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Opinion of the Court 


the United States Court of Appeals for the Federal Circuit. 

I 

A 


Genes form the basis for hereditary traits in living
organisms. See generally Association for Molecular Pa-
thology v. United States Patent and Trademark Office, 702 
F. Supp. 2d 181, 192–211 (SDNY 2010).  The human ge-
nome consists of approximately 22,000 genes packed into
23 pairs of chromosomes. Each gene is encoded as DNA,
which takes the shape of the familiar “double helix” 
that Doctors James Watson and Francis Crick first de-
scribed in 1953.  Each “cross-bar” in the DNA helix con-
sists of two chemically joined nucleotides.  The possible
nucleotides are adenine (A), thymine (T), cytosine (C), and
guanine (G), each of which binds naturally with another 
nucleotide: A pairs with T; C pairs with G.  The nucleotide 
cross-bars are chemically connected to a sugar-phosphate 
backbone that forms the outside framework of the DNA 
helix. Sequences of DNA nucleotides contain the infor-
mation necessary to create strings of amino acids, which 
in turn are used in the body to build proteins.  Only some
DNA nucleotides, however, code for amino acids; these 
nucleotides are known as “exons.” Nucleotides that do not 
code for amino acids, in contrast, are known as “introns.” 

Creation of proteins from DNA involves two principal
steps, known as transcription and translation.  In tran-
scription, the bonds between DNA nucleotides separate,
and the DNA helix unwinds into two single strands. A 
single strand is used as a template to create a complemen-
tary ribonucleic acid (RNA) strand.  The nucleotides on the 
DNA strand pair naturally with their counterparts, with
the exception that RNA uses the nucleotide base uracil (U) 
instead of thymine (T). Transcription results in a single
strand RNA molecule, known as pre-RNA, whose nucleo-
tides form an inverse image of the DNA strand from which 
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gether. Large changes, involving the deletion, rearrange-
ment, or duplication of hundreds or even millions of nu-
cleotides, can result in the elimination, misplacement, or 
duplication of entire genes. Some mutations are harmless, 
but others can cause disease or increase the risk of dis-
ease. As a result, the study of genetics can lead to valu- 
able medical breakthroughs. 

B 
This case involves patents filed by Myriad after it made 

one such medical breakthrough.  Myriad discovered the
precise location and sequence of what are now known as 
the BRCA1 and BRCA2 genes.  Mutations in these genes 
can dramatically increase an individual’s risk of develop-
ing breast and ovarian cancer.  The average American
woman has a 12- to 13-percent risk of developing breast
cancer, but for women with certain genetic mutations, the 
risk can range between 50 and 80 percent for breast can-
cer and between 20 and 50 percent for ovarian cancer.
Before Myriad’s discovery of the BRCA1 and BRCA2
genes, scientists knew that heredity played a role in estab-
lishing a woman’s risk of developing breast and ovarian
cancer, but they did not know which genes were associated 
with those cancers. 

Myriad identified the exact location of the BRCA1 and
BRCA2 genes on chromosomes 17 and 13. Chromosome 
17 has approximately 80 million nucleotides, and chro- 
mosome 13 has approximately 114 million. Association 
for Molecular Pathology v. United States Patent and Trade-
mark Office, 689 F. 3d 1303, 1328 (CA Fed. 2012).  Within 
those chromosomes, the BRCA1 and BRCA2 genes are 
each about 80,000 nucleotides long.  If just exons are 
counted, the BRCA1 gene is only about 5,500 nucleotides 
long; for the BRCA2 gene, that number is about 10,200. 
Ibid.  Knowledge of the location of the BRCA1 and BRCA2
genes allowed Myriad to determine their typical nucleotide 
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subsequent language Myriad explains that the location of 
the gene was unknown until Myriad found it among the
approximately eight million nucleotide pairs contained in 
a subpart of chromosome 17.  See Ibid.5  The ’473 and ’492 
patents contain similar language as well. See id., at 854, 
947. Many of Myriad’s patent descriptions simply detail
the “iterative process” of discovery by which Myriad nar-
rowed the possible locations for the gene sequences that it 
sought.6  See,  e.g., id., at 750. Myriad seeks to import 
these extensive research efforts into the §101 patent-
eligibility inquiry.  Brief for Respondents 8–10, 34. But 
extensive effort alone is insufficient to satisfy the demands 
of §101.

Nor are Myriad’s claims saved by the fact that isolating
DNA from the human genome severs chemical bonds and 
thereby creates a nonnaturally occurring molecule.  Myr-
iad’s claims are simply not expressed in terms of chemical
composition, nor do they rely in any way on the chemi-
cal changes that result from the isolation of a particular 
section of DNA. Instead, the claims understandably focus
on the genetic information encoded in the BRCA1 and 
—————— 

Notwithstanding Myriad’s repeated use of the phrase “present 
invention,” it is clear from the text of the patent that the various 
discoveries are the “invention.” 

5 “Starting from a region on the long arm of human chromosome 17 of
the human genome, 17q, which has a size estimated at about 8 million
base pairs, a region which contains a genetic locus, BRCA1, which 
causes susceptibility to cancer, including breast and ovarian cancer, 
has been identified.” Ibid. 

6 Myriad first identified groups of relatives with a history of breast 
cancer (some of whom also had developed ovarian cancer); because 
these individuals were related, scientists knew that it was more likely
that their diseases were the result of genetic predisposition rather than
other factors.  Myriad compared sections of their chromosomes, looking 
for shared genetic abnormalities not found in the general population.  It 
was that process which eventually enabled Myriad to determine where 
in the genetic sequence the BRCA1 and BRCA2 genes reside.  See, e.g., 
id., at 749, 763–775. 



  
 

 

 
 

 
  

 

 

 
  

 

 

 

 
 

  

3 Cite as: 569 U. S. ____ (2013) 

Opinion of the Court 

it was created. Pre-RNA still contains nucleotides corre-
sponding to both the exons and introns in the DNA mole-
cule. The pre-RNA is then naturally “spliced” by the 
physical removal of the introns. The resulting product is a 
strand of RNA that contains nucleotides corresponding 
only to the exons from the original DNA strand.  The 
exons-only strand is known as messenger RNA (mRNA),
which creates amino acids through translation.  In trans-
lation, cellular structures known as ribosomes read each 
set of three nucleotides, known as codons, in the mRNA. 
Each codon either tells the ribosomes which of the 20 
possible amino acids to synthesize or provides a stop 
signal that ends amino acid production. 

DNA’s informational sequences and the processes that 
create mRNA, amino acids, and proteins occur naturally 
within cells. Scientists can, however, extract DNA from 
cells using well known laboratory methods.  These meth-
ods allow scientists to isolate specific segments of DNA—
for instance, a particular gene or part of a gene—which
can then be further studied, manipulated, or used.  It is also 
possible to create DNA synthetically through processes 
similarly well known in the field of genetics.  One such 
method begins with an mRNA molecule and uses the 
natural bonding properties of nucleotides to create a new,
synthetic DNA molecule. The result is the inverse of the 
mRNA’s inverse image of the original DNA, with one
important distinction: Because the natural creation of
mRNA involves splicing that removes introns, the synthetic
DNA created from mRNA also contains only the exon 
sequences.  This synthetic DNA created in the laboratory
from mRNA is known as complementary DNA (cDNA).

Changes in the genetic sequence are called mutations. 
Mutations can be as small as the alteration of a single 
nucleotide—a change affecting only one letter in the genetic 
code. Such small-scale changes can produce an entirely 
different amino acid or can end protein production alto-
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levels. But farmers could not use the same inoculant for 
all crops, both because plants use different bacteria and
because certain bacteria inhibit each other. Id., at 129– 
130. Upon learning that several nitrogen-fixing bacteria
did not inhibit each other, however, the patent applicant 
combined them into a single inoculant and obtained a 
patent. Id., at 130. The Court held that the composition
was not patent eligible because the patent holder did not 
alter the bacteria in any way. Id., at 132 (“There is no 
way in which we could call [the bacteria mixture a product 
of invention] unless we borrowed invention from the dis-
covery of the natural principle itself ”).  His patent claim
thus fell squarely within the law of nature exception.  So 
do Myriad’s.  Myriad found the location of the BRCA1 and
BRCA2 genes, but that discovery, by itself, does not render 
the BRCA genes “new . . . composition[s] of matter,” §101, 
that are patent eligible.

Indeed, Myriad’s patent descriptions highlight the 
problem with its claims. For example, a section of the ’282
patent’s Detailed Description of the Invention indicates 
that Myriad found the location of a gene associated with
increased risk of breast cancer and identified mutations of 
that gene that increase the risk. See App. 748–749.4  In 

—————— 
4 The full relevant text of the Detailed Description of the Patent is as

follows: 
“It is a discovery of the present invention that the BRCA1 locus 

which predisposes individuals to breast cancer and ovarian cancer, is a
gene encoding a BRCA1 protein, which has been found to have no 
significant homology with known protein or DNA sequences. . . . It is a 
discovery of the present invention that mutations in the BRCA1 locus
in the germline are indicative of a predisposition to breast cancer and
ovarian cancer.  Finally, it is a discovery of the present invention that
somatic mutations in the BRCA1 locus are also associated with breast 
cancer, ovarian cancer and other cancers, which represents an indicator 
of these cancers or of the prognosis of these cancers.  The mutational 
events of the BRCA1 locus can involve deletions, insertions and point
mutations.”  App. 749. 
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BRCA2 genes. The location and order of the nucleotides 
existed in nature before Myriad found them.  Nor did Myr-
iad create or alter the genetic structure of DNA.  In-
stead, Myriad’s principal contribution was uncovering the 
precise location and genetic sequence of the BRCA1 
and BRCA2 genes within chromosomes 17 and 13. The 
question is whether this renders the genes patentable.

Myriad recognizes that our decision in Chakrabarty is 
central to this inquiry. Brief for Respondents 14, 23–27. 
In Chakrabarty, scientists added four plasmids to a bacte-
rium, which enabled it to break down various components
of crude oil. 447 U. S., at 305, and n. 1.  The Court held 
that the modified bacterium was patentable. It explained
that the patent claim was “not to a hitherto unknown 
natural phenomenon, but to a nonnaturally occurring 
manufacture or composition of matter—a product of hu-
man ingenuity ‘having a distinctive name, character [and] 
use.’ ” Id., at 309–310 (quoting Hartranft v. Wiegmann, 
121 U. S. 609, 615 (1887); alteration in original).  The 
Chakrabarty bacterium was new “with markedly different
characteristics from any found in nature,” 447 U. S., at
310, due to the additional plasmids and resultant “capac- 
ity for degrading oil.” Id., at 305, n. 1.  In this case, by 
contrast, Myriad did not create anything.  To be sure, it 
found an important and useful gene, but separating that 
gene from its surrounding genetic material is not an act of
invention.
 Groundbreaking, innovative, or even brilliant discovery 
does not by itself satisfy the §101 inquiry.  In Funk Broth-
ers Seed Co. v. Kalo Inoculant Co., 333 U. S. 127 (1948),
this Court considered a composition patent that claimed a
mixture of naturally occurring strains of bacteria that
helped leguminous plants take nitrogen from the air and 
fix it in the soil. Id., at 128–129.  The ability of the bacte-
ria to fix nitrogen was well known, and farmers commonly
“inoculated” their crops with them to improve soil nitrogen 



Token Gaze researcher Tiger: RSK doesn't have additional Coinbases like other joint
mining projects, such as Namecoin and Dogecoin.
In a word: Dogecoin is a cryptocurrencies dedicated to the true practical value of
money in English: Dogecoin English abbreviation: DOGEChinese Name: Dog Coin
Project Introduction: Dogecoin has faster block spacing and very low rates, making
Do.
consultant to rig their children's test scores and bribe coaches at sought-after
schools.
So far, the vigilance of Iran's national cryptocurrency mining strategy has not been
made public. But Iran has issued about 1,000 licenses to crypto miners across the
country, even given the green light to iMiner, a Turkish encryption miner. This is to
build a 6000 rig factory earlier this month.
Jackson, I thought about what happened recently. What do you think of the idea of
a merger? Dogecoin unfortunately uses the same mining algorithm as Litecoin. Now
our miners compete with each other. And scrypt's ASIC can make things very
confusing.
Combining mining will solve the problem. The only problem with post-merger mining is that price linkages arise
because of the different supply of the two currencies. But no matter what the price of dogecoin becomes, I think
the combined dig is the perfect solution.
2/Currently, through the combined mining of Dogecoin and other Scrypt currencies, miners receive 105% of the
block reward. Thus, 1 per cent is a reasonable proportion of the financing of public goods.
Dogecoin Core 1.8 is currently available, the latest update to the Dogecoin protocol. This mandatory update
includes some new features for the Dogecoin environment. The most controversial of these was the launch of the
AuxPoW mining. This is called a combined mining - many shibe dog-burning people.
riG, Pi , aiG. Bulk check-in performance is approximately 2 times that of separate sign-off.
( 1 ) The lower entry and the diameter of the borehole match the drilling rig combination (drill bit and the
original drilling rig combination of the drill

tool , or the sharp scraper , the armrest , the original drilling rig combination of the drill
tool . . . 127 .
mining rig has fallen as far as zero in November, down from about $150 in.
The principle of joint mining is difficult to understand, but you can understand Litecoin as
the main chain and Dogecoin as the auxiliary chain. Through a technology called Auxiliary
Proof of Work, the mining nodes are in Wright. Blocks can also be generated on Dogecoin
after the coins are generated. In this process, the mining node does not need to do any extra
work, even it does not know that it is mining Dogecoin
Digging at home now has an advantage over cloud mining. A Genesis contract would require
about $1,500 a year for MHs to be mined for a period of one year. Installing 180 or even 200
MH/ s in your home is not expensive and lasts longer. The decision on downtime also does
not depend on the mining of Genesis, but on the owner of the rig.
mining rig. A basic mining rig is made up of either six or eight 1080 TI





   
 

 

 

 

 

 
 

 
 

 

  

 

 
 
 

 
 

15 Cite as: 569 U. S. ____ (2013) 

Opinion of the Court 

BRCA2 genes.  If the patents depended upon the creation
of a unique molecule, then a would-be infringer could 
arguably avoid at least Myriad’s patent claims on entire
genes (such as claims 1 and 2 of the ’282 patent) by isolat-
ing a DNA sequence that included both the BRCA1 or 
BRCA2 gene and one additional nucleotide pair.  Such a 
molecule would not be chemically identical to the molecule 
“invented” by Myriad.  But Myriad obviously would resist
that outcome because its claim is concerned primarily with
the information contained in the genetic sequence, not 
with the specific chemical composition of a particular 
molecule. 

Finally, Myriad argues that the PTO’s past practice of 
awarding gene patents is entitled to deference, citing 
J. E. M. Ag Supply, Inc. v. Pioneer Hi-Bred Int’l, Inc., 534 
U. S. 124 (2001).  See Brief for Respondents 35–39, 49–50. 
We disagree. J. E. M. held that new plant breeds were 
eligible for utility patents under §101 notwithstanding 
separate statutes providing special protections for plants,
see 7 U. S. C. §2321 et seq. (Plant Variety Protection Act);
35 U. S. C. §§161–164 (Plant Patent Act of 1930).  After 
analyzing the text and structure of the relevant statutes, 
the Court mentioned that the Board of Patent Appeals and 
Interferences had determined that new plant breeds were
patent eligible under §101 and that Congress had recog-
nized and endorsed that position in a subsequent Patent 
Act amendment. 534 U. S., at 144–145 (citing In re Hib-
berd, 227 USPQ 443 (1985) and 35 U. S. C. §119(f)).  In 
this case, however, Congress has not endorsed the views of
the PTO in subsequent legislation. While Myriad relies on
Judge Moore’s view that Congress endorsed the PTO’s 
position in a single sentence in the Consolidated Appro-
priations Act of 2004, see Brief for Respondents 31, n. 8;
689 F. 3d, at 1346, that Act does not even mention genes,
much less isolated DNA. §634, 118 Stat. 101 (“None of the 
funds appropriated or otherwise made available under this 


