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Document Approval & Preface

This comprehensive roadmap has been meticulously prepared by Divya Darsheel
Sharma and formally approved by the Biology Department of the National School of
Sciences. It is designed to serve as the definitive guide for students under the National
Examination Board (NEB) curriculum in Nepal who aspire to transition from standard
board examinations to the rigorous demands of the National Biology Olympiad (NBO)
and ultimately the International Biology Olympiad (IBO).

Approved by: The Biology Department, National School of Sciences. Prepared
by: Divya Darsheel Sharma. Date: September 2026.

Biology requires a fundamentally different treatment from subjects like Physics or
Chemistry. The IBO explicitly states there is no prescribed curriculum; its exams are
designed around understanding, application, analysis, practical skills, and problem-
solving rather than rote factual recall. While Nepal's Grade 11-12 curriculum provides
the appropriate school-level foundation, it is not sufficient by itself for national or
international Olympiad preparation. This document bridges that gap by emphasizing
the interconnectedness of biological systems: from DNA to protein, to cell, tissue,
organ, organism, population, ecosystem, and evolution.
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Executive Summary

This document provides a structured, rigorous, and exhaustive syllabus breakdown for
NEB Grade 11-12 students. The curriculum is divided into progressive levels, from
Level O (Biology Toolkit) to Level 9 (Bioinformatics), followed by a strategic breakdown
of the District, Province, National, and International competition tiers. A central tenet
of this roadmap is that IBO questions exploit biological connections. Simply 'finishing
chapters’ is insufficient; students must develop the ability to analyze unfamiliar
biological systems and design or interpret complex experiments.
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Level 0 — Biology Toolkit

Before engaging with advanced biological content, students must build the
quantitative and analytical skills that keep appearing throughout Olympiad problems.
The core Olympiad skill is: Data - pattern - biological mechanism - conclusion.

Scientific Reasoning

- Observation, hypothesis formation, and identifying variables and controls.
- Experimental design and interpretation of evidence.

- Drawing conclusions, identifying limitations, and distinguishing correlation
from causation.

Quantitative Biology & Data Analysis

- Ratios, percentages, scientific notation, unit conversion, and basic probability/
logarithms.

- Basic statistics: mean, median, variance, standard deviation, error, and
uncertainty.

- Graph interpretation: line graphs, scatter plots, histograms, dose-response,
growth, and survival curves.

- Exponential growth/decay and frequency distributions.
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Level 1 — Cellular & Molecular Biology

This is the foundation of almost everything else. The IBO explicitly places Cell Biology,
Microbiology, and Biotechnology at approximately 20% of its theoretical framework.

1. Biomolecules & 2. Cell Structure (Priority:
Maximum)

Students must master the structure-function relationships of carbohydrates, lipids,
proteins, nucleic acids, and water. Cell structure goes beyond identifying organelles;
students must understand 'Structure > molecular function - cellular consequence’ for
both prokaryotic and eukaryotic cells, including the fluid mosaic model of cell
membranes.

3. Membrane Transport & 4. Cell Division (Priority:
Maximum)

- Transport: Diffusion, osmosis, active transport, cotransport, endocytosis/
exocytosis, water potential, and transport kinetics.

- Division: The cell cycle, mitosis, meiosis, chromosome behavior, crossing over,
and cell-cycle regulation/checkpoints.

5. Cellular Metabolism & 6. Molecular Biology
(Priority: Maximum)

Metabolism requires understanding energy flow and electron flow through enzymes,
cellular respiration (glycolysis, Krebs, ETC, chemiosmosis), and photosynthesis (light
reactions, Calvin cycle, C3/C4/CAM plants). Molecular biology covers DNA replication,
transcription, translation, gene regulation, and biotechnology (PCR, electrophoresis,
CRISPR concepts). IBO practical exams frequently include molecular and
bioinformatics tasks.
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7. Microbiology

Bacteria, Archaea, viruses, fungi, microbial growth, pathogenesis, and antimicrobial
resistance. Priority scales from Province to International.
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Level 2 — Plant Biology

The IBO framework assigns approximately 15% to Plant Anatomy & Physiology,
primarily emphasizing seed plants.

8. Plant Anatomy & 9. Water & Mineral Transport

- Tissues: Meristemns, dermal, ground, vascular (xylem/phloem), and secondary
growth.

- Transport: Water potential, cohesion-tension mechanism, transpiration, stomatal
regulation, and mineral absorption. This section produces excellent graph/data
questions.

10. Photosynthesis & 11. Plant Nutrition

Advanced chloroplast function, photorespiration, and essential macro/micronutrients
including nitrogen fixation and mineral deficiencies.

12. Plant Growth & 13. Plant Reproduction (Priority:
High)

Plant hormones (auxin, gibberellins, cytokinins, ABA, ethylene), tropisms,
photoperiodism, and seed dormancy. Reproduction covers flower structure, double

fertilization, seed/fruit formation, and alternation of generations. International
extensions include developmental regulation and experimental plant physiology.

Roadmap to the International Biology Olympiad Page 6 of 16



NATIONAL SCHOOL OF SCIENCES SEPTEMBER 2026

Level 3 — Animal & Human Biology

This is the largest IBO theoretical category at about 25%. For a Nepal Grade 12 student,
this deserves enormous attention.

14-17. Core Physiology Systems

- Tissues: Epithelial, connective, muscle, nervous (structure - function -
specialization).

- Digestive: Mechanical/chemical digestion, enzymes, absorption, and nutrient
transport.

- Respiratory: Gas exchange, hemoglobin oxygen dissociation curves, and
regulation of breathing.

- Circulatory: Cardiac cycle, hemodynamics, blood pressure, and capillary exchange.

18-21. Regulatory & Defense Systems (Priority: High)

- Excretion: Nephron function, filtration/reabsorption/secretion, osmoregulation,
and ADH.

- Nervous: Resting/action potentials, synapses, neurotransmitters, and sensory/
motor systems.

- Endocrine: Signal transduction, feedback regulation, and major glandular
pathways.

- Immune: Innate/adaptive immunity, B/T cells, antibodies, immunological
memory, and autoimmunity.

22-23. Reproduction & Developmental Biology

Gametogenesis, menstrual cycle, embryonic development, and hormonal regulation.
Developmental biology (cleavage, gastrulation, cell differentiation, stem cells,
signaling) is a strong priority at the International level.
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Level 4 — Genetics & Evolution

This represents approximately 20% of IBO theoretical content.

24-26. Classical & Chromosomal Genetics

Mendelian laws, extensions (incomplete dominance, sex-linkage, lethal alleles), and
chromosomal genetics (linkage, crossing over, genetic maps, aneuploidy). Olympiad
skill: Calculate recombination frequency and infer linkage.

27. Molecular Genetics & 28. Population Genetics
(Priority: Maximum)

Gene regulation, epigenetics, and non-coding RNA. Population genetics is extremely
important for higher-level Olympiads: Hardy-Weinberg principle, selection, drift,
founder effect, bottleneck, and quantitative genetics.

29. Evolution & 30. Phylogenetics

Natural selection, speciation, molecular evolution, and common ancestry.
Phylogenetics involves constructing and interpreting cladograms using shared derived
characters and molecular data to infer evolutionary relationships.
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Levels 5,6 & 7 — Ecology, Ethology &
Biosystematics

Level 5: Ecology (10% of IBO)

- Population Ecology: Exponential/logistic growth, carrying capacity, survivorship
curves, and life-history strategies.

- Community & Ecosystems: Species interactions, succession, energy flow, and
nutrient cycling.

- Conservation Biology: Biodiversity, habitat fragmentation, IUCN categories, and
human impacts (highly relevant to Nepal).

Level 6: Ethology (5% of IBO)

Innate vs. learned behavior, habituation, imprinting, communication, and social
behavior. Advanced topics include kin selection, inclusive fitness, sexual selection, and
optimal foraging. Students must interpret choice experiments, time budgets, and
fitness consequences.

Level 7: Biosystematics (5% of IBO)

Taxonomic hierarchy, species concepts, and classification of major plant, animal, and
microorganism groups. Identification must become reasoning using dichotomous
keys and structural comparison, rather than memorizing huge species lists.

Roadmap to the International Biology Olympiad Page 9 of 16



NATIONAL SCHOOL OF SCIENCES SEPTEMBER 2026

Levels 8 & 9 — Experimental Biology &
Bioinformatics

This is where textbook-focused students fail. The IBO tests both biological problems
and biological experiments.

Level 8: Experimental Biology

- Microscopy: Magnification, resolution, scale estimation, and quantitative image
interpretation.

- Biochemistry & Molecular Practical: Solution preparation, enzyme assays,
spectrophotometry, DNA extraction, PCR, and gel electrophoresis.

- Experimental Design: Identifying variables, controls, replicates, confounding
factors, and sources of error.

- Data Analysis: Statistical significance, correlation, rate calculations, t-tests, chi-
square, and error propagation.

Level 9: Bioinformatics

Modern IBO practical exams explicitly include bioinformatics. Students must
understand DNA/RNA/protein sequence complementarity, sequence alignment
concepts, conserved regions, mutation comparison, and inferring function from
biological databases and computational results. Priority: National - International.
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The Four Olympiad Levels

Preparation must scale according to the competition tier. The ultimate progression for
a Grade 12 Nepal student is: District (Know Biology) - Province (Understand Biology) -~
National (Apply Biology) - International (Analyze unfamiliar Biology + design/
interpret experiments).

District Level — Foundation & Speed

Goal: Master the Grade 11-12 biology foundation and become fast at factual and
conceptual questions. S-Tier focus: Cell structure, biomolecules, enzymes, human
physiology, genetics, and ecology. Do not spend months studying advanced
bioinformatics while still confusing xylem and phloem.

Province Level — Application

The difficulty shifts from 'What is this?’ to 'Why does this happen?’. Emphasize
graphs, tables, experimental setups, genetic calculations, and physiological reasoning.
Transition from knowledge to application.

National Level — Deep Integration

You should be able to receive something you have never encountered before and
reason from biological principles. Expect questions combining experimental data with
physiological mechanisms, population genetics modeling, and protein mutation
predictions.

International (IBO) Level — Integration & Practical
Mastery
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The target becomes integrated biological reasoning, quantitative analysis, and
practical competence. The big four theoretical domains are Animal Physiology (25%),
Cell Biology (20%), Genetics/Evolution (20%), and Plant Biology (15%), with
experimental biology and data analysis running through all of them.
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Final Priority Map

S-Tier — Master First

- Cell & Molecular: Membranes, transport, enzymes, respiration, photosynthesis,
cell cycle, central dogma, gene regulation.

- Animal: Nervous, endocrine, circulation, respiration, digestion, excretion,
immunology.

- Genetics/Evolution: Mendelian, chromosomal, molecular, population genetics,
phylogenetics.

- Plant: Transport, photosynthesis, hormones, anatomy, reproduction.

A-Tier & B-Tier

A-Tier includes Microbiology, Biotechnology, Developmental Biology, Ecology, Animal
Behavior, and Experimental Design. B-Tier (National/International Edge) includes
Bioinformatics, advanced statistics, quantitative genetics, molecular phylogenetics,
and advanced metabolic regulation.
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The Clean Master Checklist

Domain Core Topics

Foundations Scientific method, experimental design, quantitative biology, statistics
Biochemistry Water, macromolecules, enzymes, ATP, metabolic regulation

Cell & Organelles, membranes, transport, cell cycle, central dogma, biotech
Molecular

Metabolism Respiration, photosynthesis, fermentation, C3/C4/CAM pathways
Plant Biology Anatomy, transport, mineral nutrition, hormones, reproduction

Animal/Human  Tissues, digestion, respiration, circulation, excretion, neuro/endocrine/

immune
Genetics Mendelian, linkage, molecular, population genetics, Hardy-Weinberg
Evolution & Natural selection, speciation, phylogenetics, populations, ecosystems,
Ecology conservation
Advanced Ethology, biosystematics, experimental design, bioinformatics
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Conclusion

The most important difference between Biology and subjects like Chemistry is that
Biology cannot be organized into isolated silos. Everything is interconnected. A single
IBO problem can combine a gene mutation, an altered membrane transport protein, a
physiological defect, and a resulting selective pressure. Simply 'finishing chapters’ is
insufficient. By systematically mastering this roadmap, a dedicated NEB student can
develop the analytical depth, experimental reasoning, and integrative thinking
required to excel on the global stage.
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