The Biological Blueprint: b ek A
Why DNA Won the Genetic
Material Showdown

A structural and chemical comparison of nature's core
information molecules.

CHEMICAL STABILITY OVERVIEW (FACTS & ADVANTAGES)
» DNA's 2'-deoxyribose sugar lacks a reactive 9 b H

2'-0H group, providing resistance to hydrolysis. ,D.-F 0"

» Deuble helix protects bases from damage:; O o
single strand exposure is minimized.

» Thymine's methyl group enhances stacking on @ OH 2:H

interactions and repair fidelity.

QUICK TIP: RNA FUNCTIONALITY GAUGE (WARNING & ADAPTABILITY)

» RNA's 2'-0OH makes it chemically labile and prone to
hydrolysis, especially at high pH.
+ Single-stranded nature allows complex folding into functional /

3D shapes (ribozymes, tRNA).
Gauge: Highly Adaptable / Transient - CAUTION: Rapid Degradation Potential.

VULNERABILITY ALERT: RNA LIMITATIONS (MISTAKE & RISK) ULTIMATE VERDICT: DNA'S GENOMIC SUPERIORITY (TAKEAWAY & CONCLUSION)
+ Lack of thymine's methyl group makes uracil recognition in DNA » DNA is the optimal long-term genetic storage medium due to superior

repair problematic (C->U deamination). I (N chemical stability. \/
» Single strands are more susceptible to enzymatic cleavage by - » Double helix structure ensures high fidelity replication and repair.

ribonucleases.

Alert: High Mutation Rate / Short Half-Life - RISK: Information Loss. i Verdict: DNA - The Definitive Blueprint for Life. RNA - Essential, Versatile Intermediary.




Baseline System Requirements for Genetic Material

1. Duplication 2. Stability

Must remain chemically and
structurally stable throughout the
organism’s life cycle and age.

Must be able to accurately
generate its own replica.

Proteins fail requirement #1
instantly. The remaining
candidates: DNA and
RNA.

3. Mutation 4. Expression

Must allow for slow, controlled Must be able to express itself in
changes required for long-term the form of Mendelian characters.

evolution.
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Requirement 1: The Replication Check T‘%

DNA RNA

F_“ﬁ

Rule of Base Pairing

T Complementarity

Strict geometric matching

rules mean both molecules

D naturally act as templates to
direct their own precise

duplication.
c e —————————————————————————

Verdict: Both DNA and RNA successfully pass the replication test.
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Requirement 2: Structural & Chemical Stability A

RNA Architecture DNA Architecture

O O
H3C

Vulnerability: The 2'-OH group is highly Advantage: Missing 2'-OH reduces reactivity.
reactive, making RNA labile, easily Thymine (5-methyl uracil) provides additional
degradable, and prone to acting as a catalyst. structural resilience.

DNA's hardiness: heat separates the double helix, but the

Synthesis Note: Griffith's transforming principle proved
complementary strands stably recombine when cooled.




Requirement 3: Mutation and the Evolutionary é%
Speed Limit

.. w_ Because RNA is unstable, it mutates at
A7\ / a highly accelerated rate. RNA N A
A4 .? viruses have shorter lifespans and evolve \ |
A Y, /\, rapidly, risking long-term viability for (N7,
ﬁ;;:\- XX N short-term adaptation. ¢ v S
PN T~ -"/“ﬁ“
\ s - \/
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DNA

DNA provides the scope for slow, steady

changes—the exact pacing required for stable,
long-term biological evolution.




The Ultimate Division of Labor A}

DNA: The Vault RNA: The Courier Protein: The Machine
(Storage) (Transmission) (Expression)

e
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High stability makes it the Reactivity and mobility make it The final expressed traits that
preferred molecule for securely ideal for transmitting information execute the structural and
storing genetic information. and directly coding for proteins. catalytic functions of life.

The entire protein-synthesizing machinery of life evolved
around RNA, but relies on DNA as the master backup.



Evolutionary Synthesis: A
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The Hardware Upgrade
-D—E_D- : <:f:,li ﬁ
\w Modification
H:;i | DNA

RNA was the original genetic material, managing both
storage and catalytic reactions. However, to survive the
demands of complex life, biology executed a hardware

upgrade: DNA evolved from RNA via chemical
modifications to become a stable, double-stranded,
repairable vault for inheritance.
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