4 Fe ?( L B2 F] & 4 37 B Bioinformatics & Bio-Causality (BBC)
# {5 causal genes 2 f FF i & B

Trees-Juen Chuang (G #3%)

PAFPIR AT Y Py R/RR

Research fellow/Professor, Genomics Research Center, Academia Sinica

BVAPF= ’JAE \\33
B g A

Email: trees@gate.sinica.edu.tw

https://www.genomics.sinica.edu.tw/tw/chuang-trees-juen- @

December 28, 2024



_‘}_ :l’ﬂ :ﬁt .!E'. _rﬂ-ﬂe 4 J}’F § Bioinformatics & Bio-Causality (BBC)
FH R A Fl(causal genes) 2 i Bk 5 b

1. &3 7t @4

7 %148 (DNA) ~ #4752 (RNA) ~ &2 3-v
¥ (protein)

DNA e 5 B chl 1%

RNAfe 2 5 [ e 4

DNAFcRNAFF B 4

DNA - RNAfe s 7 ¥ 2B 14

N

SNl



Bioinformatics & Bio-Causality (BBC) Lab.

BATBOTIERET N BEERERR » BN % (genotype — DNA level)
FIZREH T (phenotype — molecular level) (LR VR R RBi{% -
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Human

Chimpanzesa

2 EE A
(Chimpanzee)

Banabo

Hominidae A%}

BT AR >
(Great ape)

(Bonobo)

Giorilla

~ 2R J
(Gorilla)

L2 EE BRANPKPEWE
(Orangutan)

e
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Common ancestor
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B AT Y [E+H T




LB R OE R g TR AR
D23 ARAL T FBEEE, o
(The Third Chimpanzee--Jared Diamond)
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A 3231 %4 H:1,2,...,22, X, Y
2 EMAF 24¥ %7 1:1,2,...,,23, X, Y

A K254 WAAE R EENF 12901354 ¢ B
AR BRPETFIL LT S

o4 fr 2 1238 4 DNA_} eip i B 423898% (1.23%£ £ )
Ay A PR F{r R R SATF] P E B PR

A vs. 2 & = 88%
A vs. 3t =» 60%

AT RAFIME T Y
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Nature 2005, 437: 50-51
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Hominidae AR}
(Great ape)

(FFF) ®F - %
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http://zh.wikipedia.org/wiki/Image:Ring.tailed.lemur.600pix
http://www.southcn.com/news/community/shzt/monkey/pic/200401130547_365754.jpg

1,000 Myr
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F:NAG 71 (DNA F751)):
aagtacgatatgccgagtcccatatgcgtagtcatgagc

HVOFEAZ £ (nucleotide acid) HEFI4H &K

AG,C T

A (adenine > JRIEIS )
G (guanine » EIE%)

T (thymine - HfRIELE )
C (cytosine » I )




L JFHDNAR 54 30 BA G T

CCRFypEsesa =

A (adenine » JRIEIS) T (thymine - figHgIIE )
G (guanine » EIE: ) C (cytosine > FHUELE )

DNA = nucleotide acid ({Z£7£) |

Nitrogenous base ¢

@ Phosphoric acid (%)
@ Deoxyribose (L& %iE)
® Nitrogenous base

| (EEEE)

© Purines : [ﬂ' Adenine (A, HmEns)

@ Guanine (G, & ZIEIS)

(BEHE) @ Pyrimidine : [' Cytosine (C, fIkzli)

® Thymine (T, FgiRmEIE)

% DNA sequence: A, C, G, T --- 4 letters

% RNA sequence: A, C, G, U (Uracil,

AP RATIREY P o

(U), FREELE) --- 4 letters





		 DNA sequence: A, C, G, T --- 4 letters

		 RNA sequence: A, C, G, U (Uracil, (U), 尿嘧啶) --- 4 letters



DNA  nucleotide acid (核苷酸)

Nitrogenous base

    (含氮鹽基)

		 Nitrogenous base



    (含氮鹽基)

中央研究院基因體研究中心



		 Phosphoric acid(磷酸)

		 Deoxyribose (去氧核糖)

		 Nitrogenous base



    (含氮鹽基)



		 Purines :





		 Pyrimidine :



		 Adenine (A, 腺嘌呤)

		 Guanine (G, 鳥糞嘌呤)





		 Cytosine (C, 胞嘧啶)

		 Thymine (T, 胸腺嘧啶)












seflloe; 1958

LAY AY]

T FEVERNH.LNER] (central dogma)

LEES G
Transcription Translation
—_— —_—

VAV,

mBEMNA Protein

RNA Level Protein Level

(Transcriptome)  (Proteome) = = =
#4548 (RNAR 7)) B FH (% AR 7))

Chromosome
DNA Level
(genome)
A 514 (DNAJ #1) Function

Genomics Research Center
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Inter-species distance

(FEfE A=) ~1%

Intra-species distance

(AN Z=FE): ~0.1%

Chimpanzee

Human

Genomics Research Center
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1955412 H :HIEEERFE B EHZE5 Joe Hin Tjio, A\ G231 240 2 (chromosomes)
=> i3 DNA F4la 4 fE AL i AL AES (genome)

5588 85 13 v o
NN EE

EE §4§ EE ” 35 55
YRIN T E

Ly | R MR X




RIEFEAES0FRYES ) FEATHGCHIWIR] > 158
BZTA*EEEZ#QHEI’]ﬁ??rE B TR 23
FASHI30fEEF=REA ~ G~ C ~ TR -

A %7 eDNAR 7 d 30tk (3x10°) BA~ G~ C~ THHE
il ba



-HEeRFPEE:

5 > 3
aagtacgatatgccga
ttcatgctatacggct
o .

3

5 > 3
aagtacgatatgccga
ttcatgctatacggct
o g

3




LENEL L A -

L —

*Mutation (2S§%)

Selection ()

-Genetic drift (EEREEH)

Gene flow (R E))




:T\ ﬁ (natural selection)

ﬁ # (negative selection)
B i& (positive selection)
? (i # (neutral selection)
T =% # (balancing selection): [ 412 H £ A

/{ ﬁ (artificial selection)

25
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Genetic drift (ELRJEE)

R ERY



Genetic drift (FLREE)

0000000000
CO®OO®O®O00000

0000000000
0®O®O®O®O00000



flow (ZRREN)




P
F

Genic regions
HERE
A
[ A 4

< aagtac

ccatatgcgtagtcatgagctgc
A

agctcctga

Intergenic regions

JEERE
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Fe = N s
REAEPF L Do
2 Fl% 2R § 4 RNAGE 3
A
|
% 33 (exon) I T
i~ 3 P
(intron) (intron)
A
S BT s )
- i o
(intron) (intron)

ARG 2 ER
Bl 2o 2 s
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i r~ 3 i »~ 3

(intron) (intron)

A& (genic region)
‘Exon (I + 7 NET)

v'ORF (open reading frame; E:EE &
v'UTR (untranslated region; JEEzE[T)

s

*Intron (Fr A7 N&ET)

32



d

DNA sequence: A, C, G, T --- 4 letters ,
RNA sequence: A, C, G, U -- 4 letters (%%
Amino acid sequence: --- 20 letters

EX

6448 B 7% + D204 v i ik
#RL)

First Second position Third
Position (5') U C A G  Position (39

Phe (F) Ser (S) Tyr (Y) Cys (C) U

Phe (F) Ser (S) Tyr (Y) Cys (C) C

U Leu (L) Ser (S) Stop Stop A

Leu (L) Ser (S) Stop Trp (W) G

Leu (L) Pro (P) His (H) Arg (R) U

Leu (L) Pro (P) His (H) Arg (R) C

C Leu (L) Pro (P) Gln (Q) Arg (R) A

Leu (L) Pro (P) Gln (Q) Arg (R) G

Ile (I) Thr (T) Asn (N) Ser (S) U

Ile (I) Thr (T) Asn (N) Ser (S) C

A Ile (I) Thr (T) Lys (K) Arg (R) A

Met (M) Thr (T) Lys (K) Arg (R) G

Val (V) Ala (A) Asp (D) Gly (G) U

G Val (V) Ala (A) Asp (D) Gly (G) C

Val (V) Ala (A) Glu (E) Gly (G) A

Val (V) Ala (A) Glu (E) Gly (G) G

BHAA4RIENYZHET-(codon): AUG €& =
sEgAETEREE T UAA, UAG, UGA € %

]

14

EI

ey
-0

A
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Genetic code.

d

0

EX

6478 % 7+ 2046 =4 i
(s8% R 2)

First Second position Third
Position (5") U(T) C A G Position (3)

Phe (F) Ser (S) Tyr (Y) Cys (C) U

Phe (F) Ser (S) Tyr (Y) Cys (C) C

U (T) Leu (L) Ser (S) Stop Stop A

Leu (L) Ser (S) Stop Trp (W) G

Leu (L) Pro (P) His (H) Arg (R) U

Leu (L) Pro (P) His (H) Arg (R) C

C Leu (L) Pro (P) Gln (Q) Arg (R) A

Leu (L) Pro (P) GIn (Q) Arg (R) G

Ile (I) Thr (T) Asn (N) Ser (S) U

Ile (I) Thr (T) Asn (N) Ser (S) C

A Ile (I) Thr (T) Lys (K) Arg (R) A

Met (M) Thr (T) Lys (K) Arg (R) G

Val (V) Ala (A) Asp (D) Gly (G) U

G Val (V) Ala (A) Asp (D) Gly (G) C

Val (V) Ala (A) Glu (E) Gly (G) A

Val (V) Ala (A) Glu (E) Gly (G) G

M

N S N

aagtacgafatglaatagtaacataaaagtagtcatgagctgg.......
K V.V MZS W....

35




First Second position Third

Position (5) U(T) C A G Position (3)

Phe (F) Ser (S) Tyr (Y) Cys (C) U

Phe (F) Ser (S) Tyr (Y) Cys (C) C

U (T) Leu (L) Ser (S) Stop Stop A
Leu (L) Ser (S) Stop Trp (W) G

Leu (L) Pro (P) His (H) Arg (R) U

Leu (L) Pro (P) His (H) Arg (R) C

C Leu (L) Pro (P) Gln (Q) Arg (R) A
Leu (L) Pro (P) Gln (Q) Arg (R) G

Ile (I) Thr (T) Asn (N) Ser (S) U

Ile (I) Thr (T) Asn (N) Ser (S) C

A Ile (I) Thr (T) Lys (K) Arg (R) A
Met (M) Thr (T) Lys (K Arg (R) G

Val (V) Ala (A) Asp (D) Gly (G) U

G Val (V) Ala (A) Asp (D) Gly (G) C
Val (V) Ala (A) Glu (E) Gly (G) A

Val (V) Ala (A) Glu (E) Gly (G) G
JUERZESE (silent mutation) : Z5HECEE  ([HEFEAVREARL A5 -

aagtacgatatg aatagtaacatapadqgtagtcatgagctgg......
M NSN | K VVMS W

nad

K




First Second position Third
Position (5") U(T) C A G Position (3")
Phe (F) Ser (S) Tyr (Y) Cys (C) U
Phe (F) Ser (S) Tyr (Y) Cys (C) C
U (T) Leu (L) Ser (S) Stop Stop A
Leu (L) Ser (S) Stop Trp (W) G
Leu (L) Pro (P) His (H) Arg (R) §
Leu (L) Pro (P) His (H) Arg (R) C
C Leu (L) Pro (P) Gln (Q) Arg (R) A
Leu (L) Pro (P) Gln (Q) Arg (R) G
Ile (I) Thr (T) Asn (N) Ser (S) U
Ile (I) Thr (T) Asn (N) Ser (S) C
A Ile (I) Thr (T) Lys (K) Arg (R) A
Met (M) Thr (T) Lys (K Arg (R) G
Val (V) Ala (A) Asp (D) Gly (G) U
G Val (V) Ala (A) Asp (D) Gly (G) C
Val (V) Ala (A) Glu (E) Gly (G) A
Val (V) Ala (A) Glu (E) Gly (G) G
7€ (missense mutation)  (EEAGFTHER R E RS -

aagtacgatatg aatagtaacatapaqgtagtcatgagctgg......
M NSN | K VVMS W...

aat
N




First Second position Third

Position (5") U(T) C A G Position (3)

Phe (F) Ser (S) Tyr (Y) Cys (C) U

Phe (F) Ser (S) Tyr (Y) Cys (C) C

U (T) Leu (L) Ser (S) Stop Stop A
Leu (L) Ser (S) |_Stop Trp (W) | G

Leu (L) Pro (P) His (H) Arg (R) §

Leu (L) Pro (P) His (H) Arg (R) C

C Leu (L) Pro (P) Gln (Q) Arg (R) A
Leu (L) Pro (P) GIn (Q) Arg (R) G

Ile (I) Thr (T) Asn (N) Ser (S) U

Ile (I) Thr (T) Asn (N) Ser (S) C

Ile (I) Thr (T) Lys (K) Arg (R) A

Met (M) Thr (T) Lys (K) Arg (R) G

Val (V) Ala (A) Asp (D) Gly (G) U

G Val (V) Ala (A) Asp (D) Gly (G) C
Val (V) Ala (A) Glu (E) Gly (G) A

Val (V) Ala (A) Glu (E) Gly (G) G

fEF:2¢5 (nonsense mutation ) (i R R BUEG E HE A HEER RS (RS -

aagtacgatatg aatagtaacataaaagtagtcatgagdtgatl.....
M NSN I KVVMS W....

tag

Stop codon



RBAEPHF 4 o

A (adenine > FRNEIS)
G (guanine » BN )

T (thymine - FigfRIELE )
C (cytosine - HEmgE )

A ITE R

39



REALWH L o

A (adenine - JRIZEIS )
G (guanine » EIEN%)

T (thymine - FigfRIZLE )
C (cytosine » JEMZEIE )

b
115201 E LT g B ETFE ek — B 128557

[ =



de novo mutation (7% 2 IR %)

—

[Courtesy of Science/AAAS, Poduri et al., 2013.]

Modified from Genes 2014, 5(4), 1064-1094.



Mosaicism (& 4 37 %)

[Courtesy of
Science/AAAS, Poduri et
al., 2013.]

Modified from Genes 2014, 5(4), 1064-1094.
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AF 5O BAR?

Organism

HIV 1

Influenza A virus
Bacteriophage A
Epstein Barr virus
Buchnera sp.

T. maritima

S. aureus

V. cholerae

B. subtilis

E. coli

S. cerevisiae

C. elegans

A. thaliana

D. melanogaster
F. rubripes

Z. mays

M. musculus

H. sapiens

T. gestivum (hexaploid)

# of protein-
coding genes

9
10-11
66

80

610
1,900
2,700
3,900
4,400
4,300
6,600
20,000
27,000
14,000
19,000
33,000
20,000

21,000

95,000

Genome size

10
14

49

170

640
1,900
2,900
4,000
4,200
4,600
12,000
100,000
140,000
140,000
400,000
2,300,000
2,800,000

3,200,000

16,800,000
(X 10%)

(http://book.bionumbers.org/how-many-genes-are-in-a-genome/)
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k= Uterus
B Tongue
H,‘,‘UHE Thyrrus
E=y) Testis
E=
B Stomach
A ] Spleen
WEHAR  Softtissue
/NG Small intestine

Skin

HiF1HR Prostate
ég' Placents

& PH3

PRk Pancreas
DS Ovary
LA Muscle

FLER

R4S

Marmmary gland
Lymph node
Lung

Liver

Laninx

Kidrey

Heart

Eye

N Calon
T ESE Cenix
i Birain
B Bone marow
B Bane
i Blood

Bladder

Enrichment

Uterus

Small intestine
Skin

Prostate
Placenta

Pancreas
Ovary

Muscl
Marmmary gland
Lymph node

Blood
Bladder

P R A A A R A A A A A R ST AT

0 2

Enrichment

TP53

2 2
Enrichmant

Uterus
Tongue
Thymus
Testis
Stomach
Splesn

Soft tissue
Small intestine -

Prostate
Placenta
IS

Must
Marnmary gland

Kidney
Heart

Colan
Cenix
Brain
Bone manow|
Bone

Blood

Bladder [N

[

Eniichment

Uterus.
Tongue.
Thymus.
Testis
Stomach
Spleen

Soft issue
Small ntestine
Skin

Prostate.
Placenta

NS
Pancreas.

Ovary.

Muscle
Mammary gland

Lymph node
Lung
X

AKR1C4

Blood

5 0 15 2 %
Envichment

Small intestine
Skin

Prostate
Placents

NS
Pancreas
Ovary

Mammary gland
Lymph rode

APOBEC1

Uterus
Tongue

Small intestine
Skin

Prostate
Placenta

PNS

Pancreas

Ovary

Muscle
Marnmary gland
Lymph niode
Lung

Liver

Larynx

Kidney

Heart

ye
Colon
Cenix
Brain
Bane marrow

Blood
Bladder

0
Eniichment

Skin

Bladder

Liver

Colon

POLR2A

3
Enrichment
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D
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Exp. -3 0 +3
TI/TI1.5 1.0 0.75

Zahn, Jacob M., et al. "Transcriptional profiling of aging in human muscle reveals a
common aging signature." PLoS Genet 2.7 (2006).



seflloe; 1958

LAY AY]

T FEVERNH.LNER] (central dogma)

LEES G
Transcription Translation
—_— —_—

VAV,

mBEMNA Protein

RNA Level Protein Level

(Transcriptome)  (Proteome) = = =
#4548 (RNAR 7)) B FH (% AR 7))

Chromosome
DNA Level
(genome)
A 514 (DNAJ #1) Function

Genomics Research Center
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FT7H DNA Fr3lay4afm Ui ZLRIEE (genome )

Bg %% gg BB %% 6 Fi’ﬂ@@%@“(autosomes)
575 gag E@ %9 EE EE A {E1#8 (sex chromosome)

TR
TIRIE Y 8

19 20 21 22 v

A #FADNAR 714 30tk 3x10°) BA~ G~ T~ CEHE
e L n

<\



Causative Biology (%] % 2 = &)

¢ DNA’ft’:}Zi }}'3\3 ¥ el %
¢ RNA’ft’:}Zi ]}'}\3 ¥ el %
+ DNAARNAF R
+ DNA ~ RNA{es 7 F cnBd 1%



DNA Fend B ok }!’;‘5

GWAS: Genome-Wide Association Study
P PR B A HAT

H 1 pL 7 s 1% (Single Nucleotide Polymorphism; SNP)

aagtacgatcggccga FLNA (genotype): aa, gg, ag

%] £ + (homozygous) =» aa, gg
aagtgcgattggccga  #aé+ (heterozygous) > ag

aagtacgatcggccga
aagtacgattggccga
aagtgcgatcggccga
aagtgcgattggccga



H 4 p& 7 {14 (Single Nucleotide Polymorphism; SNP)

l

aagtacgatcggccga
aagtgcgattggccga

FLRAY (genotype): cc, ct, tt

(homozygous )
(heterozygous )



H 4 p& 7 {14 (Single Nucleotide Polymorphism; SNP)

l

aagtacgaticggccga+«— HfikA (allele)

aagtgcga JCCga+— SFfirkA (allele)

FLRA (genotype): cc, ct, tt

AR -2
7 > B
fF 4] & + (homozygous ) o of S forrd EH B
-ﬂ L 3 (h ;Fl;agé‘y m”é""l&‘“%;’gﬁ
4 & eterozygous ) PR A



H 4 p& 7 {14 (Single Nucleotide Polymorphism; SNP)

l

aagtacgaticggccga+«— HfikA (allele)

aagtgcga gCCga+— FEN (allele)
LR (genotype): cc, ct, tt 100ip A £ "ﬁ ;g 1% alleles?
3] & + (homozygous ) a4 H A
£ 41 &+ (heterozygous ) 90 i E’E iy CC

3 A ARTFIA 5

Tl A 2 F13 G

ctallele frequency=? (90x2+3)/(100x2)=91.5%
=allele frequency="?
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Autism spectrum disorders (ASD)
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Coplan, James. Making sense of autistic spectrum disorders:
Create the brightest future for your child with the best treatment

options. Bantam, 2010.
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DN A'f 82 };“5 = E'hrﬁg 4 GWAS: Genome-Wide Association Study
]
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Grove et al. Nature Genetics (2019)
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Grove et al. Nature Genetics (2019)
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DNAR LR (FFREE vs. BP PR ¥)
R RLE (18,3814)
A% (27,9694 )
R 9,112,386 i > 2L

P <0.05 =>» #620,887
P<le-5=> #4,027
P <5e-8 =» #93

GWAS: Genome-Wide Association Study
A TN A f R T

Grove et al. Nature Genetics (2019)
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RNA et £ {rpi s (2 RA| 2 1)

45 ASD cases 43 CTL cases

Sum

(EHHE) ({EREE)
37 36 73

=i Frontal cortex (FC)

54 Temporal cortex (TC) 25 61

Total 61 134

RNA-seq data of post-mortem brain tissue samples from the
Synapse database: syn458609 (Nature, v540, p423, 2016)
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(intron) (intron)

R LG 2 T
B % 2 2l 3%

EH& (genic region)
*Exon (T 19N T)

v'ORF (open reading frame; &z 4 )
v'UTR (untranslated region; JEiEzE]5)

e

*Intron (/1 AT N&T) 61
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FL-circAS=> https://cosbi.ee.ncku.edu.tw/FL-circAS/

Nanopore long-read sequencing with circRNA enrichment bring an unprecedented opportunity
for investigating full-length alternatively spliced (AS) circRNA isoforms.

BSJ
Host gene BSJ, BSJ v
5112} E—{ 413 .
circRNA : i // 251
Isoform 1 I: (3] ( @ i
Isoform 2 I: il 5_3__' \\ //
Isoform 3 -_-_- Isoform 1 Isoform 2 Isoform 3

® Yu-Chen Chen, Chia-Ying Chen, Tai-Wei Chiang, Ming-Hsien Chan, Michael Hsiao, Huei-Mien Ke, Isheng Jason Tsai,
and Trees-Juen Chuang* (2023) Detecting intragenic trans-splicing events from non-co-linearly spliced junctions by
hybrid sequencing. Nucleic Acids Research, 51(15): 7777-7797.

® Tai-Wei Chiang, Song-En Jhong, Yu-Chen Chen, Chia-Ying Chen, Wei-Sheng Wu*, Trees-Juen Chuang* (2024) FL-
circAS: an integrative resource and analysis for full-length sequences and alternative splicing of circular RNAs with
nanopore sequencing. Nucleic Acids Research, 52: D115-D123.
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A linear mixed effects (LME) model with controlling for sex, age, brain region
(PC or TC), RNA quality (RIN), host gene expression, sequencing batch, and

brain bank batch (P71 ~ % ~ f&l&E ~ EFranE ~ ©RFEAL ~ HAKIR. ...

—
1

o

Log, (fold change)

1
N
1

1
—
1

» Upregulated circRNA ({£ i B % (5 5005 H)
Non-DE-circRNA

1 ®Downregulated circRNA (EQF%E%@%%?EE@%EI)

0 25 50 75 100 (%)

Percentile rank of mean expression level (high 2 low)

DE-circRNA (60)
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134 cortex samples

A

38% (29 ASD/76) 76% (44 Asp/ss) » P < (. 0001

I 1] ITTT_'TII i

Brain region SIS | BBl (SISSIISIRRIN | NN EEECEE RN NN NN
Age mamaimammmmmlmmnlmlEaimmllmmlmmmmlmammllml ] oo ] o[ o o o o

RIN IiI]BI!EI]E]EI]I]IMI]I']EEEEHBEH[lﬂﬁﬁﬂllﬂﬂﬁﬂlﬂﬁﬂﬂﬂﬁIIHHIJHEEI’IIEIJHEIiI!IIEIHEI]llﬂIlIII!I]I]I!I]l]BE]EEEliEEJEI]EElllmEIEIEIEIIEﬂlﬂﬂl]ﬂl]['l’.‘.lﬂ!illﬂI!I]IﬂIillllﬂHHEEHEEEEBINEEEHHEHEE CT L

- ol o sl ot ] ol

ASD

Diagnosis

u n u
"N | Diagnosis
- | M 5o
- L_on
n Age

| Y

2

u BrainBank

| f
| n i n PMI

3
[N

| i
5 ) 0 2 5

Scaled expression level

E
<

Brain
region

TC

M e

Sex
[
Y

RIN

| B

" "B
)



RNA{r# J e T

60 DE-circRNAs in ASD &CTL

® ASD @ CTL
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Autism

Lenti-virus
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Metamorph analysis of neurite
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(intron) (intron)

R LG 2 T
B % 2 2l 3%

EH& (genic region)
*Exon (T 19N T)

v'ORF (open reading frame; &z 4 )
v'UTR (untranslated region; JEiEzE]5)

e

*Intron (40 AF; N&T) 68
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X
AA AG GG

7 F13]
¥ H L 7 i £ (Single Nucleotide Polymorphism; SNP)
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ASD (59R; REE)

GWAS: Genome-Wide
Association Study
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Causative Biology (F]% 2 $# §)

SNP /" _~miRNA (#RNA)
DNA
( = c1rcRNA (¥4 RNA)
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Autism
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NC
B si-circARID1A
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[l miR-204-3p + p-circARID1A
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/" miRNA (#RNA)
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Yen-Ju Chen, Chia-Ying Chen, Te-Lun Mai, Chih-Fan Chuang, Yu-Chen Chen, Sachin Kumar Gupta, Laising Yen, Yi-Da
Wang, and Trees-Juen Chuang* (2020) Genome-wide, integrative analysis of circular RNA dysregulation and the
corresponding circular RNA-microRNA-mRNA regulatory axes in autism. Genome Research, 30(3): 375-391.
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