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Reconstituting biological abilities from known molecules is a direct approach to understand sufficient
factors for biological phenomena. It also provides a novel biological system to advance biotechnology and
contributes to understanding the origin and the early evolution of life. To date, various important
biological functions were reconstituted in vitro, such as genome replication, translation of genetic
information, and dynamic boundary to encapsulate biological components. However, an artificial system
that has sufficient ability of evolution has not been achieved

Evolution is one of the most remarkable characteristics of living organisms, which has enabled them to
persist for four billion years and caused the emergence of diverse and complex species. It is believed
that through the evolution, the organisms diversified by adapting to different environments and gradually
increased their complexity by acquiring new components and genes. Therefore, a reconstituted evolutionary
ability must enable adaptation and the increase in complexity

In a previous study, a translation—coupled RNA replication (TcRR) system was constructed by
combining a translation system and an RNA genome encoding a replication enzyme. A subsequent study found
that the RNA genome self-improved the TcRR activity through repetitive replications in a cell-like
compartment, but the experiment was performed only in an optimized condition. Therefore, its ability to
adapt to various severe conditions and the possibility of becoming a more complex system are unknown. On
this basis, I investigated those potentials using the TcRR system.

In the first half of the dissertation, I examined the adaptation ability of the TcRR system. First, I
repeated the replications in a severe translation condition, reduced ribosome concentrations, and proved
that the RNA genome gradually improved the TcRR activity and accumulated mutations in the condition,
which is an evidence of adaptation. I further showed that a possible adaptation mechanism was a simple
RNA structural modification. Next, I repeated the replications in newly prepared four different
translation—impaired conditions and found that the RNA genome accumulated condition—specific mutations
and diversified toward distinct genome sequences. Taken together, I proved that the TcRR system has a
certain ability of adaptation.

In the latter half of the dissertation, I focused on the other major evolutionary phenomenon, the
increase in complexity by acquiring new cooperative replicating entities, which has been considered
unstable due to spontaneously appearing parasitic replicators that lost functional genes. By mimicking a
plausible evolutionary process, I added another replicating RNA encoding a metabolic enzyme to the TcRR
system so that two RNAs cooperatively replicate through translation of the different genes. Through a
long—term replication, I found that the increased complexity can be evolutionary sustained in a certain
range of RNA concentrations by overcoming the parasite problem, the biggest barrier for the evolution of
complexity. I also proved that the complex system kept the ability to further self—improve the
replication. Overall, a simple artificial RNA replication system has considerable evolutionary potential
to adapt to various conditions and become more complex
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K ST NLTRNAY ) LR 2T LD, kb, BHIZOWTIIE LD TH D, &
MY AT LORERJEOMIA L NTAHHWEAEEROEEIZTT ., REBRENTRNAY L2858 B
THANLY AT LZHNT, RNAY ) AOBREE G, 26, EHL 2 EBRIICHBLT 2 HiEwmo
WEZENMNELTWND,

FLIEIIFm CTH D, RFEOEREBMIZONTHERTNS,

F2E TIIANLRNAY ) MRS 2T LOREHEIGRZMEEL TWD, FIFICKLER Y R Y — L4
ZW 5 LI BRBE T30 LR 21TV . RNAY /7 A% %L (translation-coupled RNA replication
(TCRR)) V&EMEA M L4 2 KX 9 IZRNAY ) AR ELT HREBEIGHAEZ 52 L2 FEIELTWD,
oo AAEFER R 6 . TCRRIEMED M IR O ST SICERT 522 L 2B 6 LT
%

HF3ETIL, NLRNAY LS 2T L DOZIRLEIT> T D, FIsREH S Z N7 BREHK
(PUREV AT L) mb, BIDESERVTESFMETEWTEERZITV, WTOEED
TCRRIGMEN A L9208, ZOXA I TR BReDZLE2HLMNILTWDS, £72, &AM TRNA
T NCERRDERNELDHZ EERL, RNAY ) AOZR b2 ERIICHBR T 5 2 LTl LT
W5,

FAETIL, NLRNAY 2 LR 27 A OBHELZIT > T 5, RNABEREER % = — N7 Drep-
RNAIZHZ . RNAZ KR T % M dh &2 4 A NDK-RNAZ BT L7 2T LA L, = OfE#%
% ik $ 5 2 & T1501HA 2 7= - Trep-RNA & NDK-RNAZS i L THE B4 5 R ORI K D)
L7, E£7-. 150D LERICE V. rep-RNAE NDK-RNAZMAH BAREROICIEMER E L2 & %
SN LTWD,

BEE T, AP CHLNTZAAEE LD, BEIZOWTHRITND,

ZOEIIT, KX TIEALRNAY 7 2R 27 Ao (28) | kb (BE3%) | HiME
b (5B4%) ZFEBRWICHILT 2 HIEROMBEIZHRII L TWD, RERITIANTAHWEEER DK
WALB L OV EMY AT LAOEIOMIHIC SRR DRNAY 7 AT 27 LARNAY J ADJHEIG., Z4%
b, BEHEAL &2 EBRAICHEIE L 2 A CTMER H 5, L7cd > T, KigixtE £ (F@RET) o7
XELTMECH LD ERD D,
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