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ABSTRACT

Plants have become recently aconcern of mgjor priority in scientific research
projects, particularly crops, which could influence directly human beings
health. That is why crop breeding is highly interesting, and it is urgently
required to achieve more advances in this field. In this paper we put a
spotlight on theimportance of plants breeding asakey to find out effective
solutions for certain problems encountered in agriculture and those
threatening human health, and we illustrate some examples of promising
toolsand novel approaches, which will most probably help to achieve new
advancesinthisfield towards|ess costly, more wholesome and safer crops,
especially those that are staple foods in many countries, such as rice and
wheat. We underline also some challenges and orientations for a fruitful
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research in developing plant breeding.
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OVERVIEW

Thefutureof cropsbreeding representsamaor con-
cernfor thegloba food security. Herein, conceptscome
out asimportant parameters, including thefuture meth-
odsfor cropsbreeding and crop variety in both botanic
and genetic contexts. Plant breeding consistson modi-
fying plant propertiesin order to obtain cropsthat fit
what isrequired by human beings, mainly in agriculture
fieldagriculture. Thefutureadvancesinthisfield depend
mainly on the methodol ogies chosen to carry out the
relevant plantsmodificationsand devel opment.

Plant breedingisbecoming more and moreimpor-
tant, becauseit hasgreat applicationsin many fields,

suchasagriculture. Inmodern agriculture, agreat prob-
lem has been the plant diseases, and thisleadsto the
application of pesticides, which have undesirable ef-
fectson both human health and environment, hencethe
importance of the effectiveness of plant breeding, es-
pecially disease-resistance breeding to develop re-
sistant cultivars, and to avoid the drawbacks of pesti-
cidesutilization™. Infact, severd illustrationsprovide
orienting exampl es about the approachesthe scientific
community aspiresto follow for cropsbreedinginthe
future. Yet, genetic gpproachesremainthemainkey in
thisfield, and the study of the genesand the possible
exploitationsof therdevant findingsmight makefurther
advances.
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PROMISING TOOLSFOR CROPS
BREEDING IMPROVEMENT

Modern plant domesti cation programmes start with
theidentification of key genesin cropsbreeding?. This
implicatestheapplication of advanced toolsand novel
approaches, such asgenomic DNA enrichment using
sequence capturemicroarrays®, whichwould alow a
more preciseidentification of thediversgenomic se-
guences. Moreover, the new intragenic approach to
geneti c engineering e iminates unwanted featuresand
activatesdormant traits, which improvesexisting vari-
eties, and thisapproachishighly promising sinceit was
introduced asthefirst method that avoidsthetransfer
of unknown or foreign DNA, henceitsrelative safety.

Moreover, thecombination of complementary meth-
ods might further assist these methodol ogies, and in-
deed, diverstheoriesthat convergeonthisissue have
been pointed recently. For exampl e, the assessment of
thequality of quantitativetrait |oci parametersin asso-
ciation with gene mapping processes could benefit from
the cross-vaidation™, and the dissection of the genetic
and physiologica basisof complex traitspresentinwild
germplasmisworth exploiting for wheat breeding as
illustration’®.

These advanceshave led to new theories and po-
tential applicationsin cropsbreeding, such asmarker-
assisted selectionin breeding whest varietieswith high
yield. Inaddition, wefindit dsoimportant to mention
hereintheandrogenesis, whichisuseful for plant breeding
sinceit significantly reducesbreeding cycletimes®, and
thiscould provide moreyield within ashort period of
time. Moreover, improving crop resistance and tol er-
anceto different phenomenahas been achallenging
probleminagriculture, for instance, drought, whichlimits
crops production and yield®, thus the need for both
geneti c engineering and breeding of drought-resistant
crops¥, and we mention heretheexampl e of identify-
ing targets for improved drought-tolerance of the
Miscanthus bioenergy crop™™. Importantly, other ex-
amplesof improving crop tolerance and its gpplications
clarify further thisconcept. The breeding of sat-toler-
ant glycophytic crops has been discussed*?, and for
crosstalk between stressresponses, ca cium-dependent
protein kinaseshave been investigated for their involve-
ment in three abiotic stresssignaing pathways*3. All
these examples could provide starting datato further
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develop stressresistancein crops.

Ontheother hand, plant breeding could aso play
animportant roleto increase or decrease the concen-
tration of quantitatively desirable or undesirabletrace
elements, such ascadmium*4, Selection programshave
been established and devel oped for alow-cadmium
content for many crops, including those representing
staplefood in many countries, such asdurum wheat,
and thisisvery important sinceit hel psto reducethe
risk of movement of cadmium into the human diet*4,
especidly if these advanceswould apply for al inter-
estingly targeted trace e ement and focusmore on crops
that represent staplefoods.

Furthermore, thereareother newly emergingillus-
trationsfor the use of informaticsand stati sticstools.
For instance, connecting basi ¢ research and crop breed-
ing can beachieved by databases, like systematic con-
solidation of Arabidopsi sand other botanica resources,
that can contributetowardstheimprovement of impor-
tant crop breeds™ by creating bridges between the
different databases and the related molecular ap-
proaches.

Based onthevariahility of genotype, phenotypeand
therelated propertieswithin plants, which represent the
crop diversity, the development of novel methodsand
approachesin plant breedingwill surely influencethe
approach and concept of how the future crop variety
would be. Wewould haveimproved regeneration and
transformation protocol sfor diverscrops, such asthe
threestrawberry cultivard®. Importantly, other fields
related to plant usage would a so benefit from the de-
velopment in plant breeding field, since plantsrepre-
sent primary material sfor numerousapplications, in-
cluding natural medicines, such astraditiona Chinese
herbal medicines'? and chemical applicationg?-4,

CHALLENGESAND EXPECTATIONS

Although thegreat advancesreached inthisfield,
many chalengesremain, and thismay congtitute pivota
inflection points towards further development and
progressinthisfied. Inthefollowing passagesweput a
spotlight on someof the encountered challenges.

Plant breeding hasan important roleinincreasing
theyields and producing ameliorated cultivars, and
germplasm banks have helped the preservation of
biodiversity, but although thisdevelopment, there still
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somechalengeslikelegd protection of intellectud prop-
erty and reduced germplasm sharing, whichwould have
limitin effect on biodiversity creation®,

For along time nutritional quality of vegetables,
whichisaffected by severa stepsinthefood chain, has
not been thoroughly investigated, sincethe effects of
these different stepsare usually studied separately24.
That iswhy it has been proposed recently to make a
combination of food technology and plant breeding
through using food technol ogica parametersasbreed-
ingtraitsinorder toidentify geneticloci associated with
food processing?!, and mechanistic studies of
glucosinol ate | osses during cooking have been con-
ductedinthisregard?.

Another problemthat isworth mentioningisthe po-
tentia unsafe quantitativeingestion of naturally occur-
ring secondary metabolitesof food plants, and some of
them, such as glycoalkaloids in potatoes and
phytohemaglutinininred kidney beans, havebeen caus-
ally associated with acute human toxicity if they
were ingested through not properly processed or pre-
pared foods?!. Cropsbreeding might bevery useful in
devel oping crop cultivarslow in such inherent toxi-
cants®, however, it hasalso to be ableto makeabal -
ance between increasing the production of plant sec-
ondary metaboliteswith beneficid effects and suppress-
ing of thosewith harmful effects.

Furthermore, dthough genetically modified plants
have been widely exploited, therestill somelimitsto
chdlenge, andthislatdly triggered theevol ution of tar-
geted mutagenesisand DNA insertion techniquesbased
ontailor-made site-directed nucleases, whichmight a-
low to overcomestrugglesencountered inthisfield, but
therestill aneed to find out effective solutionsfor the
problemsfacing commercia plants breeding, such as
certaintechnicd limitationsand sgnificant uncertainties
on tailor-made site-directed nucleasesregul atory sta-
tug?el,

Another challengeisthe urgent need for further in-
vestigationsto devel op ozone-resistant crop cultivars
inorder to avoid high-ozone environment undesirable
impact on agricultura yid d?1. Thus, theimportance of
focusing on the devel opment of plant breeding meth-
odsthat moderate plantsresistanceto ozone, and in-
deed, someinvestigationshave been conducted recently
inthisregard onwinter wheat cultivarg®.

It isalso urgent to make morein-deep investiga-

tionsfor aclearer understanding of plant-microbein-
teractions mechani sms, such approacheswould help-
fully lead to more effective devel opment of disease-
resistant crop cultivarsthrough theintegration of plant
breeding and plant pathol ogy!™®.

Thedeve opment of new plantsbreeding techniques
would remain difficult to realize aslong astheregula-
tory approaches for groups of plants breeding tech-
niquesvary between different countries®. Hence, itis
of vital importancethat different countriescollaborate
inthisfieldto avoid lack of global consistency, dishar-
mony in regul atory approaches and asynchronous de-
velopment inthisfield?d. Otherwise, it would be diffi-
culttoavoidthisgloba devel opment disharmony dow-
ing effect onthewhed of plant breeding devel opment,
for which an urgent progressishighly required, espe-
cialyfor cropsthat are staplefoodssuch asrice, which
represent amost daily main part of mealsfor millionsof
resource-poor farmers?, who arethemselvesthemain
workforcefor agriculture. Wefinaly emphasizeonthe
great importance of focusing more deeply on plant
breeding devel opment, taking into consideration dl the
relevant parametersin order to achievefruitful advances.
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