S1 General extension of the replication to N-
fragments ribozymes

One could straightforwardly extend the two-fragments to general N-fragments
system, in which N fragments of X* (i = 1,..., N) assemble to form the catalyst.
The assembly of the catalyst from the N-fragments is written as

Xi+Xo+..+ Xy —C, (1)
and the catalyst disassemble into the N-fragments as
C—X;+Xo+ ...+ Xn. (2)
Each of the fragments replicates with the aid of the catalyst C as
X +C—=2X,+C, (3)
fori=1,...,N.

The dynamics of the fragments X; and the catalyst C' are written as
dx’
dt

= (—2'2® 2N + ) +alc—a'p, (4)

and

%z(mle---xN—c)—c,u, (5)
where x! and ¢ denote the concentrations of X; and C, respectively. Here, all
the rate constants are fixed to one. In the right-hand-side of the equations,
the terms in the brackets denote the assembly (1) and the disassembly (2) of
the catalyst, and the second term in Equation (4) denotes the replication of the
fragment X (3). Each of the last terms with u represents dilution. The dilution
terms with g = (1 — Nc¢)c are introduced to fix total number of fragments as
Y@ +e)=3,2"+ Ne=1.

By adding both sides of Equations (4) and (5), one can write the dynamics
of total concentration of X' (total of free X¢ and that in the catalyst), xi,
(i=1,..,N) as

dz} : -

dttOt = (xilfot - C)C - x;ot#7

where the concentration of the free X;, z*, is written as zi,, — c. Then, for
arbitrary pair of 4 and j (¢,j = 1, ..., N), one obtains

d (i 2 ) ;
1 (jOt) = 52 (xzot - xgot) (6)
dt Lot Lot

Given that (c/ac{ot)2 is positive, this indicates that a small increase of z},, over
x],, grows so that the solution is unstable of balanced replication z} , = z7,, for
every pair of ¢ and j.



