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Abstract  AS (alternative splicing) achieves the diversity of most proteins in eukaryotes by producing mul-
tiple different protein isoforms from a single gene, adding an additional regulatory layer for gene expression. Up to
95% of human genes can be spliced to produce multiple proteins with different functions. In addition, about 15% of
human genetic diseases and cancers are associated with alternative splicing. The regulation of alternative splicing
is a delicated set of interactive mechanisms that assist important biological processes such as cell development and
differentiation. In recent years, development of high-throughput sequencing drives research on alternative splicing
in the field of tissue-specific gene expression. However, it is still challenging to combine both technologies. The
application of high-throughput sequencing in alternative splicing is summerized in this review, moreover this study
analyze the problems existing in this technology for giving solutions, which provide new strategies and ideas to
promote the development of this field.
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wA RN TERT RN, ASSIRIEE FH
AR B R XWASHIR AR, AT AN 5E
FATH mRNAKS J% 1 b FR ML O 2R, A B0 T
AT 59 EOW HLER AT R BY BAR O (K ¥ 77 T
Jridie RIS tAT RT3t — 20 B W2 M IR R A A 2R
BELAZR, 0T 20 M - 2 55 S oA LA R BR AR, X
S ST ANTR] B0 T 20 M 2R R EL L S0 PR B AT LR A
fH.

1 AJEEE
1.1 ASHA%E

ERBNETH5ETHRN, E xRS,
W& 75 AN T2 M8 3 R 19 220 75 2277 4k fR B R
HMBRGERD) . — AR AR A AN ST
HRAE V)BT R B B A A R, X ETET UE T4
%Y B $2 (constitutive splicing)(Fd1). ASH 2 Y BY
B2 X AE T B 2 T B B mRNA L 4
ASTEE— B R B RIEE, B mRNA) &5 1]
15 B AL 5 AT AR RNAR 73 40 & /s 5 1
B, MM & E B AE P Ak b AR A Ak, DALtk
ASHE R Z AR E 1 AR IRy d =
U, AR B A B 22 R, TS TR AS 2K
RED. 2 5ASIK LA AW 2 R )4 5 2K )
() B [ FH 0 40 e I A A 2 0 Y, T iX —

LR AT AT S 0 0T B E50IE 40 M T i 1 B EL AN
P R

BeAb, S A AR — B B T 4 A R
AT JE A A/ T R A B R AR FRR
RNA(circRNA)(El1). W70 & I, ASSE A circRNA
(1 7= A2 AR v b 8 A7 7R, B BRI R X AN
[f1] 1) 2% 6] 5E A7, 7] I cireRNA I AS 2 B Y 41 2k
B BRE R REEX, 2508 R 7 AF T
mRNA ) BY £z [ -, 1X & B circRNAASH] fE 52 F
5 myLE A F @l ER . H AT, circRNA#E &
AT LLE 9 miRNA M RNA %S 44 [ (RNA-binding
protein, RBP)&E [ G i & & W) NI 2 5 2L R 3R 1A
ECRE (AL Y/BL IS SO hEs B YNty Pl o i R
PEF, £ 20T LIl i A4 T 18 1 25 44 1R B 128 (cap-
independent translation) ™2k £ KB & H 724
1.2 AS BIThEEIRIE

IR Z I By B A7 £ T DNAJF 51| i AS,
AV AT E NS TS BRI I A s R
BRI A K 3V BY $ A3 a5 1 Ui B 4 S A a5 R R e e
Wo BEAb, SRR EE T AR IR T A
AT AR Sy BY e 0 7 5Bk 7, 5 e BT B T
VE R SRARBE Bt 4 7B e . AEARFHLRRF
(AN TR B B, ASTE I T 72 FIRNA-ZE [ AH B H it
TR, I SR S e A ) AR 2 S, A

F=1 ASHIZER

Table 1 Types of alternative splicing

B4R

Name of splicing

ASZEA

Types of alternative splicing

E X

Definition

Constitutive splicing

Alternative splicing

CircRNA
backsplicing

Constitutive splicing
Exon skip

Retained intron

Alternate donor site
Alternate acceptor site
Alternate promoter
Alternate terminator

Mutually exclusive exons

Exonic circRNA

Circular intronic RNA
Exon-intron circRNA
Sense overlapping circRNA
Antisense circular RNA

Intergenic circular RNA

Removing introns from the pre-mRNA, joining the exons together to form a mature mRNA
Exon is cleaved from the original transcript

Intron is retained from the original transcript

The same 3'-end splicing site but different 5'-end splicing site. The 5'-end exon is extended
The same 5'-end splicing site but different 3’-end splicing site. The 3’-end exon is extended
The transcripts differ in the first exon

The transcripts differ in the last exon

The same exons between transcripts are called constitutive exon, and the different exons are
called inclusive exon. Inclusive exon cannot exist in the same transcript, but can only exist
in different transcripts. Such a variable splicing event is called mutually exclusive exon
All circRNAs derive from maternal exons

Lasso circRNAs derive entirely from introns

CircRNAs derive from exons and introns

Circular RNAs that do not belong to exon and intron circular RNAs

Antisense circRNA derive from antisense chain transcripts

CircRNAs derive from intergenic sequences or other unannotated genomic sequences
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Alternative splicing

1. Single exon circRNA

2. Multi-exon circRNA

i 4. Alternative acceptor site

3. Exon-intron circRNA

i 5. Alternative donor site

i 6. Alternative promoter

7. Alternative terminator

|
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4. Intronic circRNA

Ell ASFEZ N AREIEERA

Fig.1 Alternative splicing produces multiple different transcripts

M5 15 (AR A& S BB A G B . 7E 5% (prema-
ture) 1, % 2T 2 25 (3 KILMNA I AS K 7 f& 5 8
T i T L R, LMINA TF 8 BT A5 =ANA LT,
BRI S C-um 25 M I M R A, (H AR R A2 S 808y
07 R, 5'-ASHL s R AR AR X AR 5
KEEAG T, HAEEERNXRAZEOEN
Wk 0 o AR AR A5 25, HETT eI AL R R,
KRG AERERRYE, BEVREN, ASSE
RNABY #2145 5 (1 R IE. RBM4E — 1 5RNAEY
FAH K IRNALE A FE A, %R O /ER 236 R,
AN T SR AR 22 25k R 1) B 42 5, 38 17 5 el 4 B f1 384
B FETD. TR, A SBUREN R AEME
JEB, R B AN 1 B, ASHRS T =04 oo
5 s 2 F R 7 9 0 T RS, BRI R AR S
BBy AR, I & s R . R R ASH
AT TR R TT S TR B B EANME .

2 SEENFEARTEASHZ S AN
2.1 ASHARRIEIAR L R

AS B FT 7 725 B A 3 A B SRBH T AS W7 A &
f& 40 1 )7 4 /2% 18 id RT-PCR(reverse transcription-

polymerase chain reaction) K &t AS®. 7E 20140
904FAT, I X 4K mRNA F B R IE 7 51 b 2%
(expressed sequence tag, EST)Ml 7, 67~ T HAZEW)
HHASHITZAFAENY fE21HH 2d W), B BB L
[ %1 (microarray) i & J A T 50 N\ D2 BEWE H 7 A R 41
IR« 5 2 SV i B e LA . ££2008
IR AR R SRR AT WA A s 2
J¥(RNA-sequencing, RNA-seq)HE % R AENH FL3I 4 21
LR ASHUHFIED>1, i )5, RNA-seqifu i A8 B 1),
B s H K P23 At AS B T 710
2.2 SBEENFHEARGR

TEAE G811 AR 7 1, RNA-seq/2 e N A BT 24
HIHT o RNA-seq# FH T T 4 A2 2 IR T U424,
o B A B A Y 22 7 3Rk Bk [l (differentially ex-
pressed gene, DEG). #ATMiEIFRNA-seqfs 2 1) H &
HE IR R I I I AE, TR I 240 A A mh S 4 ) R S
PEAS BT AT 2 0 HE 25 (B 0 Rs S 320 1) 55 R BRNA
ANFIIIEAL) . scRNA-seq ) HELEE 3T 7 AAE AATTXS
N B FC RN ET . scRNA-seq A& 3T 4F 3R 2B W 27 A5,
IR, EF E WSR2, Geug ks eI Hr
FEAS R 20 g 41 s A5 U, a3 T DRSS Hi 4 7= B~ 2
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I ) A R 35 ) AR e PR 2 TR RS, DA T S e 4 i 1) 11
RN IX IR IR T R A IR S R R AT
(BT
23 REISBENFRAREASHRFRINA
RNA-seqfe # sk AL 22 0 rifam K T R FEE TR
JEE W0 P AR PR DR T B,k DRI R IR TN AS Y K KA AT
TN H . RNA-seq 30 v] DL B 332 s 4 i
T IAS: 1E @ 7T 6 AT RNARE KA
3 EIIN e R DR A B, AT B R A - A
B e s L. BUHEH 4 (percent splicing
index, PSI), #5172 & 134 (inclusion reads, IR)
R 55 S 15 B HEBR 135250 (exclusion reads, ER)E[ # &
I FIHESX ZF R, RSN T 150 i B 2]
ANFNE A 2% . PSIRIER Il AR T — A
EEN . &RVHE AN RIEERS, 4G H AR
7] [ 9050 MV 25 Ak P g TR, B 2 AT DUOKE — AN B i 2 A
By B BT R AA B7 Jyrhd i 7 20k
AT ATAAL, FREEAN IR 261t N EAT EEAR
RNA-seq ¥ Zliit Sl &, Ky ik
1S 2] (FJcDNAZEAT 3 3G A 7, 2E 1M 3R15 2 2 A
(R PP o AEFRARTE DL, R — 2L Lo 3 AT LA
Wt 3 AL A5 30 1 15 B 2 28 DL S gt e A 2 1A
DX, R 5 ) AS 3 At B o ASHE A 3R AT Ao H A
FER . R, RAEA PR IEBACE, ASHIFS
AT 2 BIBRBRE . A P RNA-seq ) 32 K 7
FEl— 5150 bp~150 bp, 3 FUHH 5] HE PR R A 7] 4 s A
VA3 HME DA X 73, DRI ASE FH A0 1R R BT ) e s AR
FERNA-seqH i AP PE HIME S5 2 —. W TRERIE
R, U MRS BT R0 U R S B ] R i 4
KA FARHERT 0 4b . R T ok Bl in) @, BTN
AR T S FEAE, 45 MATS. MAJIQ. LeafCut-
ter. SUPPA2. SplAdderflWhippetZ:(72).

) AN A 1 77 18 ERNA-seq B 4, [FII 25 & A
5] R 0 A 1, v DA R AR 2 ASTE R K A MR B
P A U GEE E E ERNA-seq R, K
PLLE )L EBIHR L 4H i 3 195 (B-cell acute lymphoblastic
leukemia, B-ALL)H 4 i3 [ 40 5 CD22 I ImRNAAE{E
B, S EOXE E KT TN U, S I 4
A (M) CD22 ) % 9% 97 15 7= AR HR BTN BLENCOWE
BN TE 7 — Fof i 15 PR e 20 1) 22 e A R R
FEMI B 2T ¢, A48 3 %) vyl RN A-seq 2 4 11
b, RILT — AR R S T FOXPHIDNASS
i 4 14 1) JVR 16 1 4 AR S 1t AS AT . FOXP 14T 57
PEASHI 7 WG 40 i 22 fe 11 4% s DR - 36 DR 60, 4
OCT4. NANOG. SOX2FIDPPA3% ({1 3k, [F] i 1)
il 7 VR BG40 o A AE DG R R ) s ik Ab, b
IR 27 R G A BA RO, 24 5 v i B U 7 5 S BR BR T,
T 3 of o e PR AT H A, DR /S BT i T 4 i
(embryonic stem cells, ESCs)i¥i#% 2| 4 gE IR
i, A il RN A-seqill 7, BEIRAML T i ASHE %
FhAEY) 2 R AN A0 B FE ANAENE . . 3R
Bikads HUARXT 7 0 SR LA R () 77 A2 5 R )
PR,
2.4 SEEENFRARTE R E AR P RRGIE =

L IARNA-seqff 13 % 55 241 7K 1 BIAS 73 # i N
AT RE, (EI P 15 21 R 2 — A 20 i RN AR 5 7K1 1)
SPIAAEL, JaiF e i )20 e A () 22 e AR Ak R R, AT A
e 1A S PR SRR SR T B Y ASHIF 5T T DA
PEART ASTE 4 BB A< o 149 53 A1 RURE O 28 i SV FHEARR AL,
DL AE BN A I FE H ASTI AR AL, 5 dnfE 48 g 7K P B F
fli — AN EE R A FASH FJE . scRNA-seq® ], — 14
YHRRIE A2 RIBFTA MASSHEAY, (HI2 216 W3
RKIBBAFIEFA AP, 20094F T 46, AR
R KA 245 CR BN ELH A T oA i T

R2 AMASKHAETLRFR LRI

Table 2 Summary of six alternative splicing software for isoform study

A Ji 0 ) (1 AS (¥ ST B AE A AR R e A
Software Principle The number of types of alternative splicing detected Detect unannotated transcripts
rMATS Event-based 5 Yes

MAJIQ Event-based 5 No

SUPPA2 Event-based 7 No

SplAdder Event-based 5 Yes

Whippet Event-based 9 No

LeafCutter Intron excision Unknown Yes
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B, 10T 7E & AIIE R R B A0 M o R % b 10 & 2K
Y Rk LA 5 A O P g . (R T AR
I 7 S ZH 0 1 6 10 SR PR 2, XU 150 bp Bl
K FFANREA I B K FEAE LS Kb/e A i A K
SEA . N SCH I R I8 B R AE T AR BT AL
R R B = AN BRI R R .

241 AREFANMK  FETHEFKTNEAE
AN B 2 Ak NGB HE T HH 42 K I mRNAAS [7]
WY I ANEE Gy, 25 BN B 5 AV R 1) e 4R 1
o A, T B ZAASK R, KBmRNAE
B =E R AR A VA DR TR S A0 S 1 BOAS [F] BY 432407 5
MBI R 2 F . AN A SR B BT 448 S ] DA
RAEAEpre-mRNAZ TR fio BRI, X8 sgA
BEAT AN 58 40 7 T e o RRSE oy BT iR AR, 1
Nluminaill FF SCEER &, — PR BENLR AL H
R By T bR 25— JIURR 1K 43 1 A5 1R £ (unique mo-
lecular identifiers, UMI){EPCR.Z Hif #1351 % 55 25 R v
B M ZIcDNA F, [A 1 i b 21 [F] — & R A [Flread
2 FIcDNAZY 745 B AT A [F UM 51029, i
TXUMIFI et & fEPCRY 1 2 )5, Bk mT DLid i
UG FE FRTUMIAN B 5 A7 5 i reads >k 24 1F FH A5 #E ff %
BB AEZR M FBUR . B Ry B EERNA-seq, (=i
fEscRNA-seq 1 T 75 22 5 2 5 [PCRK 3R 13 /£ 5 1)
cDNA DAREAT SCE A g AT, PR [R5l N 1 58
2R ZE. H AT T UMIR S0 4% S 20 o B 32 22
e HE T 3 B 47 3 B 5 v A IG R  S  E E
#1141 CEL-seq2™"'. inDrop”. Drop-seq®. MARS-
seqPl, SCRB-seq”"HISTRT-seq, £ K % H{X fiti
TR RE &, AReAT H oA 0 8 DL R R S5 1
SRS I . UMIsor 1 2 T RE 8 (K & cDN AR 44
R MR T e SR A ) AR B 2 A, (R UM
(775 R BEX B s A ) — Ay Bodt AT I, 422

AL T % F BB TEvE T ASHEAT S . Rk, 7R
B (A T A R A A K AR E B R B
FF UMIMf#i . Rickard SANDBERGSE % % JF K
[ Smart-seq**(switching mechanism at 5’ end of the
RNA transcript)fé 7£ 4% % 5% 241 Y5 [l 4 3 17scRNA-
seq, LA KmRNAZE FE, 1 42 T+ 5 A 1 il iy 78
. FE20144F T+ 4% HSmart-seq2™ 5, & O AN
JUPEEAS 4 I F A wl R FH B 7. B i
S uminailll 57 A AH (7] R 5 s A vh A2 i VF 22 06 471
AT AR, PR T B O E X S A AT A, 2
P I TR R A RV E AN R ASHI £ H, W g
€ B PRI AE AN T B R E Ko K IE 2 Smart-
seqEi Smart-seq2ill /7> 188 i 1 5 19 % SR A F R A 3R
FLANEE A | [ Smart-seq Bl Smart-seq2 4% i1 i &
HJ scRNA-seq 5 3& T ASH 7L PR 3). BTN A
F FHSMRT (single molecule real time)il] /5> $7 A 7] LA
P S v ) PR K 32 K B HIF reads, $0TKbIF L
KAE— M7 2 DU BUR 2 B s A, JF H B
N A B AR, fERA S5 R A 1) %A
T, FEARRNE AT i A A R A 7 A S 253
#T. PacBioflINanopore(nanopore - 5 1] LA B 2l
RNA, TfiPacBio &5 W 4 A5 & FiicDNA), X £
B HAR REE v IR AT S K BOR B & (R EE, W1 am-
biguous reads5 /b, A Ui 4€ 2 5E 2 (1) A, 93/
I Hf % 5 2H T 2L 47 >R ¥ splice-junction £ % o

242 MREAZXEZRGEEF BN 2 e B
RNAS &K, AT iR, i sad e, %
W I T SR A AR A 3R B T A e R DR R
FAL PAE L0, R, Rk IKCT AR E R I AR
ZU AR K, I HEFRAE WA R RS F T4
W2t AR RIEPT, Rk, mRNAS RSCR R H] T
scRNA-seqH AT LRSI 2] ) % s A S 3, R 2 T8

R3 & REENFRAELEFR EMREIEER
Table 3 Limitation factors of high-throughput/low-throughput sequencing methods for isoform study

T I
BRI R

High-throughput
Limitation factors £ £1p

fRisE

Low-throughput

Illumina RNA-seq Smart-seq SMS
Sequencing depth Medium High Low
Expression quantification High Medium Low
Sequencing errors Low Low High
Number of cells sequenced High Medium Low
Number of isoforms detected Low Medium High
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Tk SR AN I B P (1) R IR e S AR, 8 v W P R R
o R OB . ey I8 B P B S 2E A oG T
125 38 RN % ) A e LR A, 4 i R AR
21 45 21 1 1 10077 M lumina st FU, JLF A8 22
B AT E B T, TR R M ASHE R IE
KPR, AR R AR =, BRI BRI AS
Z FEVEIRZS 2 WA A, 76 W0 BYK P b0k B AT 75
BRI L1005 . BRI Z Ab, scRNA-
seq H ZLR K T i PE D IR S IR R A F AR 1
B AR, AL (1) ZBRAR 5T & X 48 B () da ks )
B/ BRHE A AR, (2) T IEAE R A A
FIERIFERN . B HRSmart-seq2 #5518 & ) scRNA-
seq AE o I 21| B 2 (1) Feak FE A, B A 5w (1 U S
{H Smart-seq2 HH IR R 28 5 PRI 7E B A v il 381 £ 248 e o
AR /D o T v I B ER A R R, AR AR R E K
AR LA, Ui B mRNATEARR I Rk /K |
BEAUR IR B e s . BT il = A, R
L ¥ 7™ 6 (1) % 37 (dropout) [f1] il ——dropout & scRNA-
seq & 11— KA A, TR 1R 2 J DR 7E B L0 41 g AR A
SR AT AN IR IE, H 2 78 oA ) 248 b o 2RI A vy
k. 18 H I\ Fdropout 2 H T 7E ST PE R g ik A2 H 1%
FOIRTEDR A B ) S5 2 sy T B ) 33842490,

243 KEKMA T smRAeR  HIRAN I
I3 W0 FE AR iR AN SL B AR 22, 1T S BT i AR
B () R DN 3 RS FRT, J5 8 2 LR ILAE 7 8 N 1 e 5k
T B RO T e o 5 0 0T ASH A3 M 45 . D
R AR RBEOAR PR E W, LTSN =
R, AP R R B2 S
PacBio 1l F7 5 15 26 2%~5% ), 1 i e 1) 1%
XS T ASHEFL AR & A H ), 13X 5 uminail /57
T Y R P (B 3 R £90.005%) T2 BB B 6 Eb . =A%
PP A AL ) B R A A N R 2R, RO T e T
RNA-seqIfi & M. K ARNA-seqFF AN EL K &
ANEEEER I, B R HO B s A p) A E R,
M) Rl e e A K= RO R e o N AW
BASHIES R IR AT X TS ET iR %, PacBio A F H
CCS(circular consensus sequence)>k % Xl > PLiE4T
Ao HSEBR T I AR, I A B T0 B e,
T Hidk 22 B2 48 1T B2 5 B0 24445 21 I SRR (1) 7 5%
AE > . Muminaill F7 £ R KA L FR A 2@ #%
158 FH 6 SR DA s MBI BORE DL S UM Bk T B
il 22 . IR EEIRAR P AR AR 2 45 A i B A sk

MR M. — R RAETH R R TR, SRR RN
EEXE, AT 7 A 5 AF S BT W A — Be R R AR T
B AR B, PR AN BE A FHUMIsSR iR 514
SE TR A BB I poly (A) 7 81 22 72 A= B A (I c DN A Dy ik K],
FREME RN B A _EUFTTSINASY. K4k, mRNA
93T T B — R 45 K AT DARH 15 10 4% 55 g 1#E AmRNA
L X I, 3 B0 2L X ek DA B BT ASTE A
T,
2.5 MM EEEENFRARTE AS HRFPHINA

SR FF & REW 3T 2 K3 S A B, Kk
P 73 Bt NFE R 3 B KPR TH 2 1 e s AR 73 B K -F .
SR = AT Fr ORI B SO IRRIE e S A K
MU L TP AN B &, s g
HL AE A% 2 R v B — A RO B, T HLAR
HE . EAASmart-seq2ill 745 FAH H B oA — 14>
AT, 110 i 30 R I 5 A7 AE mRINA 14 33 5505t
ZEME, AVRETE h KA, B A A I SR 4 2K
B, Rk, ANIE) - G I 3 i 40 i A 2 1) ) 22 5 35
R AR WX LR e B HAMERI(R4). HET—
FRCRF = =& 6 1 771K 3 1T Iso-seq(isoform-
seq), X FERE AT ARG Il i B2, SCRT BASR ik ik
BER L A e m I HER M. BRI B — 4
llumina RNA-seq5 = ARl 77 45 &1, X #EBE v LA
38 10 R R AR S M, (RN A AT L RAIE
e SR A TE B I HERR 1

A%t FPacBio - &, Nanopore - & 1 =X 4 K 4%
KA FERBAAT BRSPS, Sl E
AR P it BEAT BHE R AL, AT [ I R4 KT
AT HE N RS A ST . 20204 RAINERSE P
& T ScNaUmi-seq(single-cell nanopore sequencing with
UMIs)F AR, FNanoporelll /574 AR 5 UMILL K 10% Ge-
nomics FANML 73 B KRGS S, K15 T Lt 281 4
KFPHIME B, (EASAE gl i 7K -7 _EAG I 72 R RNABY
RO RE. A —4F, L K5 8 AT R T
— LT =AU T 6 e R A e
KM T 7% ——SCAN-seq(single cell amplifica-
tion and sequencing of full-length RNAs by nanopore
platform), & LA ELA0 D 73 HF A48 H BRI A 1K
RFIER, I T RBUZ SRR ENE, 5200
BT AR P 6 f R B P40 B e S L e g
FHECANAE BN o Al AIT38 8 R B S i e s 4 = AR
0 e 50 1 B 4 L R ) SRR B SR A HE B
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Table 4 Application of high-throughput sequencing combined with third-generation sequencing in recent years

BARAx Jrik: A S 30k
Technology Method Feature Reference
ScNaUmi-seq Single-cell The number of target samples is large, eg: tumor tissue sample, cell sample etc. [51]

transcriptome+Nanopore

SCAN-seq Manual+Nanopore The number of target samples is small, eg: a small number of specific samples that ~ [52]
are stream sorted from samples at various stages of embryonic development etc.
FIsnRNA-seq Single-nucleus transcrip- Nuclear cell suspension/break the cell diameter limit, eg: arabidopsis root tip [53]
tome maize root tip etc.

X 53 FF, 53 AT R HE € B oA B RHEOR
gk S 4H20214F JF & T FlsnRNA-seq(full-length sin-
gle-nucleus RNAseq)fi A, i@t 254 10x Genomics H
ZH M 7 A1 =4XNanopore 4> K ¥ sk AH I ¥, AR &
T JR AR A T LA A ) B A A% . R A
Nlumina — A 7 248 iR R R B FEAE R, I
Nanopore =AM 7 F 45 6 35 [R50 945 5, AT 5%
KPR FE i £ B BN A PRAZ IR e OIRAS o 72 SRt K
P RASLL K 5 2 R IR IR K FIRNA isoform
EREAB TR MERAE . X LR A e a6
SMSEHE HEATRLIERI TR, W20 E /215 2 [FIcDNA,
FF43- 4 F IluminaF1 Nanopore#H /7l /5> . LASMSZE
PR A, A A Tllumina reads 3 Xt SMS [ /5 et
BT IE, 20k 20T AS T s et

3 REERE

40Z HERTGILBERT iy Y2 H T ASIME &, 72
O PR, EEENFEMAENG BT, B
SRNT AS I BEARAS W IR, ARG 1R 22 07 T 75 BEAE 28
JACE EHEAT IR R R . W ETR, KA
AT RRIAFE 1 58 5 DA HE A I 55 75 T A R
il A 5 T v =2 P R FLASH) = AN EEREG . 1R
ARG R, LR R B 13 25 ] R 2> il K HES)
XTASHIHT 7t. (1) KK 7. SMRTHINanopore
D5 A 368 3 0 e R A e AR, e 0% 3 A JE R
THE 7R I ), H AT O OB TR KK
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