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BACKCROSSING

Primary Disciplinary Field(s): Genetics, Plant Breeding, Animal Husbandry

1. Core Definition and Terminology

Backcrossing refers to the controlled mating process whereby a hybrid organism--typically the

product of a cross between two genetically distinct parental lines (P1 and P2)--is repeatedly bred

with one of its original parental lines. The specific objective of backcrossing is the transfer of a

highly desirable trait, usually controlled by a single gene or a small number of genes, from a donor

parent (DP) into the established, high-performing genetic background of the recurrent parent (RP).

The resulting offspring from any such mating is formally known as a backcross. This method is

foundational in both classical and modern breeding programs because it allows breeders to

introduce a novel beneficial characteristic, such as disease resistance or specialized yield

component, without disrupting the overall superior performance and stability of the widely adopted

variety or strain that serves as the recurrent parent.

The procedure begins with the initial hybridization (P1 x P2) which yields the F1 generation. The

F1 generation, which is heterozygous for many traits, is then crossed back to one of the parents,

designated the recurrent parent. This first mating results in the BC1 generation (Backcross

Generation 1). Successive generations (BC2, BC3, and so forth) involve mating selected

individuals from the previous generation exclusively with the recurrent parent. Genetically, the goal

of this repeated selection and crossing is to rapidly recover the genomic composition of the

recurrent parent while retaining the specific, targeted gene or gene cluster contributed by the donor

parent. Statistically, each backcross generation halves the proportion of the donor parent's non-

target genetic material. By the BC6 generation, the offspring typically shares over 98% of its

genome with the recurrent parent, making it essentially identical except for the introgressed

segment containing the desired trait.

Accurate nomenclature is crucial for tracking the progress of a backcross program. The recurrent

parent is the line that possesses the valuable agronomic or commercial qualities that the breeder

wishes to maintain and is used in every subsequent cross. The donor parent is the line that

carries the specific, often rare or exotic, trait being introduced. The efficacy of the entire program

hinges on the careful selection of individuals in each backcross generation; these individuals must

exhibit the trait being transferred (phenotypic selection) and simultaneously show maximum

resemblance to the recurrent parent (background selection). If selection pressure for resemblance

to the recurrent parent is not rigorously maintained, the resulting line may inherit too much

undesirable genetic material, defeating the purpose of the pure backcrossing scheme.
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2. Purpose and Genetic Objectives

The fundamental purpose of backcrossing is genetic introgression with minimal disruption to the

recipient genome. Breeders utilize this method when they have an elite variety or breed (the

recurrent parent) that is lacking only one or two specific beneficial characteristics that are available

in another, often otherwise inferior, genetic line (the donor parent). Instead of undergoing a

complex, multi-gene recombination process required in mass selection or pedigree breeding,

backcrossing offers a direct, highly efficient pathway to move a specific allele. This efficiency is

highest when dealing with traits controlled by single, dominant genes, though sophisticated modern

techniques have extended its use to recessive traits and even simple quantitative trait loci (QTLs).

The genetic objective is mathematically precise: to maximize the rate of homozygosity for the

recurrent parent's alleles throughout the majority of the genome, while maintaining heterozygosity

or, ultimately, achieving homozygosity for the desired donor allele at the target locus. Each

backcross cycle eliminates approximately 50% of the non-recurrent parent's remaining genetic

material. For example, the F1 generation contains 50% RP genome; BC1 contains 75% RP

genome; BC2 contains 87.5% RP genome, and so forth. This rapid geometric progression ensures

that the valuable traits associated with the recurrent parent--such as yield stability, adaptation to

local climate, or overall commercial acceptance--are quickly restored. This makes backcrossing

particularly valuable in maintenance breeding, where consistency is paramount.

In agricultural and conservation genetics, backcrossing serves as a powerful tool for recovery. In

cases where a population has become contaminated by hybridization with a less desirable or non-

native strain, repeated backcrossing to the original, pure line can effectively 'dilute' the undesirable

genes, restoring the desired genetic integrity of the original population. Similarly, in efforts to create

new, specialized lines (e.g., congenic mice strains for laboratory research), backcrossing is the

standard procedure to isolate the effect of a single gene mutation against a clean, consistent

genetic background. This precise control over genomic composition is often unattainable through

other crossing methods that rely solely on random segregation and recombination.

3. Methodology: The Recurrent Parent Strategy

The backcrossing procedure follows a standardized, iterative sequence of crosses and selection

events. It begins with the initial hybrid cross (A x B), where A is the recurrent parent and B is the

donor parent. The F1 progeny, which is 50% A and 50% B genetically, must be screened to ensure

that the desired trait (from B) has been successfully inherited. Once confirmed, the critical phase

begins: the F1 hybrid is crossed exclusively with the recurrent parent (A). This first backcross, A x

F1, yields the BC1 generation. The breeder then selects individuals from the BC1 generation that

both express the desired trait (B) and show the greatest morphological and physiological similarity

to parent A.
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The selected BC1 individuals are then crossed again with Parent A to produce the BC2 generation.

This process is repeated for several generations, typically between five and eight cycles (BC5 to

BC8). The rigorous selection in each generation is twofold: first, foreground selection confirms

the presence of the desired donor trait; second, background selection ensures the rapid recovery

of the recurrent parent's overall genetic makeup. Phenotypic selection (visual assessment of plant

morphology, yield traits, or animal conformation) is used for background selection, aiming to

identify progeny that look exactly like the recurrent parent while possessing the single new trait.

The uniformity achieved after multiple backcrosses ensures that the final product, known as the

near-isogenic line (NIL), is commercially acceptable because it performs virtually identically to the

original elite recurrent parent.

The duration of the backcrossing program is determined by the desired level of genetic purity. In

self-pollinating species, the breeder must introduce a selfing generation (or two) at the end of the

backcrossing series to achieve homozygosity for the desired donor allele. For example, a common

scheme involves advancing to BC5 or BC6, selecting plants that resemble the recurrent parent and

carry the desired trait, and then self-pollinating these individuals (BCnF2). The BCnF2 population

will segregate for the desired gene, allowing the breeder to select homozygous individuals that are

genetically pure for both the desired trait and the recovered recurrent parent background. This final

step is essential for stabilizing the trait and creating a uniform, reproducible breeding line.

4. Applications in Plant Breeding

In plant breeding, backcrossing is arguably the most reliable method for improving an existing

variety by introducing resistance genes. Many of the major success stories in breeding stable,

high-yielding crops involve the utilization of backcross programs to combat evolving pathogens.

For example, if a high-yielding wheat variety is susceptible to a new strain of rust disease, a

breeder can source a resistance gene from a wild relative or an exotic landrace (the donor parent).

Through repeated backcrossing to the elite wheat variety, the rust resistance is introgressed

without sacrificing the established qualities of the commercial line, thereby preserving years of

development work invested in the recurrent parent.

Beyond disease resistance, backcrossing is widely employed for improving specific quality

components. This might include enhancing the protein content in cereals, altering the composition

of oils in oilseed crops (e.g., changing fatty acid profiles), or improving processing characteristics

like milling or baking quality. For example, the creation of specific cotton fiber lengths or strengths

often relies on backcrossing programs to transfer the trait from a specialized line into a general

high-yielding variety. Since these quality traits are often determined by relatively few genes

compared to complex traits like yield, backcrossing proves highly efficient.

Furthermore, backcrossing is essential in developing specialized breeding components, such as
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male-sterile lines required for hybrid seed production. In many crops utilizing cytoplasmic male

sterility (CMS), backcrossing is used to transfer the nuclear genes that restore fertility (Restorer

genes) into the recurrent parent background, thereby creating the necessary components for a

successful and reproducible hybrid seed system. The utility of the method in this context stems

from its ability to precisely manage the nuclear genome while accommodating variations in the

mitochondrial or chloroplast genomes (cytoplasm), which often dictate the fertility or sterility status

of the plant.

5. Applications in Animal Genetics and Conservation

While the generation time in livestock is significantly longer than in plants, making the process

slower, backcrossing remains a crucial technique in animal genetics, particularly in laboratory

settings and specialized breeding efforts. The most classic application is the creation of congenic

strains of laboratory animals, especially mice. A congenic strain is nearly genetically identical to

an established inbred line (the recurrent parent) but differs only at a specific, targeted genetic locus

introgressed from a donor strain. Researchers use these strains to isolate the physiological effects

of a single gene, making them indispensable tools in medical and biological research, particularly

in immunology and disease modeling.

In commercial animal husbandry, backcrossing may be used to introduce specific genes for

enhanced productivity or disease tolerance into established commercial breeds. For instance, if a

rare, hardy breed possesses exceptional resistance to a prevalent livestock disease, this trait can

be backcrossed into a high-production commercial line. Care must be taken to ensure that the

desirable trait is not tightly linked to undesirable genes (e.g., poor reproductive performance) from

the donor parent, a challenge often mitigated today through molecular screening techniques.

In conservation genetics, backcrossing holds promise for species recovery, though it is used

cautiously. If a wild population has hybridized with a domestic or non-native relative, leading to

genetic dilution, conservationists can attempt to use individuals with high purity as recurrent

parents to "backcross out" the undesirable genetic material, restoring the integrity of the threatened

population's gene pool. This strategy requires meticulous genetic tracking and careful

management to ensure the process does not inadvertently reduce overall genetic diversity, which

is critical for long-term species survival.

6. Limitations and Drawbacks

Despite its efficacy, backcrossing is constrained by several significant limitations. The primary

drawback is the time investment. Classical backcrossing requires many generations--typically six

to ten for self-pollinated crops--to achieve a sufficient level of genetic purity (i.e., over 98%

recovery of the recurrent parent genome). This multi-year commitment means that the resulting
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variety might be obsolete by the time it is finally released, especially in rapidly evolving agricultural

environments. Furthermore, the labor and resource intensity associated with maintaining and

screening large populations over many cycles contribute significantly to the cost of breeding

programs.

The most pressing biological challenge is linkage drag. Linkage drag occurs because genes

located physically close to the desired donor gene on the same chromosome tend to be inherited

together due to infrequent recombination events. As a result, segments of the chromosome

flanking the desired gene from the donor parent are retained in the recurrent background, even

after multiple backcrosses. These accompanying linked segments often carry undesirable or

neutral genes that negatively impact the performance of the otherwise elite recurrent parent. If the

linkage segment is large, it can negate the benefits of the introgressed gene by reducing yield,

altering morphology, or introducing unfavorable physiological characteristics.

Another inherent limitation is the narrow scope of traits that backcrossing can easily address. It is

most effective for traits that are controlled by one or two major genes (monogenic or oligogenic

traits). Backcrossing becomes exponentially more complex and inefficient when breeders attempt

to transfer quantitative traits (QTLs) controlled by multiple genes scattered across the genome.

Tracking and selecting for several independent loci simultaneously using traditional phenotypic

screening methods is extremely difficult, making other breeding methodologies, such as recurrent

selection or genomic selection, more suitable for complex traits.

7. Modern Enhancements and Marker-Assisted Backcrossing (MABC)

The limitations of classical backcrossing, particularly the issues of time and linkage drag, have

been largely mitigated by the advent of Marker-Assisted Backcrossing (MABC). MABC

integrates molecular genetics tools, specifically DNA markers (e.g., Single Nucleotide

Polymorphisms or Simple Sequence Repeats), into the traditional crossing scheme. This molecular

assistance allows breeders to make selections based on genotypic information rather than solely

on observable physical traits (phenotype).

MABC employs two specific types of selection that accelerate and refine the process. First,

foreground selection uses markers tightly linked to the desired donor gene to confirm its

presence in the hybrid progeny, even when the trait itself is recessive or difficult to score visually.

This ensures that only individuals carrying the correct gene are advanced. Second, and more

critically, MABC utilizes background selection. Markers distributed uniformly across the entire

genome, excluding the target locus, are used to select progeny that have the highest percentage

recovery of the recurrent parent's genome. By selecting against the donor parent's markers across

all chromosomes, MABC drastically reduces the size of the undesirable linked segment

(minimizing linkage drag) and accelerates the recovery of the recurrent parent background, often
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reducing the required generations from six or seven down to three or four.

The efficiency gained through MABC has revolutionized breeding programs worldwide. By

providing precise control over the size of the introgressed segment and rapidly purifying the

genetic background, MABC allows for the quick creation of near-isogenic lines that are ready for

commercial testing much sooner than conventional methods. This technology has become the

standard for introgressing major resistance genes in crops like rice, maize, and wheat, ensuring

that new varieties can be deployed against emerging disease threats rapidly and effectively.

Further Reading

Backcrossing (Wikipedia)

The Backcross Method in Plant Breeding (Nature Education)

Marker-assisted backcrossing: A practical guide (Springer Link)
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