
t test in biology

t test in biology is a fundamental statistical tool widely used to analyze experimental data,
especially when comparing the means of two groups. In biological research, understanding whether
observed differences are statistically significant is crucial for validating hypotheses and drawing
reliable conclusions. The t test helps biologists determine if variations in measurements, such as
gene expression levels, enzyme activities, or cellular responses, are due to random chance or actual
biological effects. This article provides a comprehensive overview of the t test in biology, explaining
its purpose, types, assumptions, and practical applications in various biological studies. Additionally,
it covers how to perform the test, interpret results, and common pitfalls to avoid. By gaining a solid
grasp of the t test, researchers can enhance the rigor and credibility of their experimental findings.
The following sections will guide readers through the essential aspects of the t test in biological
research.

Understanding the t Test in Biological Research

Types of t Tests Used in Biology

Assumptions and Requirements for t Tests

Performing a t Test: Step-by-Step Procedure

Interpreting t Test Results in Biology

Common Applications of the t Test in Biology

Limitations and Alternatives to the t Test

Understanding the t Test in Biological Research
The t test is a statistical method developed by William Sealy Gosset to compare the means of two
groups and determine if they are significantly different from each other. In biological research, this
test is especially useful for experiments where sample sizes are relatively small, and the population
standard deviation is unknown. The core idea behind the t test is to assess whether observed
differences between sample means reflect true biological differences or are likely due to random
variation.

Biologists often rely on the t test when analyzing data from controlled experiments, such as
comparing treatment effects, genetic variations, or physiological responses. The test calculates a t
statistic, which is then compared to a critical value from the t distribution to decide if the null
hypothesis — that there is no difference between the groups — can be rejected. This approach
provides a quantitative basis for drawing conclusions about biological phenomena.



Significance of the t Test in Biology
In biological studies, validating results through statistical tests like the t test enhances scientific
rigor. It helps researchers:

Confirm the effectiveness of treatments or interventions.

Compare biological variables across different populations or conditions.

Establish the reliability and reproducibility of experimental findings.

Reduce the influence of experimental bias and random error.

Types of t Tests Used in Biology
There are several variations of the t test, each suited to specific experimental designs and data
characteristics in biology. Choosing the correct type is essential for obtaining valid results.

Independent Samples t Test
This test compares the means of two independent groups, such as control versus treated organisms
or two different species. It assumes that the samples are unrelated and randomly selected.

Paired Samples t Test
Used when measurements are taken from the same subjects before and after a treatment or under
two conditions. It accounts for the dependence between paired observations, increasing statistical
power.

One-Sample t Test
This test compares the mean of a single sample to a known or hypothesized population mean. In
biology, it might be used to compare a sample's trait value against a standard or historical control.

Assumptions and Requirements for t Tests
For the t test to produce reliable results in biological research, certain assumptions must be met.
Understanding these requirements helps avoid misinterpretation of statistical outcomes.



Normality of Data
The data within each group should be approximately normally distributed, especially important for
small sample sizes. Many biological measurements, such as enzyme activity or cell counts, often
meet this criterion or can be transformed to do so.

Homogeneity of Variances
The variances of the two groups being compared should be similar. This assumption can be tested
using methods like Levene’s test. If variances differ substantially, alternative tests or corrections
may be necessary.

Independence of Observations
Each data point should be independent of others, meaning that the measurement of one subject does
not influence another. This is crucial for valid t test application in biological experiments.

Performing a t Test: Step-by-Step Procedure
Conducting a t test in biology involves several systematic steps to ensure accuracy and
reproducibility of results.

Formulate Hypotheses: Define the null hypothesis (no difference between groups) and the1.
alternative hypothesis (significant difference exists).

Collect Data: Obtain samples from biological populations or experimental groups under2.
controlled conditions.

Check Assumptions: Assess normality and equality of variances using appropriate statistical3.
tests.

Choose the Appropriate t Test: Select independent, paired, or one-sample t test based on4.
experimental design.

Calculate the t Statistic: Use formulas or statistical software to compute the t value from5.
sample data.

Determine Degrees of Freedom: Calculate degrees of freedom based on sample sizes to6.
reference the correct t distribution.

Compare with Critical Value: Decide significance by comparing the calculated t value to the7.
critical value at a chosen significance level (e.g., 0.05).

Draw Conclusions: Reject or fail to reject the null hypothesis based on the comparison,8.
interpreting biological relevance accordingly.



Interpreting t Test Results in Biology
Interpreting the output of a t test correctly is vital for meaningful biological inferences. Key
components include the t statistic, degrees of freedom, and the p-value.

Understanding the p-Value
The p-value represents the probability of observing the data, or something more extreme, if the null
hypothesis is true. A low p-value (typically less than 0.05) indicates strong evidence against the null
hypothesis, suggesting a significant difference in biological terms.

Confidence Intervals
Confidence intervals provide a range of values within which the true difference between means
likely lies. They offer additional context about the precision and reliability of the estimated effect
size.

Biological vs. Statistical Significance
It is important to distinguish between statistical significance and biological relevance. A statistically
significant result may not always translate into meaningful biological impact, so researchers should
consider effect size and experimental context when interpreting findings.

Common Applications of the t Test in Biology
The t test is applied across diverse biological fields to validate experimental outcomes and support
scientific hypotheses.

Genetics: Comparing gene expression levels between mutant and wild-type organisms.

Physiology: Assessing differences in metabolic rates or blood parameters under different
treatments.

Ecology: Evaluating variations in species abundance or diversity across habitats.

Microbiology: Testing antibiotic effects on bacterial growth rates.

Molecular Biology: Analyzing protein concentration changes after experimental
manipulation.



Limitations and Alternatives to the t Test
While the t test is powerful and widely used, it has limitations that researchers must consider in
biological studies.

Limitations
The t test assumes normal distribution and homogeneity of variances, which may not always hold in
biological data. Small sample sizes can reduce test power, and multiple comparisons increase the
risk of type I errors.

Alternative Statistical Methods
When assumptions are violated or experimental designs are complex, alternatives such as the Mann-
Whitney U test, Wilcoxon signed-rank test, or ANOVA may be more appropriate. Nonparametric
tests are useful for data that are not normally distributed or when sample sizes are very small.

Frequently Asked Questions

What is a t test and why is it used in biology?
A t test is a statistical method used to compare the means of two groups to determine if they are
significantly different from each other. In biology, it is commonly used to analyze experimental data,
such as comparing treatment effects or measuring differences between populations.

What are the different types of t tests used in biological
research?
The main types of t tests used in biology are the independent (two-sample) t test, paired t test, and
one-sample t test. The independent t test compares means from two different groups, the paired t
test compares means from the same group at different times or conditions, and the one-sample t test
compares the sample mean to a known value.

How do you determine if a t test is appropriate for your
biological data?
A t test is appropriate if the data are continuous, approximately normally distributed, and if the
samples are independent (for independent t test) or paired (for paired t test). Additionally, the
variances of the groups should be similar, especially for the independent t test.

What is the significance of the p-value in a t test in biology?
The p-value indicates the probability that the observed difference between groups occurred by
chance. In biology, a p-value less than a predetermined threshold (commonly 0.05) suggests that the



difference is statistically significant and unlikely due to random variation.

Can a t test be used for small sample sizes in biological
experiments?
Yes, the t test was originally developed for small sample sizes and is suitable for biological
experiments with limited data. However, the assumptions of normality and equal variances should
still be checked or accounted for.

How do paired t tests apply to biological studies involving
repeated measures?
Paired t tests are used in biological studies when measurements are taken from the same subjects
under different conditions or at different times, such as before and after treatment. This test
accounts for the dependency between paired observations.

What are common mistakes to avoid when using t tests in
biology?
Common mistakes include using t tests on non-normal or categorical data, ignoring unequal
variances without adjustment, applying independent t tests to paired data, and failing to correct for
multiple comparisons when performing multiple t tests.

Additional Resources
1. Statistics for Biologists: Understanding the t Test
This book offers a comprehensive introduction to statistical methods used in biological research,
with a special focus on the t test. It explains the theory behind the t test and provides practical
examples from various biological studies. Readers will learn how to apply the t test to analyze
experimental data effectively.

2. Applied Biostatistics: The Role of the t Test in Biology
Designed for biology students and researchers, this book covers essential biostatistical techniques,
emphasizing the application of the t test. It includes step-by-step guides on performing both one-
sample and two-sample t tests with real biological datasets. The text also discusses assumptions,
interpretations, and common pitfalls.

3. Experimental Design and Statistical Analysis in Biology
This book bridges the gap between experimental biology and statistical analysis, highlighting the use
of the t test in hypothesis testing. It provides detailed chapters on designing experiments, collecting
data, and choosing appropriate statistical tests, including independent and paired t tests. Biological
case studies illustrate key concepts.

4. Biological Data Analysis with the t Test: A Practical Approach
Focusing on hands-on data analysis, this book guides readers through the process of applying the t
test to biological research data. It covers data preparation, assumption checking, and the
interpretation of results within biological contexts. Exercises and sample datasets help reinforce



learning.

5. Introduction to Statistical Methods in Biology: Mastering the t Test
This introductory text is tailored for biology undergraduates, offering clear explanations of
fundamental statistical tests, with a particular emphasis on the t test. It discusses the mathematical
foundations and practical applications in biological research. The book includes quizzes and
examples to enhance comprehension.

6. Statistical Inference in Biology: The Power of the t Test
Exploring statistical inference concepts, this book highlights how the t test is used to draw
conclusions in biological experiments. It explains confidence intervals, effect sizes, and p-values in
the context of biological data analysis. Researchers will find insights into improving the robustness
of their t test applications.

7. Biostatistics for Experimental Biologists: Emphasizing the t Test
This book targets experimental biologists seeking to enhance their statistical analysis skills, focusing
on the t test's role in data interpretation. It provides practical advice on choosing between different
types of t tests and understanding their assumptions. Detailed examples from genetics, ecology, and
physiology are included.

8. Data Analysis in Molecular Biology: Utilizing the t Test
Centered on molecular biology research, this book covers statistical techniques including the t test
for analyzing gene expression, protein levels, and other molecular data. It explains how to design
experiments and interpret t test results in a molecular context. The text is suitable for graduate
students and researchers.

9. Quantitative Methods in Ecology and Evolution: The t Test Explained
This book integrates quantitative methods with ecological and evolutionary studies, detailing the
application of the t test for comparing groups and assessing hypotheses. It includes examples
involving population studies, behavioral data, and evolutionary experiments. Readers will gain a
solid understanding of when and how to use the t test in these fields.
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concepts are introduced with examples designed to be familiar to the reader, serving as a useful
starting point for exploring more abstract concepts. Key Features: Designed to be accessible for
students learning statistics in biological and environmental sciences. Utilizes the statistical software
jamovi to explore new concepts. Prioritizes good statistical judgement over adherence to protocols.
This book will be useful to students beginning their study of statistical concepts in biological and
environmental sciences, whilst also acting as an insightful resource for teachers using jamovi in the
classroom. Fundamental Statistical Concepts and Techniques in the Biological and Environmental
Sciences: With jamovi is a valuable resource for anyone who wishes to understand and apply
statistical techniques commonly used in the biological and environmental sciences.
  t test in biology: Bioinformatics and Computational Biology Basant K. Tiwary, 2021-11-23 This
textbook introduces fundamental concepts of bioinformatics and computational biology to the
students and researchers in biology, medicine, veterinary science, agriculture, and bioengineering .
The respective chapters provide detailed information on biological databases, sequence alignment,
molecular evolution, next-generation sequencing, systems biology, and statistical computing using R.
The book also presents a case-based discussion on clinical, veterinary, agricultural bioinformatics,
and computational bioengineering for application-based learning in the respective fields. Further, it
offers readers guidance on reconstructing and analysing biological networks and highlights
computational methods used in systems medicine and genome-wide association mapping of diseases.
Given its scope, this textbook offers an essential introductory book on bioinformatics and
computational biology for undergraduate and graduate students in the life sciences, botany, zoology,
physiology, biotechnology, bioinformatics, and genomic science as well as systems biology,
bioengineering and the agricultural, and veterinary sciences.
  t test in biology: An Introduction To Experimental Design And Statistics For Biology
David Heath, 1995-10-26 This illustrated textbook for biologists provides a refreshingly clear and
authoritative introduction to the key ideas of sampling, experimental design, and statistical analysis.
The author presents statistical concepts through common sense, non-mathematical explanations and
diagrams. These are followed by the relevant formulae and illustrated by w
  t test in biology: Cracking the AP Biology Exam, 2019 Edition The Princeton Review,
2018-10-16 EVERYTHING YOU NEED TO HELP SCORE A PERFECT 5. Ace the AP Biology Exam
with this comprehensive study guide—including 2 full-length practice tests, thorough content
reviews, targeted strategies for every section, and access to online extras. Everything You Need to
Know to Help Achieve a High Score. • Comprehensive content review for all test topics • Up-to-date
information on the 2019 AP Biology Exam • Engaging activities to help you critically assess your
progress • Access to online study plans, a handy list of key equations, helpful pre-college
information, and more Practice Your Way to Excellence. • 2 full-length practice tests with detailed
answer explanations • Practice drills at the end of each content chapter • Lists of key terms in every
content chapter to help focus your studying Techniques That Actually Work. • Tried-and-true
strategies to help you avoid traps and beat the test • Tips for pacing yourself and guessing logically
• Essential tactics to help you work smarter, not harder Written by Princeton Review experts who
know their way around bio, Cracking the AP Biology Exam gives you the tools you need for the score
you want.
  t test in biology: Cracking the AP Biology Exam 2019, Premium Edition The Princeton
Review, 2018-10-16 PREMIUM PRACTICE FOR A PERFECT 5! Ace the AP Biology Exam with this
Premium version of The Princeton Review's comprehensive study guide. Includes 5 full-length
practice exams, plus thorough content reviews, targeted test strategies, and access to online extras.
Everything You Need to Know to Help Achieve a High Score. • Comprehensive content review for all
test topics • Up-to-date information on the 2019 AP Biology Exam • Engaging activities to help you
critically assess your progress • Access to online study plans, a handy list of key equations, helpful
pre-college information, and more Premium Practice to Help Achieve Excellence. • 4 full-length
practice tests in the book with detailed answer explanations • 1 additional full-length practice test
online • Practice drills at the end of each content chapter • Lists of key terms in every content



chapter to help focus your studying Techniques That Actually Work. • Tried-and-true strategies to
help you avoid traps and beat the test • Tips for pacing yourself and guessing logically • Essential
tactics to help you work smarter, not harder Written by Princeton Review experts who know their
way around bio, Cracking the AP Biology Exam brings you premium practice for AP excellence.
  t test in biology: Modern Statistics for Modern Biology SUSAN. HUBER HOLMES
(WOLFGANG.), Wolfgang Huber, 2018
  t test in biology: Quantitative Analysis of Marine Biological Communities Gerald J.
Bakus, 2007-01-22 Quantitative methods specifically tailored for the marine biologist While there are
countless texts published on quantitative methods and many texts that cover quantitative terrestrial
ecology, this text fills the need for the special quantitative problems confronting marine biologists
and biological oceanographers. The author combines common quantitative techniques with recent
advances in quantitative methodology and then demonstrates how these techniques can be used to
study marine organisms, their behaviors, and their interactions with the environment. Readers learn
how to better design experiments and sampling, employ sophisticated mathematical techniques, and
accurately interpret and communicate the results. Most of this text is written at an introductory
level, with a few topics that advance to more complex themes. Among the topics covered are
plot/plotless sampling, biometrics, experimental design, game theory, optimization, time trends,
modeling, and environmental impact assessments. Even readers new to quantitative methods will
find the material accessible, with plenty of features to engage their interest, promote learning, and
put their knowledge into practice: * One or more examples are provided to illustrate each individual
quantitative technique presented in the text * The accompanying CD-ROM features two multimedia
programs, several statistical programs, help to run complex statistical programs, and additional
information amplifying topics covered in the text * References lead readers to additional information
to pursue individual topics in greater depth Quantitative Analysis of Marine Biological Communities,
with its extensive use of examples, is ideal for undergraduate and graduate students in marine
biology. Marine biologists, regardless of their level of experience, will also discover new approaches
to quantitative analysis tailored to the particular needs of their field.
  t test in biology: Statistics with Applications in Biology and Geology Preben Blaesild, Jorgen
Granfeldt, 2018-10-03 The use of statistics is fundamental to many endeavors in biology and geology.
For students and professionals in these fields, there is no better way to build a statistical
background than to present the concepts and techniques in a context relevant to their interests.
Statistics with Applications in Biology and Geology provides a practical introduction to using
fundamental parametric statistical models frequently applied to data analysis in biology and geology.
Based on material developed for an introductory statistics course and classroom tested for nearly 10
years, this treatment establishes a firm basis in models, the likelihood method, and numeracy. The
models addressed include one sample, two samples, one- and two-way analysis of variance, and
linear regression for normal data and similar models for binomial, multinomial, and Poisson data.
Building on the familiarity developed with those models, the generalized linear models are
introduced, making it possible for readers to handle fairly complicated models for both continuous
and discrete data. Models for directional data are treated as well. The emphasis is on parametric
models, but the book also includes a chapter on the most important nonparametric tests. This
presentation incorporates the use of the SAS statistical software package, which authors use to
illustrate all of the statistical tools described. However, to reinforce understanding of the basic
concepts, calculations for the simplest models are also worked through by hand. SAS programs and
the data used in the examples and exercises are available on the Internet.
  t test in biology: MCAT Biology and Biochemistry Review The Princeton Review,
2015-03-17 Publisher's Note: This eBook contains detailed color diagrams and art, and is best
viewed on tablets or other color-capable devices with zooming ability. We do not recommend this
title for black-and-white E Ink devices. Get everything you need to ace the Biology and Biochemistry
material on the new MCAT exam! Designed specifically for students taking the longer, tougher exam
debuting in 2015, The Princeton Review's MCAT BIOLOGY AND BIOCHEMISTRY REVIEW features:



Everything You Need to Know to Help Achieve a High Score: · Access to our online Student Tools
portal for up-to-the-moment information on late-breaking AAMC changes to the exam · In-depth
coverage of the challenging biology and biochemistry topics on this important test · Bulleted chapter
summaries for quick review · Full-color illustrations, diagrams, and tables · An extensive glossary for
handy reference · Strategic guidance and effective test-taking techniques More Practice Than Ever: ·
3 full-length practice tests online · End-of-chapter practice questions · MCAT-style practice passages
· Detailed answer explanations for every practice question In MCAT BIOLOGY AND BIOCHEMISTRY
REVIEW, you'll gain mastery of topics like: · MCAT 2015 Basics · Biology Strategy for the MCAT ·
Biologically Important Molecules · Biochemistry · Molecular Biology · Microbiology · Eukaryotic Cells
· Genetics and Evolution · The Nervous and Endocrine Systems · The Circulatory, Lymphatic, and
Immune Systems · The Excretory and Digestive Systems · The Muscular and Skeletal Systems · The
Respiratory System and the Skin · The Reproductive Systems And more!
  t test in biology: Excel 2013 for Biological and Life Sciences Statistics Thomas J Quirk,
Meghan Quirk, Howard F Horton, 2014-11-21 This is the first book to show the capabilities of
Microsoft Excel to teach biological and life sciences statistics effectively. It is a step-by-step
exercise-driven guide for students and practitioners who need to master Excel to solve practical
science problems. If understanding statistics isn’t your strongest suit, you are not especially
mathematically-inclined, or if you are wary of computers, this is the right book for you. Excel, a
widely available computer program for students and managers, is also an effective teaching and
learning tool for quantitative analyses in science courses. Its powerful computational ability and
graphical functions make learning statistics much easier than in years past. However, Excel 2013 for
Biological and Life Sciences Statistics: A Guide to Solving Practical Problems is the first book to
capitalize on these improvements by teaching students and managers how to apply Excel to
statistical techniques necessary in their courses and work. Each chapter explains statistical formulas
and directs the reader to use Excel commands to solve specific, easy-to-understand science
problems. Practice problems are provided at the end of each chapter with their solutions in an
appendix. Separately, there is a full Practice Test (with answers in an Appendix) that allows readers
to test what they have learned.
  t test in biology: Excel 2016 for Biological and Life Sciences Statistics Thomas J. Quirk,
Meghan H. Quirk, Howard F. Horton, 2016-08-08 This book is a step-by-step exercise-driven guide
for students and practitioners who need to master Excel to solve practical biological and life science
problems. If understanding statistics isn’t your strongest suit, you are not especially
mathematically-inclined, or if you are wary of computers, this is the right book for you. Excel is an
effective learning tool for quantitative analyses in biological and life sciences courses. Its powerful
computational ability and graphical functions make learning statistics much easier than in years
past. However, Excel 2016 for Biological and Life Sciences Statistics: A Guide to Solving Practical
Problems is the first book to capitalize on these improvements by teaching students and managers
how to apply Excel 2016 to statistical techniques necessary in their courses and work. Each chapter
explains statistical formulas and directs the reader to use Excel commands to solve specific,
easy-to-understand biological and life science problems. Practice problems are provided at the end
of each chapter with their solutions in an appendix. Separately, there is a full Practice Test (with
answers in an Appendix) that allows readers to test what they have learned.
  t test in biology: Biology and Pathogenesis of Legionella Hayley Newton, Elizabeth
Hartland, Matthias Machner, 2018-12-07 Legionella pneumophila was first isolated as the causative
agent of a deadly infectious pneumonia at a convention of the American Legion forty years ago.
Since then, Legionnaires’ disease continues to be a significant public health concern. Today, our
understanding of the Legionella genus, comprising environmental bacteria and opportunistic human
pathogens, has dramatically increased. The study of how pathogenic Legionella interact with host
cells, both protozoan and mammalian, has not only taught us about host-pathogen interactions but
has revealed novel and unexpected insights into human cell biology and immunology. The capacity of
pathogenic Legionella to commandeer cellular processes such as eukaryotic vesicular trafficking to



establish an ER-like replicative niche, reflects the exquisite ability of this pathogen to manipulate
eukaryotic cell biology in order to replicate in an intracellular compartment. This requires the
specific and targeted action of a cohort of translocated bacterial effector proteins. In addition, we
have learnt much about cell autonomous innate immune sensing of intracellular bacteria through the
inability of L. pneumophila to avoid intracellular mammalian defense mechanisms. Now, in the age
of large-scale comparative “omics”, it is clear that different Legionella species utilize different
cohorts of effectors to replicate inside eukaryotic cells. While we understand some of the strategies
employed by L. pneumophila and L. longbeachae to replicate within eukaryotic cells, there is still
much to learn about many aspects of the Legionella life cycle. This Research Topic highlights the
latest findings regarding the biology of Legionella species, their interactions with eukaryotic host
cells, and how the application of various technologies has increased our understanding of this
important pathogen.
  t test in biology: Excel 2007 for Biological and Life Sciences Statistics Thomas J Quirk,
Meghan Quirk, Howard Horton, 2012-11-13 This is the first book to show the capabilities of
Microsoft Excel to teach biological and life sciences statistics effectively. It is a step-by-step
exercise-driven guide for students and practitioners who need to master Excel to solve practical
science problems. If understanding statistics isn’t your strongest suit, you are not especially
mathematically-inclined, or if you are wary of computers, this is the right book for you. Excel, a
widely available computer program for students and managers, is also an effective teaching and
learning tool for quantitative analyses in science courses. Its powerful computational ability and
graphical functions make learning statistics much easier than in years past. However, Excel 2007 for
Biological and Life Sciences Statistics: A Guide to Solving Practical Problems is the first book to
capitalize on these improvements by teaching students and managers how to apply Excel to
statistical techniques necessary in their courses and work. Each chapter explains statistical formulas
and directs the reader to use Excel commands to solve specific, easy-to-understand science
problems. Practice problems are provided at the end of each chapter with their solutions in an
appendix. Separately, there is a full Practice Test (with answers in an Appendix) that allows readers
to test what they have learned.
  t test in biology: Ubiquitin Code: From Cell Biology to Translational Medicine Lingqiang
Zhang, Yu Rao, Cui Hua Liu, Daming Gao, Lixin Wan, 2021-12-30
  t test in biology: The Involvement of Systemic Homeostasis in Tumour Biology Wei-Lin
Jin, Hongying Pan, Qian Wang, Gerhard Schmalz, 2023-10-13 Systemic homeostatic mechanisms
include several aspects, such as metabolic, neuroendocrine, immune, and physiological homeostasis.
Irreversible damage or reversible imbalance of such homeostatic processes may initiate cancers by
altering the regulation of the molecular machinery. Systemic homeostasis-related genes have been
found to be intimately involved in oncological processes and in some instances have shown
prognostic value. Thus, future gene targeting approaches for cancer should not only focus on
classical cancer drivers but also address systemic homeostasis-related genetic mechanisms.
Identification of systemic homeostasis-related genes with diagnostic, prognostic or therapeutic value
can advance translational cancer research. Increasing numbers of research studies have reported
systemic homeostasis-related genes’ relevance to various types of cancer. For example, cancer cells
have been shown to activate a critical mechanism of oxygen homeostasis—hypoxia inducible factors
(HIFs) family genes, in order to adapt to the tumor microenvironment and develop into a more
aggressive phenotype. In addition, methylene tetrahydrofolate dehydrogenase (MTHFD) family
genes are involved in mitochondrial one-carbon metabolism, which is essential for maintaining
systemic metabolic homeostasis, and have recently been found overexpressed in many cancers and
have been correlated to poor survival outcomes. The overexpression of transferrin family genes with
iron transporting function has been linked with iron accumulation, which is a known initiating factor
in cancer. Another example is Forkhead box O (FOXO) family genes, which serve as a critical
regulator of immune homeostasis and can regulate cancer immunity by negatively regulating the
expression of immunosuppressive gene-programmed death 1 ligand 1 (PD-L1).Apart from these



examples, other systemic homeostatic mechanisms such as glucose homeostasis, energy
homeostasis, lipid homeostasis, phosphate homeostasis, cholesterol homeostasis, and mineral
homeostasis may also be implicated in cancer pathogenesis. Although accruing research is focused
on describing systemic homeostatic mechanisms in cancer biology, several research questions
remain unaddressed. The utilization of recent analytic tools and bioinformatics as systems biology
approaches has the potential to address these research gaps. Therefore, in this special issue we will
collect articles focusing on the application of bioinformatics and systems biology based
investigations of systemic homeostatic mechanisms in malignant diseases. Both original research
and review articles are welcomed, however publications based on the analysis on only one database
will not be accepted (e.g. TCGA).
  t test in biology: The Basic Practice of Statistics S-Plus Manual Laura Chihara, Gregory L.
Snow, David S. Moore, 2003-05-23
  t test in biology: Research Anthology on Bioinformatics, Genomics, and Computational
Biology Management Association, Information Resources, 2024-03-19 In the evolving environment
of bioinformatics, genomics, and computational biology, academic scholars are facing a challenging
challenge – keeping informed about the latest research trends and findings. With unprecedented
advancements in sequencing technologies, computational algorithms, and machine learning, these
fields have become indispensable tools for drug discovery, disease research, genome sequencing,
and more. As scholars strive to decode the language of DNA, predict protein structures, and
navigate the complexities of biological data analysis, the need for a comprehensive and up-to-date
resource becomes paramount. The Research Anthology on Bioinformatics, Genomics, and
Computational Biology is a collection of a carefully curated selection of chapters that serves as the
solution to the pressing challenge of keeping pace with the dynamic advancements in these critical
disciplines. This anthology is designed to address the informational gap by providing scholars with a
consolidated and authoritative source that sheds light on critical issues, innovative theories, and
transformative developments in the field. It acts as a single reference point, offering insights into
conceptual, methodological, technical, and managerial issues while also providing a glimpse into
emerging trends and future opportunities.
  t test in biology: Statistics for the Behavioural Sciences Riccardo Russo, 2020-11-29 This
accessible textbook is for those without a mathematical background (just some notions of basic
algebra are sufficient) and provides a comprehensive introduction to all topics covered in
introductory behavioural science statistics courses. It includes plenty of real examples to
demonstrate approaches in depth based on real psychology experiments utilizing the statistical
techniques described. New content in this thoroughly updated second edition includes an
introduction to Bayesian statistics which complements the coverage of Classical/Frequentist
statistics present in the first edition. It also offers practical details on how to perform analyses using
JASP – a globally employed, freely downloadable statistical package. The updated eResources also
feature a range of new material including additional exercises so readers can test themselves on
what they have learned in the book. This timely and highly readable text will be invaluable to
undergraduate students of psychology and research methods courses in related disciplines, as well
as anyone with an interest in understanding and applying the basic concepts and inferential
techniques associated with statistics in the behavioural sciences.
  t test in biology: Systems Evolutionary Biology Bor-Sen Chen, 2018-02-03 Systems
Evolutionary Biology: Biological Network Evolution Theory, Stochastic Evolutionary Game
Strategies, and Applications to Systems Synthetic Biology discusses the evolutionary game theory
and strategies of nonlinear stochastic biological networks under random genetic variations and
environmental disturbances and their application to systematic synthetic biology design. The book
provides more realistic stochastic biological system models to mimic the real biological systems in
evolutionary process and then introduces network evolvability, stochastic evolutionary game theory
and strategy based on nonlinear stochastic networks in evolution. Readers will find remarkable,
revolutionary information on genetic evolutionary biology that be applied to economics, engineering



and bioscience. - Explains network fitness, network evolvability and network robustness of biological
networks from the systematic perspective - Discusses the evolutionary noncooperative and
cooperative game strategies of biological networks - Offers detailed diagrams to help readers
understand biological networks, their systematic behaviors and the simulational results of
evolutionary biological networks - Includes examples in every chapter with computational simulation
to illustrate the solution procedure of evolutionary theory, strategy and results
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