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Supplementary  Method 

 Pattern genes are identified from eight human transcriptome datasets using “SPM” method, 

which also described in our previous work[1]. “SPM” method includes three statistical 

parameters: SPM, DPM and CTM. They are described briefly below： 

First, each gene expression profile is transformed into a vector X: 

1( )1 2 i n n, ,..., ,..., ,X x x x x x   [n is the number of samples in the profile]  

Similarly, a vector Xi can be generated to represent the gene expression in sample (condition) i: 

(0 0 0 0)i iX , ,...,x ,..., ,         

SPM ：Specificity Measure 

SPM is the cosine value of the intersection angle  between vectors Xi and X in high dimensional 

feature space, which measures the specificity of a gene’s expression in a designated sample.  
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So a gene expression profile (X) can be converted to a corresponding SPM profile (XSPM): 

1( )SPM 1 2 i n nX SPM ,SPM ,...,SPM ,...,SPM ,SPM   

DPM : Dispersion Measure 

DPM is the standard deviation in unitary form based on the transformed SPM profile: 

2( )

1

1

n
SPM SPM

i
iDPM n

n


 


      [ SPM  is the mean value of SPMs in a gene expression profile]  

CTM : Contribution Measure 

CTM measures the enrichment of gene expression levels in several samples: 

2

1

k i

k

i

CTM SPM



          [k is the number of selected samples, 2≤k≤6]                       

Pattern genes can be defined and evaluated using the three statistical parameters defined above 

(SPM, DPM, and CTM) alone or in combination: 

Housekeeping gene : DPM < 0.3 

Selective gene : 2  k  6, SPMi (1 to k) > 0.3, and CTMk > 0.9 

Specific gene : SPM > 0.9 

 

References 

1.Pan, J. B. et al. PaGenBase: a pattern gene database for the global and dynamic 

understanding of gene function. PloS one 8, e80747, doi:10.1371/journal.pone.0080747 (2013). 



anatomical structure development
biological regulation
cell communication

cellular response to stimulus
developmental process

localization
multicellular organismal development

multicellular organismal process
positive regulation of biological process

regulation of biological process
response to stimulus

signal transduction
signaling

single organism signaling
single−multicellular organism process

single−organism cellular process
single−organism developmental process

single−organism metabolic process
single−organism process

system development
cell periphery

cytoplasm
cytoplasmic part

cytosol
extracellular membrane−bounded organelle

extracellular organelle
extracellular region

extracellular region part
extracellular space

extracellular vesicular exosome
integral component of membrane

integral component of plasma membrane
intrinsic component of membrane

intrinsic component of plasma membrane
membrane

membrane part
membrane−bounded vesicle

plasma membrane
plasma membrane part

vesicle
anion binding

calcium ion binding
carbohydrate derivative binding

cation transmembrane transporter activity
channel activity

cytoskeletal protein binding
identical protein binding

ion transmembrane transporter activity
lipid binding

passive transmembrane transporter activity
protein binding

protein complex binding
protein dimerization activity

receptor activity
receptor binding

structural molecule activity
substrate−specific transmembrane transporter activity

substrate−specific transporter activity
transmembrane transporter activity

transporter activity

0 25 50 75 100
%SE Genes

V3
MF

CC

BP

anatomical structure development
cell communication

cellular response to stimulus
developmental process

establishment of localization
localization

multicellular organismal development
multicellular organismal process

response to chemical
response to stimulus

signal transduction
signaling

single organism signaling
single−multicellular organism process

single−organism cellular process
single−organism developmental process

single−organism metabolic process
single−organism process

system development
transport

cell periphery
cell projection

cell projection part
cell surface

cytoplasmic membrane−bounded vesicle
cytoplasmic vesicle
extracellular matrix
extracellular region

extracellular region part
extracellular space

integral component of plasma membrane
intrinsic component of plasma membrane

membrane part
membrane region

membrane−bounded vesicle
neuron part

plasma membrane
plasma membrane part

plasma membrane region
vesicle

calcium ion binding
cation transmembrane transporter activity

cytoskeletal protein binding
enzyme regulator activity

hydrolase activity
identical protein binding

ion transmembrane transporter activity
lipid binding

oxidoreductase activity
peptidase activity

peptidase activity, acting on L−amino acid peptides
protein complex binding

protein dimerization activity
protein homodimerization activity

receptor binding
structural molecule activity

substrate−specific transmembrane transporter activity
substrate−specific transporter activity

transmembrane transporter activity
transporter activity

0 25 50 75 100
%SP Genes

V3
MF

CC

BP

cellular aromatic compound metabolic process
cellular macromolecule localization

cellular macromolecule metabolic process
cellular metabolic process

cellular protein metabolic process
gene expression

heterocycle metabolic process
macromolecule catabolic process

macromolecule metabolic process
macromolecule modification

metabolic process
mRNA metabolic process

mRNA processing
nucleic acid metabolic process

nucleobase−containing compound metabolic process
organic substance metabolic process

primary metabolic process
protein metabolic process

RNA metabolic process
RNA processing

cytoplasm
cytoplasmic part

intracellular
intracellular membrane−bounded organelle

intracellular non−membrane−bounded organelle
intracellular organelle

intracellular organelle lumen
intracellular organelle part

intracellular part
macromolecular complex

membrane−bounded organelle
membrane−enclosed lumen

non−membrane−bounded organelle
nuclear lumen

nuclear part
nucleus

organelle
organelle lumen

organelle part
protein complex

acid−amino acid ligase activity
ATP−dependent helicase activity

binding
dolichyl−phosphate−mannose−protein mannosyltransferase activity

endoplasmic reticulum signal peptide binding
GPI−anchor transamidase activity

heterocyclic compound binding
ligase activity

ligase activity, forming carbon−nitrogen bonds
N6−methyladenosine−containing RNA binding

nucleic acid binding
organic cyclic compound binding

poly(A) RNA binding
purine NTP−dependent helicase activity

RNA binding
selenium binding

small conjugating protein ligase activity
structural constituent of ribosome

translation factor activity, nucleic acid binding
translation initiation factor activity

0 25 50 75 100
%HK Genes

V3
MF

CC

BP

a b c

Supplementary Figure S1. Gene ontology enrichment of pattern genes.
(a) Housekeeping genes (HK). (b) Specific genes (SP). (c) Selective genes (SE). The Go 
Term were sorted in alphabetical order.

Supplementary Figure S1. Gene ontology enrichment of pattern genes.
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Supplementary Figure S2. Organ clustering on six selective datasets. 
The dataset name and the number of genes (in brackets) that used to make organ cluster 
were given under each cluster. (a), (c) and (e) used all organs/tissues in the datasets for 
clustering. (b), (d) and (f) used 6 common organs (heart, kidney, liver, lung, ovary and testis) for 
clustering. (a) and (b) were clustered upon genome wide gene co-expression. (c) and (d) were 
clustered upon feature gene co-expression after principle component analysis (PCA). (e) 
and (f) were clustered upon selective genes.

Supplementary Figure S2. Organ clustering on six selective datasets. 



Supplementary Table S1. Datasets involved in this study.
Dataset PubMed ID Title Type 

BIOGPS_U133AGNF1HA 15075390 Tissues of various types Tissue 

GDS1096 15950434 Normal tissues of various types Tissue 

GDS181_TISSUE 11904358 Large-scale analysis of the human transcriptome (HG-U95A) Tissue 

GSE30611 N.A. [E-MTAB-513] Illumina Human Body Map 2.0 Project Tissue 

GDS3113 19014478 Various normal tissues Tissue 

RNASEQ 22345621 RNA-Seq gene expression profiles of 15 tissues Tissue 

GDS1835 15113400 Various cell lines and Universal Reference RNA (II) Cell 

BIOGPS_U133AGNF1HB 15075390 Cells of various types Cell 



Supplementary Table S3. Identification of cell-specific genes and 
its comparison with organ-specific genes.

Cell Type Cell-specific Gene Organ-specific Gene Dataset 

Brain Cell 65 0 GDS1835 

Breast cell 53 0 GDS1835 

Liver Cell 77 24 GDS1835 

Testis Cell 22 1 GDS1835 

Testis Germ Cell 77 25 BIOGPS_U133AGNF1HB 

Testis Leydig Cell 9 4 BIOGPS_U133AGNF1HB 

Testis Germ-Leydig Cell 195 81 BIOGPS_U133AGNF1HB 
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