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The Genetics of Vitamin B12
At our coffee mornings in June, we talked about
the genetics and inheritance of
Vitamin B12 deficiency.
We want you to stay safe, which for most people
with B12 deficiency means staying in your home and
avoiding infection. However we know that means
that you can’t come to a monthly meeting, so we’re
trying to bring the meetings to you.
Our coffee mornings are held in UK on the second
Tuewsday of the month, and online they are at 10:30
in the morning. Because of the number of members
from North America, we’re adding another meeting
on the Monday before - lunchtime in USA and
evening in UK. We had people from UK, France,
Canada and USA on the last call.
To join the meeting, please check the meeting details in the timetable on the last page and
join us via a Zoom call. Note we use Mentimeter to interact with you, which runs on a
different screen. Many people join in the zoom call on tablet or computer, and join
Mentimeter using a mobile phone. The main alternative is to open a second browser
window and link to Mentimeter on that.
The coffee mornings are listed on the back page

What did we learn about?
1. B12 is vital for five different body systems (Dr Chandy’s book Figure 1-1)
2. B12 deficiency affects people in
different ways
3. The genetic code system in the body,
DNA, looks simple
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4. 4 letters (ACGT) make up three-letter
words, and these are in a double helix
so they can be repaired easiliy
5. The double helix forms further helices,
wrapping up like a long ball of wool
6. Which in turn wraps up into a
chromasome, and there are 46 of
these, arranged in 23 pairs
Genes are like a recipe book. The cell sends some readers (tRNA or Transfer RNA) to the
genes to read of what needs to be done next. And the science of epigenetics is trying to
find out how a page gets left open. What we do know is that B12 is needed to donate
methyl-groups to DNA to switch off genes, which means to keep the recipe book open at a
specific page.
Most cells only want a single recipe page open, eg thyroid cells are only supposed to
produce thyroxine. So we want all the other genes (pages in the book) to be switched off.

Genes that affect B12
We looked at two types of affect on vitamin B12:
•

Genes that affect absorption and transport of B12 to the cells

•

Genes that affect how B12 is used in the cells and mitochondria

Genes that affect absorption and transport of B12 to cells

Genes that affect absorption, affect it in many different ways.
Genes may affect whether H.pylori (the organism that causes stomach ulcers) grows out of
control or not. Genes affect whether the Intrinsic Factor-producing cells work, which can mean that
they don’t produce intrinsic factor, meaning that you won’t be able to absorb B12 in your small
intestine. And that’s just what’s going on in the stomach.
Genetic factors also affect the intestine and absorbtion across the intestine wall, and
attachment to the Transcobalamin 2 (TCii) to form holo-transcobalamin.
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In the above diagram, referenced from Surendran et al, the main activities and B12 are shown
in normal text, and the gene variants which affect them are shown in italics.
Note that the gene is always there. It may have a number of common forms, which have
different effects. The FUT2 gene location has a gene in it, which is supposed to cause that cell to
secrete a galactoside. This can have different sequences of the 3 letter words within it, just like
making a spelling mistake in a recipe book. Many of the spelling mistakes aren’t that much of a
problem - it’s still obvious what the recipe book was trying to say. But for example there’s a recipe
for fudge which states “23 drops of vanilla essence” and the fudge is practically inedible. This is
probably a mistake from “2 - 3 drops of vanilla essence”, and that amount of vanilla essence
means a much more edible fudge. A small number of gene changes can make the gene not work
at all, and fail to do its job.
There’s also the issue of the gene not turning off when it’s supposed to, in other words, B12
deficiency can make B12 deficiency worse.
SO that explains how B12 gets into your blood in the first place (not-with-standing the enterohepatic circulation system) - it’s quite a challenge to get B12 to cells, but there’s more...

Vitamin B12
Deficiency in
Clinical Practice

Chapter 9 - Vitamin B12
and cancer prevention

"Doctor you gave me my life back!"
Dr Joseph Chandy (Kayyalackakom)
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We saw opposite how difficult it is to get B12 into cells. The next
challenge is to make use of it once it’s in the cell.
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Surendran et al have also summarised this work in a simple
diagram, which lists all the genes and what effect they have.
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A cell is a fairly complex structure, and there are billions of them in each person’s body.
A simple description is that a cell consists of
•

a cell membrane (a sort-of skin which keeps the cell contents inside, and everything else
outside), which is a really interesting thing because it’s more liquid than structured but it still
manages to be a structure.

•

A nucleus which is where the DNA (recipe book) is kept, and where tRNA goes to read it and
make the next thing

•

Cytoplasm, where proteins are built and biochemical pathways happen (most of them)

•

Organelles, where specialist biochemical pathways happen. The most important organelle
from the B12 point of view are the mitochondria, which are the energy-producing part of the
cell, and many people with B12 deficiency report lack of energy.

Methylcobalamin and adenosylcobalamin

We illustrate the cobalamin molecule in figure 1-3 on page 27 of Dr Chandy’s book, however it’s
pages 71 and 72 (figures 3-3 and 3-4) that illustrate the difference between these two forms of
B12.
Methylcobalamin is used in
the cytoplasm, for a number
of different things.
We
mentioned earlier in this
newsletter about methyldonation in the cell nucleus.
Adenosylcobalamin is used
in the mitochondria.
The diagram shows (with
genes marked by using
italics) that there are a whole
lot more genes that can
make the difference between
whether you suffer from B12
deficiency
because
of
genetic factors, or whether
it’s just because of not
enough in the food. In other
words, this diagram shows
that some people need more
B12 in their blood and cell
cytoplasm than others, because they aren’t as efficient at making use of the B12 that they have.

Bringing it all together
Everyone has different alleles at the gene sites - it’s what makes us unique.
We mostly have the same gene sites though - it’s what makes us human, or
mammals, or chordates, etc.
That means that we each have different responses to Vitamin B12. Some people process the B12
efficiently, and don’t get vitamin B12 deficiency even if they are getting very little in their food.
Others can’t absorb, and lose B12 rapidly even when they get supplements. That was illustrated
in Surendram’s Figure 2.
Some people can do fine on levels of B12 in the blood that simply don’t work for other people,
because they need much higher B12 level inside the cell (and the B12 in the cell has to come from
the B12 in the blood) because of genetic differences. That was illustrated in Surendram’s Figure
3. Even for these people, some can get the B12 from tablets/ oral supplements, and some need
to get the B12 via injection, and some do fine on cyanocobalamin, but most need
hydroxycobalamin, methylcobalamin and/or adenosylcobalamin directly because they can’t
convert one type of cobalamin (B12) into another fast enough for the body’s needs.
We’re all unique, and “one-size-fits-all” is not appropriate. That’s why we have GPs - to treat us
all as individuals.

What can you do if your genetics aren’t optimal?

Your genetics are optimal. They may be optimal for different conditions, but they are optimal. A
good example at a time of Black Lives Matter is to look at Vitamin D, skin cancer, and skin colour.
We need Vitamin D and our bodies can manufacture it if they get enough sunlight. However
sunlight can also cause skin cancer.
So groups of humans who lived where there was less sunlight developed lighter skin, which meant
they absorbed more of the available sunlight and manufactured Vitamin D with the limited sunlight
that there was. Whereas groups of humans who lived where there was a lot of sunlight kept their
dark skin, because there was so much sunlight that they could
manufacture enough Vitamin D, and it was more important to
protect against skin cancer (hence the darker skin).
The same applies to so many other genes, including the ones for
Vitamin B12 use.

B12 coffee mornings
You can download the protocol for diagnosis and treatment
http://www.b12d.org/protocoltreatment. You can check
symptoms (symptoms checker http://www.b12d.org/admin/
healthcheck/diagnosticcalculator) and symptoms diary. And
of course email notifications@b12d.org.
The coffee mornings are a chance for you to meet other
people who also understand this condition, and talk.
The subject for June will be inheritance

How else can you keep in touch?
The Facebook group B12 Deficiency - Functional, Neurological & Autoimmune is a
good place to meet people (don’t ask for personal medical advice).

Coffee Meetings
Meeting
USA daytime meeting
and UK evening
UK and Europe
morning

Date and Time

Zoom details

Phone

Monday 13 July 2020,
7:00pm BST

https://us02web.zoom.us/j/
83947903128

UK Local call
01314601196,,83947903128#

Tuesday 14 July 2020,
10:30am BST

https://
us02web.zoom.us/j/
81735502163

UK Local call
02034815237,,81735502163 #
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