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Prediction of cell death from DNA free-end mis-
rejoining

This appendix provides the justification for

Psurv(mr) = 0.5Nmr

The assumptions that were made in this model are:

1. No terminal deletions: cDSBs with both ends unrejoined were rejoined
faithfully/correctly.

2. No incomplete exchanges: For cDSBs with only one end misrejoined, as-
sume the other end misrejoined with the same cDSB as the first, or if that
cDSB has no free ends, with the other available end in the misrejoining
“chain” (e.g. if cDSB1 and cDSB2 each have an end misrejoined with
an end from cDSB3, then the remaining end of cDSB1 was assumed to
misrejoin with the remaining end of cDSB2).

3. If two cDSBs misrejoined both of their ends together during the original
misrejoining simulation, the second misrejoining was not counted, as this
was assumed (from the previous assumption).

Let the number of breaks (DSBs, or cDSBs in the current work) in the
nucleus be N ∈ [2,∞). The number of misrejoinings involving these breaks is
Nmr ∈ [0, N ]. It will be demonstrated that this equation for Psurv(mr) is true
(given the assumptions above) for N = 2 and all Nmr ∈ {0, 1, 2} and for N ≥ 3
provided Nmr 6= N . For N ≥ 3 and Nmr = N , one of the misrejoinings was
counted that should not have been, i.e., Psurv(mr) would have been correct if
a value of Nmr → Nmr − 1 had been used in the formula instead. Thus, the
cell killing was overestimated in these cases (though they did not contribute
appreciably in the current work - see Discussion). Lastly, it will be shown that
the equation for Psurv(mr) extends to a nucleus containing multiple independent
groups of breaks with misrejoinings.

1



N = 2

2 breaks on 2 chromosomes (1 break on each chromosome)

If there were no misrejoinings (Nmr = 0), both breaks were rejoined faithfully
(assumption 1) and Psurv(mr) = 1, which the formula gives for Nmr = 0.

If there was 1 misrejoining (Nmr = 1), the options are:

• 1 dicentric (with no sticky ends) and 2 acentric fragments (each with 1
sticky end) (1 way)

• 1 acentric fragment (with no sticky ends) and 2 centric fragments (each
with 1 sticky end) (1 way)

• 1 symmetric translocation (with no sticky ends), 1 centric fragment (with
1 sticky end) and 1 acentric fragment (with 1 sticky end) (2 ways)

A second misrejoining was then assumed (assumption 2), giving either:

• 1 dicentric (no sticky ends) and 1 acentric fragment (no sticky ends) (2
ways) → lethal

• 2 symmetric translocations (no sticky ends) (2 ways) → viable

Thus there were 2 equally likely outcomes (2 ways each): 1 lethal and 1 viable.
Therefore Psurv(mr) = 0.5, which the formula gives for Nmr = 1.

If there were 2 misrejoinings simulated explicitly, the situation was described
above and Psurv(mr) = 0.5. However, because the 2 simulated misrejoings were
between the same 2 breaks, only the first misrejoining was counted toward Nmr

(assumption 3), i.e., Nmr = 1 was used in the formula and thus the correct
answer of Psurv(mr) = 0.5 was obtained.

1 break on each arm of a chromosome

If Nmr = 0, same as in the previous example.
If there was one misrejoining (Nmr = 1), the options are:

• 1 centric ring and 2 acentric fragments (each with 1 sticky end) (1 way)

• 1 acentric fragment (no sticky ends) and 1 centric fragment (2 sticky ends)
(1 way)

• half of a pericentric inversion, giving 1 centric fragment (1 sticky end) and
1 acentric fragment (1 sticky end) (2 ways)

A second misrejoining was then assumed (assumption 2), giving either:

• 1 centric ring and 1 acentric fragment (no sticky ends) (2 ways) → lethal

• pericentric inversion (2 ways) → viable
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Lethal and viable outcomes were equally likely (2 ways each), so Psurv(mr) = 0.5,
which the formula gives for Nmr = 1.

As in the previous example, if the 2 misrejoinings were simulated explicitly,
the second misrejoining was not counted toward Nmr (assumption 3), so Nmr =
1 and the formula correctly gives Psurv(mr) = 0.5.

2 breaks on the same arm of a chromosome

If Nmr = 0, same as above.
If there was one misrejoining (Nmr = 1), the options are:

• interstitial deletion, giving 1 acentric fragment (2 sticky ends) and 1 centric
fragment (no sticky ends) (1 way)

• 1 acentric ring, 1 centric fragment (1 sticky end) and 1 acentric fragment
(1 sticky end) (1 way)

• half of a paracentric inversion, giving 1 centric fragment (1 sticky end)
and 1 acentric fragment (1 sticky end) (2 ways)

A second misrejoining was then assumed (assumption 3), giving either:

• interstitial deletion, with 1 acentric ring and 1 centric fragment (no sticky
ends) (2 ways) → lethal

• paracentric inversion (2 ways) → viable

Lethal and viable outcomes were equally likely (2 ways each), so Psurv(mr) = 0.5,
which the formula gives for Nmr = 1.

As above, if the 2 misrejoinings were simulated explicitly, the second mis-
rejoining was not counted toward Nmr (assumption 3), so Nmr = 1 and the
formula correctly gives Psurv(mr) = 0.5.

N ≥ 3

3 breaks on 3 chromosomes (1 break on each chromosome)

If there were no misrejoinings (Nmr = 0), all 3 breaks were rejoined faithfully
(assumption 1) and Psurv(mr) = 1, which the formula gives for Nmr = 0.

If there was 1 misrejoining (Nmr = 1), the options are:

• 1 dicentric (no sticky ends), 1 centric fragment (1 sticky end) and 3 acentric
framgents (each with 1 sticky end) (3 ways)

• 1 acentric fragment (no sticky ends), 3 centric fragments (each with 1
sticky end) and 1 acentric fragment (1 sticky end) (3 ways)

• 1 symmetric translocation (no sticky ends), 2 centric fragments (each with
1 sticky end) and 2 acentric framgents (each with 1 sticky end) (6 ways)
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A second misrejoining was then assumed between the same two breaks as the
first (assumption 2), giving options:

• 1 dicentric (no sticky ends), 1 acentric fragmemt (no sticky ends), 1 centric
fragment (1 sticky end) and 1 acentric fragment (1 sticky end) (6 ways)

• 2 symmetric translocations (no sticky ends), 1 acentric fragment (1 sticky
end) and 1 centric fragment (1 sticky end) (6 ways)

The break that was not involved in any misrejoinings was rejoined faithfully
(assumption 1), giving options:

• 1 dicentric (no sticky ends), 1 acentric fragmemt (no sticky ends) and 1
repair (6 ways) → lethal

• 2 symmetric translocations (no sticky ends) and 1 repair (6 ways)→ viable

Half of the outcomes are lethal and half are viable, giving Psurv(mr) = 0.5, which
the formula gives for Nmr = 1.

Now consider if 2 misrejoinings were simulated explicitly. If the second mis-
rejoining was between the same pair of breaks as the first, then the situation was
described above, with Psurv(mr) = 0.5. However, because the second misrejoin-
ing was between the same pair of breaks as the first, the second misrejoining was
not counted toward Nmr (assumption 3), so Nmr = 1 and the formula correctly
gives Psurv(mr) = 0.5.

If the second misrejoining was not between the same pair of breaks as the first
(Nmr = 2), then the options are (after the third misrejoining; by assumption
2):

• 1 dicentric (no sticky ends), 1 symmetric translocation (no sticky ends)
and 1 acentric fragment (no sticky ends) (36 ways) → lethal

• 3 symmetric translocations (no sticky ends) (12 ways) → viable

There are 36 ways for a lethal outcome and 12 ways for a viable outcome, giving
Psurv(mr) = 0.25, which the formula correctly gives for Nmr = 2.

If the 3 misrejoinings were simulated explicitly, the situation is as described
above, with Psurv(mr) = 0.25. In the current algorithm, the third misrejoining
was mistakenly counted (Nmr = 3), so the formula incorrectly gave Psurv(mr) =
0.125. This will be fixed in future iterations of the algorithm.

Independent groups of breaks in a nucleus

Consider a nucleus containing one group of breaks with Nmr,1 and correspond-
ing Psurv(mr),1 and a second group of breaks with Nmr,2 and corresponding
Psurv(mr),2:

Psurv(mr),1 = 0.5Nmr,1 (1)

Psurv(mr),2 = 0.5Nmr,2 (2)
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For the cell to be viable, both groups of breaks must have a viable outcome:

Psurv(mr) = Psurv(mr),1Psurv(mr),2 (3)

= 0.5Nmr,10.5Nmr,2 (4)

= 0.5Nmr,1+Nmr,2 (5)

So Psurv(mr) is given by the same formula but using the total number of misre-
joinings in the nucleus.
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