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Table 1 The binding of APA sequence regulatory elements with trans—acting proteins
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Fig. 2 The sequence regulatory elements of APA in the 3' UTR
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B CPA S SRS HERUIDT B b 3, FEit it FE v,
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Fig. 3 The process of APA
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APA (WAL, JF R BUEANE &5 BB i s
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APA [ 575 Fe kA 5 Lo g 4 it v 5 g 114
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CPSF1 I PABPN 25 X 19 T 10 vl BB IR YT
SR VR FE SR W o ROk I 58 1T LA atE— R R
APA FALEAR R 2B SE P Ve, IR A BE AT
APA HUF T BGYY FBE, DR IR 7 &
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TEO MR A0, APA X0 I & & FILEE G
i R R S R A B R . Cao 5 Y
ZEIRT APA 160 IE & B L 1A B P 19 AR P2
VB K AE G T N o RO BER B AR BY
B, FRa B APA ARV g A AR R IA
B, BRI O IE R A B 2 CEE, 1F
O I B B & R it R v, APA F R B vT B
SECL WA S R e, D5 | & s B
DEEIE, AT R —BRER, R AN IEAERE
pre-mRNA HE ] M, DAY 1O LA 50 38 DA Y
S APA R . X SE SRS A H] T RNA 4 A1
CRISPR-Cas9 54 AR, i~y APA$244E T T
Ho Ealk ek, nl LUK B bR P i e 2R R (1 36
ik, WA B H APA B, NI BER YT o
B O I o BEAh, T RNA BIREHIRIT I,
W mRNA RET, C 4R T HARIR T A A
PRI T o X EEHEOR RIS FH 0 M AR 1)
BIT, I REIRTT FBARL TR R .

TR APA 7.0 IE & & B e, T A
SR U IV IR YT S S AR TR TR0,
LT RNATRYT R & e

Singh %8 " K, W& F 2 R\ITR I
(intronic polyadenylation, IPA) 7EIE%# AJSH 4
Ji e ek, I H IR AR A i 240 i Y 7 v
WERRRRRE . SR, TERMEIRE T, TPARYRIA
B IS5, Han T AR R S e oA e v i
ZAEH . Devany 55 2% K3, IPA L30T 53K
20 it SR IR B 1 p21 (CDKINTA) i J 28 S Aa A
(77 o SRR AR S R A A 7 A S e L T R 2
JitLJE R T RE . R, #5068 mRNA S04 14 i
N CDKNIA7EUVC (A CPK) FFH
DNA $5i 1310 1 3979 (1] 4 98 P LA B AL T — o il 1R
filo BLAN, IPA 5 R 0 & A & % DA G
Zhao % " P, — U6 IPA B 25 A8 b 7E hgg R A v
T Bk, XRTRES AL DRE, W
IPA ALY TSCT B 7= AR BT A 1, DA 2% 25410
il mTOR {55 A AE 1 . Rl X TPA 2R AT REAN
PHEEHLEI R T, V) EIT & 588
IPA AN T H, DMRIEZ SR A 5T 8

3 APARJIEZI

AR mRLE T, P B EENEH
w0, HORJRACR MR #E T APA Y. R
RGN AR T RIKFIIF % (expressed sequence
tags, EST). IR %41 (bulk RNA-seq) . HLf
fi%% %20 (scRNA-seq) . K544 (full-length
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Full-length transcriptome  AEMSIR AL A K FA(E B, MITE AT, 235 2 APATEAR KR AN for B (63681
Spatial transcriptome  BE57E 4% 18] 73 #F 2 FIR U4 BUAR B oP (S S A RIAPA A, AWF A % B AR A AEMLIR A T et Rk ()

3.1 EFRIEFIFRZINIINAPAEH
EST & —Fhii i 5 A1 7B cDNA JE H () S 7
HIBREAR AL SR Tk, il P AR 2

AT 225 3T BST H AR APA,  HIE AR J5 3 2 )
H EST ¥ %1 5 3 H 4 91 19 22 515 51 APA 44,
I b O ¥ 1 S B R T E A M X EST 2 51 R AT B2
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MPEE, LIRS 588 (1 mRNA JE 51 B0 =
G a ERHEE K, ESTHEPAE T KEK
cDNA F3lbR%s, i T 23RN ERARGEE,
DRI R DA T A 4 5 DR 2 Y AU 6 IR A APA =
. b KL FEAR LR, APA 1 S8— L™
H: ZAANA] ) mRNA 55 A%, il i EST #ds st
AT LA X BEFE D (AN [R) PAS, HETTT #8715 APA 45
TR, kB BB s N I 2R
Ko o FHBNILHZERI TR, FIFH EST Al LATE HERf b
T I R A 2548, A5G UTR A9 B8 0 4 5 [X s 114
. d. W)™, EST R B SEAE BT LT
N[y o F2H A 25 BBy APA o0 i, BB
Y e ATYUE, EST A 3 A B AT
DA Ay At o e B s i e Feb 7, A BT
S5 UFE APA 4RI B

SR, JET EST 19 APA iR 51 )7 vt £ 7F — 2
JRIBRPE B2 e, EST IR ARA B 18 B RiC%
T % g R o 2t 4 5 TR A — SR R, XS]
KRR APA SR A ERG . Hok, EST £ids
A R R /NI T BE S 0 APA 34 ) 78 35 A4y
HER R T SOMGX e, TR e 1
AR My k. B, T 30 A I
AR, R AT mRNA 1 395, SRR
B E R AL T MY 4> FiFHE . Shepard 55
FEE T —Fh 3T VR BEM P 14 ) 1% PAS-Seq, FHT1E
BSR40 M RNA Z RIRIFER 1L, AU
W L 3k TS /N BUEST 098 5 B £ 1)
PAS, i HiA kil 2] 4 J5) APA 1% B sl 8454k .
32 ETRFERAIRIIAPA

BT bulk RNA-seq %5 72 APA i AAITHE4E T —
MR A T APA F5 440 19 J7 ¥k B9 7£ bulk
RNA-seq % & APA 1Y | Il 52 5 [ Be E 2 A5 a0 T
IR a WEEREAS; b, MNP SCPEMEE, G MRl
AR SRR I I R 3 R T s e
J¥, i ad Mumina %5 & & 077 & 58, 36758
FASTQ# 20 (1 JF B I PP Bd . I 4EK, A-seq .
3P-seq 7 . 3'READS "™ | PAS-seq ™ #l PolyA-
seq [0 2 B HE ] T E RNA 43 35 )5 41 14 /85 38
TP AR O ARIE . A-seq H AR J&—Fhid 1o % 2%
1 e 7% 81 ) RNA 43 F 31, IR B i 5%
PCREEA N 18 e S AR i P AN J 155 3P-Seq
ARG A= AR IC RNA 201 3" A B R FE AT, & 4R
JEF , #F9E RNA K& ; 3'READS 45 AR 38 i
4L RNA 73 ¥ 3 i A T im il U7 ;. PAS-seq HEAR

1 T 20 HT mRNA 3' 35 poly(A) /5 5 Fil K & ;
PolyA-seq i A i & 4 poly(A)FE RNA 43 F, 43#r
Il S 3" ARAE F poly(A) B84k, 33k BB AR g 52
5 e APA ST HNERAL T Z ROk . 76 il
GRS B, B HTSeq. featureCounts
S5 T H X B DRGSR AT RaB e i, 2
APA R Hr e gt L ab B . &, A
PolyAMiner-Bulk . APATrap. QAPA %555 1k i %
EAPA S (£3),

PolyAMiner-Bulk . APATrap . QAPA.
Aptardi. IPAFinder Fl TAPAS % J7 12 F F A ] f
5 & T bulk RNA-seq % 45 ¥ 7] Fl & 1k PAS,
PolyAMiner-Bulk i i:f 7 F %% 2] 15 £ C/PAS-BERT
PR T — IR A3 BT bulk RNA-seq S35 4,
JEICH A A SRR SE . JFREAZ 7% APA 1)
AL BT BRSO IRME S A B R
AR m R, I AN e LRl T
T ACHE TR . APATrap. QAPA Fil Aptardi I 5T
T P AN i APA F44, AT LL#E 1431 RNA-
seq BRI PAS, X2 T HAEREA R M40 #r
1 APA TN 7 T R T R 4F R RE
IPAFinder /N — 808 0 T H., BARAE LIS
e KD, HERFRERHET APA 58T THK
P & RN AC B . TAPAS PR 78 56 v i) 3k, o
PRI AZ BN OCHE, EHREHENTH M bulk RNA-seq
BErh o PAS, 5HAB AL, TAPAS 7EHELE
TEOLT (5N 2E>] . SIS . XL
Sy BREAR DL KO Bt I O A5 ) o
1o AR AN AT S

Jonnakuti % “*' fifi H PolyAMiner-Bulk & 7~ T
ff J2 S s B2 TR 4SBT Y APA h 002, IR %
PR HEIN ) 22 50k APA L ISR AN A B
HE, I ER G APA MERGTE S . (R A — s
AL WNTERETORE . SRS AT R
WHPESR A Ye S ) JF & T APATrap friki, JFAR
i TR LA S NS FIHEL R ST 1) RN A-seq £
PEEE) APA RS . 1813 5 ChangePoint 1 DaPars %
AT g, IEB T APAtrap i AL HoA
BRELI A48 . APATrap 7E IR BT (4 PAS Tl i
FERAE RIS, AT Ve PAS, It
Ab, I8 AT LK I R4y 8 e R R 2 BT ) 8D X
B, R H AR BB TE R SRR TR, W e
FEEEALM . BT, IR T T SR
AR . QAPA 3T RNA-seq B /) 2 1t APA 5
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Fig. 4 The workflow of identifying APA with DaPars
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Table 5 The methods for identifying APA based on full-length transcriptomes
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Abstract With the rapid development of sequencing technologies, the detection of alternative polyadenylation
(APA) in mammals has become more precise. APA precisely regulates gene expression by altering the length and
position of the poly(A) tail, and is involved in various biological processes such as disease occurrence and
embryonic development. The research on APA in mammals mainly focuses on the following aspects:
(1) identifying APA based on transcriptome data and elucidating their characteristics; (2) investigating the
relationship between APA and gene expression regulation to reveal its important role in life regulation;
(3) exploring the intrinsic connections between APA and disease occurrence, embryonic development,
differentiation, and other life processes to provide new perspectives and methods for disease diagnosis and
treatment, as well as uncovering embryonic development regulatory mechanisms. In this review, the classification,
mechanisms and functions of APA were elaborated in detail and the methods for APA identifying and APA data
resources based on various transcriptome data were systematically summarized. Moreover, we epitomized and
provided an outlook on research on APA, emphasizing the role of sequencing technologies in driving studies on
APA in mammals. In the future, with the further development of sequencing technology, the regulatory

mechanisms of APA in mammals will become clearer.
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