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dihybrid crosses answer key: Mastering Mendelian Genetics and Punnett Square
Predictions

Understanding dihybrid crosses is fundamental to grasping the principles of
Mendelian genetics, particularly how multiple traits are inherited
independently. This article serves as a comprehensive guide to dihybrid
crosses, offering clear explanations, step-by-step problem-solving
techniques, and an invaluable answer key to common dihybrid cross scenarios.
Whether you're a student grappling with genetics homework, an educator
seeking to illustrate complex concepts, or simply a biology enthusiast
curious about inheritance patterns, this resource will demystify dihybrid
crosses. We will explore the underlying principles, the construction and
interpretation of Punnett squares for two traits, and provide practical
examples with detailed solutions to solidify your comprehension. Get ready to
unlock the secrets of how genes for different characteristics are passed down
from one generation to the next.
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Dihybrid Crosses Explained: The Basics of
Inheriting Two Traits

A dihybrid cross is a fundamental concept in genetics that examines the
inheritance of two different traits simultaneously. Unlike monohybrid
crosses, which focus on a single characteristic, dihybrid crosses allow us to
explore how genes for distinct traits segregate and assort independently
during gamete formation. This independent assortment is a cornerstone of
Mendelian genetics, explaining the vast diversity of genetic combinations
observed in offspring. By analyzing the inheritance of two traits, we gain a
deeper understanding of complex genetic patterns and the probabilistic nature
of heredity.

Understanding Genotype and Phenotype in Dihybrid
Crosses

Before delving into the mechanics of dihybrid crosses, it's crucial to
understand the distinction between genotype and phenotype. The genotype
refers to the specific genetic makeup of an organism, represented by the
alleles it possesses for a particular trait or traits. For instance, in the
case of seed color in peas, a plant might have the genotype RR (homozygous
dominant for yellow seeds), Rr (heterozygous for yellow seeds), or rr
(homozygous recessive for green seeds). The phenotype, on the other hand, is
the observable physical or biochemical characteristic of an organism, which
is a result of its genotype and environmental influences. So, for the seed
color example, both RR and Rr genotypes would result in a yellow seed
phenotype, while rr would yield a green seed phenotype.

In a dihybrid cross, we consider two traits, each with its own set of
alleles. For example, we might be looking at seed shape (round, R, versus
wrinkled, r) and seed color (yellow, Y, versus green, y). An organism's
genotype for these two traits would be a combination of the alleles for each,
such as RrYy. The corresponding phenotype would then describe the observable
characteristics for both traits, such as "round seeds and yellow seeds."
Understanding these terms is vital for accurately predicting and interpreting
the outcomes of dihybrid crosses.



Mendel's Laws and Dihybrid Crosses: The Foundation
of Inheritance

The principles governing dihybrid crosses are rooted in Gregor Mendel's
groundbreaking experiments with pea plants. His work established two
fundamental laws of inheritance that are directly applicable: the Law of
Segregation and the Law of Independent Assortment. The Law of Segregation
states that for each trait, the two alleles an individual has separate
(segregate) during gamete formation, so that each gamete receives only one
allele for that trait. This applies to each gene locus independently.

The Law of Independent Assortment is particularly critical for dihybrid
crosses. It postulates that the alleles for different traits segregate
independently of each other during gamete formation. In simpler terms, the
inheritance of one trait does not influence the inheritance of another trait,
provided the genes are located on different chromosomes or are sufficiently
far apart on the same chromosome. For example, the alleles for seed shape
(round/wrinkled) do not affect how the alleles for seed color (yellow/green)
are distributed into gametes. This independence allows for a wider variety of
gene combinations in the offspring, contributing significantly to genetic
diversity.

Setting Up a Dihybrid Cross Problem: A Step-by-
Step Approach

Successfully tackling dihybrid crosses involves a systematic approach. The
first step is to clearly identify the two traits being studied and their
respective alleles. It’s essential to denote dominant alleles with uppercase
letters and recessive alleles with lowercase letters. For instance, if we are
studying seed shape (Round is dominant over wrinkled) and seed color (Yellow
is dominant over green), we would assign R for round, r for wrinkled, Y for
yellow, and y for green. This clear notation prevents confusion later in the
process.

The next crucial step is to determine the genotypes of the parent organisms
involved in the cross. This information is usually provided in the problem
statement. You might be crossing two heterozygous individuals (e.g., RrYy x
RrYy), or a heterozygous individual with a homozygous recessive individual
(e.g., RrYy x rryy), or other combinations. Precisely identifying these
parental genotypes is paramount for accurate prediction.

Determining Parental Genotypes and Gamete Formation



Once the traits and parental genotypes are established, the next critical
step is to determine the possible gametes each parent can produce. This is
where the Law of Independent Assortment comes into play. For each parent, you
need to consider all possible combinations of alleles for the two traits that
can be packaged into a single gamete. For a diploid organism with genotype
AaBb, assuming the genes A/a and B/b are on different chromosomes, the
possible gametes are AB, Ab, aB, and ab. Each gamete will receive one allele
for the first trait and one allele for the second trait.

To systematically determine these gametes, you can use a method of pairing
the alleles. For a parent with genotype RrYy, you would pair the first allele
of the first gene (R) with each allele of the second gene (Y and vy),
resulting in RY and Ry. Then, you pair the second allele of the first gene
(r) with each allele of the second gene (Y and y), resulting in rY and ry.
Therefore, a parent with genotype RrYy can produce four types of gametes: RY,
Ry, rY, and ry. Each of these gametes is equally likely to be produced.

Identifying Phenotypes from Genotypes

Before or after constructing the Punnett square, it's important to be able to
translate genotypes into observable phenotypes. This involves applying the
rules of dominance for each trait. For example, if Yellow (Y) is dominant
over green (y) and Round (R) is dominant over wrinkled (r), then a genotype
of RRYY, RRYy, RrYY, or RrYy would all result in the phenotype of round,
yellow seeds. Conversely, a genotype of rryy would produce wrinkled, green
seeds. Understanding these genotype-phenotype relationships is key to
interpreting the results of a dihybrid cross.

Similarly, genotypes like Rryy would result in round, green seeds, and rrYY
or rrYy would result in wrinkled, yellow seeds. The specific combination of
alleles for each trait determines the resulting phenotype. When working with
dihybrid crosses, it's often helpful to first determine the phenotype
associated with each possible genotype in the Punnett square.

Constructing a 16-Square Punnett Square:
Visualizing Dihybrid Inheritance

The most common method for visualizing the outcomes of a dihybrid cross is
the Punnett square. For a dihybrid cross between two heterozygous individuals
(e.g., RrYy x RrYy), a standard monohybrid 4-square Punnett square is
insufficient. Instead, a larger 16-square Punnett square is required. This
larger grid allows us to account for all possible combinations of gametes
from both parents.



To construct a 16-square Punnett square, you first list the possible gametes
from one parent along the top row of the square and the possible gametes from
the other parent along the left-hand column. As established earlier, a
heterozygous parent for two traits (e.g., RrYy) produces four types of
gametes: RY, Ry, rY, and ry. Therefore, you will have four gametes listed
across the top and four gametes listed down the side, creating a 4x4 grid
with 16 individual boxes.

Filling in the Punnett Square: Combining Gametes

Once the Punnett square is set up with the gametes from each parent, the next
step is to fill in each of the 16 boxes. Each box represents a potential
genotype of an offspring. To fill a box, you combine the alleles from the
corresponding gametes along the top and side. For example, if the top row
gamete is RY and the side column gamete is Ry, the resulting offspring
genotype in that box would be RRYy. It is standard practice to write the
alleles for the first gene together, followed by the alleles for the second
gene, and to keep dominant alleles before recessive alleles within each gene
pair (e.g., RrYy, not Ryry).

Continue this process for all 16 boxes, meticulously combining the alleles
from each row and column. This ensures that every possible genetic
combination of the offspring is represented. This systematic filling of the
Punnett square is crucial for accurately determining the genotypic and
phenotypic ratios.

Calculating Phenotypic and Genotypic Ratios

After filling in all 16 boxes of the Punnett square, you can then determine
the genotypic and phenotypic ratios of the offspring. To calculate the
genotypic ratios, count the occurrences of each unique genotype within the 16
boxes and express them as a ratio. For example, in an RrYy x RrYy cross, you
would count how many RRYY, RRYy, RrYY, RrYy, etc., genotypes appear.

To calculate the phenotypic ratios, you first need to determine the phenotype
associated with each genotype, based on the rules of dominance. Then, count
the number of offspring that exhibit each phenotype. For a classic RrYy x
RrYy dihybrid cross, the expected phenotypic ratio is 9:3:3:1. This means
that for every 16 offspring, you would expect approximately 9 to have the
dominant phenotype for both traits, 3 to have the dominant phenotype for the
first trait and the recessive for the second, 3 to have the recessive
phenotype for the first trait and the dominant for the second, and 1 to have
the recessive phenotype for both traits.



Interpreting Dihybrid Cross Results: The
Classic 9:3:3:1 Ratio

The most famous outcome of a dihybrid cross between two individuals
heterozygous for both traits is the 9:3:3:1 phenotypic ratio. This ratio is a
direct consequence of the Law of Independent Assortment and the rules of
dominance. Let's break down what this ratio represents in terms of observable
traits.

For a cross like RrYy x RrYy, the 9 represents offspring that display the
dominant phenotype for both traits (e.g., round, yellow seeds). The first 3
represents offspring that show the dominant phenotype for the first trait and
the recessive phenotype for the second trait (e.g., round, green seeds). The
second 3 represents offspring with the recessive phenotype for the first
trait and the dominant phenotype for the second trait (e.g., wrinkled, yellow
seeds). Finally, the 1 represents offspring that exhibit the recessive
phenotype for both traits (e.g., wrinkled, green seeds).

Understanding the Phenotypic Categories

It’s essential to understand how the genotypes within the Punnett square
translate into these phenotypic categories. For the 9:3:3:1 ratio, the
genotypes leading to the dominant phenotype for both traits (e.g., round,
yellow) are those that contain at least one dominant allele for each gene
(RY ). There are nine such combinations in a 16-square Punnett square. The
genotypes resulting in the dominant phenotype for the first trait and
recessive for the second (e.g., round, green) are those with at least one
dominant allele for the first gene and homozygous recessive for the second
(R _yy). There are three such combinations.

Similarly, genotypes with homozygous recessive for the first gene and at
least one dominant allele for the second gene (rrY_ ) result in the recessive
phenotype for the first trait and dominant for the second (e.g., wrinkled,
yellow). There are also three such combinations. Lastly, the single offspring
with the homozygous recessive genotype for both genes (rryy) will display the
recessive phenotype for both traits (e.g., wrinkled, green).

The Underlying Genotypic Distribution

While the phenotypic ratio is often the most cited, understanding the
underlying genotypic distribution is equally important. In a RrYy x RrYy
cross, the genotypic ratio is more complex. There are a total of 16 possible
genotypes, and they occur with varying frequencies. For example, the genotype
RrYy (heterozygous for both traits) is the most frequent, appearing in 4 out



of the 16 boxes, or 4/16 (1/4). Genotypes like RRYY and rryy are the least
frequent, each appearing in only 1 out of the 16 boxes, or 1/16.

The complete genotypic ratio for a RrYy x RrYy cross is often expressed as: 1
RRYY : 2 RRYy : 1 RRyy : 2 RrYY : 4 RrYy : 2 Rryy : 1 rrYY : 2 rrYy : 1 rryy.
Recognizing these specific genotype counts allows for a deeper understanding

of the genetic basis of the observed phenotypes.

Common Dihybrid Cross Scenarios and Their
Answer Keys

To solidify your understanding, let's explore some common dihybrid cross
scenarios and provide their typical answer keys, focusing on the expected
phenotypic ratios. These examples will serve as practical applications of the
principles discussed.

Example 1: Seed Shape and Seed Color in Peas (RrYy x
RrYy)

This is the classic dihybrid cross used to illustrate Mendelian inheritance.

Parental Genotypes: RrYy x RrYy

Alleles: R = Round, r = wrinkled; Y = Yellow, y = green

Possible Gametes per Parent: RY, Ry, rY, ry

Punnett Square: A 16-square Punnett square is constructed.

Phenotypic Ratio: 9 Round, Yellow : 3 Round, Green : 3 Wrinkled, Yellow
: 1 Wrinkled, Green

Genotypic Ratio: 1 RRYY : 2 RRYy : 1 RRyy : 2 RrYY : 4 RrYy : 2 Rryy : 1
reYY @ 2 rrYy @ 1 rryy

Example 2: Flower Color and Flower Position in Peas
(e.g., PpAa x PpAa)

Let's consider another example with different traits.



Parental Genotypes: PpAa x PpAa

Alleles: P = Purple flowers, p = white flowers; A = Axillary (side)
flower position, a = terminal (end) flower position

Possible Gametes per Parent: PA, Pa, pA, pa

Punnett Square: A 16-square Punnett square is constructed.

e Phenotypic Ratio: 9 Purple, Axillary : 3 Purple, Terminal : 3 White,
Axillary : 1 White, Terminal

e Genotypic Ratio: Same as Example 1 (1 PPAA : 2 PPAa : 1 PPaa : 2 PpAA :
4 PpAa : 2 Ppaa : 1 ppAA : 2 ppAa : 1 ppaa)

Example 3: Pea Pod Shape and Pea Pod Color in Peas
(e.g., ITii x IIii)

Here's a third example to reinforce the concept.

e Parental Genotypes: IIii x IIii

Alleles: I = Inflated pod, i = constricted pod; L = Green pod, 1 =
yellow pod

Possible Gametes per Parent: IL, Il, ilL, il

Punnett Square: A 16-square Punnett square is constructed.

e Phenotypic Ratio: 9 Inflated, Green : 3 Inflated, Yellow : 3
Constricted, Green : 1 Constricted, Yellow

e Genotypic Ratio: Same as Example 1 (1 IILl : 2 IILl : 1 II1l : 2 IilLL :
4 Till : 2 Iill : 1 iillL : 2 iill : 1 iill)

Advanced Dihybrid Cross Concepts

While the classic 9:3:3:1 ratio is a cornerstone, dihybrid crosses can become
more complex when other genetic principles are introduced, such as incomplete
dominance, codominance, or gene linkage.



Dihybrid Crosses with Incomplete Dominance

Incomplete dominance occurs when neither allele is completely dominant over
the other, resulting in a blended or intermediate phenotype in heterozygotes.
For instance, if we cross two plants that are heterozygous for flower color
(e.g., Rr x Rr, where R codes for red and r for white, and heterozygotes Rr
are pink), and they are also heterozygous for another trait like leaf shape.
When considering both traits in a dihybrid cross (e.g., RrYy x RrYy, with
incomplete dominance for the R gene and complete dominance for the Y gene),
the phenotypic ratios will deviate from the standard 9:3:3:1.

For example, if red (RR) and white (rr) flowers show incomplete dominance (Rr
is pink), and yellow seeds (YY, Yy) are dominant over green seeds (yy), a
cross of RrYy x RrYy would yield a phenotypic ratio of 3:6:3:1:2:1. This
translates to 3 pink, yellow; 6 pink, green; 3 white, yellow; 1 red, yellow;
2 red, green; 1 white, green. The complexity arises because the heterozygote
for the incompletely dominant trait now represents a distinct phenotype.

Dihybrid Crosses with Codominance

Codominance is another pattern where both alleles in a heterozygous
individual are fully expressed, leading to a phenotype that exhibits both
traits. A classic example is blood type in humans (ABO system), where
individuals with the AB blood type express both A and B antigens. If we
consider a dihybrid cross involving a gene with codominance, the resulting
phenotypic ratios will also differ.

For instance, if we cross two individuals heterozygous for a trait with
codominance (e.g., creating a speckled phenotype) and also heterozygous for a
second trait with complete dominance. A cross of AaBb x AaBb where A and a
are codominant and B and b are completely dominant would lead to a phenotypic
ratio of 1:2:1:2:4:2:1:2:1. This ratio reflects three phenotypes for the
first trait (homozygous dominant, codominant, homozygous recessive) and two
for the second (dominant, recessive).

Dihybrid Crosses with Linked Genes

The Law of Independent Assortment applies to genes located on different
chromosomes. However, genes located on the same chromosome are considered
linked and tend to be inherited together. The closer the genes are on the
chromosome, the less likely they are to be separated by crossing over during
meiosis. This linkage affects the proportions of gametes produced and,
consequently, the phenotypic ratios observed in the offspring, deviating from
the expected 9:3:3:1 ratio.



When dealing with linked genes, recombination frequency (the percentage of
offspring resulting from crossing over) is a crucial factor. If genes are
completely linked (no crossing over), only parental gametes are formed,
leading to offspring with only parental phenotypes. If crossing over occurs,
recombinant gametes are also produced, resulting in a mix of parental and
recombinant phenotypes, with the proportion determined by the recombination
frequency.

Troubleshooting Common Dihybrid Cross Mistakes

Even with a thorough understanding of the principles, students often make
common errors when working with dihybrid crosses. Recognizing these pitfalls
can significantly improve accuracy.

e Incorrect Gamete Formation: A frequent mistake is not generating all
possible gamete combinations or assuming only two gametes are produced.
For a dihybrid cross, each parent typically produces four types of
gametes if heterozygous for both traits.

e Errors in Punnett Square Construction: Miscalculating the number of
squares (using a 4x4 grid instead of 16x16) or incorrectly placing
gametes along the axes can lead to flawed results.

e Genotype to Phenotype Translation Errors: Misapplying dominance rules or
failing to account for all genotypes that produce a specific phenotype
is a common issue. Double-check the dominant and recessive allele
representations.

e Calculation Mistakes: Simple arithmetic errors when counting genotypes
or phenotypes within the Punnett square can distort the final ratios.

e Confusing Genotypic and Phenotypic Ratios: While related, these are
distinct. Ensure you are reporting the correct ratio requested by the
problem.

Frequently Asked Questions about Dihybrid
Crosses

Here are some common questions that arise when learning about dihybrid
crosses:



e What is the most common phenotypic ratio in a dihybrid cross?

The most common phenotypic ratio in a dihybrid cross between two
heterozygous individuals (e.g., AaBb x AaBb), assuming independent
assortment and complete dominance, is 9:3:3:1.

e How many gametes can a parent with genotype AaBb produce?

A parent with genotype AaBb can produce four types of gametes: AB, Ab,
aB, and ab, assuming independent assortment.

e What does it mean for genes to be linked in a dihybrid cross?

Linked genes are genes located on the same chromosome and tend to be
inherited together. This linkage can alter the expected phenotypic
ratios from those predicted by independent assortment.

e How do I determine the phenotype from a genotype like RrYy?

You need to know the dominance relationships of the alleles. If R is
dominant over r (for round shape) and Y is dominant over y (for yellow
color), then RrYy would result in the phenotype of round seeds and
yellow seeds.

e Can dihybrid crosses be used for more than two traits?

Yes, but the Punnett squares become increasingly complex. For three
traits, a 64-square Punnett square would be needed, and for four traits,
a 256-square Punnett square. Probabilistic methods are often used for
more than two traits.

Frequently Asked Questions

What is the typical phenotypic ratio observed in a
dihybrid cross involving completely dominant alleles
for both traits?

The typical phenotypic ratio observed in a dihybrid cross with complete
dominance for both traits is 9:3:3:1, representing dominant for both traits,
dominant for the first and recessive for the second, recessive for the first
and dominant for the second, and recessive for both traits, respectively.



How does Mendel's Law of Independent Assortment
relate to dihybrid crosses?

Mendel's Law of Independent Assortment states that alleles for different
traits segregate independently of each other during gamete formation. This
principle is fundamental to predicting the offspring ratios in dihybrid
crosses, assuming the genes are on different chromosomes or far apart on the
same chromosome.

What is a Punnett square and how is it used to solve
dihybrid cross problems?

A Punnett square is a grid used to predict the possible genotypes of
offspring from a genetic cross. For a dihybrid cross, it involves listing all
possible gamete combinations from each parent (4 per parent) in a 4x4 grid,
resulting in 16 possible offspring genotypes.

What is the difference between genotype and
phenotype in the context of a dihybrid cross?

Genotype refers to the genetic makeup of an organism (e.g., AABB, AaBb,
aabb), while phenotype refers to the observable physical characteristics
resulting from that genotype (e.g., round and yellow seeds, wrinkled and
green seeds). In a dihybrid cross, multiple combinations of alleles
(genotypes) can result in the same observable traits (phenotypes).

When might the observed phenotypic ratio in a
dihybrid cross deviate from the expected 9:3:3:1
ratio?

The observed phenotypic ratio can deviate from the expected 9:3:3:1 ratio due
to several factors, including incomplete dominance, codominance, linkage

(genes located close together on the same chromosome), epistasis (one gene
affecting the expression of another), or if the genes are on sex chromosomes.

How can we determine the genotype of a parent in a
dihybrid cross if we only observe their phenotype?

Determining a parent's genotype solely from their phenotype can be
challenging if the dominant phenotype is expressed by multiple genotypes
(e.g., AA and Aa both express the dominant trait). A test cross, where the
parent is crossed with a homozygous recessive individual for both traits, is
often used to reveal the unknown parent's genotype.

What are the possible gamete combinations for an



individual with the genotype RrYy in a dihybrid
Cross?

For an individual with the genotype RrYy, the possible gamete combinations
are RY, Ry, rY, and ry. This is because the alleles for each gene (R/r and
Y/y) segregate independently during gamete formation.

Additional Resources

Here are 9 book titles related to dihybrid crosses, all starting with "":

1. Introduction to Mendelian Genetics

This foundational text delves into the principles of heredity as established
by Gregor Mendel. It meticulously explains concepts like segregation and
independent assortment, which are crucial for understanding dihybrid crosses.
Readers will find clear examples and diagrams illustrating how to predict
offspring genotypes and phenotypes in these more complex inheritance
patterns. The book provides a solid basis for anyone beginning their study of
genetics.

2. The Power of Independent Assortment

Focusing specifically on a key principle behind dihybrid crosses, this book
explores the genetic basis of independent assortment. It details how alleles
for different genes segregate into gametes independently of each other. The
text utilizes case studies and problem-solving exercises to solidify
comprehension of this fundamental concept. It’s ideal for students seeking a
deeper understanding of genetic recombination.

3. Solving Dihybrid Cross Puzzles

This practical guide is designed to help students master the art of solving
dihybrid cross problems. It breaks down the process into manageable steps,
from setting up Punnett squares to interpreting results. The book offers a
wide array of practice problems with detailed, step-by-step solutions and
explanations, ensuring that learners can confidently tackle these genetic
challenges. It’s an indispensable resource for exam preparation.

4. Genetics: From Genes to Genomes

While covering a broad spectrum of genetics, this comprehensive textbook
dedicates significant sections to Mendelian inheritance and linkage. It
provides a robust explanation of dihybrid crosses within the context of gene
interaction and chromosomal behavior. The book links molecular mechanisms to
observable phenotypes, offering a holistic view of genetic principles. Its
detailed illustrations and historical context make complex topics accessible.

5. Principles of Genetic Inheritance

This volume offers a thorough exploration of the fundamental laws governing
how traits are passed from parents to offspring. It includes extensive
coverage of monohybrid and dihybrid crosses, explaining the underlying
mathematical probabilities and genetic ratios. The book emphasizes conceptual



understanding and provides ample opportunities for applying these principles.
It’s a go-to reference for students and educators alike.

6. Understanding Genetic Probabilities

This specialized book focuses on the mathematical and statistical aspects of
genetics, with a strong emphasis on probability calculations. It provides a
clear framework for understanding how to determine the likelihood of specific
offspring genotypes and phenotypes resulting from dihybrid crosses. The text
includes numerous examples and practice problems that build confidence 1in
applying probability rules to genetic scenarios. It’s excellent for those who
want to excel in quantitative genetics.

7. Linkage and Gene Mapping Fundamentals

While dihybrid crosses assume independent assortment, this book explores what
happens when genes are located on the same chromosome. It introduces concepts
like genetic linkage and recombination frequency, explaining how these
phenomena deviate from typical dihybrid cross expectations. The book provides
the tools and knowledge to understand gene mapping and the spatial
relationships between genes. It’s essential for understanding more advanced
genetic concepts.

8. The Dihybrid Cross Explained

This focused text aims to demystify the dihybrid cross for beginners. It
systematically walks readers through the process of analyzing the inheritance
of two different traits simultaneously. The book utilizes clear language,
visual aids, and simplified examples to build understanding of Punnett square
construction and phenotypic ratio interpretation. It’s a perfect starting
point for anyone encountering dihybrid crosses for the first time.

9. Applied Genetics: Problem Solving Techniques

This practical manual concentrates on applying genetic principles to solve
real-world problems, including those involving dihybrid inheritance. It
presents various scenarios and challenges that require a solid understanding
of Mendelian genetics. The book offers effective strategies and techniques
for approaching and solving a wide range of genetics problems, making it a
valuable resource for anyone needing to apply their knowledge.
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