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Dr. Svante Pääbo

Professor Emeritus, Massachusetts Institute of Technology

Professor, Max Planck Institute for Evolutionary Anthropology

USA

Sweden

Eligible Field: “Electronics, Information, Communication”

Eligible Field: “Life Science”

Pioneering contribution to information
and coding theory

Pioneering contributions to paleoanthropology
through decoding ancient human genome sequences

From general communication devices such as TVs, personal
computers and mobile phones to cutting-edge researches utilizing
big-data, such as particle physics and astronomy, digital
information communication is one of the fundamental
technologies that support today's society. However, when
performing data communication, errors can occur due to external
noise, and for many years, a lot of research was conducted on
developing detection and correction schemes for such errors.
Among them, LDPC codes (Low-Density Parity-Check
Codes), invented by Prof. Robert G. Gallager, is an extremely
reliable and practical scheme.
Starting with its adoption in the fifth-generation mobile
communication system (5G), LDPC codes are expected to
support the coming generations of high-speed and large-capacity
communications.

Where did we humans come from?
Elucidating “the origin and evolution of modern humans” is
one of the biggest challenges in paleoanthropology. Traditionally,
the evolution and classification of humans had been approached
by analyzing the shape of excavated bone and teeth fossils.
However, from the mid-1980s, Dr. Svante Pääbo adopted the
“genetic approach” , which involves extracting and analyzing
DNA, and made series of discoveries that have enabled us to
understand modern human evolution at much greater depth.
In particular, the DNA analysis of Neanderthals revealed that
the ancestors of modern humans interbred with Neanderthals.
Furthermore, the DNA from a fossilized bone fragment excavated
from the Denisova cave in Russia revealed the existence of a
previously unknown species of humans called the Denisovans.
By analyzing the DNA of ancient humans, Dr. Pääbo has shed
new light on the fundamental question of where modern humans
came from.

The creation of the Japan Prize was motivated by the Japanese
government's desire to "express gratitude to international society by
establishing a prestigious international award in the fields of science and
technology". Supported by numerous donations, the Japan Prize was
established in 1983 with a cabinet endorsement.
The Japan Prize honors those who have made significant achievements that
contribute to the peace and prosperity of mankind, based not only on
contributions to the advancement of science and technology but also on social

contributions to our lives.
The award covers all fields of science and technology and takes into
consideration the developments in science and technology. Every year, the
foundation designates two fields for the award presentation.
One award is given for each field as a general rule. Each laureate receives
a certificate of merit and a prize medal. A cash prize of 50 million yen is also
presented to each prize category.
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Errors in digital data communication are inevitable due to noise
LDPC codes is a key technology that supports high speed,
high capacity, high reliable, and low power data communication
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Dr. Pääbo hypothesized that analysis of mitochondrial DNA alone
was not enough to unravel the mysteries of modern human evolution.
Beginning in the 2000s, a next-generation sequencer capable of simultaneously sequencing large quantities of DNA became available. In 2010,
it was used to sequence the entire Neanderthal nuclear DNA for the
first time in the world. He analyzed large quantities of DNA fragments,
Errors can be detected and corrected
by devising the transmitting data
Communication
Figure
3 Achievements (2): Analysis
of nuclear DNA (2010)
Transmitting
data

0 1

Coding

0 1 0 1 0 1

Nucleus

channel
(Wireless/Wired)

1 1 0 1 0 1 Decoding

Figure 4 Sign

The ancestors of
humans who cam
Africa between 6
70,000 years ago
thought to have i
with Neandertha
already inhabited
Received
Middle East arou
data
years ago.
0 1

The difficulty of studying ancient DNA is that DNA, the blueprint
of life, breaks down and becomes fragmented over time, therefore, it is
difficult to obtain enoughNoise
quantity required for proper analysis. In order
Noise
to increase the small number of DNA fragments, Dr. Pääbo employed
a newly developed DNA amplification method called the "Polymerase
reaction"
(PCR).ofThere
however,
limitation
this method.
Figure 2chain
A simple
example
usingwas,
parity
checksa to
correcttoerrors
Next-generation
Modern DNA contaminated by airborne dust or human sweat could be
sequencer
Using the method of grouping and checking data
mistakenly be amplified if the sequence was similar to ancient human
DNA. Because the handling of ancient DNA requires great care, Dr.
Noise
Pääbo devised new research methods, including a new method of DNA
100101011
100111011100010 Nuclear DNA, the blueprint
100101011
extraction and the use100101011100010
of a cleanroom.
Realizing
both
highthereliability
of
Simultaneous
analysis
Determining
life, breaks down
and
and splicing of large
approximately 3 billion
Transmission
Decoding
In 1997,Coding
a portion of Neanderthal mitochondrial
DNA was first
becomes fragmented over
amounts ofand
DNA eﬃciency
nucleotide sequences of
time. Check
fragments.
nuclear DNA
Check DNA. Mitochondria
Group entire
Group
Group
Group
Group
Group
sequenced, followed by the
mitochondrial
are
④
⑤
⑥
④
⑤
⑥
symbol
symbol
(1) Use a large overall block length
a
type
of
organelle
that
has
DNA
different
from
that
of
the
Group
Group nucleus.
（ok）
1
1
0
0
1
0
0
1
1
0
0
①
①
Ancient
DNA fragments are like pieces of a torn-up document. By the
randomly
chosen groups in
Mitochondrial
DNA is 1only 16,000
base
pairs
long and
Group
Group can easily be
same
analogy, the 3 billion base pairs longwith
nuclear
DNA, is the
0（error）
1
0
1
0
0
1
1
1
1
②
②
ofofhorizontal
and vertical
equivalent to a collection of books. A largeplace
number
DNA fragments
obtained in large Group
quantities because a single cell alone Group
contains several
0（ok）
0
1
1
0
1
1
0
0
1
1
③
③
were
analyzed and fitted together using next-generation
sequencers to
groups
thousand of them.Check
The sequence was able to be determined
using
the
PCR
Check
0
1
0
restore the reconstruct book collection.
0
1
0
（error）
（ok）
symbol
symbol
method and the DNA
analysis technology that was available
at （ok）
the time.
(2) Achieve simple decoding by using
A check symbol is attached to each of
Create vertical and
If there is an error in the received
Correcting the errors
groups of small size (low density)
the vertical and horizontal groups.
horizontal groups by
data, the check symbols will not
and decoding restores
separating the data
into rows and columns

If the count of "1"s in a group is an
even number, the check symbol is set

match the data.
The ﬁfth "1" is incorrect because the

the original data.

row or column is odd and is 0 otherwise. Then if an error occurs in
transmission in a particular row and column, the check digit for that
column and row would indicate the location of the error, and it could
be corrected.
Much research in the 1950's was devoted to improving this approach,
including the Hamming codes, the BCH codes, the RS codes, and
LDPC codes. All these schemes replace the rows and columns of data
above with an arbitrary collection of subsets of data. A parity check is
then appended to each subset and errors are corrected according to the
parity check digits which have the wrong parity after transmission.
In the LDPC codes invented by Prof. Gallager, the overall block of
data was chosen to be very large, but each of the above subsets were
chosen to be quite small, a choice made to simplify the implementation
of error correction. He showed that these subsets could be kept at a
fixed small size while increasing the length of the overall block so as
to approach channel capacity with highly reliable transmission.
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LDPC codes became mainstream after 2000
LDPC codes were proposed by Prof. Gallager during the 1960s.
However, because processing capability of computers were limited at
that time, his ideas were neglected for the next 30 years.
From the 1990s, computer processing capability rapidly enhanced,
and research into its practical implementation became active. In 1998, it
was proven to be the most theoretically superior scheme, and its adoption
into the large-capacity information communication systems advanced
drastically.
Since the 2000s, LDPC codes have been rapidly adopted in digital communication systems and digital storage systems. These include digital TV
satellite broadcasting, 10 Gigabit Ethernet, WiMAX high-speed data communication, and the 5th generation mobile communication system (5G),
as well as hard disks and solid-state drives. It has become an extremely
important basic technology that supports our modern digital society.
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breakthroughs, such as new discoveries or the development of innovative technologies on the "prevention", "diagnosis", "treatment" or "prognosis" of
diseases, thereby contributing towards the health and well-being of humankind.
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