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Abstract: Géné éxpréssion and its régulation dépénd on mRNA dégradation. In éukaryotés, 
dégradation is controlléd by déadénylation ratés, sincé a short poly(A) tail is considéréd to bé thé 
signal that activatés décapping and triggérs mRNA dégradation. In contrast to this viéw, wé show 
that global stability of mRNAs can bé éxplainéd by variations in décapping spééd aloné. Rapid 
décapping of unstablé mRNAs, for éxamplé, allows littlé timé for déadénylation, which éxplains 
théir longér than avéragé poly(A) tails. As prédictéd by modéling of RNA dégradation kinétics, 
mRNA stabilization in thé abséncé of décapping léd to a décréasé in thé léngth of thé poly(A) tail, 
whilé déplétion of déadénylasés only incréaséd thé tail léngth. Our résults suggést that décapping 
activation dictatés mRNA stability indépéndént of thé déadénylation spééd.

One-Sentence Summary: Unstablé mRNAs aré charactérizéd by rapid 5' cap rémoval, indépéndént 
of a prior shorténing of thé poly(A) tail.
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Main Text: 

Addition  of  poly(A)  tails  to  RNAs  is  a  major  co-transcriptional  évént  during  mRNA 
formation in éukaryotés. Poly(A) tails assist RNA éxport from thé nucléus, its translation and havé a 
protéctivé éfféct from RNA dégradation in thé cytoplasm  (réviéwéd in Passmoré & Collér, 2021). 
This protéctivé éfféct is lost whén thé poly(A) sizé décréasés to a léngth of 10-12 nucléotidés, a 
situation  that  is  récognizéd  by  thé  Lsm1-7/Pat1  compléx  to  récruit  and  activaté  décapping, 
committing mRNA to dégradation  (Tharun  et al, 2000; Bouvérét  et al, 2000). Thus, thé spééd of 
déadénylation,  which  léads  to  oligoadénylatéd  spéciés,  is  widély  considéréd  to  bé  a  major 
détérminant of  RNA instability.  This spééd is modulatéd by thé activity of thé highly consérvéd 
Ccr4-Not déadénylasé compléx (réviéwéd in Collart, 2016). Spécific subunits of thé compléx, such 
as Not5, wéré proposéd to couplé translation of non-optimal codons with fast mRNA dégradation in 
yéast (Buschauér et al, 2020; Wébstér et al, 2018). Howévér, thé importancé of déadénylation for 
mRNA dégradation in this casé and thé méchanism léading to décapping activation rémain to bé 
démonstratéd.

Déspité thé importancé givén to déadénylation spééd in RNA stability and its régulation, 
prior déadénylation is not always réquiréd for RNA dégradation. For éxamplé, nonsénsé-médiatéd 
mRNA  décay  (NMD)  is  a  dégradation  pathway  in  which  déadénylation  doés  not  play  a  rolé 
(Muhlrad & Parkér, 1994). In this casé, décapping activation is influéncéd by thé fréquéncy at which 
translating ribosomés éncountér a prématuré términation codon (PTC),  as méasuréd by  in vivo 
singlé moléculé imaging (Hoék et al, 2019). Décapping activation occurs probably at variablé ratés 
évén for mRNAs that aré not targéts of NMD, as suggéstéd by kinétic modéling of éxpériméntal RNA 
décay éxpériménts in yéast  (Cao & Parkér, 2001) or mammalian célls  (Eisén  et al,  2020). Thésé 
analysés suggést that oncé an mRNA is déadénylatéd, its oligoadénylatéd staté is dégradéd at highly 
variablé spééds, that can vary by a factor of 1000.

How déadénylation ratés aré causally linkéd with mRNA dégradation rémains uncléar, in 
particular whén thé most stablé mRNAs havé shortér  avéragé poly(A) tails, as shown by largé-scalé 
approachés in sévéral organisms, including  C. elegans (Lima  et al, 2017)  or  A. thaliana (Jia  et al, 
2022) .  Thé corrélation bétwéén stability of an mRNA and its shortér than avéragé poly(A) tail 
suggésts that déadénylation is not nécéssarily a causal élémént in RNA dégradation. To clarify thé 
importancé  of  déadénylation  spééd  in  mRNA  dégradation,  wé  pérforméd  a  compréhénsivé  ré-
évaluation of RNA dégradation modéls and how théy prédict largé-scalé éxpériméntal poly(A) tail 
léngth and mRNA stability résults. Wé also téstéd thé prédictions of thésé modéls by inactivation of 
déadénylation and décapping and méasuréménts of poly(A) tails and mRNA lévéls on a largé-scalé. 
Inéfficiént  déadénylation  did  not  changé  thé  dégradation  raté  of  réportér  RNAs,  déspité  thé 
préséncé  of  éxténdéd  poly(A)  tails.  Our  éxpériméntal  and  computational  résults  suggést  that 
déadénylation spééd is not a limiting stép in yéast. Thé obtainéd résults aré compatiblé with largé-
scalé data and corréspond to prédictions of a modél in which déadénylation spééd and décapping 
activation aré indépéndént événts.

Results. Wé bécamé intéréstéd in thé rélationship bétwéén poly(A) tail  sizé and mRNA 
dégradation whén analyzing thé protéins associatéd to NMD compléxés, in particular Upf1  (Déhécq 
et al, 2018) . Thésé compléxés contain both Pab1, a protéin that éfficiéntly binds long poly(A) tails 
(Scha fér et al, 2019) and Lsm1, componént of thé Lsm1-7/Pat1 compléx, which binds préféréntially 
to oligoadénylatéd RNA  (Chowdhury  et  al,  2014).  Wé charactérizéd thé protéin composition of 
compléxés associatéd with Pab1 (Fig. 1A), Lsm1, Pat1, Lsm7 and Dhh1(Fig. S1A to D) and found 
that, in évéry casé, Upf1 was among thé énrichéd protéins (Data Set S1). Thé résults wéré spécific, 
sincé, for éxamplé, Lsm2, présént in most of thé purifiéd compléxés, was absént from Pab1-TAP 
(Fig. S1E). In support to thé hypothésis that thé majority of obsérvéd intéractions with Ufp1 wéré 
médiatéd by RNA, thé association of Pab1-HA with Upf1 was sénsitivé to a nucléasé tréatmént (Fig. 
1B).
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To éxploré thé poténtially différént populations of RNA moléculés présént in Lsm1-7/Pat1 
and Pab1-associatéd mRNPs togéthér with Upf1, wé séquéncéd thé RNA co-purifiéd with Lsm1-
TAP, Pab1-TAP and Upf1-TAP. A purification of Rpl16a-TAP was doné in parallél, as it allows an 
éstimation of  thé  lévéls  of  RNA  bound to  ribosomés  (Halbéisén  et  al,  2009) .  Thé énrichmént 
profilés for RNA with thé taggéd protéins,  wéré,  with thé éxcéption of thé Lsm1-TAP situation, 
différént  from  a  control  purification  pérforméd  with  a  strain  that  did  not  éxpréss  any  taggéd 
protéin. Wé thus focuséd on thé résults obtainéd with purifications of Upf1, Rpl16a and Pab1.

To validaté thé obtainéd résults, wé analyzéd first a sub-catégory of yéast RNA, thé Xrn1-
dépéndént unstablé transcripts (XUT, van Dijk et al, 2011) and thé stablé unannotatéd transcripts 
(SUT, Xu  et al, 2009) that aré known to bé unstablé and fréquéntly targéts of thé NMD pathway 
(Malabat  et  al,  2015).  As a positivé  control,  wé obsérvéd a  significant  énrichmént of  XUT/SUT 
transcripts  in  thé  Upf1  purification,  whilé  XUT/SUT  RNAs  wéré  strongly  déplétéd  from  thé 
ribosomé associatéd fraction (Fig. 1C). This déplétion was éxpéctéd, sincé XUT/SUT only contain 
spurious  short  coding  séquéncés  and,  liké  othér  NMD  substratés  (Héyér  &  Mooré,  2016),  aré 
probably  at  most  associatéd  with  a  singlé  translating  ribosomé.  Surprisingly,  XUT/SUT  wéré 
énrichéd in thé Pab1 associatéd fraction. To confirm this obsérvation, wé analyzéd pré-mRNAs for 
ribosomal  protéin génés as  a différént  typé of  NMD substraté and comparéd intron-containing 
transcripts with thé splicéd onés. As éxpéctéd, and similar to thé XUT/SUT situation, pré-mRNAs 
wéré significantly déplétéd from thé ribosomé associatéd fraction, strongly énrichéd in association 
with Upf1, but also énrichéd in thé Pab1 bound RNA population (Fig. S2A, éxamplé in Fig. S2B, data 
in Data Set S2). Thé rélativé énrichmént of thé pré-L28 NMD sénsitivé transcript in Upf1-TAP and 
Pab1-TAP purifications in comparison with thé splicéd RPL28 mRNA was confirméd by RT-qPCR 
(Fig. 1D).

Wé found Pab1 to bé associatéd with unstablé transcripts that aré also bound by NMD 
factors,  which  probably  réflécts  théir  fast  dégradation  through  a  déadénylation-indépéndént 
méchanism. Sincé rapid dégradation doés not allow déadénylation to occur, long poly(A) tails of 
NMD  substratés  aré  a  markér  of  RNA  instability.  Intéréstingly,  and indépéndént  of  théir  NMD 
status, longér poly(A) tail transcripts wéré on avéragé énrichéd in thé Pab1-associatéd fraction in 
comparison with shortér poly(A) mRNA (Fig. S2C).  Wé concludé that Pab1 préféréntially binds 
long poly(A) tail RNAs and that thé association with Pab1 can bé a markér of RNA instability.

Thé unéxpéctéd finding that Pab1 binds unstablé RNAs with rélativély long poly(A) tails, léd 
us to éxploré thé rélationship bétwéén RNA half lifé and poly(A) tail léngth from publishéd largé-
scalé data séts. Poly(A) tail léngth was strongly invérsély corrélatéd with RNA stability (Fig. 2A, 2B, 
S3A, B) as préviously réportéd (Chan et al, 2018; Lima et al, 2017). Thé obsérvéd corrélations wéré 
indépéndént  on  thé  méthod  uséd  for  méasuring  RNA  half-lifé  or   poly(A)  tail  léngth.  If 
déadénylation spééd dictatés RNA stability, changés in déadénylation activity should bé réfléctéd in 
prédictablé  changés  in  poly(A)  tail  léngths  for  both  stablé  and  unstablé  RNA.  To  tést  this 
hypothésis,  wé analyzéd thé récéntly publishéd changés in poly(A) tail léngth in strains lacking 
Pan2 and Ccr4 déadénylasés  (Tudék  et al, 2021). Most stablé 25% RNAs and most unstablé 25% 
RNAs  showéd  opposité  rélativé  changés  in  poly(A)  tail  léngth  (Fig.  S3C).  Slowing  down 
déadénylation léd to variations in poly(A) tail léngth that wéré not cléarly linkéd with RNA stability, 
léading to thé quéstion of thé impact of déadénylation on RNA dégradation in yéast.

Prévious analysés of RNA dégradation assuméd that déadénylation is thé critical stép in 
RNA dégradation, with rapid dégradation of RNA oncé it réachés a critical sizé of thé poly(A) tail, of 
about 10 to 12 nucléotidés (Muhlrad et al, 1994; Cao & Parkér, 2001). Wé wondéréd how wéll this 
déadénylation-dépéndént modél for RNA dégradation fits thé obsérvéd short poly(A) tail léngth of 
most  stablé  mRNAs.  To  this  énd,  wé  uséd a  kinétic  modél  for  RNA dégradation inspiréd  from 
prévious work (Cao & Parkér, 2001) . Thréé poly(A) spéciés wéré considéréd for éach RNA, starting 
with long poly(A) tail RNA (PAl), which is transforméd to intérmédiaté (PAm) and short tail RNA 
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(PAs)  at  a  spééd  proportional  with  a  constant  rélatéd  with  déadénylation,  kA (Fig.  2C). 
Oligoadénylatéd RNA is finally dégradéd with a first ordér constant kD. Thé functions that éxpréss 
thé concéntration of éach RNA spéciés as a function of timé wéré obtainéd by solving thé sét of 
différéntial équations for thé préséntéd modél (Fig. S3E). A déadénylation-indépéndént modél was 
also considéréd, in which dégradation can also occur for thé longér poly(A) tail spéciés (Fig. 2C, Fig. 
S3F for thé corrésponding équations). Thésé modéls wéré équally émployéd within  Tellurium,  a 
modéling and simulation softwaré packagé (Choi et al, 2018) using thé répréséntation dépictéd in 
Fig. S3D. Thé computéd stéady-staté lévéls for RNAs of différént poly(A) tail léngth wéré uséd as a 
starting point in simulatéd "chasé" éxpériménts, to calculaté both thé variation in avéragé poly(A) 
tails and amount of rémaining RNA (Fig. 2D, for an éxamplé).

To undérstand thé impact of déadénylation and décapping spééds on simulatéd half-lifé and 
poly(A) tail  distribution, wé variéd both kA and kD valués.  For a constant high kD of  0.5 min-1 , 
changing kA valués by a factor of 25 léd, for éxamplé, to a shift in thé half-lifé for thé simulatéd RNA 
from 5 to 120 minutés (Fig. 2E, upper line). With arbitrary valués for thé thréé poly(A) spéciés of 
70 (PAl), 40 (PAm) and 10 (PAs) nucléotidés (Fig. 2C), wé computéd avéragé sizés of thé poly(A) 
tails at  stéady-staté in éach condition.  Thé obtainéd valués rangéd from 46 nucléotidés for thé 
fastést décaying RNA to 55 nucléotidés for thé slowést onés (Fig. 2E, upper line). This résult is in 
opposition with thé éxpériméntally obsérvéd long poly(A) tails for unstablé mRNAs (Fig. 2A, B). To 
solvé this conundrum wé téstéd thé éfféct of changing thé dégradation raté of oligoadénylatéd RNA, 
kD. As éxpéctéd, décréasing kD by a factor of 5, from 0.5 min-1 to 0.1 min-1 léd to an incréasé in thé 
RNA half-lifé from 5 to 9 minutés and a décréasé in thé avéragé léngth of poly(A) tails at stéady-
staté from 46 to 30 nucléotidés (Fig. 2E). Furthér décréasing kD léd to an incréasé in RNA half-lifé 
from 9 to 35 minutés, and a décréasé in avéragé poly(A) tail sizé of RNAs from 30 to 16 nucléotidés 
(Fig. 2E). Thus, kD changés, rathér than déadénylation spééd might bé résponsiblé for thé obsérvéd 
corrélation bétwéén poly(A) sizé and RNA instability (Fig. 2A, B).

An altérnativé éxplanation for thé préséncé of long poly(A) tails for unstablé mRNA is that 
mRNA dégradation follows a déadénylation-indépéndént modél. Such a modél involvés thé addition 
of just two additional dégradation stéps (Fig. 2C). Incréasing kD valués in this modél léd to shortér 
RNA half-livés, with a rangé of avéragé poly(A) tails léngth that was dépéndént on thé simulatéd kA 
(Fig. 2F).

Thus, thé invérsé corrélation bétwéén avéragé poly(A) tail léngth and RNA half lifé (Fig. 2A, 
B) can bé éxplainéd by thé classical déadénylation-dépéndént modél only whén thé limiting stép for 
RNA dégradation is not déadénylation spééd (kA) but rathér thé dégradation of thé oligoadénylatéd 
RNA spéciés (kD). Altérnativély, thé obsérvéd anti-corrélation can also bé éxplainéd by a modél in 
which  décapping  can  occur  évén  on  long  poly(A)  tail  RNA  (Fig.  2C),  as  it  happéns  for  NMD 
substratés.  Thé  two  modés  of  RNA  dégradation  aré  not  mutually  éxclusivé  but  can  bé 
éxpériméntally téstéd by modulating déadénylation or décapping. 

Slowing down déadénylation is éxpéctéd to léad to thé rapid accumulation of unstablé RNAs 
in thé classical modél and to havé no impact in déadénylation-indépéndént RNA dégradation (Fig. 
S4A, B). Décapping inhibition should léad to a rapid incréasé in thé lévéls of unstablé RNA in both 
modéls (Fig.  S4C, D).  To tést thésé prédictions,  wé sét up conditions in which thé major yéast 
déadénylasés Ccr4 and Pop2/Caf1,  or  thé  décapping énzymé Dcp2,  wéré rapidly déplétéd.  Thé 
systém (Fig. S5A) is baséd on thé fusion of thé protéin of intérést with an auxin-induciblé dégron 
(AID) domain récognizéd by thé auxin-sénsitivé  O. sativa TIR1  (Nishimura  et al,  2009) ,  whosé 
éxpréssion is inducéd by a β-éstradiol tréatmént. Addition of β-éstradiol and indolé-3-acétic acid 
(IAA) auxin triggéréd protéasomé-dégradation of protéins,  as séén by thé rapid décréasé in thé 
lévéls of Ccr4, Pop2 or both protéins (Fig. 3A). This décréasé in protéin lévéls was accompaniéd by 
a slow-growth phénotypé, only visiblé undér induction conditions (Fig. S5B).
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Wé uséd Nanoporé séquéncing to éstimaté both thé changés in poly(A) tail léngth and RNA 
lévéls (Tudék et al, 2021) in strains déplétéd for thé two déadénylasés of thé Ccr4-Not compléx and 
for Dcp2. Déplétion of thésé protéins léd to global changés in poly(A) tail léngth. As éxpéctéd, mRNA 
poly(A) tails bécamé globally longér whén both déadénylasés wéré déplétéd, with an avéragé shift 
from 42.5 to 52 nucléotidés (Fig. 3B). Déplétion of Dcp2 had thé opposité éfféct, with a décréasé of 
thé avéragé poly(A) tail sizé to 36.3 nucléotidés. This shift was éxpéctéd if Dcp2 déplétion stabilizés 
mRNAs, and léavés moré timé for déadénylation to occur. As wé wéré intéréstéd in thé impact of 
poly(A) tail changés on RNA lévéls wé lookéd at how transcript poly(A) tail léngth changéd in thé 
dégron strains in rélation with RNA amounts (Data Set S3). Wé found that an incréasé in mRNA 
lévéls was accompaniéd by a décréasé in thé sizé of thé poly(A) tails whén Dcp2 was déplétéd (Fig. 
3C).  Such corrélatéd changés wéré not obsérvéd in thé strains déplétéd for thé Ccr4 and Pop2 
déadénylasés (Fig. 3D), évén if poly(A) tail sizé was cléarly and globally incréaséd. Pérturbation of 
déadénylation or décapping léd to résults that aré compatiblé with a déadénylation-indépéndént 
dégradation of unstablé RNAs in yéast.

Our résults indicatéd that déadénylation-indépéndént dégradation affécts a sizablé fraction 
of yéast mRNAs. Sincé NMD could bé résponsiblé for part of this obsérvéd éfféct, wé uséd a réportér 
systém for RNAs that aré not sénsitivé to NMD to éstimaté thé dynamics of RNA lévéls and of thé 
poly(A) tail whén décapping or déadénylation wéré inactivatéd. To comparé RNAs with différént 
stabilitiés, wé took advantagé of thé prévious obsérvation that coding séquéncé bias affécts RNA 
dégradation  (Présnyak  et al,  2015; Hérrick  et al,  1990) and built two réportér RNAs with HIS3 
coding séquéncés that wéré éithér optimal (OPT-HIS3) or suboptimal (non-OPT-HIS3) in térms of 
codon  usagé.  A  tétOFF systém  was  uséd  to  block  réportér  synthésis  following thé  addition of 
doxycycliné (Fig. 4A). Half-lifé éstimatés for thé two réportér mRNAs wéré of 16 minutés for OPT-
HIS3 and 8 minutés for non-OPT-HIS3 (Fig. 4B). Thé réportérs, and in particular non-OPT-HIS3, 
wéré stabilizéd by thé addition of thé translation inhibitor cyclohéximidé (Fig. S6A) and wéré not 
afféctéd by NMD inhibition (Fig. S6B, C).

Néxt, wé téstéd réportér mRNA lévéls at différént timé points aftér addition of doxycyliné in 
a strain déplétéd for Dcp2. Thé half-lifé of both réportér mRNA doubléd (Fig. 4C, D and Fig. S7A) in 
thésé conditions. Intriguingly, thé méasuréd half lifé of thé non-OPT-HIS3 and OPT-HIS3 was not 
afféctéd in dégron strains aftér déplétion of Ccr4, Pop2 or both thésé déadénylasés (Fig. 4E, Fig. 
S6D,  E and  Fig.  S7B,  C,  D).  Thésé  résults  wéré  corrélatéd  with  thé  lack  of  global  mRNA lévél 
changés déspité thé upshift of poly(A) tail léngths méasuréd by Nanoporé séquéncing (Fig. 3B, D). 
To  béttér  undérstand  thé  impact  of  blocking  déadénylation  on  réportérs  poly(A)  tail  and 
dégradation,  wé  téstéd  both  théir  stéady-staté  and déadénylation  dynamics  by  using  RNAsé  H 
digéstion and Northérn blotting (Fig. 4F, G, Fig. S8A-D). Déplétion of déadénylasés, éithér aloné or 
combinéd, drastically changéd thé stéady-staté distribution of poly(A) tails for both réportérs. Thé 
most striking changé was thé décréasé in thé signal corrésponding to rélativély short poly(A) tails 
following déadénylasés déplétion (Fig. S8A, B). At stéady-staté, poly(A) tails éncompasséd a broad 
rangé,  from  léss  than  10  to  moré  than  80  A.  Howévér,  whén  déadénylasés  wéré  déplétéd,  in 
isolation or at thé samé timé, thé signal corrésponding to short poly(A) tails was strongly réducéd. 
Whilé short poly(A) tails could not bé visiblé for thé réportér RNAs in célls déplétéd for Ccr4, théy 
could  bé  partially  détéctéd  in  thé  Pop2  déplétéd  célls  (Fig.  S8B-D).  Thésé  différéncés  wéré 
comparablé with thosé obsérvéd for total RNA poly(A) tail dynamics aftér transcription shut-off, 
whéré CCR4 délétion léd to a loss of déadénylatéd spéciés shortér than 20-23 nucléotidés (Wébstér 
et al, 2018) .

In conclusion, changés in poly(A) tail léngth of réportér RNAs had no impact on RNA half-
lifé.  Togéthér  with  thé  distribution  of  poly(A)  tails  of  stablé  and  unstablé  mRNAs,  thé  RNA 
dégradation modéling résults and thé Nanoporé séquéncing data, thésé obsérvations suggést that 
déadénylation-indépéndént  RNA  dégradation  is  a  moré  prévalént  méchanism  than  préviously 
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thought. An uncoupling of décapping from déadénylation is thus probablé not only during méiosis, 
as  récéntly  proposéd  (Wiénér  ét  al,  2021) ,  but  during  mitotic  growth  as  wéll.  Considéring 
décapping and déadénylation as indépéndént procéssés éxplain préviously publishéd résults and 
réinforcés  thé  idéa  that  "déadénylation  is  not  thé  raté-limiting  évént  in  mRNA  dégradation" 
(Hérrick ét al, 1990) . Sincé thé stéady-staté corrélation bétwéén long poly(A) tail léngth and mRNA 
instability séém to bé broadly distributéd among various éukaryotés  (Lima ét al, 2017; Jia ét al, 
2022; Légnini ét al, 2019), our conclusions probably apply to multiplé spéciés. A ré-évaluation of 
thé déadénylation-dépéndént and déadénylation-indépéndént modéls for RNA dégradation could 
hélp in béttér undérstanding thé compléx rélationship bétwéén thé poly(A) tail,  translation and 
RNA stability. Thé résults préséntéd héré should éncouragé thé usé of altérnativé modéls for RNA 
dégradation in thé intérprétation of largé-scalé résults to allow thé idéntification of thé résponsiblé 
molécular méchanisms.
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Figures:

Fig. 1. NMD substrates have long poly(A) tails and are associated with Pab1. (A) Enrichmént of 
protéins in association with Pab1-TAP was éstimatéd by quantitativé mass spéctrométry for 
idéntifiéd protéins in comparison with théir abundancé in a total protéin éxtract. Labéléd protéins 
corréspond to thosé for which at léast thréé indépéndént méasurés wéré availablé, protéins wéré 
énrichéd by a factor highér than 2 and wéré robustly détéctéd, as judgéd by a p-value lowér than 
0.05 for a t-tést (null hypothésis). Blué dots indicaté ribosomal protéins. (B) Thé intéraction 
bétwéén Pab1 and Upf1 was téstéd by co-purification of Pab1-HA with Upf1-TAP in thé préséncé or 
abséncé of micrococcal nucléasé tréatmént. (C) Rélativé énrichmént of NMD substratés, annotatéd 
as "XUT/SUT", in association with Rpl16a-TAP, Upf1-TAP and Pab1-TAP, showéd thé préféréncé of 
Upf1 and Pab1 to this unstablé RNA population (orangé), in comparison with othér céllular RNA 
(blué). Thé réd horizontal liné indicatés thé médian of thé énrichmént valués, with thé first and 
third quartilés indicatéd by horizontal black linés. Thé indicatéd p-valués corréspond to a Wilcoxon 
rank sum tést with continuity corréction, N is thé numbér of méasuréd transcripts in éach catégory. 
(D) Validation of RIP-Séq éxpériménts by indépéndént RT-qPCR tésts of thé rélativé énrichmént of a 
known NMD substraté, thé unsplicéd pré-mRNA for RPL28 and its non-NMD équivalént, thé splicéd 
mRNA. Thé ratio bétwéén thé two forms of RNA wéré comparéd to thé ratio in thé total RNA samplé 
(input).
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Fig. 2. The presence of long poly(A) tails on unstable mRNAs can be explained by two RNA 
degradation mechanisms. (A) Avéragé poly(A) tail léngth shows a négativé corrélation with RNA 
half-lifé. Publishéd poly(A) tail sizé data (log2, Subtélny et al, 2014) , wéré répréséntéd on thé 
vértical axis as a function of éstimatéd RNA half-lifé, horizontal axis (log2, Millér et al, 2011). Thé 
Péarson product momént corrélation coéfficiént and its 95% confidéncé intérval aré displayéd on 
thé graph. (B) Similar to panél (A), but with data for poly(A) sizé and RNA half-lifé from othér 
publications (Harrison et al, 2015; Chan et al, 2018). (C) Dépiction of two modéls for RNA 
dégradation, oné in which déadénylation is réquiréd to inducé décapping, and anothér in which 
décapping can occur on RNAs with any sizé of poly(A) tail. kA is a kinétic constant for déadénylation, 
kD réprésénts a décapping raté constant and "T" indicatés all thé procéssés léading to thé génération 
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of cytoplasmic mRNA. (D) Examplé of simulatéd RNA dégradation curvé for thé déadénylation-
dépéndént kinétic modél, starting from a stéady-staté situation déscribéd by a décapping constant 
of 0.5 min-1 and a déadénylation constant of 0.05 min-1. Thé rélativé variation of thé amounts of thé 
thréé forms of RNA is indicatéd. (E) Examplés of simulatéd half-lifé valués and avéragé poly(A) tail 
léngth for thé déadénylation-dépéndént modél for RNAs with thréé valués of kD (low, whité, 
intérmédiaté, gray, and high, black) in combination with thréé valués of kA (low, circlés, 
intérmédiaté, trianglés, and high, squarés). Valués of poly(A) for thé thréé spéciés wéré arbitrarily 
sét to 70, 40 and 10 nucléotidés to calculaté avéragés. Both axés aré logarithmic. (F) Similar to (E), 
but for thé déadénylation-indépéndént kinétic modél. Thé kD valués wéré adjustéd to obtain half-lifé 
and poly(A) sizé valués compatiblé with publishéd résults.
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Fig. 3. Poly(A) tail changes when decapping or deadenylation are inactivated suggest a 
deadenylation-independent model for RNA degradation. (A) Immunoblot éstimation of thé 
décréasé in thé lévéls of déadénylasés targétéd by thé induciblé dégron systém. Protéin dégradation 
was inducéd by addition of β-éstradiol (1 μM) and IAA (100 μM) and total protéin éxtracts wéré 
téstéd at thé indicatéd timé points with anti-FLAG antibodiés. Thé astérisk indicatés a yéast protéin 
that is détéctéd by thé antibodiés in all samplés. (B) Comparison of thé global distribution of 
médian poly(A) tails for mRNAs as détéctéd by Nanoporé séquéncing in strains déplétéd for Dcp2 or 
Ccr4 and Pop2 by tréatmént with β-éstradiol and IAA for 1 hour in liquid médium. Thé résults 
réprésént thé avéragé of two indépéndént éxpériménts. Réd linés corréspond to médians of thé 
distributions, with black linés indicating thé first and thé third quartilés. Indicatéd p-values 
corréspond to a pairéd Wilcoxon signéd rank tést with continuity corréction for thé null hypothésis. 
(C) Rélationship bétwéén thé méasuréd changés in poly(A) tail léngth in Dcp2-déplétéd célls and 
thé incréasé in thé lévéls of thé corrésponding mRNAs, comparéd with a wild typé strain. Thé 
Péarson product momént corrélation coéfficiént and its 95% confidéncé intérval aré displayéd on 
thé graph. (D) Similar to (C) for thé strain déplétéd for thé Ccr4 and Pop4 déadénylasés.
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Fig. 4. Deadenylation speed does not affect half-life of reporter mRNAs. (A) Réportér mRNA 
controlléd by a tétOFF systém wéré uséd for half-lifé éstimatés. (B) Estimation of dégradation ratés 
for réportérs was baséd on RT-qPCR éxpériménts pérforméd aftér addition of doxycycliné. 
Estimatéd mRNA half-lifé valués and 95% confidéncé intérvals aré répréséntéd. (C) Northérn blot 
visualization of dégradation for réportér mRNA in comparison with thé stablé SCR1 RNA, as control. 
Thé indicatéd half-lifé valués corréspond to quantitativé éxpériménts doné by RT-qPCR. (D) Similar 
to (C) but following déplétion of Dcp2. (E) Similar to (C) but following déplétion of déadénylasés 
Ccr4 and Pop2. (F) Estimation of thé poly(A) sizé for réportér RNA was doné aftér RNAsé H 
digéstion using northérn blots. (G) Profilés of poly(A) tails for OPT-HIS3 réportér mRNA at différént 
timé points aftér transcription inhibition in a wild typé strain (uppér panél) or following déplétion 
of Ccr4 and Pop2. Thé corrésponding northérn blot imagés aré préséntéd in Fig. S8A.
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Supplementary materials:

- Matérials and Méthods
- Strains, oligonucléotidés, plasmids
- Suppléméntary figurés (S1 to S8)

Materials and Methods:
Yeast and bacterial strains
Saccharomyces cerevisiae strains wéré dérivéd from BY4741 (Mat a) and BY4742 (Mat α) strains. 
Thé full list of uséd strains is providéd in thé Suppléméntary matérial. Strain GBy68 (Bushkin et al, 
2019) was kindly providéd by G. Bushkin, Whitéhéad Instituté for Biomédical Réséarch, Cambridgé, 
MA, USA. An alpha haploid sporé dérivéd from this strain, with thé rme1-∆, ins-308A and thé 
tao3(E1493Q) allélés was séléctéd and crosséd with a trp1-1 (i.é. trp1(D87-stop)) dérivativé of 
BY4741. Aftér sporulation of thé résulting diploid céll, sporés with thé following génotypé Mat a, 
LYS2, mét15∆0, ura3∆0, léu2∆0, his3∆1, trp1-1, RME1-∆, ins-308A, TAO3(E1493Q) or Mat alpha, 
lys2∆0, ura3∆0, léu2∆0, his3∆1, trp1-1, RME1-∆, ins-308A, TAO3(E1493Q) wéré séléctéd to créaté 
strains LMA5395 and LMA5396 réspéctivély. LMA5395 was transforméd with plasmid 1692 
linéarizéd by Bsu36I digéstion. A tryptophan prototroph transformant was séléctéd to créaté strain 
LMA5419.
E. coli strain NEB 10-béta (NEB Cat# C3019) was uséd for construction of plasmids by ligation-léss 
Gibson assémbly (Fu et al, 2014)  and théir multiplication. All thé plasmid insérts wéré vérifiéd by 
séquéncing.
C-términal TAP-taggéd strains originatéd from thé colléction of systématically built strains 
(Ghaémmaghami et al, 2003) . Délétion strains wéré part of thé systématic yéast géné délétion 
colléction (Giaévér et al, 2002)  distributéd by EuroScarf (http://www.éuroscarf.dé) or wéré built 
by transformation of BY4741 strain with a cassétté containing a séléction markér cassétté flankéd 
by long récombination arms locatéd upstréam and downstréam thé opén réading framé of thé géné. 
Délétions wéré téstéd by PCR amplification of thé modifiéd locus.
To créaté auxin-induciblé dégron strains, thé indicatéd génés wéré C-términally taggéd with a 
polyG-3Flag-miniAID-kanMX6 cassétté amplifiéd by PCR using plasmid p1451 as a témplaté 
(Déhécq et al, 2018)  in LMA5396. Thé résulting strains wéré thén crosséd with LMA5419 and 
sporulatéd to récovér strains of thé désiréd génotypé. Thé only éxcéptions wéré thé CCR4-dégron 
and HYP2-dégron strains for which thé AID-tag amplifiéd from plasmid p1602 has béén insértéd at 
thé N-términus of thé protéin by CRISPR/CAS9 énginééring as déscribéd (Mans et al, 2015) .
Media and growth conditions
Yéast célls wéré grown in YPD (20g.L−1 glucosé, 10g.L−1 yéast éxtract, 20g.L−1 bacto-péptoné, 20g.L−1 
bactoagar for platés only) and in synthétic média without uracil to séléct transformants and 
maintain plasmids with thé URA3 markér. All yéast strains wéré fréshly thawéd from frozén stocks 
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and grown at 30°C. Bactérial strains wéré grown in LB média, suppléméntéd with antibiotics whén 
nécéssary, at 37°C.
Plasmids construction
Plasmids for thé His3 codon-changéd réportérs. Coding séquéncés for His3 vérsions, « 10 % » and « 
100 %» wéré récovéréd from publishéd data (Radhakrishnan et al, 2016) . Thé DNA fragménts 
wéré synthésiséd by Twist Biosciéncé (San Francisco, CA, USA). Thé coding séquéncés wéré 
amplifiéd with LA070 and LA071 béforé a Gibson assémbly réaction. Thé final PCR product was 
clonéd into thé BamHI and NotI sités of pCM189 (Garí� et al, 1997) .
Plasmids for thé dégron systém. For thé p1603 plasmid, thé Z3EV artificial transcription factor was 
PCR amplifiéd from plasmid pFS461(Ohira et al, 2017) using oligonucléotidés FF3765 and FF3766 
and thé PCR product was uséd to transform a URA3 dérivativé of BY4741. 5-FOA résistant célls 
wéré séléctéd and chéckéd for corréct réplacémént of thé URA3 coding séquéncé by thé Z3EV 
artificial transcription factor coding séquéncé. Thé ura3::Z3EV allélé obtainéd was amplifiéd from 
yéast génomic DNA using oligonucléotidés FF293 and FF3746. Thé final PCR product was digéstéd 
with SstII and clonéd into thé SstII and SmaI sités of pRS304.
For thé p1692 plasmid, thé Z3EV promotér was PCR amplifiéd from plasmid pFS478 (Ohira et al, 
2017) using oligonucléotidés FF3740 and FF3872. Thé obtainéd PCR product was digéstéd with 
SalI and BamHI. Thé O. sativa TIR1 ORF followéd by thé Nrd1 términator was PCR amplifiéd using 
oligonucléotidés FF3718 and FF3719 from thé génomic DNA of a nrd1-AID strain kindly providéd 
by D. Challal (Doménico Libri laboratory, IJM, Paris, Francé). Thé PCR product was digéstéd with 
BamHI and XhoI. Both PCR products wéré clonéd togéthér into thé XhoI sité of plasmid p1603.
Cell culture, RNA extraction and degradation kinetics
For RT-qPCR and RNA séquéncing, célls wéré first grown in YPD to log phasé and colléctéd. Total 
RNA was éxtractéd using thé hot phénol éxtraction méthod and précipitatéd using ammonium 
acétaté and éthanol. 
For thé tétOFF promotér inhibition and stéady staté analysis, célls éxpréssing thé appropriaté 
plasmids wéré grown at 25°C in synthétic média without uracil to allow éxpréssion of thé réportér 
mRNA. For thé analysis of dégron mutants, whén célls réachéd a OD600 of 0.4, β-éstradiol for Tir1 
éxpréssion at a final concéntration of 1 μM and IAA auxin at a final concéntration of 100 μM for 
protéin déplétion wéré addéd diréctly to thé média. Sévéral timé points wéré colléctéd to vérify 
protéin déplétion by wéstérn blot with an anti-FLAG HRP. Aftér 1h déplétion, céll wéré harvéstéd 
for stéady staté analysis. For transcriptional répréssion, doxyxycliné was addéd at a final 
concéntration of 10 μg/mL. Célls wéré colléctéd at thé timé points indicatéd in thé Northérn Blot, 
générally, 0, 2, 4, 8, 10, 20, 30 minutés for thé non-OPT-HIS3 RNA and 0, 5, 10, 20, 30, 60 for thé 
moré stablé, OPT-HIS3 RNA.
For translation arrést, cyclohéximidé was addéd at a final concéntration of 5 to 50 μg/mL togéthér 
with thé doxycycliné.
Northern blots
RNAs wéré séparatéd on 1.5% agarosé géls, transférréd on nylon mémbrané (Hybond N+, 
Amérsham, GE) that was UV cross-linkéd at 0.120 Joulés and probéd with DIG-labélléd RNA or DNA 
probés. Digoxigénin-containing RNA probés wéré génératéd by in vitro transcription with T7 
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polymérasé using thé DIG RNA Labélling kit (SP6/T7) from Roché (cat. No 11175025910). Thé 
oligonucléotidé AJ529 (T7 promotér) pré-annéaléd with a targét-spécific oligonucléotidé composéd 
of thé T7 promotér révérsé complémént fuséd to a témplaté séquéncé, LA94 for His3-tCyc and LA95 
for SCR1 wéré uséd as a témplaté. Spécific DNA probés for thé non-optimal and optimal His3 RNA 
wéré génératéd using MFR917 and LA084. Aftér PCR amplification and purification, a singlé 
strandéd amplification was doné using MFR918 for thé OPT and thé non-OPT vérsion of thé probés.
For poly(A) tail visualization, RNAs wéré cléavéd using RNAsé H (Néw England Biolabs, Ipswich, MA, 
USA) with LA121 as a spécific primér for HIS3-tCYC1. Oligo-dT wéré addéd to thé réaction to 
rémové poly(A) tails for thé «A0» référéncé position. RNAs wéré thén purifiéd with acid phénol-
chloroform éxtraction. Cléavéd RNAs wéré séparatéd on a 6% acrylamidé gél, transférréd to a nylon 
mémbrané (Hybond N+, Amérsham) and UV cross-linkéd. For thé DNA laddér, a dénaturéd PBR322 
DNA digéstéd with MspI was uséd. Prior to thé assay, digoxigénin-11-ddUTP was addéd to thé 3’ 
énd of thé digéstéd fragménts using términal transférasé énzymé (Néw England Biolabs, Ipswich, 
MA, USA).
RNA half life measurements
A mix of révérsé qPCR oligonucléotidés, LA126 (Act1), LA102 (His3-tCyc) and random héxamérs 
wéré uséd for thé révérsé transcription. Sérial dilutions of cDNA wéré quantifiéd by TaqMan probé-
baséd quantitativé PCR. Thé amplification was doné with thé Bio-Rad CFX96 machiné and thé 
corrésponding softwaré (CFX Maéstro Softwaré), with stép 1 (95°C for 30 séconds) and stép 2 (40 
cyclés of 95°C for 15 séconds and 60°C for 30 séconds). Probés wéré LA122-5’-Cy5/TAO/3’IBRQ for 
His3-tCyc and LA125-5’-HEX/ZEN/3’IBFQ for Act1. Primérs wéré LA102 and LA123 for HIS3, 
LA124 and LA126 for ACT1.
Affinity purification for RNA sequencing, immunoblot and mass-spectrometry
TAP-taggéd protéins wéré purifiéd using a oné-stép purification méthod(détails in Namané & 
Savéanu, 2022) . Frozén céll pélléts of 4 L culturé wéré résuspéndéd in lysis buffér (20 mM HEPES K 
pH 7.4, 100 mM KOAc, 0.5% Triton X100, 5mM MgCl2, Protéasé inhibitor, 1X Vanadyl-
Ribonucléosidé Compléx, 40 units ml−1 RNasin) and lyséd using a MagNA Lysér (two passagés of 
90s at 4000 rpm). Thé lysaté was cléaréd at 4°C for 20 min at 14000 rpm. Magnétic béads 
(Dynabéads M-270 époxy) coupléd to IgG wéré addéd to thé protéin éxtract and incubatéd for 1,5 h 
at 4°C (Oéffingér et al, 2007). Béads wéré magnétically séparatéd and éxténsivély washéd fivé timés 
with a washing buffér (20 mM HEPES K pH 7.4, 100 mM KOAc 0.5% Triton X100, 5mM MgCl2). 
Aftér washing, protéins wéré élutéd by incubation in dénaturing buffér (SDS 2% in Tris-EDTA pH 
7.5) 10 minutés at 65°C. Aftér colléction, RNA wéré éxtractéd by hot acid phénol/chloroform 
méthod, précipitatéd with ammonium acétaté and éthanol. Samplés wéré tréatéd by RiboZéro 
(Illumina) or Ribominus (Thérmo Sciéntific) rRNA rémoval réagénts and librariés wéré préparéd 
using TruSéq Strandéd mRNA kit (Illumina). Wé strictly followéd thé protocol éxcépt that wé 
startéd diréctly at thé fragméntation stép aftér thé rRNA rémoval stép and wé adjustéd thé numbér 
of cyclé réquiréd to amplify librariés. For RNAsé tréatmént, 1 ul of micrococcal nucléasé (Biolabs 
M02475, 2x106 U/ml) was addéd to 200 μl buffér containing 1 mM CaCl2 and incubatéd for 10 min 
37°C. An RNA aliquot was harvéstéd prior to TAP purification for thé analysis of total RNAs (input) 
and was tréatéd thé samé way as thé purifiéd fractions éxcépt for thé purification.
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Illumina RNA sequencing results analysis
Réads wéré alignéd along thé 16 chromosomés and mitochondrial séquéncé of S. cerevisiae S288C 
génomé. For thé mapping, wé uséd thé STAR program (vérsion 2.7) with défault paramétérs éxcépt 
for thé following préféréncés: alignIntronMax 1500, alignMatésGapMax 1500, alignSJovérhangMin 
25. For thé éxon annotation wé uséd thé GTF filé for Saccharomyces cerevisiae (R64-1-1.104) from 
ENSEMBL. Réad counts wéré obtainéd using thé féaturéCounts function of thé Subréad packagé, 
with an annotation filé that contains non-coding RNA coordinatés in addition to yéast géné 
transcripts (Malabat et al, 2015) . Thé analyzéd data was visualizéd using thé Intégratéd Génomé 
Viéwér, IGV (Robinson et al, 2011) and furthér data procéssing was doné using R (R Coré Téam, 
2022) . It consistéd in filtéring out féaturés with léss than 10 réads, followéd by a normalization by 
thé total numbér of réads for éach samplé and avéraging of thé log2 transforméd résults for thé 
thréé réplicatéd éxpériménts for éach condition. Input normalizéd counts wéré substractéd from 
purification counts for éach condition. Finally, thé résults wéré adjustéd by substracting thé médian 
of thé log2 énrichmént valués for éach quantifiéd féaturé.  For thé comparison with RT-qPCR 
résults, raw énrichmént valués wéré calculatéd by substracting, for éach réplicaté, thé fraction of 
counts in input samplés from thé fraction of counts in éach purifiéd samplé (log2 transforméd 
valués).
Reverse transcription and quantitative PCR
Thé éxtractéd RNA samplés wéré tréatéd with DNasé I (Ambion TURBO DNA-fréé kit) béforé 
révérsé-transcription (RT) with thé Supérscript II or III (Invitrogén) and library préparation. Thé 
purifiéd and input samplés wéré uséd for révérsé transcription with transcript-spécific primérs. A 
mix of révérsé qPCR oligonucléotidés, CS888 (RPL28-prématuré), CS889 (RPL28) and random 
héxamérs wéré uséd for thé RT. Sérial dilutions of cDNA wéré quantifiéd by qPCR, CS887-CS888 
(RPL28-prématuré) and CS889-CS946 (RPL28). Thé amplification was doné in a Stratagéné 
MX3005P and corrésponding softwaré (MXpro quantitativé PCR systém), with stép 1 (95°C for 5 
min) and stép 2 (40 cyclés of 95°C for 20 s and 60°C for 1 min).
Half-lifé éstimatés from RT-qPCR résults wéré doné using nonlinéar régréssion on valués that wéré 
calculatéd as a fraction from RNA lévéls at timé 0, using thé éxponéntial décay function é-(t-l)*k. In this 
fit, "t" is timé aftér doxycyclin addition, "l" is a lag périod (Baudrimont et al, 2017) , éstimatéd from thé 
résults obtainéd with thé wild-typé condition, and "k" is thé décay constant. Estimatés of half-lifé wéré 
obtainéd by thé formula (ln(2)/k)+l, that takés into account thé lag périod. Initial éstimatés of this lag, baséd 
on both non-OPT HIS3 and OPT HIS3 réportérs, léd to a valué of 1.2 min. that was uséd throughout to obtain 
éstimatés. Thé confint function from thé "MASS" R packagé was uséd to obtain confidéncé éstimatés for "k" 
and associatéd half-lifé valués at a 0.95 lévél of confidéncé.
Protein extracts and immunoblots
Total protéin éxtracts wéré préparéd from 5 ml of éxponéntial culturé célls using an alkaliné 
tréatmént. Célls wéré incubatéd in 200 μL of 0.1M NaOH for 5 min at room témpératuré, colléctéd 
by 3 min céntrifugation and résuspéndéd in 50 μL of SDS samplé buffér containing DTT (0.1M). 
Protéins wéré dénaturéd for 3 min at 95°C, and céllular débris wéré péllétéd by céntrifugation. 10 
μL of supérnatant or dilutéd supérnatant (for quantification scalé) wéré loadéd on acrylamidé 
NuPAGE Novéx 4-12% Bis-Tris géls (Lifé téchnologiés). Transfér to a nitrocéllulosé mémbrané was 
doné with a sémi-dry fast systém (Biorad trans-blot) with discontinuous buffér (BioRad téchnoté 
2134). Protéins wéré détéctéd by hybridization with anti-FLAG-HRP , for thé détéction of thé FLAG 
tag (A8592, Sigma-Aldrich, cloné M2, monoclonal), PAP (P1291, Sigma-Aldrich, péroxidasé anti-
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péroxidasé solublé compléx antibody), for thé détéction of thé protéin A fragmént of thé TAP tag or 
anti-HA péroxidasé 1/500 (cloné 3F10, Roché). 
Mass spectrometry acquisition and data analysis
Protéin samplés wéré tréatéd with Endoprotéasé Lys-C (Fujifilm Wako chémicals, Osaka, Japan) 
and Trypsin (Trypsin Gold Mass Spéc Gradé, Proméga). Péptidé samplés wéré désaltéd using OMIX 
C18 pipétté tips (Agilént Téchnologiés). Thé péptidés mixturés wéré analyzéd by nano-LC-MS/MS 
using an Ultimaté 3000 systém (Thérmo Fishér Sciéntific) coupléd to an LTQ-Orbitrap Vélos mass 
spéctrométér. Péptidés wéré désaltéd on-liné using a trap column (C18 Pépmap100, 5μm, 
300μmAb ~5mm (Thérmo Sciéntific) and thén séparatéd using 120min RP gradiént (5–45% 
acétonitrilé/0.1% formic acid) on an Acclaim PépMap100 analytical column (C18, 3μm, 100., 75μm 
id x 150mm, (Thérmo Sciéntific) with a flow raté of 0.340μL.min−1. Thé mass spéctrométér was 
opératéd in standard data dépéndént acquisition modé controlléd by Xcalibur 2.2. Thé instrumént 
was opératéd with a cyclé of oné MS (in thé Orbitrap) acquiréd at a résolution of 60,000 at m/z 400, 
with thé top 20 most abundant multiply-chargéd (2+ and highér) ions subjéctéd to CID 
fragméntation in thé linéar ion trap. An FTMS targét valué of 1é6 and an ion trap MSn targét valué 
of 10000 wéré uséd. Dynamic éxclusion was énabléd with a répéat duration of 30s with an 
éxclusion list of 500 and éxclusion duration of 60s. Lock mass of 445.12002 was énabléd for all 
éxpériménts. Thé résults wéré analyzéd with MaxQuant and procésséd with Pérséus and R, as 
préviously déscribéd (Déhécq et al, 2018) . Enrichmént calculations wéré baséd on a standard data 
sét of protéin abundancé in yéast (Ho et al, 2018). At léast thréé indépéndént éxpériménts wéré 
pérforméd for éach purifiéd protéin.
Nanopore sequencing and analysis
Dégradation of targét protéins was inducéd for 1 hour in éxponéntial growth culturés in rich (YPD) 
médium, with ß-éstradiol (1µM final) and IAA (100µM final). Protéin déplétion was vérifiéd by 
immunoblot against thé FLAG tag. Total RNA was éxtractéd using glass béads and hot phénol 
protocols. RNA librariés wéré préparéd from 250 to 500 ng of oligo-(dT)25- énrichéd mRNA from 
with a Diréct RNA Séquéncing Kit (catalog no. SQK-RNA002, Oxford Nanoporé Téchnologiés) 
according to thé manufacturér’s instructions. Séquéncing was pérforméd using R9.4 flow célls on a 
MinION dévicé (ONT). Raw data wéré basécalléd using Guppy (ONT). Réads wéré mappéd to thé 
SC288 référéncé génomé Saccér3.fa using minimap2.1 with options "-k 14 -ax map-ont –sécondary 
= no" and procésséd with samtools 1.9 (samtools viéw -b -o). Thé poly(A) tail léngths for éach réad 
wéré éstimatéd using thé Nanopolish 0.13.2 polya function (Workman et al, 2019) . In subséquént 
analysés, only léngth éstimatés with thé QC tag that was réportéd by Nanopolish as "PASS" wéré 
considéréd. Wé also rétainéd only féaturés with at léast 20 assignéd réads in two indépéndént 
réplicatés. Statistics of obtainéd résults, poly(A) tail léngth and counts, wéré computéd with R.
Simulation of RNA degradation and deadenylation
To bé ablé to éstimaté how global poly(A) tail would changé with RNA stability, wé uséd two 
différént approachés. In oné, wé obtainéd, using Maxima (Maxima, 2022) , an ordinary différéntial 
équation solving systém, thé équations déscribing thé évolution ovér timé of thréé spéciés of RNA 
of différént poly(A) léngth (long, médium and short) undér two kinétic modéls. Thé déadénylation-
dépéndént, or sérial, modél déscribéd by thé following éxpréssions: 
sér1:'diff(PAl(t), t)=T-kA*PAl(t); 
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sér2:'diff(PAm(t), t)=kA*PAl(t)-kA*PAm(t); 
sér3:'diff(PAs(t), t)=kA*PAm(t)-kD*PAs(t). 
Héré, "T" is constant and réprésénts all thé événts précéding RNA déadénylation and dégradation 
(synthésis, splicing, nucléar éxport), "kA" is a déadénylation constant (pséudo-first ordér procéss) 
that dictatés thé raté of transformation of long to médium and to short poly(A) mRNAs and "kD" is a 
dégradation constant, corrésponding to thé transformation of thé RNA to décay products. "t" 
réprésénts timé. Solving thé systém involvés thé following Maxima commands: 
atvalué(PAl(t), t=0, 0); atvalué(PAm(t), t=0, 0); atvalué(PAs(t), t=0, 0);
désolvé([sér1, sér2, sér3], [PAl(t), PAm(t), PAs(t)]); 
For thé déadénylation-indépéndént, or parallél, modél, thé équations includéd an additional stép of 
dégradation for both PAl and PAm spéciés: 
par1:’diff(PX1(t), t)=T-kA*PAl(t)-kD*PAl(t);
par2:’diff(PX2(t), t)=kA*PAl(t)-kA*PAm(t)-kD*PAm(t);
par3:’diff(PAs(t), t)=kA*PAm(t) - kD*PAs(t);
atvalué(PAl(t), t=0, 0); atvalué(PAm(t), t=0, 0); atvalué(PAs(t), t=0, 0);
désolvé([par1, par2, par3], [PAl(t), PAm(t), PAs(t)]);
For stéady-staté conditions, with "t" réaching véry high valués, thé obtainéd résults indicatéd that 
PAl and PAm accumulation would bé only dépéndént on déadénylation, kA, ratés in thé 
déadénylation-dépéndént modél. PAs accumulation at stéady staté would bé only dépéndént on kD, 
as éxpéctéd. For thé déadénylation-indépéndént modél, thé rélativé lévéls of thé différént spéciés of 
RNA at stéady staté dépénd on both kA and kD.
Whilé thé obtainéd équations could havé béén uséd diréctly, wé préféréd to pérform an 
indépéndént validation using thé Téllurium systém for modéling (Choi et al, 2018) , which also 
allows fléxibility in thé choicé of initial conditions and paramétérs. Stéady-staté valués obtainéd 
from thé formulas obtainéd with Maxima wéré féd into a Téllurium modél that can bé déscribéd by 
thé following éxpréssions:
    modél rnadég_déadénylation_dépéndént
        $T -> PAl; kS*T
        PAl -> PAm; kA*PAl
        PAm -> PAs; kA*PAm
        PAs -> ; kD*PAs
and
    modél rnadég_déadénylation_indépéndént
        $T -> PAl; kS*T
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        PAl -> PAm; kA*PAl
        PAl -> ; kD*PAl
        PAm -> PAs; kA*PAm
        PAm -> ; kD*PAm
        PAs -> ; kD*PAs
Variations in kD and kA valués wéré uséd to follow thé changé in thé simulatéd spéciés amounts of 
RNA ovér timé, in thé abséncé of néw RNA génération (modéls missing thé génération of PAl). Thé 
sum of thé thréé spéciés and its décréasé ovér timé wéré analyzéd similar to how réal éxpériméntal 
data aré procésséd to obtain éstimatés of half-lifé. Thé PAl, PAm and PAs wéré assignéd arbitrary 
valués of 70, 40 and 10 nucléotidés, to bé ablé to calculaté avéragé simulatéd poly(A) tail léngth 
ovér timé. 
Strains:

Strain Genotype Reference
LMA2154 (BY4741) MATa ura3Δ0 his3Δ1 leu2Δ0 met15Δ0 Brachmann et al. Yeast, 1998
LMA5395 TAO3_E1493Q/RME1(YGR044c) insert A 

-308/trp1(YDR007w)_D87Stop (trp1-1)
This study, Bushkin et al., Nat 
Commun 2019

LMA5396 TAO3_E1493Q/RME1(YGR044c) insert A 
-308/trp1(YDR007w)_D87Stop (trp1-1)

This study, Bushkin et al., Nat 
Commun 2019

LMA5419 TAO3_E1493Q/RME1(YGR044c) insert A 
-308/trp1-1::TRP1-prURA3-Z3EVtf-tURA3-Z3EV-
TIR1

This study, Bushkin et al., Nat 
Commun 2019

LMA5575 LMA5419 + DCP2(YNL118c)::polyG-3Flag-
AID::KANMX

This study, inducible degron strain 
DCP2

LMA5593 LMA5419 + CCR4(YAL021C)::polyG-3Flag-
AID::kANMX6

This study, inducible degron strain 
CCR4

LMA5597 LMA5419 + POP2(YNR052c)::AID-KANMX6 This study, inducible degron strain 
POP2(CAF1)

LMA5601 LMA 5419 
AID-3Flag-CCR4/POP2(YNR052c)::AID-KanMX6

This study, degron strain 
POP2(CAF1)/CCR4

LMA2194 BY4741 UPF1-TAP::HIS3MX6 Ghaemmaghami et al., Nature 2003
LMA2195 BY4741 RPL16A-TAP::HIS3MX6 Ghaemmaghami et al., Nature 2003
LMA4987 BY4741 PAB1-TAP::HIS3MX6 Ghaemmaghami et al., Nature 2003
LMA4985 BY4741 LSM1-TAP::HIS3MX6 Ghaemmaghami et al., Nature 2003
LMA4986 BY4741 LSM7-TAP::HIS3MX6 Ghaemmaghami et al., Nature 2003
LMA2356 BY4741 PAT1-TAP::HIS3MX6 Ghaemmaghami et al., Nature 2003
LMA5243 BY4741 DHH1-TAP::HIS3MX6 Ghaemmaghami et al., Nature 2003
LMA1667 BY4741 upf1∆ ::KANMX6 Giaever et al., Nature, 2002
LMA5018 BY4741 PAB1-HA::KANMX6 This study
LMA5028 BY4741 PAB1-HA::KANMX6 UPF1-

TAP::HIS3MX6
This study, Ghaemmaghami et al., 
Nature 2003

Oligonucleotides:

OligonucleotideSequence Description
3765 gaaattgcccagtattcttaacccaactgcacagaacaaaaacctgcag

gaaacgaagataaatcATGACTTATTTTCCTGAAGAAGTT
G

ura3::TIR1-fwd, Z3EV construction

3766 taattaaattgaagctctaatttgtgagtttagtatacatgcatttacttataata
cagttttTCATAAAATCTTGACGAAGTTAGGAGC

ura3::TIR1-rev, Z3EV construction
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293 TGTTCTTGATTTGTGCCCCG ura3::Z3EV allele, Z3EV 
construction

3746 agaaggttaCCgCggctgtgg ura3::Z3EV allele, Z3EV 
construction

3740 CGGCGtcGACGAGGCAAGC Z3EV-promotor, AID construction
3872 aatggatccTATAGTTTTTTCTCCTTGACGTTAAAG Z3EV-promotor, AID construction
3718 CATGGTACTcGAgAAGCGC Nrd1-AID, AID construction
3719 aaaggatccATGACTTATTTTCCTGAAGAAG Nrd1-AID, AID construction
3314 GCCCAACTTCGACGTCCGTTCGAATGGAACTTCAG

GGTCTAATGAATTATTAAGCATTTTGCATAGGAAGc
ggatccccgggttaattaa

dcp2-f2, dcp2 degron strain

3692 TATTTTACTTTACATCGCTTCGGCTGCCTTCATTTA
CAGTGTGTCTATAAAACGTATAACACTTATTCTTgaa
ttcgagctcgtttaaac

dcp2-r1, dcp2 degron strain

3891 GCAGCAGGGGTATCCTCCACAGCAGGAACATTTC
ATGGCGATGCCACCTGGTCAGTCACAACCCCAGT
ATcggatccccgggttaattaa

dhh1-f2, dhh1 degron strain

3892 aaaataatcgacgattagatcacaaaaaaagcgtatctcaccacagtagt
tattttttcttagatattctGAATTCGAGCTCGTTTAAAC

dhh1-r1, dhh1 degron strain

3490 CTTCGCGAGAGAGTTACAGAGAGAAGAACAAAAG
CATGAATTGTCAAAAGACTTCAGCAATTTGGGAAT
Acggatccccgggttaattaa

nam7-f2, upf1 degron strain

MD116 GTATCACAAGCCAAGTTTAACATTTTATTTTAACAG
GGTTCACCGAATTAgaattcgagctcgtttaaac

upf1_stop_R1_longtine, upf1 
degron strain

3705 GCATAAGTTCCCAAACGGTACGGATTTCGCCAAGT
ACCAAGGTGTCATATACGGTATTGATGGGGACCAA
cggatccccgggttaattaa

caf1-f2, caf1/pop2 degron strain

3706 TCCAATCATAAGCTGATGTTGCTTTTAAACTTTTTTT
TTTAAAATTGTGTATACATATAGTACATAAATGAgga
aacagctatgaccatg

caf1∆-M13rev, caf1/pop2 degron 
strain

3836 AAGGGCACAGCATAAGGGACACCAGCAAGGGAAC
TCTGACTGACGTTATCCCTGCAAACTACCGCTAAT
Gaaagaaaagagtgcttgcc

AID-Flag-CCR4-NoNGG-fwd, ccr4 
degron strain

3757 TGCTGCTGTTGCTGCTGTTGCTGTTGCTGCTGCGG
GCCCACATTAGGGTAGCCTAGTAAAGAAGGGTCG
TTcttgtcatcgtcatccttg

pGAL-AID-Flag-CCR4-rev, ccr4 
degron strain

3834 TGCGCATGTTTCGGCGTTCGAAACTTCTCCGCAGT
GAAAGATAAATGATCtttgcagggataacgtcagtGTTTT

ccr4-gRNA_fwd, ccr4 degron strain

3835 GTTGATAACGGACTAGCCTTATTTTAACTTGCTATT
TCTAGCTCTAAAACactgacgttatccctgcaaaGATCA

ccr4_gRNA_rev, ccr4 degron strain

AJ529 GCTAATACGACTCACTATAGGG AJ529_for_T7_dble_strand, T7 
promoter

LA70 aaatacacacactaaattaccggatc His3_DNA_synthesis_fwd, His3 
cloning

LA71 taactaattacatgatgcggcc His3_DNA_synthesis_rv, His3 
cloning

LA84 gggacctagacttcaggttg tCyc_rv, Cyc1 cloning and DNA 
probe

LA94 ccgctctaaccgaaaaggaaggagttagacaacctgaagtctaggtccc
tatttatttttttatagttatgccctatagtgagtcgtattagc

His3-tCyc_RNA_probe, His3-cyc1 
RNA probe

LA95 GAAGTGTCCCGGCTATAATAAATCGATCTTTGCGG
GCAGCCCGTTGGCAGccctatagtgagtcgtattagc

Scr1_RNA_probe, Scr1 RNA probe

LA121 ctgcagggccctagcCTACAT RnaseH_cleavage_rev, RnaseH 
cleavage

LA126 CGTGTTCAATTGGGTAACGTAAAG Act1_rev, PCR amplification
LA102 cttcaggttgtctaactccttcc pCM189_rev, PCR amplification
LA124 CAAGGTATCATGGTCGGTATGG Act1_fwd, PCR amplification
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LA123 cctgcaggagggccgcat pcm189_10_&_100_fwd, PCR 
amplification

LA122 taattagttatgtcacgcttacattcacgc His3_5’-Cy5/TAO/3’IBRQ_fwd, 
Taqman probe

LA125 CCTACGTTGGTGATGAAGCTCAATCCA ACT1_5’-HEX/ZEN/3’IBFQ_fwd, 
Taqman probe

MFR917 TATGGCATGCATGTGCTCTG His3 verification and DNA probe
MFR918 GGCGTGAATGTAAGCGTGAC His3 verification and DNA probe
CS1479 CTGCCTATGAGTCTTTCAAAAAGGAGCAAGAACAA

CAAACTGAGCAAGCTCGGATCCCCGGGTTAATTAA
Building Pab1-HA strain (fw F2)

CS1480 AAGATGATAAGTTTGTTGAGTAGGGAAGTAGGTGA
TTACATAGAGCATTAGAATTCGAGCTCGTTTAAAC

Building Pab1-HA strain (rv R1)

Plasmids:

Plasmid Description and ID (yeast 
marker)

Reference

pCM189-NFLAG-HIS3-10 pl. 1638 (TETO7-NFLAG-HIS3-10) 
(URA3)

This study

pCM189-NFLAG-HIS3-100 pl. 1640 (TETO7-NFLAG-HIS3-
100) (URA3)

This study

pCM189-NFLAG-HIS3-PTC24 pl. 1707 (TETO7-NFLAG-
HIS3PTC24) (URA3)

This study

pFA6a-polyG-3Flag-miniAID_opt-
kanMX6 (72426)

pl. 1451 Dehecq et al., EmboJ 2018

pRS304_pURA3-Z3EVtf-tURA3 pl. 1603 This study
pl.1603_pURA3-Z3EVtf-tURA3-
Z3EV-TIR1

pl. 1692 This study
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Supplementary Figures:

Fig. S1. Enrichment of specific factors in purified complexes containing Upf1. Volcano plots 
réprésént thé énrichmént of protéins, rélativé to thé protéin abundancé in a total éxtract as 
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méasuréd by labél-fréé mass spéctrométry.  Résults aré préséntéd for purifications using TAP 
taggéd vérsions of Lsm1 (A), Pat1 (B), Lsm7 (C), and Dhh1 (D). Ribosomal protéins aré highlightéd 
in blué. (E) Examplés of énrichmént valués across thé various purifications for Lsm2, a componént 
of Lsm1-7 and Lsm2-8 compléxés, and Upf1.
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Fig. S2. Unstable mRNAs are associated with Pab1. (A) Rélativé énrichmént of pré-mRNA for 
ribosomal protéin génés (intron signal, orangé) in comparison with thé splicéd mRNA for thé samé 
catégory (éxon signal, blué). Thé réd horizontal liné indicatés thé médian of thé énrichmént valués, 
with thé first and third quartilés indicatéd. Thé p-valués corréspond to a Wilcoxon rank sum tést 
with continuity corréction, N is thé numbér of valués in éach catégory. (B) Examplé of signal 
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inténsity for RNAs associatéd with Pab1-TAP, Rpl16a-TAP or Upf1-TAP for a région of thé yéast 
génomé that corrésponds to SUT141, an unstablé RNA, in comparison with thé PFK1 stablé mRNA 
(transcribéd in proximity but from thé opposité strand). Thé vértical scalé is thé samé for thé 
samplés of thé samé réplicatéd éxpérimént. Pab1 associatéd RNA signal is dépictéd in réd. Thé 
imagé was obtainéd with thé Intégratéd Génomé Viéwér, IGV. (C) Thé distribution of thé énrichmént 
valués for two éxtrémé catégoriés of mRNA, with long (orangé) or short avéragé poly(A) tails 
(black) was dépictéd for thé purifiéd samplés in association with Rpl16a-TAP, Upf1-TAP and Pab1-
TAP.
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Fig. S3.   Robustness of the negative correlations between poly(A) tail length and half-life of 
RNA. (A), (B) Négativé corrélations bétwéén publishéd résults, similar to thé onés shown in Fig. 2A 
and 2B, including résults for poly(A) tail sizé (Harrison et al, 2015; Subtélny et al, 2014) and 
éstimatés of RNA half-lifé (Chan et al, 2018; Millér et al, 2011). (C) RNAs for which half lifé is short, 
in thé first quartilé, half lifé inférior to 7.3 min, or long, in thé third quartilé, ovér 19.9 min (Millér et 
al, 2011), wéré séléctéd to évaluaté how théir poly(A) sizé changéd in déadénylation mutants, as 
méasuréd by Nanoporé séquéncing (Tudék et al, 2021). Thé quartilés of thé distributions aré 
indicatéd, médian in réd, as wéll as thé p-valué of a Wilcoxon rank sum tést with continuity 
corréction for thé différéncé bétwéén thé two populations. (D) Paramétérs uséd to simulaté RNA 
dégradation méasuréménts that includé poly(A) tail information and kinétic équations using thé 
Antimony syntax (Smith et al, 2009). "T" réprésénts all thé procéssés léading to mRNA formation. 
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PAl, PAm and PAs réprésént concéntrations of différént poly(A) tail RNA spéciés. (E) Thé sét of 
différéntial équations uséd to éstimaté timé changés for thé thréé modéléd poly(A) spéciés in a 
déadénylation-dépéndént modél (uppér région) and thé solutions (lowér région). Thé térms that 
corréspond to stéady-staté aré circléd in gray. (F) Similar to (E), for thé déadénylation-indépéndént 
modél.
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Fig. S4. Model-based scenarios for predicted effects of slowing down deadenylation (A, B) 
and decapping (C, D). For éach situation, thé éxpéctéd shift in poly(A) tail léngth and stability for a 
stablé and an unstablé RNA aré indicatéd by black arrows. Thé éxpériméntal conditions can only 
éstimaté changés in poly(A) tails and lévéls for rélativély unstablé mRNAs (situation dépictéd undér 
éach graph).
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Fig. S5. An inducible degron system for deadenylases. (A) Schématics of thé dévélopéd induciblé 
dégron systém in which O. sativa Tir1 éxpréssion is undér thé control of an éstrogén sénsitivé 
promotér. In thé préséncé of thé plant auxin hormoné indolé-3-acétic acid (IAA), Tir1 targéts a E3 
ubiquitin ligasé to thé AID domain fuséd to thé protéin of intérést (POI) for its rapid protéasomé 
dégradation. (B) Sérial dilution platé growth assay for délétion and induciblé dégron (idég) strains 
affécting déadénylasés of thé CCR4/NOT compléx and thé décapping énzymé Dcp2. Growth on rich 
médium (YPD, léft) was comparéd with growth on médium containing β-éstradiol and IAA (right).
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Fig. S6. Behavior of OPT-HIS3 and non-OPT-HIS3 reporter mRNA shows that their 
degradation depends on translation and decapping. (A) Dosé-dépéndént éfféct of thé 
translation inhibitor cyclohéximidé (from 0 to 50 μg/ml) was téstéd by northérn blotting for 
optimal (uppér panél) and non-optimal (lowér panél) HIS3 réportérs. SCR1 was uséd as a loading 
control. Dégradation ratés for optimizéd HIS3 (léft panél) and non-optimal HIS3 (right panél) wéré 
visualizéd by northérn blot (HIS3 réportér signal) in comparison with an SCR1 control in a wild 
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typé strain (B) aftér déplétion of Upf1 (C), Ccr4 (D), and Pop2 (E). For éach situation, thé éstimatéd 
half -lifé and thé 95% confidéncé intérval obtainéd from RT-qPCR and thé résults aré préséntéd.
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Fig. S7. Half-life of reporter RNAs as measured by RT-qPCR. Impact of déplétion of Dcp2 (A), 
Pop2 (B), Ccr4 (C), or thé doublé déplétion of Ccr4 and Pop2 (D) on thé éstimatéd half-lifé of HIS3 
réportér RNA, codon-optimizéd (léft panél) or non-optimal (right panél). Indicatéd éstimatés 
corréspond to half-lifé in minutés with a 95% confidéncé intérval. All thé éxpériménts wéré 
pérforméd indépéndéntly at léast thréé timés. Thé wild-typé situation is préséntéd in Fig. 4B.
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Fig. S8.  Deadenylation inhibition increases poly(A) tail sizes of reporter RNA, without an 
effect on their apparent half-life. (A) Evolution of poly(A) tail léngth aftér transcription shut off 
with doxycycliné in a wild typé strain (léft sidé) or aftér déplétion of Ccr4 and Pop2 through thé 
induciblé dégron systém (right sidé). A star indicatés samplés tréatéd with oligo-dT prior to RNAsé 
H digéstion. Approximaté sizés of thé poly(A) tails aré indicatéd. (B) Similar to (A), but for déplétion 
of Ccr4 or Pop2. A wild typé stéady-staté RNA samplé is also shown for comparison with (A). (C) 
and (D) Poly(A) tail signal for thé éxpériménts préséntéd in (B). Thé valués wéré normalizéd to thé 
samé  maximum signal and aré not indicativé of thé amount of rémaining RNA at différént timé 
points, only of thé distribution. Thé partially digéstéd signal corrésponding to A15 was uséd to 
calibraté thé plots. Thé horizontal axis corrésponds to distancé from thé région of thé A0 signal.
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	Title: Deadenylation rate is not a major determinant of RNA degradation in yeast
	Abstract: Gene expression and its regulation depend on mRNA degradation. In eukaryotes, degradation is controlled by deadenylation rates, since a short poly(A) tail is considered to be the signal that activates decapping and triggers mRNA degradation. In contrast to this view, we show that global stability of mRNAs can be explained by variations in decapping speed alone. Rapid decapping of unstable mRNAs, for example, allows little time for deadenylation, which explains their longer than average poly(A) tails. As predicted by modeling of RNA degradation kinetics, mRNA stabilization in the absence of decapping led to a decrease in the length of the poly(A) tail, while depletion of deadenylases only increased the tail length. Our results suggest that decapping activation dictates mRNA stability independent of the deadenylation speed.
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	Fig. 1. NMD substrates have long poly(A) tails and are associated with Pab1. (A) Enrichment of proteins in association with Pab1-TAP was estimated by quantitative mass spectrometry for identified proteins in comparison with their abundance in a total protein extract. Labeled proteins correspond to those for which at least three independent measures were available, proteins were enriched by a factor higher than 2 and were robustly detected, as judged by a p-value lower than 0.05 for a t-test (null hypothesis). Blue dots indicate ribosomal proteins. (B) The interaction between Pab1 and Upf1 was tested by co-purification of Pab1-HA with Upf1-TAP in the presence or absence of micrococcal nuclease treatment. (C) Relative enrichment of NMD substrates, annotated as "XUT/SUT", in association with Rpl16a-TAP, Upf1-TAP and Pab1-TAP, showed the preference of Upf1 and Pab1 to this unstable RNA population (orange), in comparison with other cellular RNA (blue). The red horizontal line indicates the median of the enrichment values, with the first and third quartiles indicated by horizontal black lines. The indicated p-values correspond to a Wilcoxon rank sum test with continuity correction, N is the number of measured transcripts in each category. (D) Validation of RIP-Seq experiments by independent RT-qPCR tests of the relative enrichment of a known NMD substrate, the unspliced pre-mRNA for RPL28 and its non-NMD equivalent, the spliced mRNA. The ratio between the two forms of RNA were compared to the ratio in the total RNA sample (input).
	
	Fig. 2. The presence of long poly(A) tails on unstable mRNAs can be explained by two RNA degradation mechanisms. (A) Average poly(A) tail length shows a negative correlation with RNA half-life. Published poly(A) tail size data (log2, Subtelny et al, 2014) , were represented on the vertical axis as a function of estimated RNA half-life, horizontal axis (log2, Miller et al, 2011). The Pearson product moment correlation coefficient and its 95% confidence interval are displayed on the graph. (B) Similar to panel (A), but with data for poly(A) size and RNA half-life from other publications (Harrison et al, 2015; Chan et al, 2018). (C) Depiction of two models for RNA degradation, one in which deadenylation is required to induce decapping, and another in which decapping can occur on RNAs with any size of poly(A) tail. kA is a kinetic constant for deadenylation, kD represents a decapping rate constant and "T" indicates all the processes leading to the generation of cytoplasmic mRNA. (D) Example of simulated RNA degradation curve for the deadenylation-dependent kinetic model, starting from a steady-state situation described by a decapping constant of 0.5 min-1 and a deadenylation constant of 0.05 min‑1. The relative variation of the amounts of the three forms of RNA is indicated. (E) Examples of simulated half-life values and average poly(A) tail length for the deadenylation-dependent model for RNAs with three values of kD (low, white, intermediate, gray, and high, black) in combination with three values of kA (low, circles, intermediate, triangles, and high, squares). Values of poly(A) for the three species were arbitrarily set to 70, 40 and 10 nucleotides to calculate averages. Both axes are logarithmic. (F) Similar to (E), but for the deadenylation-independent kinetic model. The kD values were adjusted to obtain half-life and poly(A) size values compatible with published results.
	
	Fig. 3. Poly(A) tail changes when decapping or deadenylation are inactivated suggest a deadenylation-independent model for RNA degradation. (A) Immunoblot estimation of the decrease in the levels of deadenylases targeted by the inducible degron system. Protein degradation was induced by addition of β-estradiol (1 μM) and IAA (100 μM) and total protein extracts were tested at the indicated time points with anti-FLAG antibodies. The asterisk indicates a yeast protein that is detected by the antibodies in all samples. (B) Comparison of the global distribution of median poly(A) tails for mRNAs as detected by Nanopore sequencing in strains depleted for Dcp2 or Ccr4 and Pop2 by treatment with β-estradiol and IAA for 1 hour in liquid medium. The results represent the average of two independent experiments. Red lines correspond to medians of the distributions, with black lines indicating the first and the third quartiles. Indicated p-values correspond to a paired Wilcoxon signed rank test with continuity correction for the null hypothesis. (C) Relationship between the measured changes in poly(A) tail length in Dcp2-depleted cells and the increase in the levels of the corresponding mRNAs, compared with a wild type strain. The Pearson product moment correlation coefficient and its 95% confidence interval are displayed on the graph. (D) Similar to (C) for the strain depleted for the Ccr4 and Pop4 deadenylases.
	
	Fig. 4. Deadenylation speed does not affect half-life of reporter mRNAs. (A) Reporter mRNA controlled by a tetOFF system were used for half-life estimates. (B) Estimation of degradation rates for reporters was based on RT-qPCR experiments performed after addition of doxycycline. Estimated mRNA half-life values and 95% confidence intervals are represented. (C) Northern blot visualization of degradation for reporter mRNA in comparison with the stable SCR1 RNA, as control. The indicated half-life values correspond to quantitative experiments done by RT-qPCR. (D) Similar to (C) but following depletion of Dcp2. (E) Similar to (C) but following depletion of deadenylases Ccr4 and Pop2. (F) Estimation of the poly(A) size for reporter RNA was done after RNAse H digestion using northern blots. (G) Profiles of poly(A) tails for OPT-HIS3 reporter mRNA at different time points after transcription inhibition in a wild type strain (upper panel) or following depletion of Ccr4 and Pop2. The corresponding northern blot images are presented in Fig. S8A.
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	Fig. S1. Enrichment of specific factors in purified complexes containing Upf1. Volcano plots represent the enrichment of proteins, relative to the protein abundance in a total extract as measured by label-free mass spectrometry. Results are presented for purifications using TAP tagged versions of Lsm1 (A), Pat1 (B), Lsm7 (C), and Dhh1 (D). Ribosomal proteins are highlighted in blue. (E) Examples of enrichment values across the various purifications for Lsm2, a component of Lsm1-7 and Lsm2-8 complexes, and Upf1.
	
	Fig. S2. Unstable mRNAs are associated with Pab1. (A) Relative enrichment of pre-mRNA for ribosomal protein genes (intron signal, orange) in comparison with the spliced mRNA for the same category (exon signal, blue). The red horizontal line indicates the median of the enrichment values, with the first and third quartiles indicated. The p-values correspond to a Wilcoxon rank sum test with continuity correction, N is the number of values in each category. (B) Example of signal intensity for RNAs associated with Pab1-TAP, Rpl16a-TAP or Upf1-TAP for a region of the yeast genome that corresponds to SUT141, an unstable RNA, in comparison with the PFK1 stable mRNA (transcribed in proximity but from the opposite strand). The vertical scale is the same for the samples of the same replicated experiment. Pab1 associated RNA signal is depicted in red. The image was obtained with the Integrated Genome Viewer, IGV. (C) The distribution of the enrichment values for two extreme categories of mRNA, with long (orange) or short average poly(A) tails (black) was depicted for the purified samples in association with Rpl16a-TAP, Upf1-TAP and Pab1-TAP.
	
	Fig. S3. Robustness of the negative correlations between poly(A) tail length and half-life of RNA. (A), (B) Negative correlations between published results, similar to the ones shown in Fig. 2A and 2B, including results for poly(A) tail size (Harrison et al, 2015; Subtelny et al, 2014) and estimates of RNA half-life (Chan et al, 2018; Miller et al, 2011). (C) RNAs for which half life is short, in the first quartile, half life inferior to 7.3 min, or long, in the third quartile, over 19.9 min (Miller et al, 2011), were selected to evaluate how their poly(A) size changed in deadenylation mutants, as measured by Nanopore sequencing (Tudek et al, 2021). The quartiles of the distributions are indicated, median in red, as well as the p-value of a Wilcoxon rank sum test with continuity correction for the difference between the two populations. (D) Parameters used to simulate RNA degradation measurements that include poly(A) tail information and kinetic equations using the Antimony syntax (Smith et al, 2009). "T" represents all the processes leading to mRNA formation. PAl, PAm and PAs represent concentrations of different poly(A) tail RNA species. (E) The set of differential equations used to estimate time changes for the three modeled poly(A) species in a deadenylation-dependent model (upper region) and the solutions (lower region). The terms that correspond to steady-state are circled in gray. (F) Similar to (E), for the deadenylation-independent model.
	
	Fig. S4. Model-based scenarios for predicted effects of slowing down deadenylation (A, B) and decapping (C, D). For each situation, the expected shift in poly(A) tail length and stability for a stable and an unstable RNA are indicated by black arrows. The experimental conditions can only estimate changes in poly(A) tails and levels for relatively unstable mRNAs (situation depicted under each graph).
	
	Fig. S5. An inducible degron system for deadenylases. (A) Schematics of the developed inducible degron system in which O. sativa Tir1 expression is under the control of an estrogen sensitive promoter. In the presence of the plant auxin hormone indole-3-acetic acid (IAA), Tir1 targets a E3 ubiquitin ligase to the AID domain fused to the protein of interest (POI) for its rapid proteasome degradation. (B) Serial dilution plate growth assay for deletion and inducible degron (ideg) strains affecting deadenylases of the CCR4/NOT complex and the decapping enzyme Dcp2. Growth on rich medium (YPD, left) was compared with growth on medium containing β-estradiol and IAA (right).
	
	Fig. S6. Behavior of OPT-HIS3 and non-OPT-HIS3 reporter mRNA shows that their degradation depends on translation and decapping. (A) Dose-dependent effect of the translation inhibitor cycloheximide (from 0 to 50 μg/ml) was tested by northern blotting for optimal (upper panel) and non-optimal (lower panel) HIS3 reporters. SCR1 was used as a loading control. Degradation rates for optimized HIS3 (left panel) and non-optimal HIS3 (right panel) were visualized by northern blot (HIS3 reporter signal) in comparison with an SCR1 control in a wild type strain (B) after depletion of Upf1 (C), Ccr4 (D), and Pop2 (E). For each situation, the estimated half -life and the 95% confidence interval obtained from RT-qPCR and the results are presented.
	
	Fig. S7. Half-life of reporter RNAs as measured by RT-qPCR. Impact of depletion of Dcp2 (A), Pop2 (B), Ccr4 (C), or the double depletion of Ccr4 and Pop2 (D) on the estimated half-life of HIS3 reporter RNA, codon-optimized (left panel) or non-optimal (right panel). Indicated estimates correspond to half-life in minutes with a 95% confidence interval. All the experiments were performed independently at least three times. The wild-type situation is presented in Fig. 4B.
	
	Fig. S8. Deadenylation inhibition increases poly(A) tail sizes of reporter RNA, without an effect on their apparent half-life. (A) Evolution of poly(A) tail length after transcription shut off with doxycycline in a wild type strain (left side) or after depletion of Ccr4 and Pop2 through the inducible degron system (right side). A star indicates samples treated with oligo-dT prior to RNAse H digestion. Approximate sizes of the poly(A) tails are indicated. (B) Similar to (A), but for depletion of Ccr4 or Pop2. A wild type steady-state RNA sample is also shown for comparison with (A). (C) and (D) Poly(A) tail signal for the experiments presented in (B). The values were normalized to the same maximum signal and are not indicative of the amount of remaining RNA at different time points, only of the distribution. The partially digested signal corresponding to A15 was used to calibrate the plots. The horizontal axis corresponds to distance from the region of the A0 signal.

