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WE N THERERAWARRKRENZONRT, EEMFHEN TS5 HIR
4o SR AN B S R A AL M S TE BT, AR 58 LAAULE - (Arabidopsis thaliana) 7 #1 At
BAFRENFRAMTEMHFAE N TN BN T RNA A0 EERRNEEHTE L
RNA (Chromatin-bound non-polyadenylated RNA, CB). #: K £ F G & T4 e % &
RNA (Chromatin-bound polyadenylated RNA, CB pA). # K B # Z RNA (Nuclear
polyadenylated RNA, Nuc_pA) % 2 41 i 72 5 RNA (Total polyadenylated RNA, Tot_pA).
ZRE, WEFTELERE RNA RAERGEH T K, EERXTERELEXA
EFKERLBEREBRNMACAEFNTE, BLETEEER, KARRIEEKD
NFGELZZRN “BBH” 5§ “BB®” £, AXARREHEREELER
HE 2R #—FPoE&H HXANNIRAESLARAREZEETEHEX. K LA
R, KRARB TR T UER T FETERANERE R E RENE, ZILE W EEE
RAWFEERBERGREKT, ABRNMENERRANN ZHSEERET HAA.

R WEST RERAE RNA  BIHR QAR

FAZEIEHNRIE & — A2 BN L 2 USSR NE SRR, W T NGk T 5
SERlh HEAH, Z20E, DLREESER N RNA DN T R B s M s 2 AN At b, ff
&1 18 RNA (precursor messenger RNA, pre-mRNA) ) A & ¥ BT (Splicing) /& % 0 i 15 5 %
2 PO BB A BB A A T LA AE S REME AR, B E T AR B LR T T AR ik
8 A KR B 5 LI S ) P R T i, AR 4 R 709 £ A1 T N
FEAETT AR BB, Hzad B AR (s 5 i i 2 B0,

& AT H B R 7 S5 IO N T #R, R BOR 22 (R FEUE S, I 70% (1 BY
FHHE RNA ZEGEE 11 (Pol 1) EAUE AR PRI T8 p, XM 55 i i B AR K 1) B0 R AR A 3%
33 BT 3% (Co-transcriptional splicing)™ ™, HA 23] Pol 11 SEMHE R Yt FUR A Sy g
R FB R RS AR SR, SRT, A SE OE A B R B & 45 AR R BT 7T
TR, H B P AR £ BIR T ER AL (Polyadenylation) 2 A= J A7) i BE AE e 4 5 _E 4k S
T B, FEMFLEI, ik 27%~40%0) A& T AR SR L TR A R B fER R



R T, BT AR s EN P BT R ) 30% 1) 4t 456 H & poly(A) R I #% 5%
AATAE T8 43 BT HERAST, X —IFHE R B, #4535 B4 (Post-transcriptional splicing) [Fl#f & 4
RIZR IR S Z 2, BT RE RN e S AR G €0 JFURE T03E N S5 B3 15 R R T AP R
YR T T0E# s, WA AE . PRI 23 DL RadE e S A BE I AN, H A BT i
TR TRREE. BARCAHU O I B2 1 K D) Re LA S A S 347 17
TR, R T AR RS R R N R A i B A P00B H e BT ER T RS
mMRNA, LR BTEE NEh ST FEXT mRNA P& Sariz RIS s2m. B ar, iy,
KT B B 12 A AT P4 i S AR MG BB SRR TR, DA S RN T 22 5560 mRNA f 244
BRI, R AR A S Z RGEVERNT. BT B Sl 7 6 X A T AN in L
BEAS I RNA ST, 73 B AT AN DA 2H 25 1) RNA C O 7RIX — A F2 (10 CBER R

[24-27]
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AW R LA R I AR, R PR CEE RNA 40 (F 1A): R s &R mE RNA
(CB, MREHEFEMMNEL). Petafisis HilrE RNA (CB_pA, fRRFHF& LG T4t
TR EY) . 4HfuAZ A RNA (Nuc_pA, FCEZ NRRM B & 5 poly(A) RNA (Tot_pA, %
ARFRASKT), 4GRENTSET, REME TR IS AR B B n 15 Je )i
RETRENAS IR P 0 Ao BRI, JFERIT T BY 45 B 5 A S AN R TS B R i 1P 2 T ) BB

1 Ml 575
1.1 HEYIRE R FR A

AT 5% P EFAE EL I A 40 B9 T (Arabidopsis thaliana, ecotype Columbia-0){F JySziéAt k.
PP ERAELS, FEFT 12 MS [R5 b Mk E TEER AP AEK, IS8
By JREQ241)°C, HHEEE 150 pmol m? 8™, Y6 16 h Y lE/8 h SEEE (K H IR ). 4k
K210 RJE, REMKM BT, SCRVE TR PEE, B -80°CHMGIRIKFE IR A7 %
H. L E 3N EWEES.

12 457> B RNA RE
12.1 A&

AN A FE R P AT CR R I IEP), A BRI 1 g ALUMR(RRIZ 2.5
mL), I 10 mL T4 A 40 i A% 2 5 Z20b i (Nuclei Isolation Buffer, NIB; 5 2 M Hexylene
Glycol, 20 mM HEPES-KOH pH 7.2, 10 mM MgCl,, 5 mM KCI, 1% [v/v] Triton X-100, 5 mM
B-mercaptoethanol, 2 pg/mL Pepstatin A, 2 ug/mL Aprotinin, I mM PMSF). 74 21A, 4K
E§#E 5~10 min.

R iR BUBOE L A0 AE 50 mL 2.0 DR E i (_E)Z 100 pm, FJE 40 pm)iEAT
g, I NIB ¥k 8 2 15 mL.

E 55— 50 mL 2.0V HR g ST AN IESE Percoll % FEBAIE: Jalin A 6 mL 80% Percoll 3, B
JaEH W 24 % 6 mL 30% Percoll VAR (FFE S %4> 8 0.5 M Hexylene



Glycol, 5 mM HEPES-KOH pH 7.2, 10 mM MgCl,, 5 mM KCI, 1% [v/v] Triton X-100, 5 mM
B-mercaptoethanol), fifi R 80%-5 30%7A ¥R (1428 F-THI I Wi Jo Pt 2h.

W HTIR 15 mL P8 /N0 N A 30% Percoll 22 b, K3+ B0 HLTE 4 °C, 2,000 x g
ZFAF N B 11 min, ¥E RACTHE S EEOKF (LA B ). &0 05, 5% EENIB, i
R /N OISEE AL T 30%~80% FL T A AR iU i% B 2.

Ie WA RO AR A% P DN FI078 BB B 2 22 15 miL, 7 4 °C, 2,000 x g 26 £ F &0 6 min.
# b3, i 500 pL BUA BB E R, BUR R A% B R 280 1.5 mL B
H1, T 4°C, 8,000 x g Z AL 3 min YRS ML UTIE.

1.2.2 B R

) ZHA0 PR B AZ UCUE N 150 pL T4 (19 40 Mo A% 2 22 vl i (Nuclei Resuspension
Buffer, NRB; & 50% Glycerol, 0.5 mM EDTA, 25 mM Tris-HCI pH 7.5, 100 mM NaCl, 1 mM
DTT, 0.4 U/uL RNase inhibitor, 2 pg/mL Pepstatin A, 2 pg/mL Aprotinin, | mM PMSF, 8 mM
B-mercaptoethanol), &I HE &, BE/G M 300 pL P22 viii (Washing Buffer, WB; 5 25
mM Tris-HCI1 pH 7.5, 300 mM NaCl, 1 M Urea, 0.5 mM EDTA, 1% Tween 20, 0.4 U/uL RNase
inhibitor, 1 mM DTT, 2 pg/mL Pepstatin A, 2 pg/mL Aprotinin, 2 mM PMSF, § mM
B-mercaptoethanol), 78/3R%5]. 7E 4 °C, 8,000 x g Z&fF F &0 1 min, 32 FiEW. HEE i
IR—U BIII 150 pL NRB #BUTHE 5, FIIA 150 uL WB %], T4 °C, 8,000 x g &0
1 min. #JEFH 2 BIBEBUE, T 4 °C, 12,000 xg {2550 2 min, {3 FH i E L W25 W R i BE 1)
EIEW, FTARUTIERD Al i B (5 T 2 5y

1.2.3 RNA #H

AT BRI T RNAL 4% RNA KR 5456 RNA. &4 5 MG kL 245
BN RNA SEHCRHZ) 100 pL HZ0K; 400k RNA $RECRHZ 50 pL 2646 5 4
MAZDUTVE; Bl RNA SEHCU SR AT IR 20 BERA (4 G o i 20 4

BEAARBCEBT: m_ BRI 0.7 mL TRIzol X7, BIZIRSIRSGE, T iR
T#E 5~10 min LA 2R, BERIIAN 200 pL 545, 5% 30 s, %R E 2~3 min. T
4°C, 12000 x g B50» 15 min. /NOIREL 1 JZ /KA Z8) RNase-free B0/ H. A$Em RNA
aifs, EE UK A 400 pL &5, HFEE ERIRG 5E 0P, BERIE EEK
HH. FCEERIZKARF N 3 RE AR TIA G K L2, 110 fAFR 5 M BERREIATR M 1 uL
GlycoBlue 3:yTuE7), BifEIRA G, B T-80°C Ryl 2 /LI E. LG, T 4°C,
12000 xg B> 15 min, FF LiF. #H 1 mL A K 75% OEERETUE IR, Ei NS T
BREH B, TN 16 pL RNase-free water 7873 i RNAJLVE. FH Qubit 22 )t e &4 & RNA
WG, FF 580 r .

1.3 XEMEKNF
FIFH TURBO DNase (Life Technologies)fH]Jic 4 g &-2H 5> H 2[RI 41 DNA. Fifif5 % CB



RNA 4 #E47 80 R AL FE: 1 5514 ] Pan-Plant riboPOOL &7 £ (siTOOLs Biotech) 2 & H: 1)
pER RNA (fRNA); #% FH Oligo d(T)zs FiEK(NEB, S1419)2: [ poly(A) RNA, Mifi
AL T E CB RNA. 5L [EN, # Oligo d(T)2s HiFk M CB RNA H1 & £ 115 poly(A) )2
RNA % K, RI3R1S CB_pARNA.

T4 BEAZ AR RNA, KA oligo(dT) B2k A & 4212 poly(A) 2 RNA, B3k 43
Nuc_pA F1 Tot_pA RNA.

)&, %A NEBNext Ultra 11 75 [a1 £ RNA SCZEH 377 & (NEB, E7765) 73 il K DU 4k,
9 cDNA SCFE, FHKHE Nlumina NovaSeq Wl 51 & 3747 v i &0 .

14 &YE B2
14.1 BxRAHFELHE

B4, R Cutadapt k)3 b I 0k $Hs rp 48 3k e 81 B AR i B, B, S@id
STAR RN 4% J5 1) clean reads b E40L G 7+ JE RIZH(TAIR10), {5 B M — L X6 FE 41,
BJ5, T featureCounts® 4 i+ 3£ 8 L) reads % H, M R B ST 1 %k &
TPM (Transcript Per Million), A3 AT #H G A1 3 B3 70 #r (Principal Component Analysis,
PCA).

Pt JR 454 RNA L, BR T IEFERESEN) RNA Z4h, IETEAESS G 7E geta i bR 2iE
f) RNA, 7 HEBRIZER 70 RNA B0, 52570 B B0 8 1 2w ik R 3k 47

142 AETEIETHETER

AW TN A T 5 4T TR reads 25 ) LB (Intron/Exon Ratio, 1ER)K 3t #4
KA. /e T Araportll VRS, HREUREANBE R BT FE s AR S 1 A & X3
TENZEEH N & T 2%, HAHHMNINE T FIFH featureCounts 43 A SN & T 54k
5P XIEY) reads %, FFARIEIX K BE A reads % . 1ER 1577 5N T reads %
B LLAME T reads % .

1.4.3 PIR fR¥UTE

N T HEBR AR BRI, ASHIE T AT 0] 2H R R BY 452 (Constitutive Splicing) i A &1, Bl
AR N ST, HE NS TR 35 % (Percent Intron Retained, PIR)®. /#rifites
FORFELTHHESEAR. AU, S NE A=K (1) B 58
AL A BN - & F 27 51 (exon-intron reads at 5'SS, EI5); (2) Bk 38T A7 s IR
T-N & T #4 7 5 (exon-intron reads at 3'SS, EI3); (3) BY#E/5 4 T-Fh T 7 51
(exon-exon junction reads, EE)(/& 3A). PIR i+ A0 F:

PIR=(EI5+EI3)/((EI5+EI3)+2>EE)

1.4.4 L4k RIRHrMGETHE R
AT FE N AN R 3 K RSN 0 2 RFAIE, DA S AN Tl SRS E R R R,



THIFI/E CB. CB_pA Ml Tot_pA 1315 & (log, TPM)HEAT 7347, LA CB /K- log, TPM
#9745 &, CB_pA Fil Tot_pA 7K-F[f] log, TPM 43 Bl A R4S &, FIF R #0419 Im() iR B0t 47
ZMERNE. A B BB RS e AR e Y2 e kR, 29 72 e Rk A R R AR A
AR, 4 00 D5 FA000 A s 25 R P L 2.5 (5 MG T 0.4 £ 1R DR 2 XONAR 2R EY. 72 CB
5 CB_pA [\, LARIAZ A FEHE, 5 CB_pA S2br TPM 18 i T INME 2.5 £ (135 B i X
ISR CHEH (Slow-release genes), K T-TIMIE 0.4 £% 5L PR & SCATORE L H (Fast-release
genes), H:4x A OB L Kl (Medium-release genes). 7£ CB 5 Tot_pA Il ), K Tot pA
SEBR TPM B & T FUIME 2.5 £ 3 A 5 SO E (Stable) R FE R, ART-FIGIIE 0.4 £ (=K €
SCNANEESE (Unstable) f) 3£ 4]

T GRS, B Wilcoxon B& AT 6 (Wilcoxon rank-sum test) Al Spearman %
HH K 2% (Spearman’s rank correlation coefficient) T A A7E R # A4 H 5€ k.

1.45 GO EHE31T

AR RIS (492 Thig, FATRA clusterProfiler % (BI% Hig T 7 GO
(Gene Ontology) & %04, FHETEW =it 2 (Biological Process, BP), 25 P B H ¥ AR IE
Ji P {8 <0.05 (FDR % IE).

2 ZRET
2.1 AN RNA A5 AR 245 T 8 7
NORESEE 73 B AT SEVE, E5EXT % RNA A0 FEAR I B R TA /KP4 T 1 A F
A —BUE VAL, GREIR, Fra REAKIAEY) 2 55 5 (A S8 3 L Y v 2 ) — Bt Pearson AH
KARZEIILE0.97 2 0.99 2 [H] (] 1B). PCA &5 itk — P4 R, CB 5 CB_pAF AR AW E ER,
H5 Nuc_pA K Tot_pA FEAIE 4385, W T AR E4H B 5 067 1 % e 4L AE 2Rl EA7AE AR
Z5. MEZ T, Nuc_pA 5 Tot_pA /& PCA T [HHH RERE, SR HA M FAHAR S
JERAML. ETEY A R R B IE, Jo S i & I B R AR DL e RS L.
VN TR 2 S 2o g/ o (Sl S B S B El S 2 (gl Sl
(https://ngdc.cncb.ac.cn/; BioProject: PRICA060455).



A At argan
wannan - ZHIEAERNA
HERNA
VARARAR DNA

— ZRNA — FEpolyA RNA (Tot_pA)

LETTE AL

l Pol il
0
WWWW —» 4EZRNA  —b SiEpolyA RNA (Nuc pA)
-+

VAW
30% percoll
80% percoll

WW

l e A
ERrRNAFpoly A RNA (CB)

il —/->/ FEFLEERNA <:
Z#:polyA RNA (CB_pA)

B 1 40 s

® CB_pA
® Nuc_pA
o} og Tot_pA

098 0.96 0.97 0.97 Nuc_pA2 | 0.9

0.97 0.88 0.88 Nuc_pA1 L4

o
PC2: 14.22% variance

0.97 0.88 0.97 Nuc_pA3 ®

093 0.94 0.94 087 0.98 0.88 0.98 of_pA1 80
. . L p:
-100 -50 0 50

PC1: 60.15% variance

0.930.03 0.84 0.97 0.98 0.97 0.98 Tot_pAZ

1 A7 RNA 73 BAR S B B 2 — BUE PR, Ar A4 RNA #7013 540k
AR R B AR AR AR ) 2 o AT A A SRR B AR ORI B SRR AR Pearson AHK
RE A, IR ORISR R 0w, IRIE ORI C RBEMS, BUEARE T W, C
ARV S R A () 3 1l 73 23 At (PCA) L B A [ B 1) AR AN R ZH 23 1) RNA FEA.

Figure 1 Workflow for RNA isolation from subcellular fractions and assessment of biological
replicates. A: Schematic diagram of the process for subcellular fractionation RNA isolation and
purification; B: Heatmap of correlations and hierarchical clustering among biological replicates of
each sample. Colors and shades indicate the level of Pearson correlation coefficients, with dark red
representing high correlation and dark blue representing relatively low correlation. Numerical values
are annotated within the squares; C: Principal component analysis (PCA) plot of different
transcriptomic samples. Points in different colors represent RNA samples from different components.

2.2 W& TR AR RNA N TR MRS

RAEA 75 X, CB. CB_pA. Nuc_pA Fll Tot_pA MIRAE T NFHER . Yetafiiim
ZWB B RS P AN e B RE. 8 b, B RNA I TRERR e, AR BTERI A&
T LB R R .

R, BATE TS H o AN REP NG 5408 778 55 5 HE (Intron/Exon - ratio,
IER). BRI HT WoR, X HUEAE 4 DLy 1] 2 B3 b E (& 2A). CB 4147 IER fHiRm, &
W T HE S R BB SRR, CB_pA IRZ, RWHE o A& T sk & 1k 5 BT e TE RF 48
M7 Tot_pA F&Z M, Ui H 3 2 i R mRNA 4. thah, @i 1IGV JE R 413 v 28 Xt B g~
LML R IL(E 2B-D), BEEH 3 S &, ST XIS 588 &, S BT
B TR, X — BT RS 52 R AT 4 R — 8, RGUHIESL T 3IHE RNA
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Figure 2 Comparison of intron-to-exon ratios in RNA from different subcellular fractions. A:
Distribution of the intron-to-exon read density ratio (IER) in RNA from different subcellular
fractions; B-D: Visualization examples showing splicing dynamics of three genes in IGV.

2.3 FEMBN S FEIEAHE XK mE R

R PR TN & F B RCR IR M R R, A AR AR T U BT A &7, R A
E AR R AREL(PIR) X I BY B2 sl S HEAT 8 SVl PIR EBRAI, RFZN & TSR
e 4 (& 3A).

45K, PIR {E7E CB. CB_pA. Nuc_pA % Tot_pA (45 S35 Z ek R %
% (K 3B). X5 IER B MAAR MR — 3, MBTHEAL MKt — 25 ESE T BT H6E RNA AN
LHEFRE A 56 B MBS RHIE.

WD kB, W& TFRKE RIS 2 BRI & (polyadenylation site, PAS)[1)EE
B S SL L SERTRENCR I SR R K. 7E CB 40, PIR 5 & 7K 5 £ 1E A 5% (Spearman
FAK R H p = 0.180, P < 2.2x107"%), BVBK Py & F IO BT B R AR (K 3C); IR, PIR B &5
15 PAS FRES (4T TR i(p = -0.212, P< 2.2X10°"°), 774 “Jukbsg, Jemiss” MIByom T
HUHE(E] 3D), X 5 b iy (R 7 — BP0, TR SR A L JE I T G CB_pA 14,
AR PIR 15 N & FK BRI FH 8 (p = 0.142, P < 2.2x10° %), {HH: 15 PAS FE 35 [ 6 1 )
25 CB MR A%, JNIEMZE(p = 0.127, P < 2.2x10 ™), HIFEES PAS B i &1
PIR fHjllirsr. X3, 7ENR 58 BUG RRER I YL ()T B2, P RE A Ui A 7 7 1Y) BT He Rt 140
AR TR], T BB A 3 HH SR — 26 Ay 57 R e S AR T 9 4 0 P S Jis B m .

8% AR (Nuc_pA) R 41 Bl A2 2S5 (Tot_pA) B 4 K 28N & T e Bl #%, %4k PIR



B AR, DB A& TR B I R PIR (. V% B PIR 5 N & 1K K PAS
PRES AR B Si i 2 B (P < 0.05), (HAHRRELEXE KT 0.05, [t 7 INT)s
BT R = L S R

A B 1.00 :
SEIBAAINEST-AST  SWBMINEF-HNRTF e l
#r#ERI (EI5) . ATHERRTI (EI3) i e " :
— /»\3»_ . 5 QQ !
Ha PR —————~ 050}
%E% FE% (EIS+EI3)+EE*2 %
SNEF 9%5?@%&%@ %{E 0.25 |
(EE) i
0.00 {
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c cB CB_pA Nuc_pA Tot_pA
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5 4B o LN 0P H/ah 0> ,\JL 5' R P b o> \,m 6,« 0® 5 b o \JL ,3,
AT FIPASHIEEE (Kb) Wa%EJPASBJEE% kb) mz%QJPASEUEE% kb) Wz%QJPASB’JEE% (kb)

K3 W& T B RACRI R A IR AR . A A TIREE PIR THE AR, B
VU RNA 443 (CB, CB_pA, Nuc_pA, Tot_pA)4L & I F 1 PIR 7 A £k . PIR BRI ER
AN BB S R R, C: R A 70 PIR $5 4Lk, D 5 FIEES PAS ARIBEE A
£ F PIR $8 %L, C A1 D HIE 17 R T Spearman FiAH AR 56 (I AHSC R % p A1 P 1A
Figure 3 Quantification of intron splicing efficiency and analysis of its influencing factors. A:
Schematic diagram of the calculation method for the intron retention index (PIR); B: Box plots
showing the PIR distribution of constitutive introns in four RNA components (CB, CB_pA,
Nuc_pA, Tot_pA). Lower PIR values indicate higher splicing completion; C: Comparison of PIR
indices for introns of different lengths; D: Comparison of PIR indices for introns at varying
distances from the PAS. The Spearman’s rank correlation coefficient p and P value are shown
above panels C and D.

24 AETINIHRGHRARGORBERS) F1£HHR

CB 415y el 1 3 [RI ¥ e sV 1, 175 CB_pA 2173 MIAREE 0 56 5 22 JR I IR A AEL 1 oA A
TR I e A, e SREIOA BRSSPI, SEPRAE T2 73 rh AR = 2 (TPM) 2218
EN RIS, (ESZERrR, W R ONE 32 2 MR R, R L IR



AL 40 B AR SR P SINI R 2255, AR TPM ZETH BN CLZntK R R P AT T
PrUEALAbER, (H R A R 20 0] et e B A e . Rk, I AR T (=]
YR 43 A PR 1 i 2 R P A7 ) Dy B A S T B TR BRI RTS8 0 " R ME AR BT UM . %ot 2 PRI
CB F1 CB_pA /K F*ff] log, TPM {HZEAT[A1H, 455 EoR, PR R IEMAER® = 0.752, P <
0.001)(& 4A). VAIZIEI AL A HME, AR S B e 25 5000 1o Rt 3 (U 12 v 3 1 A et 5 7
%), FRR BRSO 1,908 AN PUBEUEN 2,896 4, oA E XON B EE R (K 4A).

AV DT T BRUEE SN & T I TARES MK R (& 4B). 7F CB KV (FLHE M EY),
PO TBCE R (1) A & 1190 7 OB B AIG, TS RE S i IR e vy, 3 L A BT A0 R 5 R ik
JE RIEASG. IR, /£ CB_pA KF(Hah M B), B3R A 18R A
TR RS, ERACTPRBEE R, X R UG RS B B A e SR o B BT g, (Hd
TR RIS BT IR B, S AR RO S 1 1 5 s EL B 9 5 D0 B, RIAETE B S 1)
e 5 B HAME.

GO Thfg & LN HE/R TR, BRI AR A TR BB Rk, 18R HOE R B 3%
BT AL e B B A AT S R A DG R (1 4C); i PRORR U R U 2 3 45T DNA
BB AW, RNA 2115 J 8 A i Ak 5 Th R pe (Bl 4D). IXRHH, Hesg A g
R O 22 1] g — PR L, B BN R ZhEESR A mRNA (77 I Rk, DA R
A0 AN [F] AR B oK
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Figure 4 Relationship between intron processing efficiency and chromatin release of transcripts. A:
Linear regression analysis of transcription and chromatin release efficiency for different genes.
Red dots represent slow-release genes, blue dots represent fast-release genes, and gray dots
represent medium-release genes. B: Comparison of intron-to-exon ratios (IER) for the three
release rate categories across different RNA components; *, P < 0.05; **, P < 0.001; NS,
non-significant (Wilcoxon Rank-Sum Test); C: GO functional enrichment analysis of slow-release

genes; D: GO functional enrichment analysis of fast-release genes.
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Figure 5 Analysis of the relationship between gene transcript stability and intron processing extent.
A: Assessment of transcript stability based on transcriptional activity (CB) and mature mRNA
abundance (Tot_pA). The scatter plot depicts the linear regression analysis of log, TPM levels for
each gene in CB and Tot_pA. Red dots represent stable transcripts, blue dots represent unstable
transcripts, and gray dots represent normal transcripts; B: Distribution of intron/exon ratios for the
three stability categories across different RNA components; ***, P < 0.001 (Wilcoxon Rank-Sum
Test); C: GO functional enrichment analysis of genes with stable transcripts; D: GO functional

enrichment analysis of genes with unstable transcripts.
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Abstract

Intron splicing is a fundamental regulatory step in eukaryotic gene expression. However, the
dynamic coupling between splicing and the release of transcripts from chromatin remains poorly
understood in plants. In this study, we employed high-depth sequencing in Arabidopsis thaliana to
analyze four subcellular RNA fractions representing sequential stages of transcript processing:
chromatin-bound non-polyadenylated RNA (CB), chromatin-bound polyadenylated RNA (CB_pA;
transcripts retained on chromatin post-termination), nuclear polyadenylated RNA (Nuc_pA;
released nuclear RNA), and total cellular polyadenylated RNA (Tot_pA). Our findings
demonstrate that splicing in Arabidopsis proceeds progressively throughout RNA maturation, with
the extent of co-transcriptional splicing significantly modulated by intron length and proximity to
the polyadenylation site. By constructing regression models, we categorized genes into
“fast-release” and “slow-release” cohorts, which exhibit distinct functional signatures. Further
analysis revealed a positive correlation between transcript processing maturity and cellular
stability. Collectively, these results uncover a splicing-driven post-transcriptional quality control
mechanism in Arabidopsis that coordinately regulates chromatin release and transcript steady-state
levels, offering new insights into the spatiotemporal dynamics of plant gene expression.
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