


Fruit Breeding



Methods in Fruit Breeding 
by James N. Moore (Author) , 

Jules Janick (Author)





• Rudolph Jacob Camerer (1665-1721)

• Linnacus (1707-1778)

• Kӧlreuter (1733-1806)

• Fairchid (1719)



• Thomas Andrew (1759-1838)

• Charles Darwin (1809-1882)

• Johann Mendel (1822-1884)

• H. deveries, C. Carens, E. Tschermak







Chilling requirement very low, 250 hours or 
less

Chilling requirement high, 500 hours



Trends in Fruit Breeding

1-Environmental Issues

کشاورزی پایدار گرم شدن جھانی زمین یآلودگی زیست محیط



2-Health Consciousness

میوه سالم تر•

میوه با ارزش غذایی بالاتر•

توسعھ کشاورزی پایدار و ارگانیک•



3-Consumer Expectations and Habits

)green(محصول ارگانیک 

سھولت در مصرف، عطر و طعم 
خوب، کیفیت ثابت

ر انبارمانی طولانی، تولید در سراس
سال



4-Producer Expectations: Simplified Management

کاھش ھزینھ •
مواد شیمیایی

کاھش ھزینھ •
کارگری

رقم ھای با •
میت بیشترین ک
و کیفیت



Simplifying Orchard Practices

یوهافزایش سفتی م
نیکنواختی رسید

سھولت در جدا 
شدن

مقاومت بھ ضربھ

پایھ ھای پاکوتاه
پیوندک ھای
spur type  

ت تغییر اندازه درخ
یا عادت رشد



Fruiting Stability

 مقاومت بھ
تنش ھای 
محیطی

سازگاری 
بھ نواحی 

یدتولید جد

 مقاومت بھ
آفات و 
بیماری ھا

self 
fertility



Diversification of fruit Types

ویژگی کیفی 
متمایز ظاھر جذاب عطر و طعم جدید



Health Benefits of Fruits

Wild type 
fruits

Health 
enhanced 
cultivars



Consistent High Fruit QualityConsistent High Fruit Quality

Visual quality
Shape
Color
size

Texture
Firmness
Crispiness
juiceness

Flavor
TSS
TA

Firmness and Postharvest Competence



Fruits:

Trees Shrubs Climbing vines   Perennial Herbs



Diospyros virginiana









Genetic Variation





Apple scab resistant variety



Introgression, also known as introgressive hybridization, in genetics (particularly plant
genetics) is the movement of a gene (gene flow) from one species into the gene pool
of another by the repeated backcrossing of an interspecific hybrid with one of its
parent species. Purposeful introgression is a long-term process; it may take many
hybrid generations before the backcrossing occurs. Introgression is an important
source of genetic variation in natural populations.



Genetic drift or allelic drift is the change in the frequency of a gene variant (allele) in a
population due to random sampling. The alleles in the offspring are a sample of those
in the parents, and chance has a role in determining whether a given individual
survives and reproduces. A population's allele frequency is the fraction of the copies
of one gene that share a particular form. Genetic drift may cause gene variants to
disappear completely and thereby reduce genetic variation.

Changes in a population's allele frequency following a 
population bottleneck: the rapid and radical decline in 
population size has reduced the population's genetic 
variation

The genes of the next generation will be the
genes of the “lucky” individuals, not
necessarily the healthier or “better”
individuals. That, in a nutshell, is genetic drift.
It happens to ALL populations—there’s no
avoiding the vagaries of chance.



Genetic Drift Mutation















Low Carbon: Wild fruit trees facing extinction
By James Shepherd on May 12, 09 10:29 AM in News
The wild ancestors of common domestic fruit trees are in 
danger of becoming extinct, scientists have warned.
Researchers have published a "red list" of threatened species 
that grow in the forests of Central Asia.
These disease-resistant and climate-tolerant fruit trees could 
play a role in our future food security.
But in the last 50 years, about 90% of the forests have been 
destroyed, according to conservation charity, Fauna & Flora 
International.
The Red List of Central Asia identifies 44 tree species in 
Kyrgyzstan, Kazakhstan, Uzbekistan, Turkmenistan and Tajikistan 
as under threat from extinction.
It cites over-exploitation and human development as among the 
main threats to the region's forests, which are home to more 
than 300 wild fruit and nut species including apple, plum, cherry, 
apricot and walnut.



















National seed storage laboratory at Fort Collins, Colorado.
National plant genetics resources board (NPGRB)

U.S. Department of Agriculture
National plant germplasm committee (NPGC)

NPGC
Davis, California:  stone fruits, grape, walnut, almond, pistachio
Geneva, New  York: apple, grape
Riverside, California: citrus, fig, some subtropical fruits
Carbondale, Illinois: filbert, hickory
Corvallis, Oregon: strawberry, small fruits, pear, filbert
Byron, Georgia: stone fruits, apple
Orlando, Florida: citrus
Miami, Florida: avocado, mango, tropical and subtropical fruits
Mataguez, Puerto Rico: cacao, banana, mango, pineapple, tropical and 
subtropical fruits
Indio, California: date
Brownwood, Texas: pecan



National Clonal Germplasm Repository in Corvallis 











Seed sample stored in liquid nitrogen are inspected at the National Seed Storage Laboratory at Fort Collins, 
Colorado. Cryopreservation cuts storage costs because seed life is extended. Fewer grow-outs are needed to 
replenish seed when it begins to lose its ability to sprout. Credit: U.S. Department of Agriculture, Agriculture 

Research Service.





only ~ 4% of flowering plant species are dioecious – so how do they 
avoid inbreeding depression?

4)    Sterility











What is Male Sterility? – Definition?
Male sterility refers to either absence of pollen grain or if 
present it is non-functional.

□Prevents self pollination, permits cross pollination.
□ Leads to heterozygosity
□ Female gametes function normally
□ Assayed through staining techniques
□ In nature, occur due to spontaneous mutations
□ Can be induced artificially
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there are various biotechnology approaches for
suppressing pollen formation. All approaches involve
combining two methodological steps:

□A gene present in the plant, the activity of which is required for
the function or development of cells (or pollen), is ‘switched off’.
It could also be possible to introduce a new gene which disrupts
pollen formation in the cell.

□To ensure that this effect is limited exclusively to the cells
involved in pollen production, the relevant gene constructs are
linked to tissue-specific promotors. These cause the gene activity
to be triggered only in specific cell types.



One genetic engineering approach is based on inhibition of the 
enzyme invertase, which is essential for pollen development.

This anther-specific invertase breaks down sucrose into the 
monosaccharides fructose and glucose, two important carbon sources 
for pollen development. Without the breakdown of sucrose, the pollen 
is deprived of its food source and is unable to develop fully: the plant 
is sterile. 

Two methods can be used to limit or switch off invertase activity: The 
gene responsible for invertase can be switched off using the antisense 
technique or, alternatively, the enzyme activity can be directly blocked 
using an invertase inhibitor.

In a biosafety research project that finished in 2008, the two methods 
described were applied to oilseed rape and maize. In the case of oilseed rape, 
the project succeeded in producing male-sterile plants.



Antisense inhibition

Enzyme inhibitors

Enzyme activity can be inhibited by substances that have a chemical structure similar to the actual substrate 
. the pollen-specific invertase (blue) can be blocked with a substrate resembling sucrose (red). If the gene for 
the invertase inhibitor is introduced into a plant, it produces the inhibitor which then blocks the invertase: 
pollen formation is suppressed.



Several other approaches using recombinant DNA techniques to 
obtain ms in plants have been undertaken.

Nuclear ms has been achieved in Petunia hybrida by depletion 
of flavonoid pigments in the anthers leading to the arrest of 
pollen maturation.

The tapetum specific expression of an enzyme (ArgE) that 
deacetylates the non toxic herbicide derivative N-acetyl-
phosphinothricin led to the release of the active herbicide and 
thereby to a specific cell death in Nicotiana tabacum. While 
flowers treated with the inducer substance produced 100% 
hybrid seeds, untreated plants remained completely fertile











Incompatible and compatible pollinations in Senecio squalidus. Squash preparations of 
stigmas stained with aniline blue and viewed under UV light. (A,B) Incompatible 

pollination; pollen tube (arrow) blocked from entering papillae (P). (C) Compatible 
pollination; pollen tubes penetrating stigma tissue. (D) Compatible pollen tube 

growing through transmitting tissue (arrow). Scale bars = 0·25 µm.























a mature, pollen-bearing anther 

























Methods of Seed Collection, Extraction and Cleaning







Seed orchards

Seed production areas

Seed stands

Seed trees
























