sli
PIPADOR REVISION #

MRCOG Part 1 Revision Notes

Blotting Techniques

MOLECULAR BIOLOGY < LECTURE 93

VISUAL EXAMINATION REVISION NOTES

2026 Edition

[



Lecture 93: Blotting Techniques | MRCOG Part 1

MRCOG Part 1 Revision Notes
Lecture 93: Blotting Techniques

Molecular biology e Visual revision edition

COLOUR CODE USED THROUGHOUT THESE NOTES

SOUTHERN / DNA NORTHERN / RNA WESTERN / PROTEIN PROBES / HYBRIDISATION CLINICAL

LEARNING OBJECTIVES — tick off as you go

[0 Describe the steps of Southern, Northern and Western blotting.

[0 Match each blot to its target, separation, probe and use (SNoW DRoP).

[0 Explain probes, labels and stringency.

[0 Know where blots are still used (fragile X, dystrophin, Lyme) and what replaced them.

[ Link hybridisation to FISH and microarray.

1 The Blotting Family

IN ONE LINE: Separate molecules on a gel = transfer ('blot') them to a membrane - find the one you want
with a labelled probe (nucleic acid) or antibody (protein).

SNoW DRoP — Southern = DNA, Northern = RNA, Western = Protein

SOUTHERN NORTHERN

WESTERN
DNA RNA PROTEIN
a restriction digest q DENATURING gel - SDS-PAGE
PRt —» agarose gel SR (formaldehyde) EEpS AT (by molecular weight)
Probe Jabelled DNA probe Probe Jabelled DNA/RNA probe Probe ATIEEE
(primary + secondary)
Use fragile X full mutation Use mRNA size + amount — Use dystrophin in muscle;
+ methylation; RFLP (historic) now RT-gPCR / RNA-seq Lyme immunoblot
\. J J J

Spin-offs: SOUTHWESTERN (DNA-binding proteins, probed with DNA) « FAR-WESTERN (protein-protein, probed with protein) « EASTERN (post-translational modifications) — research only.
Figure 1. Southern, Northern, Western.

MNEMONIC / MEMORY HOOK

'SNoW DRoP' — Southern = DNA, Northern = RNA, Western = Protein (named as a joke after Edwin
Southern).
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2 Southern Blot
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Southern blot (Edwin Southern, 1975) — DNA

1 DIGEST 2 GEL 3 DENATURE 4 TRANSFER 5 HYBRIDISE
— i — — — —

6 DETECT

— — —
papgr fwel
@ —
[ ] mehibfane
\—_ / —
/ b - (I 1 S
L
——
] buffer pick
genomic DNA cut by agarose electrophoresis NaOH = single capillary / vacuum onto labelled DNA PROBE wash = autoradiograph /
RESTRICTION enzymes separates by SIZE strands in the gel nitrocellulose or NYLON binds its target chemiluminescence
- J J J J - ,

Needs lots of DNA (~5=10 pg), takes days, low throughput — but sizes LARGE fragments and, with methylation-sensitive enzymes, shows METHYLATION.

Figure 2. Southern blot steps.

Fragile X on a Southern blot (schematic)

I I S .
Why Southern?

full mutations (> 200 CGG, often > 1000) are too big/GC-rich for standard PCR

unmethylated Methylation

active X I L |
— I double digest with a methylation-sensitive enzyme (e.g. Eagl) shows whether FMR1 is silenced
?ﬁ;z;l\?et?g ——— — Pathway today

PCR (or triplet-primed PCR) first = Southern if expanded/unclear; TP-PCR increasingly replaces Southern
large, methylated
full mutation

(SMEAR = mosaic sizes) 0&G link

premutation in women — ~20% POI; prenatal test on CVS may show incomplete methylation = confirm on amnio

carrier full-mutation
female

normal premutation FULL
male male  mutation female
male  (premut.)

Figure 3. Fragile X on a Southern blot.

3 Northern Blot

¢ RNA run on a denaturing gel (formaldehyde/glyoxal keeps it unfolded) - transfer - labelled probe. Shows
transcript size (splice isoforms) and amount. Fragile (RNases everywhere) and less sensitive than RT-qPCR or
RNA-seq, which have replaced it clinically.
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4 Western Blot

Western blot — proteins

Steps The antibody 'sandwich'
Extract protein .
HRP = light
lyse cells / tissue
SDS-PAGE
SECONDARY
SDS coats proteins with negative charge =» separate by SIZE (anti-primary)

Electro-transfer

to nitrocellulose or PYDF PRIMARY
(anti-target)
BLOCK

milk / BSA stops non-specific sticking
target protein
Primary antibody
1
binds the target protein
membrane
Secondary antibody

anti-primary, tagged with HRP or fiuorophore Signal amplification: several secondaries bind each primary.
Detect Semi-quantitative; quality depends on antibody specificity.

chemiluminescence — band size + intensity
Figure 4. Western blot.

¢ Uses: dystrophin in muscle biopsy (absent = Duchenne; reduced/smaller = Becker), Lyme immunoblot,
research. Historically HIV and hepatitis C confirmation. Limits: semi-quantitative, antibody-dependent, slow.

5 Probes and Hybridisation

Hybridisation — the shared principle (complementary strands find each other)

STRINGENCY higher temperature, lower salt, more formamide = only PERFECT matches stay bound (more specific, less sensitive)

PROBE LABELS radioactive *’P/**S (sensitive, hazardous) e fluorescent (safe, multiplex) » chemiluminescent (digoxigenin, biotin-streptavidin)

IN SITU HYBRIDISATION probe on fixed cells/tissue — keeps location: FISH (fluorescent), CISH (chromogenic), RNAscope (RNA in tissue) = Lecture 94

MICROARRAY thousands of probes on a chip — genome-wide copy-number (aCGH/SNP array) = first-line for fetal anomalies; expression arrays = RNA-seq

Figure 5. Hybridisation principles.
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6 Clinical Correlates

Blots in clinical practice — then and now

Indication THEN NOwW
HIvV ELISA —> WESTERN BLOT confirmation 4th-generation Ag/Ab test; confirm with different assays + HIV RNA (antenatal screening — opt-out)
“ ELISA = Western (two-tier) UK (NICE NG95): ELISA; if positive/equivocal = IMMUNOBLOT; immunoblot also if ELISA -ve but symptoms > 12 wk
Southern blot for sizing + methylation PCR / triplet-primed PCR first; Southern for full mutations / methylation when needed
“ muscle biopsy Western for dystrophin MLPA + sequencing first; biopsy Western/immunostaining if genetics unclear or to separate DMD vs BMD
RFLP Southern STR PCR (capillary electrophoresis)
Northern blot RT-gPCR, RNA-seq

Figure 6. Then and now.

STILL USED WHY REPLACED

¢ Southern: fragile X full mutation size + e PCR, gPCR, MLPA, sequencing are faster, more
methylation (when PCR/TP-PCR can't resolve); sensitive, need far less sample, automate easily
some large rearrangements e Blots: days, ug of DNA, often radioactivity, low

e Western: dystrophin protein; Lyme immunoblot throughput
(second step) e Microarray = hybridisation scaled to thousands

e Reference/research methods of probes

% PEARL

SNoW DRoP. Southern blot still sizes fragile X full mutations and shows methylation; Western blot still
checks dystrophin.

UK Lyme testing (NICE NG95): ELISA first - immunoblot if positive/equivocal (or if negative but
symptoms > 12 weeks).

7 MRCOG Exam Pearls — Last-Minute Page

Numbers to know

1975 ~5-10 ug Days > 200
Southern blot DNA for a Southern Southern turnaround CGG = full mutation
>12
~20% Lym m ‘tNI:w - : 2
FXPOI in premutation ¥ 'e symptoms Main blots (S, N, W) Antibodies in a Western
immunoblot
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HIGH-YIELD CHECKLIST

SNoW DRoP: Southern DNA, Northern RNA, Western protein.
Southern: digest - gel - NaOH - transfer - probe - detect.
Northern: denaturing gel; replaced by RT-gPCR/RNA-seq.

Western: SDS-PAGE - transfer - block - primary - secondary (HRP).
Southwestern, Far-Western, Eastern — research.

Stringency: I temperature, | salt - more specific.

Labels: radioactive, fluorescent, chemiluminescent.

Fragile X: PCR/TP-PCR first, Southern for full mutation + methylation.
DMD: genetics first; Western on biopsy for dystrophin.

HIV: 4th-gen test (no Western); Lyme: ELISA = immunoblot.

OO0OoooOooOooOoOooad

Self-assessment — cover the right-hand column

Question ‘ Answer

What does a Northern blot detect? RNA

First step of a Southern blot? Restriction enzyme digestion of genomic DNA
Why is NaOH used in a Southern? To denature DNA to single strands for probing
What separates proteins in a Western? SDS-PAGE (by molecular weight)

Why block the membrane? To prevent non-specific antibody binding
Clinical role of Southern blot today? Fragile X full mutation size + methylation
Western blot finding in Duchenne? Absent dystrophin

What does high stringency favour? Perfectly matched probe binding

UK second-line Lyme test? Immunoblot (Western)

What replaced the Northern blot? RT-gPCR and RNA sequencing

8 References

® Southern EM. Detection of specific sequences among DNA fragments separated by gel electrophoresis. ] Mol Biol 1975.
e NICE NG95. Lyme disease. 2018.
® Strachan T, Read A. Human Molecular Genetics. 5th ed. 2018.

© PIPADOR.co.uk | Page5



	1  The Blotting Family
	2  Southern Blot
	3  Northern Blot
	4  Western Blot
	5  Probes and Hybridisation
	6  Clinical Correlates
	7  MRCOG Exam Pearls — Last-Minute Page
	8  References

