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In the agriculture industry, adventitious root formationsi a core issue of plants
asexual propagation. However, the underlying molecular nohanism of adventitious
root formation is far beyond understanding. In present stug we found that target of
rapamycin (TOR) signaling plays a key role in adventitiousat formation in potato and
Arabidopsis. The core components of TOR complex including TOR, RAPTOR,nd
LST8 are highly conserved in potato, but the seedlings of patto are insensitive to
rapamycin, implying FK506 Binding Protein 12 KD (FKBP12)dbthe function to bridge
the interaction of rapamycin and TOR in potato. To dissect TR signaling in potato, the
rapamycin hypersensitive potato plants (BP12-OE) were eigeered by introducing yeast
FKBP12 (ScFKBP12) into potato. We found that rapamycin can signi cantly atteuate
the capability of adventitious root formation in BP12-OE p@toes. KU63794 (KU, an
active-site TOR inhibitor) combined with rapamycin can mer signi cantly suppress
adventitious root formation of BP12-OE potato than the sinlg treatments, such as
KU63794 or rapamycin, indicating its synergistic inhibity effects on potato adventitious
root formation. Furthermore, RNA-seq data showed that manyenes associated with
auxin signaling pathway were altered when BP12-OE potato ssllings were treated
with rapamycin C KU, suggesting that TOR may play a major role in adventitious
root formation via auxin signaling. The auxin receptor mutd tirl was sensitive to
TOR inhibitors and the double and quadruple mutants includg tirlafb2, tirlafb3,
and tirlafblafb2afb3 displayed more sensitive to asTORIs than single mutantirl.
Consistently, overexpression oAtTIR1in Arabidopsisand potato can partially overcome
the inhibitory effect of asTORIs and promote adventitiousoot formation under asTORIs
treatments. These observations suggest that TOR signalingegulates adventitious root
formation by mediating auxin signaling iArabidopsis and potato.

Keywords: potato, target of rapamycin, adventitious root for mation, auxin, AtTIR1

INTRODUCTION

During the growth and development of plants, root systems plendémental roles in absorbing
water and mineral nutrition, anchoring plant, and synthesisvarious growth factors such as
hormone to regulate plant growth and developméni(rey and Phillips, 1974; Russell, 1977;
Ljung et al., 2006 As a very specic kind of root, adventitious roots origieadt from stems

or leaf tissues are induced by many environmental and physic# stresses for expanding the
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absorbing areas or enhancing the resistance to adversigyl{ immunosuppressive agent, can speci cally interact with FKBP12
et al., 1999; Chu et al., 2008; Li et al., 2009; Bellini et aand TOR to form a ternary complex to inactivate the kinase
2019. Recently, adventitious root formation has become a coractivity of TOR Chiu et al., 1994; Sabatini et al., 1994; Choi
issue both on the theoretical aspect of plant developmentt al., 1996; Laplante and Sabatini, 20Based on the classic
organogenesis and on the practical side of plant asexuedpamycin-FKBP12-TOR system, TOR signaling pathway have
propagation Thorpe et al., 1991; Klerk et al., 1999; Abarca andbeen extensively studied in yeast and mammaisg(lio and
Diazsala, 2009; Li et al., 2009; Amissah et al., 2013;ig¢lah, Loewith, 2006; Laplante and Sabatini, 201Plowever, the
2014; Liu et al., 2014; Verstraeten et al., 2014; Hu and X1§20 prevailing land plants were resistant to rapamycin because
In the past few years, the formation of adventitious roots hadf changeable plants FKBP12. Recent studies showed that
been widely exploited in horticultural and forest species anaverexpression of yeaBKBP12ScFKBP1)2or human FKBP12
some progresses had been made in the underlying mechanigidisFKBP1Rin Arabidopsiscould confer rapamycin sensitivity

of adventitious root formation Klerk et al., 1999; Abarca and to Arabidopsis(Xu et al., 1998; Menand et al., 2002; Mahfouz
Diazsala, 2009; Li et al., 2009; Bellini et al., 2014, LiL,&014; et al., 2006; Sormani et al., 2007; Leiber et al., 2010; Rén et a
Chen et al., 2016; Hu and Xu, 2Q1Potato is the world's major 2012. On the other hand, the second generation inhibitors of
staple food and also will become the fourth largest staple food inTOR, also called active-site TOR inhibitors (asTORIs), were
China following by wheat, rice, and maizgl et al., 201p On  developed for cancer therapy by targeting both TORC1 and
the other hand, adventitious root formation with stemsinpti  TORC2 @enjamin et al., 2011; Montane and Menand, 2013
is very fast, and clonal propagation of potato seedlings is enxtie AsTORIs can speci cally bind to kinase domain of TOR and
in the laboratory. The study of its mechanism in adventisosoot  compete with ATP to block TOR kinase activitie§&&rcia-
formation may resolve the obstacle of asexual propagationgn t Martinez et al., 2009; Thoreen et al., 2009; Chresta etCdl().2
other species. Additionally, the available whole-genomaeece In recent studies, asTORis were also used in plants to inhibit
and e cient and reliable transformation systems of potattoal  TOR kinase activity {lontane and Menand, 2013; Xiong et al.,

it to become an important research model for adventitioustroo 2013, 2016, 2017; Dong et al., 2015; Li et al., 2015; Deng et al
formation. 20149.

Adventitious root formation is a complex process, controlled Inthe mammals, TOR plays major roles in the regeneration of
by multiple environmental and physiological factoiis €t al., animal tissues, such as neurons, liver, and intestinal regeion
2009; Bellini et al., 20)4As crucial elements, phytohormones, (Palmes et al., 2008; Fouraschen et al., 2013; Legacy €18&l,, 2
particular auxin, play an important role in adventitious root Cho et al., 2014; Maiese, 2014; Guan et al., 2(Résearches
formation (Bellini et al., 2014, Liu et al., 2014; Su and Zhangn Arabidopsis Zea mays Gossypium hirsutum, Solanum
2019. In the induction of stem cuttings to generate adventitou lycopersicuprandChlamydomonas creinhardsihowed that TOR
roots, auxin was applied usually in horticultural practi¢c€erk  signaling played fundamental roles in seed germinationt anal
et al., 1999; Li et al., 2009The formation of adventitious root leaf growth, owering, senescence, and life-span deterrionat
primordia, which is a key step in adventitious root formatjon in plants Crespo et al., 2005; Agredano-Moreno et al., 2007;
begins with the auxin synthesis and accumulatiGdul{umar Song et al., 2007; Ren et al., 2011, 2012; Xiong et al., 2053, 20
et al., 2013; Liu et al., 2014; Chen et al., 2016; Rovere et «lipng and Sheen, 20} But little is known about the role of TOR
2019. With the accomplishment of the auxin accumulation, signaling in adventitious root formation in plants.
the expression of some stem cell niche related genes, such adn this study, adventitious root formation of transgenic
WUSCHEL(WUS)-related homeobox (WOX) protein family, potato BP12-OE lines, an engineered rapamycin sensitivensyste
SHORT ROOT(SHR, and SCARECROW(SCR etc. were was retarded by asTORIs, rapamycin and their combination.
induced (iu et al., 2014; Hu and Xu, 2016; Rovere et al., p016Transcriptome pro ling analysis of BP12-OE17 treated with
Besides auxin, multiple environmental factors includingment  rapamycin, KU, and their combination suggests that a huge
and energy, could also a ect adventitious root formationiapls number of genes involved in adventitious root formation wer
(Tyburski and Tretyn, 2004; Sorin et al., 2005; Agullo-Antonregulated by TOR signaling, including numerous auxin sl
etal., 201p pathway related genes. Furthermore, the auxin receptor ntstan

Among all eukaryotes, target of rapamycin (TOR), a(tirl, tirlafb2, tirlafb3,and tirlafblafb2afb3)showed higher
conserved serine/threonine protein kinase, integratesrggne sensitivity to asTORIs in adventitious root formation comedr
nutrient, stress and hormone signaling to promote cellto WT, while overexpression oAtTIR1 in Arabidopsisand
proliferation and growth {Vullschleger et al., 2006; Deprost potato could partially rescue adventitious root formation @nd
et al., 2007; Laplante and Sabatini, 2012; Ren et al., 20123 CoiTOR inhibitors treatment. These results suggest that TOR ma
et al.,, 2013; Henriques et al., 2014; Xiong and Sheen, 201dtegrate multiple environmental and endogenous factors to
2015. TOR is composed of ve conserved domains from Nregulate adventitious root formation through modulating>an
terminus to C terminus: HEAT repeats (Huntingtin, Elongatio signaling.
factor3, PP2A, and TOR1), FAT (FRAP, ATM, and TRRAP
domain), FRB (FKBP-rapamycin binding domain), kinase, an
FATC (Carboxy-terminal FAT domain){iong and Sheen, 2014, quATERIALS AND METHODS
2019. Null mutation of TORwas embryo lethal irabidopsis  Plant Materials and Growth Conditions
suggesting TOR signaling is essential for endosperm andyambr Arabidopsiswild type (Columbia, Col-0) was used in this study.
development in plants\lenand et al., 2002 Rapamycin, an All the sterilized and cleaned seeds were put i€ 4or 2 days
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for vernalization. The 3—4 weeks old potato wild tyfizesire  lllumina Sequencing and Data Analysis

aseptic seedlings were used in this study. kabidopsisand  Construction of RNA-Seq libraries was performed on an llluin
potato, all the materials were grown in growth chambers whictHiseq platform and 125/150 bp paired-end reads were generated
maintained 22C at a photoperiod of 16 h light (100-microm After removing the reads containing adapter, poly-N and low

/m?/s uorescence bulb light) followed by 8 h dark. quality reads from raw data, the high quality clean reads were
obtained. Paired-end clean reads were aligned to the mdere

Fresh Weight and Root Growth genome using TopHat v2.0.12. The reads numbers mapped to

Measurements each gene were quanti ed using HTSeq v0.6.1. FPKM (expected

. - . number of Fragments Per Kilobase of transcript sequence per
TheArabidopsiseeds were sown on half-strength Murashige an(ﬂ/lillions base pairs sequenced) of each gene was calculated

Skoog medium (0.5 MS) (Murashige and Skoog, 196@ith based on the length of the gene and reads count mapped to

di e(;ent TSE |.nh|rt])|tors ai[ varying conﬁentratlons forl thenufe tl‘%is gene. Di erential expression analysis between the tneat

2;54(3;;"(5 ollg to?art.iSSetstli?]Ctlon. The pt;)ta::) exp r:\nt:/lsromo TOR inhibitor and DMSO was performed using DESeq R
- potato gs were subculiure into package (1.18.0). Genes with an adjusked 0.05 found by

with di erent TOR inhibitors at di erent concentrations forte DESeq were assigned as di erentially expressed genes (DEGS).

time as indicated in the results section. Then all petri disivere The DEGs were mapped to GO terms in the GO database

photographed next to a ruler. The root length and fresh weigh htto: .
. . ttp://lwww.geneontology.org/) to calculate gene numbgrs
were measured using ImageJ software and an (—:Alectromcdcmlamk b 9 gy-org/) 9

respectively. The number of di erent root types was counte%very term. KEGG (http:/Awww.genome jp/kegg/) is used to

- . erform pathway analysis of DEGs. Statistical enrichment of
directly. Rqot halr was observed on the OLYMPUS MVX1 EGs in GO terms and KEGG pathway were implemented
stereoscopic microscopes (Olympus, Japan).

by the GOseq R package and KOBAS software, respectively.
o o Signi cantly enriched GO terms and KEGG pathway (corrected
Gus Staining, Gus Activity Test, and p< 0.05) were identi ed based on a hypergeometric test.
Western Blotting o ,

GUS staining and GUS activity test were performed as describéduantitative Real-Time PCR (qRT-PCR)

previously, respectivelyMenand et al., 2002; Li et al., 2015 Arabidopsissamples were prepared as describe elsewhere in the

Western blotting method was following liyeng et al. (2016) article. For potatoes, the di erent tissues (leaf, root, sheoid
stem) of the 4 weeks old potato were collected for measuring

the expression level St TORStFBKP12StRAPTORandStLST8
by gRT-PCR. Some genes expression was tested by gRT-PCR as
well in the potato samples, which were the same as that used
efor lllumina sequencing. Total RNA was isolated as described
gﬁove. Approximately fng of total RNA was used for reverse
ranscription with the PrimeScript RT Kit (Takara Biotechhd@
RT-PCR was conducted using the TranStart Top Green qPCR

AXR3-GUS Protein Degradation Assay

5 days old HS:: AXR3NT-GUStransgenic seedlings were
incubated in 0.5 MS liquid medium with TOR inhibitors for
48 h, DMSO was used as control. After that seedlings were h
shocked for 2 h at 37C, and then supplied with NAA (16M) for
60 min at 22C. Finally, the seedlings were stained 6 h for GU

staining. SuperMix kit (Transgen) on a Bio-Rad CFX96 System. The
) ] ampli cation program consisted of the following cycles: @4

RNA Extraction and cDNA Library pre-denaturation for 1 min, 40 cycles of 95 s, and 60C 30

Construction s. Plant actin was used as constitutive reference. The prifoers

Potato stem cuttings growing on the MS media for 48 h withdRT-PCR were designed using Primer premier 5 software and
di erent TOR inhibitors (rapamycin, KU, and their combinatiy ~ were listed inTable S1

and DMSO were collected and frozen in liquid nitrogen. Total . .

RNA extraction used the RNAprep Pure Plant Kit (TianGenGeneration of Overexpression Constructs

Biotech). RNA degradation and contamination were monitoredand Plant Transformation

on 1% agarose gels. RNA purity, concentration and integrityewe Total RNA was extracted from yeast cells akrdbidopsisising
measured by a NanoPhotometer spectrophotometer (IMPLENTrizol (Invitrogen), following the manufacture's protoc@DNA

CA, USA), Qubit RNA Assay Kit in Qubit 2.0 Flurometer was synthesized by using the PrimeScript RT Kit (Takara).
(Life Technologies, CA, USA) and the RNA Nano 6000 Assayhe full-length coding sequence dcFKBPl12and AtTIR1

Kit of the Bioanalyzer 2100 system (Agilent Technologiesyas amplied by TransStar Tag DNA Polymerase (Transgen)
CA, USA), respectively. mRNA was puri ed from aboutrd using the designed primersTdble S). A Notl site at the
total RNA using poly-T oligo-attached magnetic beads. Firs&® end of forward primer and aSbfl site at the 8 end of
strand cDNA and subsequent second strand cDNA synthesi®verse primer were introduced. The remains steps of plasmid
were performed by using random hexamer primer. Sequencingonstruction were performed as described elsewhéren(
adaptors were ligated to the fragments, which were enriched ket al., 201p. For the method ofP35S::TIR1-GUS-K30&ctor
PCR ampli cation. At last, PCR products were puri ed (AMPure generation was described elsewheriee( al., 2015 The potato

XP system) and library quality was assessed on the Agiletransgenic method was according to the book “Agrobacterium
Bioanalyzer 2100 system. protocols” (Springer press, Second Editiéfijlam, 2007. The
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oral dipping method was employed for generating transgenicspecies Kigure S14, indicating that the function of TOR in
ArabidopsigZhang et al., 2006 potato could be dissected by using the rapamycin-FKBP12-TOR
negative regulation system.

Many detected plants, such aArabidopsis Vicia faba
RESULTS Lotus (Lotus japonicus Tobacco Kicotiana henthamiang

Putative Components of TOR Pathway in Millet (Panicum miliaceun and Rice Qryza sativa had no
Potato obvious growth defects after treating with rapamycin even at

The entire genome of a homozygous doubled-monoploid derive%fery high concentrations (up to 28M) in solid medium. In

from & Solanum tuberosungroup Phureja is sequenced and order to examine the functions of TOR signaling pathway in
annotated (http-//plants.ensembl.org/Solanum tuberoSumpOtato’ rapamycin sensitivity assays were tested. Data showe

SearRewrdbcore T1e. oo Cénome. Sedancig s P00 eXlai had no ovious gouth defec afer
Consortium, 201). The availability of the whole potato 9 pamycin, y hig P

genome sequence allowed us to identify the putative compe;nenltg0 20mM) compared to DMSO (a dissolvent of rapamycin;

of TOR complex in potato. The full length &rabidopsisTOR Ig[L;LE;S tsolg]’f’ﬁi hlv conservation of TOR FRB domain. the
(AT1G50030.1) amino acid sequence was used to BLAST against. gnly co . ’
th tat datab Th . {TIOR (SITO résistance to rapamycin of potato might result from loss
Ioc?ugo ﬁ)gagtﬁ]gorgr? tr?eacarllsr’g.mos?)r%rgq;evsgsafloun(d in sz)tatJunCtion of the StFKBP12, which bridge the interaction betw

(Figure 1A). To con rm the sequence oStTOR we ampli ed rapamycin and TOR. The analysis of relative expression level

and cloned the full length CDS (coding DNA sequence) mpf StFKBElZshowed It was constitutive expression in potato,
; - . and the highest expression level was occurred in leaf, fetiow
StTOR from potato cultivar Desiree The sequencing results

- . by shoot, and stemHKjgure S1D. The constitutive expression
showed that the CDS oStTORis identical to the homologs. of StFKBP12allows us to mine the changeable structure of

8tFKBP12 to interpret the resistance to rapamycin of potato.

genome sequence @‘_tT_ORshowed that it spans about 36 kb The alignment of FKBP12 AA sequences showed that the ve
genomic region containing 55 exons and 54 introns and ensode

a predicted 280 KD protein with 2470 aa (XM_006346213.1#rrg’s,,rtiﬁ”ét?&glfzo\svrg'rggsimafgfaﬁjxo rs?;’v?mé’ﬁ'gl';}(:z;z'
Figure 1A). All the ve key domains of TOR were found in the P y

StTOR protein with higher identities on main domains like the its function (Figure S1B. Early studies showed that the FKBP12

) . . protein from yeast and human could restore the rapamycin
FRB and kinase domainF{gure 1B). Based on phylogenetic AT ; . ) .
analysis, StTOR showed a closer evolutionary relationsti sensitivity inArabidopsigMahfouz et al., 2006; Sormani et al.,

AtTOR than any other TOR proteind={gure 1C0). The catalytic (Zgggkgggzeérilihzog 22’%;2:{;:3:2I?g;%?iugvigryfqi?;?zilris
base, catalytic loop stability and activation loop sitesTGR g by

. . ) . romoter, in . More than 20 individual transgeni
kinase domain are also conserved in potato, suggesting ltleat t358) promoter, into potato. More than 20 individual transgenic

catalytic function of TOR in potato may be conservative, an%nes (BP12-OE) were identi ed by leafy PCRidure S24).

. . L . o 0 obvious morphological phenotypes appeared in any of
TOR signaling may exist in potatd-igure 1D). Additionally, transgenic plants. Th&8cFKBP12xpression level was detected
the other core components of TOR cpmplex 1 (TORC1) such agy gRT-PCR analysisFigure S2B. Four plants with high
RAPTOR and LST8 were also found in potato 96”0”‘?’(6 D cFKBP1Zxpression levels were examined by western blot
Furthermore, gPCR results showed that the expression of TO igure S2G. Three of them were selected for rapamycin
complex was const|tu_t ve in potato seedlingsigure S20). dsensitivity assay. BP12-OE lines showed signicant growth
However, RICTOR, a vital component of TORC2, was not foun

(Table 1), suggesting that the existence of a conserved TOR ftardat.lc.)n on fresh weight and advennno_us root formaﬂq
but not TORC2 in potato genome adventitious root numbers) compared with WT plants in

a rapamycin dose dependent manner. With the increasing
. . rapamycin concentration, the severer growth inhibition was

between StTOR and Rapamycin in Potato

Classic “FKBP12-rapamycin-TOR” negative regulation syste

an easy manipulated and universal accepted approach, hl?e ,GrOWth of I_BF,)]‘Z_OE POtatp .Plants was

been successfully used for interpreting the function of T@R i ©IgNi cantly Inhibited by Combining

yeast and mammalsChoi et al., 1996; Virgilio and Loewith, asTORIs with Rapamycin

2006; Benjamin et al., 20L1Choi et al. (1996yeported that Our previous studies showed that the synergism inhibitory ésec
rapamycin can interact with the FRB domain of TOR throughcan be generated by combining the rst and second generation
close contacting with aromatic residues, such ad®rPhé®5 inhibitors of TOR in ArabidopsigXiong et al., 201)7 To better
Trp2001 Tyr2005 pheg008 gefdsl | o927 Thrl998 and Asp®%?  understand TOR signaling in potato, asTORis were employed
(sequence numbers followed by human TOR protéihpi etal.,, to examine TOR signaling in potato. The dosage-dependent
1996. We found these key AA residues were highly conservethhibitory e ects of asTORIs on the growth of cutting explants
between potatoArabidopsisand human through aligning the were observed and the IC50 of AZD and KU were about 2
amino acid sequence of FRB domain of TOR from dierentand 10mM in potato, respectivelyigure S3. Moreover, the
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FIGURE 1 | Conservative evolution of StTOR in potato. (A)  The location of StTORin chromosome and the difference of two different transcrits of StTORIn
potato. The difference places of two transcripts were marke with *. (B,C) Similarity comparison of protein and phylogenetic tree beteen StTOR and its homologs
from other species (St,Solanum tuberosum At, Arabidopsis thaliana Sc, Saccharomyces cerevisiag Hs, Homo sapiens). N-term region includes HEAT repeats
domain and FAT domain.(D) Comparison of kinase domain of StTOR and its homologs from bier species. The conserved sites (catalytic base, catalgtioop stability,
and activation loop) were marked with red box.

combination of rapamycin and KU was examined in BP12potato growth by using of rapamyci€ KU simultaneously
OE17 and WT and the fresh weight was measured on th@-igure S4. The results were similar t#\rabidopsisBP12-2
10th day. Through computing combination index (Cl) values,(a well-established rapamycin sensitive transgenic matbyia
data showed there were synergistic e ects on inhibiting thentroduced a ScFKBP12 gene indgabidopsisn our previous
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study) treated with these drug combinatioRé€n et al., 2012; beginning of adventitious root formation has been inducedd
Xiong et al., 201)/ And then the potato explants were subculturethen with the development of adventitious root primordiumgh

into MS medium with TOR inhibitors for 3 weeks to observed TOR expression increased gradualiigure 4D). These results
TOR functions in potato seedling growth. The results showsuggested TOR may play an important role in adventitious root
that suppression of TOR could strongly inhibit the growth formation.

of potato seedlingsFigures 3A,D). Under rapamycinC KU

treatment, the newly emerging leaves from BP12-OE17 potafbranscriptome Pro ling of Potato in

seedling displayed a yellowed phenotype and the number ®esponse to TOR Inhibitors

adventitious roots was also reducéddures 3A,B,}. Consistent  Next, the RNA-seq assay was performed to dissect the possible

with our previous studies in Arabidopsis, root hairs were alsgathways associated with adventitious root formation which
strongly suppressed under TOR inhibitors treatment in potato

(Figures 3C,ERenetal., 2012; Deng et al., 2R16

TABLE 1 | Screening of putative components of TOR complex in pot ato.

TOR Plays Important Roles in Adventitious

Root Formation
To examine the functions of TOR in adventitious root forn@ati  Torci

Hs Sc At St

explants (stem cuttings) of potato seedlings were generategor SCTOR1/2  AtTOR StTOR-like

and grown on 1 MS culture medium with di erent TOR (PGSC0003DMT400066098)
inhibitors for 10 days. Data showed that adventitious rootRAPTOR Kogl AtRaptor1A/1B StRAPTOR-like
formation was retarded in BP12-OE cuttings compared with (PGSC0003DMT400043895)
WT, when the cuttings grown on the medium with rapamycin LST8 LST8 AILST8-1/2 StLST8-like

(Figure 4A). Consistently, the synergistic inhibitory e ect of (LOC102590527)
rapamycin C KU was also observed in adventitious root TORC2

formation of BP12-OE linesHigure 4A). The adventitious roots MTOR SCTOR?2 ATOR SITOR-like

hardly occurred in BP12-OE lines under rapamydh KU  Rictor Avo3 - -

treatment Eigures 4B,§. We further used the previously LST8 SIS ALST8-1/2 StLSTe-like

con_structed PT_OR:: GUSo ot_)serve the expr_ession _dTOR At, Arabidopsis thaliana; Hs, Homo sapiens; Sc, Saccharomyces ceresiae; St, Solanum
during adventitious root formation. The expressioni@Rinthe  tuberosum.
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FIGURE 2 | ScFKBP12 can bridge the interaction of StTOR and ra  pamycin in potato. (A) BP12-OE17 could respond to rapamycin but not WT, baiD 1 cm.
(B,C) Rapamycin could effectively reduce the fresh weight and adntitious root (AR) numbers in BP12-OE lines. Asterisks dete Student's t-test signi cance
compared with WT (P < 0.05; **P < 0.01). Each value represents the mean SD of 3 independent experiments.
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FIGURE 3 | The function of StTOR in regulation of potato seedli  ngs growth. (A) The phenotype of potato explants growth under medium with dferent TOR
inhibitors or DMSO, barD 1 cm. (B) The leaf growth of potato explants, barD 1 cm. (C,E) The root hair growth and the root hair length of BP12-OE lineander
different treatment. Asterisks denote Student's-test signi cance compared with WT (*P < 0.01), barD 1 mm. (D,F) The fresh weight and adventitious root (AR)
numbers of BP12-OE lines. Asterisks denote Student$-test signi cance compared with WT (*P < 0.01). Each value represents the mean SDof 3 independent
experiments.

were regulated by TOR signaling in potato. The potato stenRNA were extracted from the samples treated with rapamycin,
cuttings were treated with Rapamycin, KU and their combioati KU and their combination after 48 h, respectively, and then
RAP C KU for further RNA-seq assay. To investigate the earlysequenced with Illumina Genome Analyzer (Il). An overview of
molecular events in response to TOR suppression in potato, thée sequencing and assembly was outline@idhle S3
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FIGURE 4 | StTOR functions in regulating adventitious root for ~ mation. (A) Adventitious root formation of WT and BP12-OE17 explants witer different TOR
inhibitors in potato; DMSO was used as control, baD 1 cm. (B,C) Adventitious root (AR) numbers in different time of WT and BIR-OE lines under DMSO and
RAP C KU. (D) The AtTORexpression level during adventitious root formation iArabidopsis, bar D 0.2 mm. Each value represents the mean SDof 3 independent
experiments, for(B,C) n D 20, DAC means days after cutting.

After trimming and ltering, the number of clean bases in similar for all four treatments. We found that about 46% of
treatment of DMSO, rapamycin, KU and rapamyc® KU  genes (46,217) were lowly expressed (FPKL), and more than
was 8.10, 7.01, 7.91, and 8.88 Gb, respectitFayuie 5A). We 2,248 genes were highly expressed (FPKBD). To evaluate the
mapped the clean reads to the potato reference genorhe ( validity of transcriptome sequencing analysis, six cangidanes
Potato Genome Sequencing Consortium, 20The proportion  were selected and detected by qRT-PCR. The expressions of six
of total clean reads in the four transcriptome libraries mappedyenes according to the gRT-PCR results agreed well with ttze da
to the reference diploid potato genome ranged from 65.11 térom lllumina sequencing analysigigure S8A.

66.54% Figure 5B). The abundance of all the genes (46,217) was The rapamycinC KU treatment group got the most DEGs
normalized calculated by the expected number of fragments péR,899), while the KU treatment group got the fewest (776)
kilobase of transcript sequence per millions base pairs segaken (Figure 50). After getting rid of the genes with dierent
(FPKMs) method using unigue mapped readslfle S4. Genes expression tendency among rapamycin vs. DMSO, KU vs.
with FPKMs over 60 were considered to be expressed at a veDMSO, and rapamycirC KU vs. DMSO, the total of unique
high level, and genes with FPKMs in the interval 0-1 werg,281 DEGs were found (1,830 were up-regulated and 1,451
considered to be present at very low levels or not to be exptessavere down-regulatedfable S2. To observe the gene expression
The distributions of the expression levels of all the gene® wepatterns, the hierarchical clustering of all the DEGs were

Frontiers in Plant Science | www.frontiersin.org 8 May 2017 | Volume 8 | Article 784


http://www.frontiersin.org/Plant_Science
http://www.frontiersin.org
http://www.frontiersin.org/Plant_Science/archive

Deng et al. TOR Regulates Adventitious Root Formation

FIGURE 5 | The summary of basic information of the transcriptome da ta. (A) The number of clean bases in the treatments DMSO, rapamyciKU, and
rapamycin C KU. (B) The proportion of total clean reads in the four transcriptora libraries that mapped to the reference diploid potato genme. (C) The DEGs of all
three transcriptome data from rapamycin, KU, and rapamycit€ KU compared with the control DMSO.(D) Hierarchical clustering of the DEGs in the treatments of
rapamycin, KU, and rapamycinC KU and the control DMSO. The blue bands indicate low gene expssion quantity; the red bands indicate high gene expressio
quantity.

performed based on the lggFPKM C 1) of the four treatments  TOR Could Regulate Adventitious Root
(Figure 5D). GO and KEGG pathway analysis showed thg=grmation via TIR1/AFBs-Mediated Auxin

conserved TOR functions in potato, such as participatingSigna”ng Pathways in Arabidopsis

cell wall restruction, photosynt_hess, plant hormone sigveal The transcriptome data showed that the most DEGs were
pathway etc., suggesting TOR is a core regulator of growth an

development in potatoTables S5S6. observed in auxin signaling pathway among all hormone

Further analysis revealed that a large number of gene%'_gnaling pathwaysTable S7showed that 39 genes associated

associated with root development were aected in threeW'th auxin signaling transduction were di erentially express

treatment groups, particularly in the RAPKU treatment group, In RNA-seq data, implying that TOR played vital roles in

including phytohormone, protein synthesis and degradation@UXin signaling pathway in potatoTgble S7. DR5:GUSis

cell division and cycle, cell wall restruction, and perosea @ Well-established and most commonly used auxin marker.

(Tables SZS1Q. The changes of auxin related genes ardn adventitious root formation, it has been found that auxin
particularly evident in phytohormones related geng@alle SJ, @ccumulation occurred in early stagei( et al., 2014; Rovere
and the previous studies have showed there were sonfé @l 201 In previous studies, we have generated DR5/BP12,
interconnections between auxin and TORi(ikova et al., 2000; @ rapamycin sensitivrabidopsislant (Deng et al., 2096 To
Beltran-Pena et al., 2002; Schepetilnikov et al., 2013; Boalg, understand the relationship among auxin, TOR and advenii
2015; Deng et al., 20).6Ne further examined potential crosstalk root formation, DR5/BP12 seedling cuttings were treated
between TOR and auxin in the regulating of adventitious roowith TOR inhibitors. Results showed auxin accumulation was
formation. signi cantly suppressed when TOR was inhibiteddmabidopsis
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Especially when DR5/BP12 seedling cuttings were subjectsijnal dependent adventitious root formation, we collected
to the medium with rapamycinC KU, adventitious root their single, double and quadruple mutantsrl, tirlafb2
formation was completely inhibited and no GUS signal wagirlafb3, and tirlafblafb2afb3 The seeds of these mutants
detected Figure S5A. In adventitious root formation, auxin (tirl, tirlafb2, tirlafb3,and tirlafblafb2afbB and WT were
accumulation mainly depends on the biosynthesis and polagrown on the 0.5 MS in the dark to generate long
transport of auxin which regulated by some important genediypocotyl for 4 days. Root-excised hypocotyls of mutants and
such asYUCCAG PIN1, ABCB19,and LAX3 (Sukumar et al., WT were transferred to the mediums with AZD (4V),
2013; Della Rovere et al., 2015; Chen et al., 2016; Rovere etklU (5mM) or DMSO under normal growth condition.
2016. Therefore, the expression level of these genes undédventitious root formation was signi cantly inhibited wén
TOR inhibitor treatment were examined. The data showedhe mutants were growing on the medium with the asTORIs
that the expression of these genes were suppressed by TCRgures 6A,B. Adventitious root formation was completely
inhibitors, especially the combination of rapamycin, and KUsuppressed in quadrupléirlafblafb2afb3plants grown on
(Figures S5B,Q. medium supplemented with TOR inhibitorsF{gures 6C,D.

In previous studies, Transport Inhibitor Response 1 /AuxinFurthermore, we collected two gain-of-function mutaakr2-
Response F-box (TIR1/AFBs) were well-identied as auxirl and axr3-1which laid in the downstream of auxin receptors
receptors through the biochemical and genetic approachds auxin signaling pathways. AXR2 and AXR3 belong to
(Dharmasiri et al., 2005a,b; Kepinski and Leyser, 00% AUX/IAA protein family and act as a repressor of auxin signaling
order to further understand the mechanism of TOR and auxintransduction. These two mutant showed more sensitivity to

FIGURE 6 | The mutations of auxin receptors were sensitive toa  sTORIis in Arabidopsis . (A) Adventitious root formation of WT and auxin receptor mutant
under different asTORis treatment; DMSO was used as controbar D 1 cm. (B) Adventitious root (AR) numbers of WT and auxin receptor mutés under different
asTORIs treatment; DMSO was used as control(C,D) Adventitious root numbers in different time of WT and auxireceptor mutants under DMSO and AZD treatment.
Asterisks denote Student'st-test signi cance compared with DMSO (P < 0.05; **P < 0.01). Each value represents the mean SDof 3 independent experiments, for
(C,D)n D 30.
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TOR inhibitors compared to WTKigures S7A,B. We therefore screened the homologous auxin receptors gene of potato by
used AZD and KU to treaHS:AXR3NT-GUSa well-established using AtTIR1 amino acid sequence in NCBI and potato genome
marker for detecting the degradation of AUX/IAA, to observedatabase. Five candidates were found in potato genome and an
the e ects of TOR inhibitors on auxin signaling transduction evolutionary tree was constructed based on their amino acid
When using the TOR inhibitors to tredtdS:AXR3-NT-GUSve  sequencesHigure 9A). qPCR data showed that the expression
observed that both the AXR3-GUS signal and GUS activitieevel of these auxin receptor-like genes were also aected by
were stronger than the controlF{gures S6B-[). These data TOR inhibitors (Figure 9B). To examine whether AtTIR1 can
indicated that the degradation of AUX/IAA was repressedovercomes the inhibitory e ect of asTORis on adventitious
and the auxin signaling transduction was inhibited when theroot formation in potato, AtTIR1 was introduced into potato
activity of TOR was suppressed. Therefore, we proposed thai generate AtTIR1-OE lines. More than 10 individual lines
TOR inhibitors may regulate the auxin signaling transdanti was generated and identi ed with leafy PCR and semi-gPCR
by inhibiting the expression offIR1/AFBsgenes. And then, (Figures S8B,§. Three individual lines were treated with
BP12-2 a well-established rapamycin sensitive line wasettea asTORIs to observe their adventitious root formation ajpilithe
with di erent TOR inhibitors to detect the expression level results showed that AtTIR1-OE lines were partially overcomes
of TIR1/AFBsgenes Ren et al., 20)2 The data show that the inhibitory e ect of asTORIs and able to promote adventitou
TIR1/AFBsgenes were down regulated by TOR inhibitors inroot formation under asTORiIs treatment compared with WT
BP12-2 Figure S6A. To understand the genetic links between (Figures 9C—E. Taken together, these results showed that TOR
TOR and AtTIR1 ArabidopsisTIR1), the 35S::TIRIconstruct and auxin had a closely relationship in regulating advémntis
was introduced into BP12-2 to generate TIR1 overexpressiamwot formation, and its mechanism may be conserved evolution
lines (called TIR1/BP12 OE). More than 30 TIR1/BP12 OEBn potato andArabidopsis
lines were identi ed with leafy PCR, semi-gPCR, and western
blot (Figures S7C,D. Three individual lines were selected to
treat with TOR inhibitors. The data showed that the growth of D|ISCUSSION
TIR1/BP12-2 OE lines were signi cant better than BP12-2 unde
TOR inhibitors treatment Figures STE—G Overexpression of The plant TOR research could trace back to 1998, when Xu
AtTIR1in BP12-2 is able to rescue adventitious root formationet al. reported the/. fabaFKBP12 could not mediate the action
of BP12-2 under TOR inhibitors treatmenfigures 7A-D. We  of FK506 and rapamycin to combine with TORK( et al.,
also examined the expression of two auxin responsive gend€)99. Four years later (2002), Menand et al. rstly identi ed
GH3.2and SAUR16 And data showed that overexpression ofa singleTOR gene encoding a protein able to complex with
AtTIR1 may increase the expression of these genes under TORast FKBP12 iArabidopsishowever, thé\rabidopsivegetative
inhibitors treatment compared to BP12-Figure 7B. These growth is insensitive to rapamycirMenand et al., 2002 Most
results indicate that overexpression ATIR1 can enhance the planta species including\rabidopsis, Oryza satiydNicotiana
auxin signaling transduction in BP12-2 under TOR inhibgor tabacum,and Brassica napustc. were resistant to rapamycin
treatment to promote adventitious root formation. (Xu et al., 1998; Montane and Menand, 2D1& this study, a
Several recent studies have found that the regulation dafingle TOR was identi ed in potato through scanning the whole
TIR1/AFBs stability played an important role in auxin signalpotato genome and sequencing of StTOR derived fidesiree
transduction {fu et al., 2015; Wang et al., 201@ order to  Similar to most examined planta species, potato seedlingseshow
further observe whether TOR plays a role in regulating thensensitivity to rapamycin even the concentration up tordd.
stability of TIR1/AFBs, P35S::TIR1-GUS was introduced intdhe rapamycin-sensitive potato BP12-OE lines were genebgted
BP12-2 to generate TIR1-GUS overexpression lines (called TIRdverexpression of yeaSBKBP12While rapamycin only partially
GUS/BP12). Consistently, TIR1-GUS/BP12 also grew better thamhibited TOR activity and displayed a plateau e e€&agfmani
BP12-2 under rapamycin treatmenfigure 8A). However, the et al., 2007; Ren et al., 2012; Deng et al., 2016; Xiong et al.,
GUS signals of TIR1-GUS/BP12 were signi cantly decrease#17). AsTORIs could inhibitboth TORC1 and TORC2 in a dose-
under TOR inhibitors treatmentKigure 8B). We also tested the dependent manner in cancer therapgenjamin et al., 201
expression ofsUSand GUS activity under di erent treatment. Recent studies showed that asTORis can e ciently inhibit ptant
The data showed that the expression of GUS was not a ectedyrowth via blocking TOR activitied{ontane and Menand, 2013;
but the activity of GUS was signi cantly reducdéigures 8C,D, Xiongetal., 2013, 2017; Deng et al., 20Xtong et al. found that
which may suggest that TIR1-GUS was degraded. Thesiee combination of rapamycin and asTORIis showed synergistic
observations indicated that the stability of TIR was algutated inhibitory e ects on TOR activities in BP12-X(ong et al., 201)/
by TOR signaling. Here, the synergistic inhibition e ects of rapamycin and KU
were also observed in potato BP12-OE lines. Adventitiou$ roo
o formation was strongly retarded in potato ardabidopsisinder
AtTIRl_Rescues Ad\_/entlt_lous Root TOR inhibitors treatment, and the expression of TOR increlase
Formation in TOR Signaling Suppressed gradually with the development of adventitious roots, sugggst
Potato TOR was involved in adventitious root formation in potato.
In order to investigate the relationship of TOR and auxin The transcriptome data a rmed that TOR play vital roles
signaling pathway in potato adventitious root formation, wein photosynthesis, phytohormone signaling pathway, ribosoma

Frontiers in Plant Science | www.frontiersin.org 11 May 2017 | Volume 8 | Article 784



Deng et al. TOR Regulates Adventitious Root Formation

FIGURE 7 | The overexpression of AtTIR1 can enhanced adventitious root formation ability of BP12-2 un der TOR inhibitors treatment in ~ Arabidopsis .
(A) Adventitious root formation of WT, BP12-2, and TIR1/BP12 OE-@ under different TOR inhibitors treatment, bab 1 cm. (B,C) The fresh weight and adventitious
root (AR) numbers of WT, BP12-2, and TIR1 /BP12 OE-40 under défent TOR inhibitors treatment, DMSO was used as contro(D) Adventitious root numbers in
different time of WT and BP12-2 and TIR1/BP12 OE-40 under I K treatment. (E) The expression of auxin primary response genes under TOR iifitors treatment in
BP12-2 and TIR1/BP12-OE40. Four days old BP12-2 and TIR1/BP12-@40 seedlings grew in 0.5 MS medium with low light; then the mt of seedlings was removed
and stems were transferred to the medium containing TOR inbitors [RAP (5mM), KU (5mM), RAP (5nM) C KU (5mM); DMSO was used as control] under normally
growth condition 48 h. Asterisks denote Student'st-test signi cance compared with BP12-2 (*P < 0.05; **P < 0.01). Each value represents the mean SDof three
independent experiments, for(D) n D 30.

biogenesis, cell wall restruction, autophagy, ubiquititc. én  about adventitious root or lateral root formation at di erén
potato, which is similar to the analysis of previous expressiomrucial stagesHrinker et al., 2004; Himanen and Beeckman,
pro ling under TOR inhibition or activation. Further data 2004; Péret et al., 2009; Majer et al., 2012; Du et al.))2Bab
mining of transcriptome revealed that a large number ofexample, the peroxidase has been reported to be close related to
DEGs was involved in critical pathways, such as cell cycle, céhe formation of adventitious root/ang et al., 201)5Peroxidase

wall restruction, protein synthesis, and degradation, petage activity (GO: 0004601) with 39 genes was dominant in the GO
activity, plant hormone signaling transduction and espédgial MF based on the 1,122 down-regulated DEGable S§. Also,

the auxin signaling pathways, participated in adventitioustro the DEGs related to protein synthesis and degradation were
formation. That is similar to the previous transcriptome prin ~ detected, such as 29 translation related genes (25 dowriated
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FIGURE 8 | TOR was involved in TIR1 stabilization in  Arabidopsis . (A) The phenotype of TIR1-GUS /BP12 line in medium with rapamycifhar D 1 cm. (B) The
GUS staining of TIR1-GUS /BP12 line under different TOR inhibis treatment; DMSO was used as control, baiD 1 cm. (C,D) The relative expression of GUS and the|
relative activity of GUS in TIR1-GUS /BP12 line under differeMOR inhibitors treatment, DMSO was used as control. Astesks denote Student's t-test signi cance
compared with DMSO (P < 0.05; **P < 0.01). Each value represents the mean SD of three independent experiments.

and 4 up-regulated genes), 30 ubiquitin related genes (7 dowand SAUR (Small auxin up RNAs) were associated with cell
regulated and 23 up-regulated genes), and 5 up-regulatezhlargement and plant growthChen et al., 2014; Feng et al.,
autophagy genesTéble S9. Ubiquitin can be attached to 2015.

proteins and labeled them for nal degradation. Autophagy is The relationship between auxin and TOR has been reported
a process for the turnover and recycling of intracellular é&rg by di erent groups previously [Dinkova et al., 2000; Beltran-
macromolecules. Protein synthesis and degradation plagl vitPena et al., 2002; Schepetilnikov et al., 2013; Dong et ab; 201
roles in tissue regeneration and organogenesis. In addit® Deng et al., 2006 TOR was response to auxin to regulate
the cellular level, lateral root formation is divided intwd major  translation reinitiation Gchepetilnikov et al., 20)L3 Many
steps, the degradation of overlaying cells and the reorgéiniz = phytohormone (auxin, ABA, Ethylene, etc.) signaling assedia

of new cells Péret et al., 20091n this process, cell cycle, cell genes are di erentially expressedAnabidopsiseedlings treated
division, cell wall restruction, and biogenesis are venyc@  with AZD (one of asTORis) [fong et al., 2016 The TOR
steps. Total of 41 and 14 DEGs were detected in the cell cydfehibitors could interfere with auxin redistribution in rdo
(GO: 0007049) and cell division (GO: 00051301), respectivelps and root gravitropic responseDéng et al., 2006 In
(Table S10A-B. More than 100 DEGs were involved in cell wallthis study, after TOR inhibitors treatment, a huge number
restruction and biogenesis, which encoded expansion, sxten of genes involved in phytohormone signaling pathway were
xyloglucan endotransglucosylase/hydrolase protein, pégaise, di erentially expressed Table SF, and auxin related genes
cellulose synthase etc. in the transcriptome ddiable S10§. were most dierentially expressed. To further conrm the
Importantly, it has been reported that phytohormones, partégul triangle relationship among TOR, auxin and adventitioustro
auxin, are crucial adventitious root formatiorB¢llini et al., formation, BP12-2, DR5/BP12, auxin receptor mutantisl(
2019. In our data, plant hormone signaling transduction tirlafb2, tirlafb3, and tirlafblafb2afpand TIR1/BP12-2-OE
KEGG pathway is one of the most signi cantly enrichedlines were generated or used in the present study. Both the
pathways. A total of 75 DEGs were identi ed to be involved innumber of adventitious root and the accumulation of auxin
six phytohormone signaling transduction pathway&lfle SJ.  in the adventitious root primordia were signi cantly redutge
The number of DEGs in the auxin signaling transductionwhen the TOR was inactive in the auxin receptor mutants and
pathway was the highest (39 DEGS), including auxin responsiM@R5/BP12 compared to control, respectively. Overexpression
proteins (27), transport carrier (5), and regulation proteinof AtTIR1 could partially rescue adventitious root formation
(7). The auxin responsive proteins GH3 (Gretchen Hagen 3jlefects resulting from TOR inhibitors inArabidopsisand
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FIGURE 9 | The overexpression of AtTIR1 in potato can enhance the adventitious root formation of potat o explant under different asTORIs treatment.

(A) Phylogenetic tree of auxin receptors in Arabidopsis and ittomologs genes in potato.(B) The expression level of auxin receptor homologs genes in pato under
TOR inhibitors treatment. Three weeks old BP12-OE17 seedigs grew in MS liquid medium and then were transfer to mediumantaining TOR inhibitors [RAP
(10mM), KU (10mM), RAP (10mM) C KU (10mM); DMSO was used as control] under normally growth conditin 48 h. (C) Adventitious root formation of WT and
TIR1-OE4 under different asTORIs treatment, bad 1 cm. (D) Adventitious root (AR) numbers of WT and TIR1-OE4 under difent asTORIs treatment; DMSO was
used as control. Asterisks denote Student'st-test signi cance compared with WT (P < 0.05). (E) Adventitious root numbers in different time of WT and TIR1-Olnes
under AZD treatment. Asterisks denote Studentd-test signi cance compared with DMSO (P < 0.05). Each value represents the mean SDof three independent
experiments, for(E)n D 20.

potato. All the results suggested that there were tight link§OR could regulate the expression of auxin receptors and
between TOR and auxin signaling in adventitious root forrmat  the stability of TIR1 protein to modulate auxin signaling
in Arabidopsisand potato Figure S9. YUCCAG ABCB19 dependent cell dierentiation or proliferation. TOR may
PIN1, and LAX3 which has important functions in auxin integrate multiple environmental and endogenous factors to
synthesis and accumulation were strongly aected by TORegulate adventitious root formation through crosstalkthwi
signaling. During the adventitious root primordium formati,  auxin signaling.
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and Cl values were calculated using the CompuSyn software pgram (ComboSyn
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Figure S1 | Conservative evolution of StTOR FRB domain and StF KBP12 in
potato. (A) Comparison of FRB domain of StTOR and homologs from other
organisms. (B) Comparison of StFKBP12 and homologs from other organisms.
(C) The rapamycin sensitivity test of potato explants, bab 1 cm. (D) The relative
expression level ofStFKBP12in different tissues of potato.(E,F) The fresh weight
and adventitious root (AR) numbers of WT under rapamycin ta¢ment. Each value
represents the mean SDof three independent experiments.

Figure S2 | The identi cation of transgenic BP12-OE lines in potato and
relative expression of TOR complex in different tissue of pota to. (A) The
leaf PCR identi cation of transgenic BP12-OE lines in potato(B) gRT-PCR to
detect relative expression level 08cFKBP12in BP12-OE lines in potato.

(C) Western blot to detect relative content of SCFKBP12 in BP129E lines in
potato. (D) The relative expression level of StTOR complex 1 in differetissues of
potato. Each value represents the mean SD of three independent experiments.

Figure S3 | AsTORis inhibit seedling growth and adventitiou s root
formation of potato. (A) The growth of BP12-OE17 line could be inhibited by
asTORis KU and AZD in a dose dependent manner, bd 1 cm. (B,C) AsTORis
can effectively reduce the fresh weight and adventitious @i (AR) numbers in
BP12-OE lines. Asterisks denote Student'$-test signi cance compared with WT
(P<0.05 P< 0.01). Each value represents the mean SDof three
independent experiments.

Figure S4 | Rapamycin and asTORis synergistically inhibit se  edling growth

of potato. (A) The inhibition effect of rapamycin, KU and their combined ¢éatment
of BP12-OE17 line, barD 1 cm. (B) Rapamycin and asTORis could synergistically
reduce the fresh weight in BP12-OE line(C) Fa-Cl curve shows synergism

(Cl< 1) between rapamycin and KU (D) Rapamycin and asTORis showed no
synergistically effects in the regulating of the fresh welig in WT, barD 1 cm.
Asterisks denote Studentst-test signi cance compared with singly used
rapamycin or KU (P < 0.05; P < 0.01). Each value represents the mean SD
of three independent experiments. Combination index (Cl) veade ned by Chou

udent's t-test signi cance compared with control ( P < 0.05; P < 0.01). Each

value represents the mean SDof three independent experiments.

ibitors in
Arabidopsis . (A,B) The gain-of-function mutantsaxr2-1 and axr3-1 were
sensitivity to asTORis compared to WT, bab 1 cm. (C,D) The leaf PCR,
semi-qPCR and western blot identi cation of TIR1/BP12-OE ling. (E) The
phenotype of TIR1 /BP12 OE lines in medium with different TORhibitors,

bar D 1 cm. (F,G) The fresh weight and lateral root numbers of WT, BP12-2 and

dTIRl-OE/BPlZ lines under different TOR inhibitors treatmenbMSO was used as

control. Asterisks denote Studentst-test signi cance compared with BP12-2
( P< 0.05; P< 0.01). Each value represents the mean SDof three
independent experiments.

Figure S8 | The validation of RNA-Seq data by gRT-PCR, and ide  nti cation
of potato TIR1-OE lines. (A) The validation of RNA-Seq data by qRT-PCR, and
gene ID numbers are listed irifable S1. (B,C) The leaf PCR and semi-qPCR
identi cation of potato transgenic lines of TIR1-OE.

Figure S9 | A model for the crosstalk between TOR signaling and a uxin

signaling during adventitious root formation.

Table S1 | Primers were used in this study and related gene ID in this study.

Table S2 | The differentially expressed genes in the BP12-OE1 7 treated

with TOR inhibitors.
Table S3 | Summary of the sequence assembly after lllumina sequenc ing.

Table S4 | Distribution of gene expression in the BP12-OE17 u  nder the

four different treatments.

Table S5 | GO enrichment analysis based on the 3281 differentia  Ily
expressed genes in potato BP12-OE17 treated with different T OR
inhibitors and DMSO.

Table S6 | KEGG pathway enrichment analysis based on the 3281
differentially expressed genes in potato BP12-OE17 treated with different
TOR inhibitors and DMSO.

Table S7 | Differentially expressed genes related to phytoho
pathway in potato under the treatment of rapamycin, KU, and
rapamycin C KU.

rmone signal

Table S8 | Differentially expressed genes related to peroxid ase in potato

under the treatment of rapamycin, KU, and rapamycin C KU.
Table S9 | DEGs involved in the protein synthesis and degrada  tion in
potato under the treatment of TOR inhibitors.

Table S10 | DEGs participated in cell wall restruction.
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