd%ctﬁ%vge}g( ha)

pr oduct[0031]pl biterphiridg A6Motpd anystempest plantyigetvdd og nﬁ;ré)(b@oﬁsgoroafulmdﬁrhme will
produce abo 57 mllion Jatropha hybrjd seed r annum This woul d be
enough ] Phghmixeg, tse%flwr.aﬁraﬁgﬁ {SCRARLS oaﬁ%mategg P¥Getiat ARl o this”

pr opagaghy Qffion Othd Ao aﬂﬁﬁalhﬁﬂﬁl‘varﬁ a?%%a&il RFOA G Rin gfe }6@611‘[ V1a clonal
2011/084867PCT/U8201 /062525 woul d be required to produc lion hybrid
Jat r ophmopgagatiém g"sheassm niyin&iplantirgis ssechtocallon ngestypiertrankzort pqdérn fymathe

[ 0035] Pol | exchan process that etaiI cro ollinatiao d
Fesul t iRgmeoTEr ORF RofhediO AR g o pigide deker BPS 1ead el Fbr ed
J. cur tm@mt@pon %Hrﬂnﬁﬁu@% ﬁeua arfkty P akd MyBHBEWISthO ¥ OTpaRAtaPfiné BREEHS,
whi ch carry poIIen romthe Wl -type plants to the FO I nbred plants.

[ 0036] noprlorRssentddmsi ni ng CapaC| ty is enpl oyed here to denote the capacity

to pro hybrids wth vigQ i el d ahove ithat . of e|t F ar ent
e e o b R R

Jat r ophﬁteﬁilaﬁtng c&fnﬁg@ﬁdﬁbh@hﬂgiﬂ%@sﬁd olikzedi aAse@de depagid wildtthpeal curcas

I nt er nat j onal Dep05| t  Aut horit Specifically, FO Jatropha seeds are

deposi tiBbredior glonplby-dersradding 1§:afaetfrdéo Popier opt\ve suGessHicAPRE)of alggd curcas

Uni ver shd %ﬁbﬁv%ﬂhéggﬁg% VA 20110-2209. 2500 seeds of FO Jatropha

wer e dep05| te Decenper (30,..2010,and accorded ATCC Pat ent

Deposit Designation det af | \n Exakpl e 3, the deposited
seeds can be pl anted Px oducg4J. csureagyplants Q%vi ng inflorescence with
FO fl owers, and the prfo dur:ed J. cur‘cas pl nt?s eXhi®i t i ng the FOtrait can

further be crossed w \Mlde e & uur S pl anté;jto r epr oduci bly and
predi ctably produce Jy; cutcas brtd see CORt akn gﬁg the FO trait according
to the nethods descrikddhere. $0038] sCoftuni'cati &hs with other groups and

i ndi vidual s indicate af’stfie trai i o@Ser\?e i n ot her coll ections of
Jatropha curcas obtai gfed. {r@m e Wil de ccbr dingly, it is understood that
p

the FO trait persistsClnwi Tl ul\at I\\DnQaﬁ‘\d “hefge, is accessible to the

publ'e. [0033] In keeping with the invention, different planting schemes also may be employed for
efficient plant pollination and hybrid seed production. Illustrative of such other schemes are
those that entail, respectively, an alternating between one row of FO and one row of normal
types, an alternating between three rows of FO type to one row of normal type, and a
staggering the rows with alternating FO and normal types side by side within a row.
[0034] Interplanting is an efficient planting system to produce hybrids since one uses only a
fraction of the land that is required to produce hybrids by vegetative propagation. For
instance, by utilizing an interplanting system, pursuant to the invention, a 10-hectare (ha)
production plot, at 2,000 plants per ha yielding 6,000 kg or seed/ha, will produce about 57
million Jatropha hybrid seed per annum. This would be enough seed to plant 28,500 ha in

hybrid Jatropha. By vegetative propagation, on the other hand, a 500-ha production plot



Pattern of Inheritance of the FO Trait [0039] Crosses of FO plants with
normal plants (wld-type inflorescences) yield progeny classes of tw types
dependi ngwornotims4gpenot ype of the mal e parent. The first Pprageeny/06i5ass
consi sts of plants producing only normal inflorescences, and the second
cl ass consists of progeny plants that produce a m xture of FO progeny and
normal progeny in about a 50-50 ratio. [0040] This pattern of inheritance
for the FO trait |s consistent with that of a recessive nuclear trait, with
some noroHldl beiragiireddei mipdusetdr BRlion Bybud /ot opharytEngseissinaing abernel) siam el e
WO 201 /062525 and ot her normal plants bei ng honbzygous
for théhﬁgéhg%agé@gﬁggéghe observed pattern of inheritance observed also is
consi st[6635|w deiletnkﬁcb‘z@g@naaqf)rdmessr'tgataemaylpa:rm‘s peyiiypbaand ecsohing fsitdizationt y. | n
t hat Slt n the FOt d I ack he nucl orer allele, sone
nor mal & ;’Fﬁégl e RBRSRY @%w@eﬂ%‘?re I e aI}t%s?%‘ﬁf‘é]reXQE%e WHEPLBE her

I
e S B R S o e S FAlaE B BB BRFEFT v o
t he i ny@mtts.on descri bed above. In relatlon to these exanples many
vari ati ar nt Ihat I el d m|ar result | t hoyt
topart 1IA0561F e REALGP b i ambERe® herd e Bite S thsetinnly Todhese
exanpl a§baAle witt vikbihid 9&1@&b6d@ethhmweame@ Nhe EXAPRLAL dr a MOhAIRGE wilitgdenat i on

and Hybrid Seed Production
parent.

Occurrence of the FO Phenotvype

[0037] FO Jatropha plants are publicly accessible via seed deposit with an International
Deposit Authority. Specifically, FO Jatropha seeds are deposited with the American Culture
Type Collection (ATCC), 10801 University Boulevard, Manassas, VA 20110-2209. 2500
seeds of FO Jatropha were deposited with the ATCC on December 30, 2010 and accorded
ATCC Patent Deposit Designation No.: PTA- . As detailed in Example 3, the
deposited seeds can be planted to produce J. curcas plants having inflorescence with FO
flowers, and the produced J. curcas plants exhibiting the FO trait can further be crossed with
wild-type J. curcas plants to reproducibly and predictably produce J. curcas hybrid seed
containing the FO trait according to the methods described here.

[0038] Communications with other groups and individuals indicate that the FO trait is
observed in other collections of Jatropha curcas obtained from the wilds. Accordingly, it is
understood that the FO trait persists in wild populations and, hence, is accessible to the
public.

Pattern of Inheritance of the FO Trait

[0039] Crosses of FO plants with normal plants (wild-type inflorescences) yield
progeny classes of two types depending on the genotype of the male parent. The first
progeny class consists of plants producing only normal inflorescences, and the second class
consists of progeny plants that produce a mixture of FO progeny and normal progeny in
about a 50-50 ratio.

[0040] This pattern of inheritance for the FO trait is consistent with that of a recessive

nuclear trait, with some normal plants being heterozygous for the FO allele and normal allele



[ 0042] Methods for general cultivation and breedi ng nethods of Jatropha
cultivars are described in Achten et al., Biomass and Bi oenergy 32: 1063-84
(2008). [wWO48Bjvasateropha curcas |ines that display the alporarsdisnsssed FO
trait were developed in Peten and La Maqui na, Guatenal a. The object of the
breedi ng program was to devel op new J. curcas hybrid plants with increased
female flowering, increased fruit and seed count, and increased oil vyield.

[ 0044] The inventor selected an unpatented, proprietary accession J. curcas
desi gnand@therapma phwtsbeing pozygeey ior Hig norfmahalgdfo ol hegbsgiived patiprm of

control; - ' i v : { n.:Pet. t ha curcas
ol i ekt AR RESEERERQUABHETRO Bail BLERa R FIT\cRigoit il

mut at i aserflitpninhhicsituytien the FOUtypaswould lgparthé oudl@r restdremmlede, @rhy nopiiadduces

inflorescence yWth only fenmale (stamen-1ess) flowers and thus, |acks any
mal e f |tmsér%9ul¥%®ﬁﬁfm@a$%ﬂsg%ea PSR B ERTS: 45K O rrﬂ@ﬁﬂé aitPeduce
fruit qﬁgugggﬂ%égp%?myggﬁqg&gngé?gi femal e fl owers per inflorescence and

subsequent ruit capstl es and seed produced per fenmale flower

affects the potential oil vyiéFfer*Tarrdpia*ptant. The i nventor recognized
t he pot jal of .using the FO J. curcas. 'Fenale .Only' .in br eedi ng. program
o' pr od0uTny B (Suatke i Bibiy IF5Hs PR PRy b RBe: dus Qi oo
VO 20134 GRABRARGHINSAAAPAAGARAS aFx apmirént Zhat RRINDIik 8l 0SeRel 12T aIe i @Bul 0046]
Met hods for hybrid crop and seed Productlons are described in U S. patents

No. 4, 3keargng frow . the spipiy aggxcopoof thegmpentgm. Necording®e tBa gxamplepigre not

6,018,%01. as l.] as. in published U S. application 2008-0098492. The
1m1’tm% of 1he inven ipn, . . . .
respective egontents of these patent publications are incorporated herein by

reference. [0047] Hybrid production requires a female Iine in which no nale

gamnet esExaingple g 0l @i gid Originatoe and HybhideSeedtfrodpetnedur e of enmascul ation is
carried out to g@ﬁg a pIanH %ﬁVOid of pollen and thus fermal e. Another way
I f

to estdff1dn He fer geneealy tlwlspiaalds‘@@%deiﬂg SeiedSo {4 aphai MRS % | i ne
t hat 'ng's'&ﬁ}%h‘?n%th@ﬁgg&’ﬁ%igfnagla%ﬁl%})én%ﬂgg izQ%éi-gI@()gﬁa”a't of the

sel ect proprietary accession Jatrop curcas d ted 'Female Only’
was usd043) creaipéaxufemdines thandispbuy thy bbia-dieadsqlr I6d ucit were deiveloped Femal e

Only' I raduces female flo s and | acks a mal e flowers, The FO trait
o 3 dhd iR a Pyt odseBengb it & dhte RPEaLE ROl G EOPHET enal o
only i nbegaab hPeridPBlanG with GlcRl88 Rehaé HBwaridg, ifHE4RE fhulldiRiGebd REuMayidng

w | d-type flomerlng, and al so having a genetic background that has inproved

conbi niingeezagadivisidwi th a |ine bearing only female flowers.

[0044] The inventor selected an unpatented, proprietary accession J. curcas designated
‘Female Only,” upon observing it in 2009, growing in a controlled breeding improvement
program in Petén Guatemala. Jatropha curcas ‘Female Only’ was selected by the inventor
based on its whole plant mutation from wild-type J. curcas. In particular, ‘Female Only’
produces inflorescence with only female (stamen-less) flowers and thus, lacks any male
flowers.

[0045] Only the female flowers of Jatropha plants produce fruit and seed. Thus, the
number of female flowers per inflorescence and subsequent number of fruit capsules and seed
produced per female flower affects the potential oil yield per Jatropha plant. The inventor
recognized the potential of using the FO J. curcas ‘Female Only’ in a breeding program to

produce hybrid seeds efficiently from this normally monoecious species.



[ 0049] A hybrid seed production plot, for exanple, with a 1:2 planting
ratio can be arranged with a single row of wild-type J. curcas inbred

pl ants plwoted/asesdor der two rows of FO J. curcas i nbre®Cpltsra19/063525 an ar ea
that is largely free of other Jatropha plants so that insects pollinating
the FOline, only obtain and carry pollen fromthe wild-type J. curcas
inbred line onto the FO J. curcas line, and thus, produce hybrid F 1 seed.
The di st ance between each row should be 3 neters and the distance between
each plExamplpd, KO Hydsidoteed Breduetion hut ot her planting densities may al so

be appr hat €. Frui t r t Ly f & <0 @)

Chbr o PP Srouflts! &F 1RbAA 60 R KR BHleBRidhs AR TUEMbo R 5.5 Htord

seeds. Nhe,vads8sNedd, B27 ByhMNod 432@d 9pr Wdut 68613 1 camddds. G Ia8ntd , hdratll exin bi t

normal fl rin i npr.oved yi go i ncreased fruit and seed count, and

[ ncr eaduiligen Hg-%-| apblisalin 20088056 el apesiier SHEHS ItE@SFyE%teﬂtal e

l'ine fc}fubﬁi:altioﬁﬁ%‘iﬁc%rﬁ&iateh%@é%b of&eRQ0 kg/ ha/year of seed production, a
p

10 hect'are production ot woul d yield 60,000 kg of seed, of which 40, 000
kg woull[@048 FHybrybpiodustieedeasrdshelem@let lypanodnposen@le3gapict¢strae phgmmtlsreidln each
ha. At .an average seed wei ght of abouf .0.7 g/seed this ul d be, about .57

m 11 orRSBB o gRceRe Y B Hlsoy e BRU I 2 EETES B 058 AR HBCER &5 wi ¢
FI hybriiotisn hd fhus W01 WrABABEARGT LHSARKY RERRAMIBASI b Med HroRuibY by | ds
per ha. The interplanting proceSs using a selected FOJ. curcas line and a
wi | d- t ypedentificyieathal ispaable tpprodueevibblbppderrl seed is advant ageous,

t her ef sifhce r SS ld involve a fracti,on of the |agbor apd | and
costs O TRE O Bl O BRCRI PR, ReehRicd iy e JRanff
veget at‘Fy@alerOplad atak @led td cizh® f@eHIE Gige theh@aRl seefl grédnrepor dindeg Hayatd d
plants to a new plantation. Shipping seeds is much | ess costly than

£ y
shi ppi rignly] eyInryduses fapee Soversgd lasksaamyyppledlovarandhe floaiyat Voftrer a
hybri d @, QUbhf ’%§1obv§.f8prh§b885stelac¥ ﬁ)trfduB{iQ %aethea?é?nﬂpro?lh?%é&' 11'%19 P to
prospective custoners in conpariso o col l'ecting and shi pping hybri
seeds. ihcgpiplted vithSeed dleposinbrodl life hatieg neild-ompal {1ddeq@osy, tanAutldvo hatiyg [a0051]
A seed deposjt of a J, curcas selection containing the FO trait re
deposi (DA GO Pt S GRPE CPPIDENIED CRRACHY SHTY A )b,ea%%@&lﬁwa sity
Boul eva{fycrManassas, VA 20110-2209. 2500 seeds of the J. curcas selection
containing the FOtrait were deposited with the ATCC on Decenber 30, 2010,
and acd604lMd ATIgOridasedt podpasint plogs faynextaingte, Noith RTA:2 plafiheg deposiat et seeds

can be planted.to produce J..curca | ant i.ch oduce .infl orescence with
Fo | oubrReeEih frlelt B0y BEGF el D Lo ERAPHRESG toler BT FRE 0 caan
furtherrdg enResatbrdd blanWl hiflat YRR that f@uﬁfc‘;@ﬁy Rt@of $tHe JePpRAPGIRI Y @Rd
predi ctably produce J. curcas hybrid seed containing the FOtrait according

t o t he ipsecisopligpingrthed® Hae.conlpodimt and camemellpe [ioha thecwddityre ¥ otireds FO
Trait [. . Ase agatio f . _curga I ion ¢o ining the FO
Tratt BOPREuRaE b ahe RIPPAOALL I ol thus "%, REMREF) RAE0M Alfd |

Quat enmdcawednl dash @ 3hold deURinkcfs oo stidtatce betwidh dable phot thicild alss bkixed
and retained through the first generation of asexual reproduction, and this
resul t BHeE Butpheraplpntingrdsugitics ey @49 ReeRpEeRatate | bivdts gfc tigbggyested only
reprod i Jr00 C@@j . . i i f 9

bet vvee;t? I{rlglggdlfng ‘?r%%ﬂgl I nlﬁgrg'? ﬁfngga{ﬁggché"ﬁgedﬁgﬁ %%‘ﬁ?%g& t%at eng{ éal,% tihﬁqﬁhe

per centlayedokedsO Thepasrvastbdifn laybgidvend produce dasuaes ebsitothaf arhibyt, normal

supporting that the FOtrait is controlled b epetic rat.her. than
envi r orftEVREE FRRPYGYIeth NoRiAEbUb AN éﬁ?@w@u%ﬁa?@f tﬂﬁ&égeﬁ?lr Kk AfFede e s on
fam | y a@sheldiiaed ABAthe Wik Ghe Hak lithibFbil pHGARREs the FO trait may be

recessive in nature. The 1/4 segregation coul d arise where seeds cone from
sel f - pdPPFHat Abh,060 kgiHadyeay pe sekd pradedionf h derestardatodacieorhplioe moridgpkl f or

the FO ()IOr,OEHOtkg S s%e&,ho? W]h/iczh 2(?,86(? E{S‘ E)vlo?lpd ‘t():eol':li Eyt?rl{c{ ése%dve\lﬁsq%]e 1;8 rtr}%eeéo%]plo)ée i/3
of the plants in each ha. At an average seed weight of about 0.7 g/seed this would be about
57 million seeds or, as noted above, enough seed to plant 28,500 hectares with F1 hybrids at a
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WO 2011/ 084867PCT/ US2010/ 062525 curcas flowers receive pollen from

nei ghboring wld-type Jatropha flowers that are heterozygous for the FO
trait. [OWB4p11Rsgerdl ess of what the genetic basis for ecmtusedi006252he FO
trait in J. curcas may be, these data denonstrate that the FOtrait can be
reproduci bly and predictably introgressed into J. curcas genetic
backgrounds and naintained stably through cl onal propagation Exanpl e 5.
Characteristics of. urcas Displaying the FO Trait 005%% The FO type J.
cur cas d§peasof %OQ%@@WGI Bt aTho Hécralaiiyg BOCC RSN todi FQdneeal line

condi tigRs \Qﬁd@g) PP LA LbLs Ane folirh ge%ﬂﬁ%l sL:QcPrEéG&hvgﬁ%Q R0l 4dRtEdintatlopha

curcas ‘seed wer germ ypr cal ouse condltlons and
develOQﬂemksmamkhﬁwebbedﬂmﬂmm«ﬁéﬁdHMnQSmdwmkhc@mwmmaﬁmmemena@pHMu&ngm.10

inches in |engt opha curcas seedlings re Iant ina field
nur ser fl?q%ﬂpfa%@ﬁed %ﬁa l@fwgwa Ve%m%fé\iﬂ Rﬂi?l?q@avgr} i ](tﬁ&ff’é 5|Ca§tt°? EARSAOEN S ed
controlh bl m@i‘h sr%papﬁa% ant egx Q%ﬂlgl@efeaﬂmﬁu&%gaéosﬂ %n&qakﬂ iNALISAhILy

seedl i ngs first p 2008 and early 09 in nursery in
Ant|guakn@uhtemmgapfaddbsdb€hmmbptmygﬁmanﬁbihﬂMHHVMMrwmmgshsemnewnﬁﬁeken
Guat enal a stenmtic ?creens of .th . .curcas,plants were

9. S
conductpéadl'tcs ¢ moref 9%%?/&& Bin o PORSSHY & FUSimels a‘r‘ﬂﬁlp?lﬂ%mﬁ@ SBr g gnd

|dent|nm@@1%&)mhﬂsgams popul ation as unique in producing flowers that were
all female anple 6. Exenplary Uses of the FO Trait in Qher Jatropha

Varieties [0058] The FO J. curcas plants of the present invention can be
used i rExameple 3mdeqd PepasibWith InfernationakDepasifi Autherityise i n bi of uel

pr OdUCt[bﬁﬁAt SA%? cflﬁéé)oglt 08, /806805 JPWRYE c0nt% Lﬁ:tﬂ)e EEAdit T%Ifeo({ 98s1{e|aqn ‘EI}

curcas pla present I nvention ar advan ages over w
J. cur casciitaanCslturEorypenSbldsrtion (LAI‘IE(F)QIDB@I Ummdrin}aBb@szirdr thssas emA FI
hybrid seed groductlon at a fraction of the |l abar and_l and cost

pr oduciZ¥g T4RdO r 2A8P sFads i the 4 FYBFT erlEAtQRt OnBEHNG &he FOIMIC IV cposited
pr opagaf o of TEH Rt %feﬁgve 212016 " dFlcchvbd A@kd@ BRLS: @é&gg%ﬁlggéu&l Kesul t

of |nterp anti ng wou jetter root growt as a re el ng grown

from t el Avar vestléd deposiip sealls vee degdanppuspodice hydwia phmnvdiidthprodacce

der Veqnﬁgr%ggeﬁgg \q}ltﬁ LEC; hggfgfs, and the produced J. curcas plants exhibiting the FO trait can
further be crossed with wild-type J. curcas plants to reproducibly and predictably produce J.

curcas hybrid seed containing the FO trait according to the methods described here.

Example 4. Genetic Characterization of FO Trait

[0052] Asexual propagation of a J. curcas selection containing the FO trait by vegetative
cutting was performed in February of 2009 in Petén, Guatemala. First-year evaluation
demonstrated that the FO trait is fixed and retained through the first generation of asexual
reproduction, and this result should pertain through successive generations of asexual
reproduction.

[0053] Good concordance was observed in November of 2009 between breeding trials in
both Petén and La Maquina, Guatemala, in the percentage of FO types within a given J.
curcas accession family, supporting that the FO trait is controlled by genetic rather than
environmental factors. The number of female only types within an accession family was
either about % or !4, which suggests the FO trait may be recessive in nature. The Y
segregation could arise where seeds come from self-pollination of wild-type J. curcas flowers

that are heterozygous for the FO trait, and the 4 segregation could arise when female-only J.
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WD 2011/ 084867PCT/ US2010/ 062525 Exanple 7. Introduction of FO Trait Into
O her Jatropha Varieties [0059] The norphol ogi cal and physi ol ogi cal

char act erwet2otigg4goncl udi ng the FO trait, of the J. curcasTalSamv®ecstst he
present invention can be introduced into other Jatropha varieties by
conventional breeding techniques. [0060] For instance, FO J. curcas plants
of the invention can be grown in pollination proximty to another variety
of wild-type Jatropha, allow ng for manual cross-pollination to be

per f or recdetloper teseVEOPPNPe femy naaghbrring - vilgdypeadaremen finarsiedhitngra he

hybri d s grown fromthese hybrid seeds can then be
visualﬂ%ﬁgc 58%%%¥F§§$2§g or the maintenance of the FOtrait, or self

pol | i ng0esk]ankicgandcdsfpriog drygcnctiebaidiol oontidie AR FOaiait iandcoichemagdés) r abl e
traits com romthe wld-type. Jatropha. [0061] Pursuant to the invention,
t her ef &ﬁié,e hrsonsralp e Iﬁééﬁaﬁﬁ@n PRECRERSI vﬁll%wélcﬁ%ih%@grwed into

al ternag Q¥ Qé’iﬁlti(: b2ckbrold@ A S R ffiaih QVia W, tto i H%a%@%r@ﬂa&%%ti&nlz' 15 pl ants

per row) as a pollen source, thereby to produce nor unts of fruits
and hybrid seeds via insect-nediated hybridization. In addition, the
pl ant i rExagepleist \Chefragteripliesfs. wacay Bispdaying thel EQtTnait t wo rows of FO cl ones

for ev ow,.of rmal plants as a pollen source. .ln each case, total seed
or oductiBiTpel e TREHPRE of o e BRES (Un Uy R e logpicss APd P dbe iy

yi el di n@vioh@éhl Rhdidiodds seestehnl Was-&ispldndd. to or exceeded that obtained
during the sane year in the sane general area with 7 nonth-old FO c| ones

t hat wdP8SHan@pgbl nallingiek Ja[roplp] dhese spekuvers Hestosernragted twHyer ttypicEo
trait c S .n | arge- ' a :hterm N

combi ni A gcChsi s hRE REBbmBARY BRS ] BhoPtad RIS Rot! Rere o,
By t hi sibapd maidhinclasdoldigy Jaorophe cineydesdetbngs th@edsreqiddtatinedfiéld anrseows of
FO plants will be hybrid seed.. Evenr%r?ater r%%ios of FO plants per

conbi nilAgetsa Gugtpmala, unger diip irgigateqsy anfl plashic Spulppvaed Ok rows of FO// 1 row

of nor 1ghay COMb%oQﬁnaHélﬁ%,d(W JENa T &5 b b RRh1cR BAHGLL MOl seeds

per unit agea, ursuant to the invention. FREXXEXI XTI TT T > A XK
in late 2008 and early 2009 in a nursery in Antigua, Guatemala, and subsequently

transplanted to the field in Peten, Guatemala in May of 2009. Systematic screens of the J.
curcas plants were conducted to identify traits of potential value, and the FO trait was

identified within this population as unique in producing flowers that were all female

Example 6. Exemplary Uses of the FO Trait in Other Jatropha Varieties

[0058] The FO J. curcas plants of the present invention can be used in the same way as
other J. curcas plants for use in biofuel production or as a living fence. However, the FO
trait affords the J. curcas plants of the present invention particular advantages over wild-type
J. curcas plants. For instance, the FO trait will allow for efficient F1 hybrid seed production
at a fraction of the labor and land costs of producing and transporting F1 hybrid plants
derived from clonal propagation of shoots. Further, the F1 hybrid plants produced as a result
of interplanting would have better root growth as a result of being grown from the harvested

F1 hybrid seed as opposed to hybrid plants that are derived from stem cuttings.
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[ 0063] The provision of the FOJ. curcas plants of the present invention
enabl es the production of FO Jatropha progeny and hybrid plants derived
from t he WO20114i88867As not ed above, the "progeny" categoPgTiuseémmexs2pl ant s
that are the offspring or descendants of any FO J. curcas plants of the
present invention. "Progeny" also includes successive generations of the

of fspring, for exanple, those plants selected for the FOtrait via

met hodol ogy described here. First-generation progeny may retain the FO
trait dixamygdeZolntroduetionsofi@ dait Ivgq Other Jurrpphg@arieties

2011/0 P L f: ] n , then
= por t 11000y TemepdicaRarsnt 2 Mo andlhal iRty Bha LRI O KPP

pol | i naturanrspluth lof tAnipt@sit inhentfoanenebo Mtyodiit@ivimito rthepenopypeaastibstiave t he
sanme FOtrait of the FO J. curcas plants described here. [0064] Any

met hod AOBYS BRI PEHcehig¥ini que sel ected from the group consisting of

asexualjgp rog'&cﬁlisﬁﬁcé,qg?”ﬁ FhFc %ﬂ%ﬁ‘%}f%ﬁé i RGN UGh RN gloRmNH ﬁb‘lﬁﬁaticﬁlnd

using the FO J. curcas ants qu the present invention, are contenplated by
thi s i mrentiigrio afihthsy varmty ohweldttypn/@ngdopassesg lsemafuadicxss-pellinecdmicques,

i ncl udi,ng but n limted.to vegefative propa i 0 sel fi ackcrossing,
yor | o esatErropetiePb I8 R et e WiTkBPeLRREf Rurgting AEmBAE SEne s "o
the present ipMeRtd&Rn AdPYERke AyBd WddBican tinsbd D@ty QRcAb&tdsha fRF @geny or
hybrid plants, seed, and plant parts obtained fromthe FO J. curcas plants

of t he priawaarcei e Ootait, [0 eelé polinated g tht E2 fpoegegyisargenesk or sha BO trait

particul ar_.prefer enbadi.meat s, 1t Wil | nder st ood that the present
i nvention Oltserﬁteﬁlraégedtf%ltﬁicto@&lg ri)mv%nhff Wllgﬁé%erﬁ r8]%)jlila?'1ose of ordinary skill in

the artjooégt varimusiaiD@ithe G8ch@ns theyloks clmdeot plaiitt ®eshifctho Fexdrgiohesi ment s
and that such nodifjications are intended to be within the scope of the

pr esentPlamied i 3lisratiggire s (Q-h%f)laﬁ@opebyowmﬁh Sormasli mpte (12 hsplapegsyo |

PSS AN, D 0 PROh AL AP B S AGEAl b lercnce
wer e spealifted albrydiznoni ad bddidod | thy pianting ddnedy b6 FOeplams onpoamidds) fynting
refer er][‘():v% rioxr)]vs io% I?Oec%rilersefg%/ éveryV\Q)vg (())g' Iji(/)r(t)nsaéll%FaEECaE/aUpSo 1%%%{)1?1‘%62).5 ?115 each case, total
seed production per 7 month-old FO clone (an average of 25 fruits per plant yielding a total
of 3,703 seeds) was similar to or exceeded that obtained during the same year in the same
general area with 7 month-old FO clones that were hand pollinated.
[0062] These results demonstrate that the FO trait can be used in large-scale plantings
that are intermixed with combining males to produce hybrid seed via insect-mediated
hybridization. By this approach, according to the invention, seeds collected from rows of FO
plants will be hybrid seed. Even greater ratios of FO plants per combining male (i.e., 3 rows
of FO//1 row of normal or 4 rows of FO//1 row of normal) could be used for even more
efficient production of hybrid seeds per unit area, pursuant to the invention.
ok ok ok ook ok kR R Rk
[0063] The provision of the FO J. curcas plants of the present invention enables the
production of FO Jatropha progeny and hybrid plants derived from the FO trait. As noted
above, the “progeny” category includes plants that are the offspring or descendants of any FO
J. curcas plants of the present invention. “Progeny” also includes successive generations of

the offspring, for example, those plants selected for the FO trait via methodology described
here. First-generation progeny may retain the FO trait of the FO J. curcas parent. Yet, if F1
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VWHAT IS CLAI MED | S: 1. A Jatropha curcas plant characterized by an
i nfl orescence with only fermal e fl owers. 2. A Jatropha curcas pl ant
accordi ngw9 20o/08k7m 1, wherein substantially all of thecrafScaossrsefnces
produced by said plant produce only fenale flowers. 3. A Jat hropa
curcas variety or line that is honozygous for the FOtrait. 4. A
nmet hod of producing hybrid Jatropha curcas seed, conprising (1)

i nterplanting plot, first J. curcas plants of a phenotype A with

second pJogeélmdpa%otpﬁ%@ e FD ph@wbwp&lea a piitiem of thef wpbsequensrgcppiateny e A,
such t *b%f é'd@ egixﬁﬁr%”&?fzf)!\%lh&{t{bn§ aliff IHan%esf ﬁe%&ﬁfeéﬁl}a?}gwteﬁng g):hgn&gﬁ St and

second p arvesting frurts from irst
wher ei mnﬂmamﬂlypemAchﬁm ofstas FOhe clieumbbnordeycrfdedherd. ng trait and phenotype

B does wher eb hybrid (A x B) seed is obtained fromsaid firs
pl ants. (06541 “Af m%\h#@é%dcwé%ﬁ ﬁgtele“‘B’reaff e fipgr ngrgal? doptiging

| ocat eddshﬂlaii'?e tibRaLcHn u%é‘%ﬁ& %@Rﬁa@'rle roﬁﬁ&%n%clﬁh{\%’ h&HEacheP'F@ﬁJs

6. A nmethod according to claim3, wherein said first plants aid said second
pl ant s creusf plonts doff fher presenit nllmv@dlolm res contemplated7 byAthrsetﬂvonltlmcoTlmsn@let 0

| 5,  wh df t .pl t d d
Seﬁla[n. Sy OShaPoRBSe hed b BoRRereRnd:, e PChdtfidied ta Mestitiss o

Wi th sairfp3a6e0 dePin@Nbickcfotsitg, tHyBed Prodidhsn, drokRgemd ﬂmmkte egding/ i@ 0O gnd
seed yield that is superior to that of ei t her parent plants. 8.

met hod C@lcwméﬂmﬁgofttbe preagnnimeniipier ei n said first plants are froma line that
Is hom)[ﬁ“@ﬂ us fsgrvw iR ¢ 19 1;[1\5681‘1"[1011 are the progeny or hybrid plants, seed, and plant parts

obtained from the FO J. curcas plants of the present invention.

[0066] Although the foregoing refers to particular preferred embodiments, it will be
understood that the present invention is not so limited. It will occur to those of ordinary skill
in the art that various modifications may be made to the disclosed embodiments and that such
modifications are intended to be within the scope of the present invention, which is defined
by the following claims.

[0067] All publications and patent applications are herein incorporated by reference to the
same extent as if each individual publication or patent application were specifically and

individually indicated to be incorporated by reference in its entirety.
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WHAT IS CLAIMED IS:

1. A Jatropha curcas plant characterized by an inflorescence with only female

flowers.

2. A Jatropha curcas plant accordingly to claim 1, wherein substantially all of

the inflorescences produced by said plant produce only female flowers.

3. A Jathropa curcas variety or line that is homozygous for the FO trait.

4. A method of producing hybrid Jatropha curcas seed, comprising
(1) interplanting, in a plot, first J. curcas plants of a phenotype A4 with second J. curcas plants
of a phenotype B, which differs from phenotype 4, such that pollen exchange within said plot
is constrained to said first and second plants, and then (2) harvesting fruits from said first
plants, wherein phenotype A comprises the female-only flowering trait and phenotype B does

not, whereby F1 hybrid (4 x B) seed is obtained from said first plants.

5. A method according to claim 4, wherein said plot is located in an area that is

substantially free of other Jatropha plants.

6. A method according to claim 3, wherein said first plants and said second

plants are from different inbred lines.

7. A method according to claim 5, wherein said first plants and said second
plants are of genetically distinct lines such that, when said first plants are crossed with said
second plants, resulting F1 hybrid progeny manifest vigor and seed yield that is superior to

that of either parent plants.

8. A method according to claim 5, wherein said first plants are from a line that is

homozygous for the FO trait.
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