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Abstract

SwitchgrassRanicum virgatuni..) is a sustainable cellulosic energy crop witihh
biomass yield on marginal soils. Tillering, an imgamt agronomic characteristic related
to biomass production in gramineous plants, isleggd by complex interacting factors,
such as plant hormones. Strigolactones (SLs) camprnovel class of plant hormones
that inhibit shoot branching. TMORE AXILLARY GROWTH2 (MAXRWARF 3
(D3)/RAMOSUS (RMS4enes encode proteins involved in the SL signgletfgway in
various plants. The switchgrass tetraploid genakadyl contains two high-similarity
MAX2homologues, one of which is 6 bp longer than ther The longest is named
PvMAX2and is the ortholog d1IAX2in ArabidopsisD3in rice, andRMS4in petunia.
PVMAX2is expressed ubiquitously in switchgrass tissudés, migher expression levels
observed in the stem and shdMAX2gene expression is upregulated by GR24, a
synthetic SL analog. Ectopic expressiorPOMAX2in the Arabidopsisnax2mutant
rescued the dwarf and bushy phenotypes and sraéBile in the mutant, suggesting
that functions oAtMAX2in Arabidopsis are conservedmyMAX2 EctopicPvMAX?2
expression also restored the wild-type primary eowt hypocotyl length phenotypes
and restored the response to GR24. These resditaia thaPvMAX2may play an
important role in switchgrass tillering through tBe pathway.
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Abbreviations: SL, strigolactone; WT, wild type; MS, MurashigedaSkoog; IAA,

indole-3-acetic acid

1. Introduction

SwitchgrassRanicum virgatuni..), a native grass of North American prairies,
is a perennial C4 plant that belongs to the gétarscumL. (Poaceag|l]. It is
commonly used for soil and water conservation ovings suitability to marginal land
and strong adaptability. It has also been studkehsively as a model energy crop
[2-5]. Tillering, a special form of branching inagmineous plants, is a primary
agronomic characteristic responsible for biomasslgetion [6]. Tillering is influenced
not only by most environmental factors, such agtenature, soil nutrition, and
cultivation measures, but also by biological fastancluding hormones, and genetic
factors [7-9].

Strigolactones (SLs), which are novel plant hornsomaee terpenoid compounds
that play an important role in suppressing shoahbning [10-13]. Recently, a series of
branching mutantslOREAXILLARY GROWTHMAYX) in Arabidopsis thaliana,
DWARF(D) in Oryza sativaDECREASED APICAL DOMINANCE®AD) in Petunia
hybrida andRAMOSUSRMS in Pisum sativumvere identified in which SLs act as
endogenous signals [12, 14]. Many genes are inddlvéhe biosynthesis of SLs,
includingMAX3/RMS5/D17/DADIMAX4/RMS1/DAD1/D10andOsMAX1/MAX1
Some genes are components of the SL signaling pgttsmch aatD27/D27
MAX2/D3/RMS4D14/D88/HTD2 D53/SMAX1-LIKEandBRC1/BRC2/FC1/0OsTB1
[15-20]. MAX2/RMS4/D3enes are key factors that play vital roles inShesignaling
pathway [21, 22]MAX2 in particular, functions at the intersection afltiple signaling
pathways [23]MAX2encodes an F-box leucine-rich repeat protein andtdutes part
of a Skp-Cullin-F-box (SCF) E3 ligase complex, whifanctions downstream ®MAX3
MAX4, andMAX1[24-26]. MAX2is involved in a series of functions that regulalent

developmental processes, senescence, karrikinlisignghotomorphogenesis,
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temperature signaling, SL signaling, drought resppand shoot architecture [10, 12,
21, 27-29]. In additionMAX2 functions at the signal intersection associateatd ®Ls
and other hormones, such as auxin, cytokinins,ggddlin, and jasmonates [21, 30-32].
SL-deficientmax(A. thaliang, rms(P. sativun), d (O. sativg, anddad(P. hybridg
mutants have been studied widely owing to theira@ckd shoot branching phenotype.
The max2mutant has a relatively high tillering and dwagfiphenotype, and is
insensitive to GR24, a synthetic SL analog [25,38, It has been suggested that SLs
inhibit auxin biosynthesis, which controls shoarrhing and regulates plant root
development [30, 35-37].

Tillering is critical for switchgrass productivityn this study, we cloned the
PvMAX2gene (the homolog #&tMAX2 from Alamo switchgrass and analyzed its
biological characteristics. The Arabidopsiax2mutant has been transformed with
PVMAX2to analyze the function of the gene. Overexpressf@®vMAX2in the
Arabidopsismax2mutant successfully complemented many phenotyp#seahutant,
such as primary inflorescence length, branch nupdme number of rosette leaves. In
addition, we examined the response of wild type JWlax2 and transgenic lines to
GR24 and indole-3-acetic acid (IAA). Our resultdigate that the overexpression of
PvMAX2could almost completely complement the phenotypaemax2mutant,
suggesting identification of the orthologMRAX2in switchgrass.

2. Materials and methods
2.1 Plant materials and growth conditions

Arabidopsisecotype Col-0 was used as the WT in this study.méae2-1mutant
[24] was obtained from the Institute of Geneticd &evelopmental Biology (Beijing,
China). Arabidopsis plants were grown in a chanab@5°C with a 14-h light/10-h dark
photoperiod and 70% humidity [38]. Before sowinghvdarashige and Skoog (MS)
plates, seeds were surface-sterilized with 70% @tlvanol for 1 min and with 10%

(w/v) sodium hypochlorite for 10 min, followed byree washes with sterile distilled



83 water. After stratification at 4°C for 3 days, teeds were sown on half-strength MS
84 medium containing 0.5% (w/v) sucrose and 0.75% Yagar at pH 5.8 [39].
85 The Alamo switchgrass cultivar (autotetraploid,24x = 36) was used for gene
86 cloning and expression analysis. Switchgrass plaats propagated asexually by
87 tiller-splitting and grown in the greenhouse at tharest A & F University (Yangling,
88 China) with a 16-h light/8-h dark photoperiod witla temperature range of 23-28°C.
89 2.2 PvMAX2 gene cloning and vector construction
90 Based on the homologous sequenc®AX2/D3/RMS4n the switchgrass
91 (Alamo) database
92 (https://phytozome.jgi.doe.gov/pz/portal.ntml#!iAtdias=0rg_Pvirgatum_er), we
93 designed switchgraddAX2 primers IAX2-FandMAX-Rin Table S1) to amplify the
94  open reading frame (ORF) of tR'MAX2gene using Primer Premier 5.0 software.
95 Using the Prime Script 1st Strand cDNA Synthesis Kit (TaKaRa, Kusatapan), the
96 template cDNA was synthesized from total RNA exeddrom the shoots of the
97 switchgrass lowland ecotype Alamo using the HiFRIemt RNA Mini Kit (Magen,
98 Guangzhou, China) [40]. The polymerase chain rea¢t?CR) product obtained by the
99 KOD -Plus- high fidelity DNA polymerase (Toyobo, 8h, Japan) was then cloned
100 into the pGEM-T easy vector to be sequenced byrbdtisher Scientific Inc.
101 (Shanghai, China).
102 The ORF ofPvMAX2with BanmH1 andSpd restriction enzyme sites at the5’
103 and 3’ ends, respectively, obtained using prinhfs<2-Banti1l andMAX2-Spé
104 (Table S1), was inserted into pTCK303 [41] to gateethe construct for
105 overexpression ®vMAX2 namedPvMAX20E
106 2.3 Sequence and phylogenetic analysis
107 The ORF of thd®vMAX2gene sequence was predicted using DNAMAN version
108 6.0 software, the physical and chemical propedfdébhe encoded amino acid sequence
109 were analyzed using ProtParam software. The F-bm¥ mas identified by aligning

110 the PVYMAX2 sequence with those of other F-box pnsteA phylogenetic tree of
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homologous proteins from dicot and monocot plardas wonstructed using MEGA 7
software by the neighbor-joining method [42, 43].
2.4 Arabidopsistransfor mation and max2 mutant complementation

ThePvMAX2OEconstruct was introduced infgrobacteriuntumefaciens
(EHA105) to transform the Arabidopsis mutamax2using the floral-dip method [44].
Candidate transgenic plants were screened on tneffeggh MS medium containing 40
mg/L hygromycin B. The transgenic seedlings weenidied using PCR with the Hyg
primers (Table S1). We randomly selected at le@shdividual plants per homozygous
line for phenotype observation. Three independentdrzygous transgenic lines were
used for further analysis.

Leaf area was measured using Image J software (M8A) after seedlings had
grown for 14 days following germination in soil. s&ite leaves were counted at the
22-day-old stage. We determined the number of Im@mand primary inflorescence
length at the 50-day-old stage.

2.5 RNA extraction and quantitativereal-time PCR (QRT-PCR)

Total RNA was extracted from transgenic Arabidogsiedlings and switchgrass
plant tissues (root, leaf, leaf sheath, shoot b&sept node, and panicle) using the
HiPure Plant RNA Mini Kit according to the manufaer’s instructions. The RNA
sample was dissolved in 30 pL of diethylpyrocarltef@EPC)-treated water. Then, 1
pg of total RNA of each sample was reverse trabsdrusing the Prime ScriRil
reagent Kit with gDNA Eraser (Perfect Real TimeKa&a).

We performed qRT-PCR to determine gene expresBActinand
PVEF-1-alphawere used as internal controls for switchgrassAAC TIN7was used as
an internal control for ArabidopsiBvMAX2gene-specific primerf¢MAX2Q-Fand
PVMAX2Q-R used in gRT-PCR are listed in Table S1. We peréat qRT-PCR using
the ABI 700 Real Time System (Applied BiosystemSA)Y with SYBR Premix EX
Taq lI(Tli RNaseH plus) (TaKaRa). The reaction conditisrese pre-incubation at

95°C for 5 s, followed by 40 cycles at 95°C fors3®0°C for 31 s, and 72°C for 30 s.
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The relative expression level in each sample whsileded using the 2! method
[45].
2.6 GR24 and | AA treatment assay

Arabidopsis seeds were surface-sterilized, coaldd@ in the dark for three
days, and then grown on half-strength MS platesemthe root length was ~1 cm,
seedlings were gently transferred to half-stremdgBplates containing various
concentrations of GR24 or IAA. After seven daywveitical growth in an incubator, the
primary root length was measured using Image Jdvaoé GR24 treatments were
conducted at a concentration of 48, and 21 seedlings were measured for each
genotype [46]. The IAA concentration was 18I; 21 seedlings were measured from
each line. Non-treated roots were used as thealanteach experiment [47].

Switchgrass seeds were surface-sterilized and glacevet filter paper. When
the roots were 2 cm long, the seedlings were tearesf to Hoagland nutrient solution
renewed at 3-day intervals. Plants were grown28°& incubator under 16-h light/8-h
dark photoperiod conditions. After 20 days, sampleee transferred separately to new
cultures containing I8, 10° and 10’ M GR24 for 24 h before seedling collection for
RNA extraction.
2.7 Hypocotyl elongation assay

To determine the hypocotyl length of each linedsegere surface-sterilized,
cooled at 4°C in the dark for 3 days and then plate half-strength MS medium with
various concentrations of GR24 or IAA. The seedsevexposed to white light for 3 h
to encourage seedling photomorphogenesis at rompei@ture and then placed in a
dark climate chamber at 25°C. After incubationha tark for 5 days, the hypocotyl
lengths of 20 individual seedlings from each linerevthen measured.
2.8 Satistical analyses

Most data were recorded from at least three inddgr@rexperiments. Data are

presented as means * standard error of the mearé8ns were compared by
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analysis of variance (ANOVA), followed by Duncamiltiple range test. Different
letters indicate significant differences betwe@&atments (P < 0.05).
3. Results
3.1 Cloning and sequence analysis of the PYM AX2 gene

To acquire the full lengtRvMAX2gene, we used protein sequences of AtMAX2
[24] and rice D3 [33] as queries to BLAST searah slvitchgrass (Alamo) database.
According to the database, 18 scaffolds named 0{k@® N) are ordered to match the
syntenic foxtail millet Setaria italicg chromosome order. The results of the BLAST
search with AtMAX2 indicated three orthologs in gwitchgrass genome:
Pavir.4KG04180QChr04K:4096937.4099581) airdvir.4KG045300
(Chr04K:4345003.4348920) on Chr. 4K dpavir.4ANG045300
(Chr04N:4630531.4632529) on Chr. 4N. The sequeh&awair.4KG041800s the
same as that dtavir.4AKG045300The sequence &favir.ANG045300which is the
same as the latter part AX2 may be an incompletdAX2 sequence lacking the first
sequence region, because the first paMAX2was found within sequences not
localized on chromosomes in the database (Fig. 3iEre was a 37-bp gap between
Pavir.4ANG04530@&nd the unlocalized part compared with
Pavir.4KG045300/Bvir.4KG041800. One PCR product of the switchgci3NA from
primers designed according to the preceding segsgpassessed 6 bp less than
Pavir.4ANG045300/Pavir.4KG041800he product matched perfectly with
Pavir.4ANG04530@&nd the previous unlocalized sequendeerefore, we conclude that
the switchgrass tetraploid genome likely contams high-similarityMAX2
homologues, one of which is 6 bp longer than thentVe named the longest
homologuePvMAX2(GenBank accession number: MH172301); it contaihyéd?2 bp
with no introns and encoded a 703-amino acid pmotei

Sequence analysis indicated that PvMAcGhtains an F-BOX motif at the
N-terminus (Fig. S2). Alignment with the MAX2 pratesequences from other species

showed that PYMAX2 had 92.60%, 87.29%, 76.67%,9b.3and 43.43% identities to
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SIMAX2, SbMAX2, D3, RMS4, and AtMAX2, respective(fFig. 1A). Phylogenetic
analysis of MAX2 homologs among switchgrass, Arapals, pea, rice, millegnd
sorghum suggested that PvMAX2 is most closely edlad millet SIMAX2, but
relatively less related to dicot Arabidopsis AtMAX¥Rd pea RMS4 (Fig. 1B).
3.2 PYMAX2 expression pattern in switchgrass

According to the expression data in the Joint Genbmatitute database,
PVMAX2is expressed in all tissues, with higher levelected in the stem nodes and
roots (Fig. 2A). The homolog®&vir.4KG045300/Pavir.4KG04180&nd
Pavir.4ANG04530Pexhibited similar expression profile patternspkession levels of
MAX2were greatest in the roots in sorghum, and irakiéary buds and roots in
petunia [49, 50]. We detect®YMAX2expression by gRT-PCR in various tissues of
switchgrass including the stem base, leaf shegdlfi, stem node, P1 panicle (early), and
P2 panicle (late). The highest levels were deteict¢lde stem nodes, followed by the
stem base, root, leaf, and leaf sheath. The logwgsession levels were found in the P1
panicle (early) and P2 panicle (late) (Fig. 2B).
3.3 PYMAX2 expression in response to GR24 treatment

As a key factor in the SL signal transduction patwhe expression level of
MAX2is upregulated by GR24 [28, 51, 52]. In this stutg expression level of
PvMAX2was markedly increased in GR24-treated samplepawed with the untreated
controls (Fig. 3).
3.4 Ectopic expression of PPMAX2 in the Arabidopsis max2 mutant

To confirm the functional orthology 6tlvMAX2 thePvMAX2OEconstruct was
introduced into the ArabidopsisBax2mutant; 12 transgenic lines were successfully
obtained (Fig. S3B) and three lines were seleateddbsequent trials. All three
transgenic lines had significantly higher expressevels ofPvMAX2(Fig. 4B). The
shoots in thenax2plants were shorter and had more lateral inflareses than WT
plants [24, 25]. The transgerfvMAX2OEplants displayed high branch lengths and

reduced tiller numbers. The transgenic plants 12,dnd L4 partly rescued the bushy
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phenotype and plant height to levels similar tasthof WT plants. These results
confirmed thathe function oPvMAX2in branching regulation was similar to that of
AtMAX2 (Fig. 4A).
3.5 Complementation of the Arabidopsis max2 mutant by PYMAX2 at branching
and leaf size

Compared with thenax2mutant, the WT and three transgenic lines hadbhisi
higher primary inflorescence lengths. The heiglithe transgenic lines were 1.3 to 1.4
times that of thenax2mutant but were shorter than the WT (Fig. 4C) Wwhi@s 1.7
times that of thenax2mutant. This result suggests tRaVIAX2expression was not
fully effective in conferring increased height hretArabidopsisnax2mutant. The WT
and mutant plants had an average of 5.2 and 1&r&cbes, respectively. The numbers
of branches in the thré&yMAX2OEtransgenic lines in thmax2mutant background
were decreased markedly to the level of the WT. (#t9. In addition, the numbers of
rosette leaves in the transgenic lines were sirtoléinat of the WT but reduced
compared with thenax2mutant (Fig. 4D). Thenax2mutant had smaller leaf blades at
the early seedling stage than observed in WT [B8herallymax2mutant plants had
smaller leaf blades than WT, and the leaves ofrdresgenic lines were restored to
normal blade size in WT (Fig. 5). These resultsdatd thaPvMAX2almost
completely rescued the defect of thax2mutant during plant development and
growth.
3.6 Effectsof GR24 and | AA on primary root length

Previous studies demonstrated that SLs were indalveoot phenotypes in a
MAX2-dependent manner [47]. GR24 inhibited rootelepment at relatively high
concentrations and promoted primary root lengtlowtconcentrations [39, 54]. To
determine whethdPvMAX2could complement the root growth phenotype ofntfaex2
mutant, we measured the primary root lengths dfreds. Themax2mutant had shorter
primary root lengths than the WT aR&MAX20Eransgenic plants. In addition, the

primary root ofmax2showed no response to GR24 treatment, while thponse to
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GR24 was restored in the transgenic plants to sesiatilar to WT (Fig. 6A). IAA could
reduce the length of WT primary roots within a agrtconcentration range, and auxin
interacted with SLs in the regulation of primarptrdevelopment [54-56]. We found
that the response to IAA treatment was similar agrible mutant, WT, anBvMAX20E
transgenic lines; IAA inhibited root growth regagsié of the normal function of MAX2
(Fig. 6B).
3.7 Effects of GR24 and | AA on hypocotyl elongation

The max2mutant displayed a longer hypocotyl than WT imtigrown
seedlings, but similar hypocotyl length to that’dt when grown in the dark [21, 24,
52]. Previous studies reported that IAA could inthitypocotyl growth at any
concentration [57]. We investigated the effect 28 and auxin on hypocotyl
elongation by measuring hypocotyl lengths in seegliof WT,max2 andPvMAX20E
transgenic lines. The hypocotyl lengthnofix2seedlings was markedly higher than that
in seedlings of the WT and the three transgenesliiThe hypocotyl length ofax2was
insensitive to GR24, whereas the hypocotyl lengils veduced slightly in GR24-treated
WT and transgenic lines (Fig. 7A). These resultscate that hypocotyl elongation is
inhibited by GR24 in the presence of norfvB X2 function under dark growth
conditions. However, regardless of the presen@bdsence of normal MAX2 function,
the hypocotyl lengths were reduced dramatically&4 treatment (Fig. 7B). These
results indicate th&vMAX2can substitute fohtMAX2in regulating hypocotyl
development in the dark.
4. Discussion

Switchgrass, a perennial energy crop in the USA rbeeived heightened
research attention due to its high energy conversificiency from biomass to fuel
alcohol [3, 58-60]. Recent studies have focusetdranching/tillering to improve the
biomass of switchgrass [61]. Previous studies ledghatMAX2/D3/RMS4enes
regulate plant architecture, senescence, karrigimating, temperature responses, and

photomorphogenesis [17, 21, 24, 62, 63]. Howeveés, unclear whether such



278
279
280
281
282
283
284
285
286
287
288
289
290
201
292
293
294
295
296
297
298
299
300
301
302
303
304
305

regulation occurs in switchgrass. Therefore, westigated the role of the SL signal
transduction factoMAX2in switchgrass.

In this study, we identified an ortholog BAX2 (PVMAX2 in switchgrass; it
encodes an F-box protein that is closest to SiMAXXxtail millet (Setaria italicg
(Fig. 1B). WherPvMAX2was expressed in the Arabidopsiax2mutant, most
phenotypes of thmax2mutant were rescued. However, due to the differesgrtion
site of PvMAX2on the Arabidopsis genome or functional differatidin among
different species, the ectopic expression ofRtiBIAX2cannot entirely complement the
AtMAX2 SLs are widely recognized as shoot branchinglagons; themax2mutant
produces increased branch numbers. Previous stoawesshown that branching in the
Arabidopsismax2mutant was restored to the normal level after fangation with the
ShMAX2gene, isolated from the paras8gigahermonthicg28]. The branching
phenotype of the Arabidopsisax2mutant is also almost fully complemented by
DgMAX2a[64]. Our results indicated that the expressioRPd¥IAX2in the Arabidopsis
max2mutant partially rescued the inflorescence lemgith branch number mutant
phenotypes (Fig. 4A, 4C, and 4E). Other studidgAK2in different species revealed
thatOaMAX2andGmMAX2athe ortholog of the ArabidopsidAX2 gene in soybean
andOrobanche aegyptiacavere able to rescue the leaf size of the Aralstopax2
mutant [32, 53]. We also observed tRatMAX2expression almost restored leaf
phenotypes in the early developmental stages GFig.ogether, these results indicate
the complementary effects BMAX2for loss-of-function ofAtMAX2in both the early
and late developmental stages. This partial res@ebe caused by the functional
differences betweeRvMAX2andAtMAX2 which may be due to functional
differentiation between monocot and dicot species.

Our results revealed that GR24 enhanced primanyleagth at a concentration
of 10° M, while themax2mutant was insensitive to GR24 (Fig. 6A). Thax2mutant
had a shorter root, possibly due to the reductioreil number in the primary root

meristem [65]. In support of our results, thaMAX2gene from the parasit(@.
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aegyptiacacould also complement the shorter primary roogtlerof max2[53].

Previous studies have reported that the primarylength ofmax2decreased under
high-concentration GR24 treatments due to genexadity, and the other phenotype of
max2could not be rescued by application of GR24 [B#AX2was shown to be
involved in photomorphogenesis. WT amdx2seedlings have similar hypocotyl
lengths in the dark. However, hypocotyl elongatias inhibited by SLs in WT,
whereas hypocotyl elongation was unaffected by GiR&atment in thenax2mutant

[21, 28, 52, 66]. We found that theax2seedlings exhibited markedly longer hypocotyl
length than the WT, and the ectopic expressidAavdlAX2in max2reduced the
hypocotyl length (Fig. 7A). These results suggeat many factors likely affect
hypocotyl elongation. A recent study showed thag Bihibited hypocotyl elongation
depending on cryptochrome and phytochrome signadingd that high doses of GR24
inhibited hypocotyl elongation in both light andrkl@onditions [67]. These results
indicate that GR24 inhibits hypocotyl growth belaucR24 concentration threshold.
Moreover,MAX2is necessary for the hypocotyl elongation respois&Ls.

Previous studies show that auxin transport is rseegdor the branching phenotype of
themax2mutants. There are multiple interactions at défferlevels between SLs and
auxin [30, 35, 38]. IAA can reduce the length ¢ INT primary root below a certain
concentration of GR24 [55]. IAA has been suggestdak involved in SLs, affecting
root development and decreasing primary root lebgtreducing cell length [54, 56].
Recently, it was reported theldMAX2regulated hypocotyl elongation, particularly by
influencing auxin transport in apple [68]. Thessulés indicate that auxin interacts with
SLs to regulate root and hypocotyl development. el®y, the interactions between SLs
and auxin may be quite complex [67, 69]. Our staidigowed that the primary root and
hypocotyl lengths decreased dramatically followiAg treatment in WT, thenax2
mutant, and th@vMAX2OEtransgenic lines in thmax2background (Figs. 6B, 7B).
These results indicate thetMAX2acts upstream of auxin in root and hypocotyl

development.
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5. Conclusion

The findings of our study suggest tiRatMAX2has a conserved function in
regulating plant shoot branching. TReMAX2gene we identified in switchgrass not
only inhibited shoot branching but also rescuednla@2mutant phenotype in roots.
These findings provide a theoretical foundationthar utilization ofPvMAX2in
switchgrass. In addition, we revealed tAEBIAX2andPvMAX2exhibit slight
differences in function and may regulate plant dgwaent through different regulatory
networks that may correspond to differences betweemocots and dicots. The
function of PvMAX2in switchgrass requires further research.
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Figurelegends

Fig. 1 Sequence alignment and phylogenetic analySERAX2 proteins.

A. Alignment of the PvMAX2 protein sequence witle thrabidopsidMAX2, pea
RMS4, and rice D3 protein sequences. Amino acigklighted in orange, pink, and
blue represent residues that are completely coedepartially conserved, and similar
to the consensus sequence, respectively. The adigiwwas generated using the

MegAlign and ClustalW programs (http://www.genorp&qols-bin/clustalw).



576 B. Phylogenetic tree analysis of MAX2 homologs freamious species. A

577 neighbor-joining tree (Jones-Taylor-Thornton modaeds generated using MEGA7 with
578 1000 replicates to generate bootstrap values. &pewluded were: Arabidopsis

579 (Arabidopsis thaliang AtMAX2(NP_565979.1)Sorghum bicolarSbMAX2

580 (XP_002436499.1); foxtail milleSetaria italicg, SIMAX2(XP_004964817.1); rice
581 (Oryza sativg, OsD3(NP_001174608.1); and peRigum sativury) RMS4

582 (ABD67495.1).

583

584 Fig. 2MAX2expression in various switchgrass tissuesRyMdAX2gene expression
585 pattern. AMAX2expression patterns in various switchgrass tisdues expression

586 level of homologous genes Pavir.4KG045300/Pavir.@&B00 (orange color) and

587 Pavir.ANG045300 (blue color) (retrieved from httfpdytozome.jgi.doe.gov/pz/

588 portal.html#!search?show=BLAST). The expressiorilgravas generated using

589 Heml1.0.3.3 software. B2vMAX2expression pattern determined by gRT-PCR. R, root;
590 S, shoot base; L, leaf; SH, leaf sheath; SN, shodée; P1, panicle (early); P2, panicle
591 (late); reference genPvActin Leaf, leaf sheath, stem node, and P1 ear welected
592 at the early heading stage, and the P2 ear wasctadl in the later heading stage. Roots
593 were collected from developing seedlings grown bgdnically. Error bars indicate the
594 standard deviation (SD).

595

596 Fig. 3PVMAX2expression in switchgrass in response to GR24nexa.

597 PVvMAX2gene response to GR24. The tillers of 19-day-tddtp grown in the absence
598 and presence of GR24 treatment for 24 h in hydrmgomere collected and used for
599 RNA extraction. A 0.001% concentration of acetonieaut any GR24 was used as a
600 control. The reference gene wRxEF-1-alpha Error bars indicate the standard

601 deviation (SD).
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Fig. 4PvMAX2expression levels and Arabidopsisx2branching phenotype with
ectopicPvMAX2expression. A. Comparison of phenotypes of CoHa type (WT),
max2-1 and transgenic lines after 35 days of growth tefight: WT,max2 L2, L3,
L4). Bar = 5 cm. B. Quantitative real time (qRT)®R@nalysis oPvMAX2expression
in transgenic lines (L2—L4). The reference gene Atédstin7. C. Primary inflorescence
length in WT,max2 and three transgenic lines (L2-L4). Plants weadyaed near
maturity, the primary inflorescence had ceased grg\after 50 days of growth). D.
Number of rosette leaves in Wiiax2, and three transgenic lines (L2—L4). Rosette
leaves data were collected near the bolting stafger 22 days of growth). E. Number
of branches in WTimax2 and three transgenic lines (L2—L4). Branches witbngth of
at least 2 cm were counted. Values are the meganglard error of the mean (SEM; n =
10) from three independent experiments. Letteretdestatistically significant
differences between means at P < 0.05, accordingdgewvay analysis of variance

(ANOVA), followed by Duncan’s multiple range test.

Fig. 5 Arabidopsisnax2leaf phenotype with ectopRvMAX2expression. A. Plants
were photographed at the 2-week-old seedling stageeaf areas of the largest rosette
leaves from WTmax2 and three transgenic lines (L2—L4). Values aeentiean + SEM
(n = 15). Letters denote statistically significdifterences between means at P < 0.05

(ANOVA). Bar = 0.2 cm.

Fig. 6 Phenotypes of Wimax2 and three transgenic lines (L2—L4) under variG&R24
and indole-3-acetic acid (IAA) conditions. A. Primgaioot length of WTmax2 and

three transgenic lines (L2—L4) treated with GR24PBmary root length of Wimax2
and three transgenic lines (L2—-L4) treated with 1Aata were collected after 7 days of
growth in an incubator at 25°C with a 14-h lightti@ark photoperiod. Values are the
mean £ SEM (n = 21). Letters denote statisticatipisicant differences between means

at P < 0.05 (ANOVA).
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Fig. 7 Complementation of Arabidopsisax2hypocotyl phenotypes. A. Assays of
hypocotyl length sensitivity to GR24 in 5-day-okeksllings of WTmax2 and three
transgenic lines (L2—L4) grown in the dark. B. Assaf hypocotyl length sensitivity to
IAA in 5-day-old seedlings of Winax2 and three transgenic lines (L2—-L4) grown in
the dark. Values are the mean £ SEM (n > 21). ketdenote statistically significant

differences between means at P < 0.05 (ANOVA).

Fig. S1 Alignment of the nucleotide sequenceBa{ir.4AKG045300Pavir.4NG045300
andPvMAX2.

The red box in the photo shows the gap betweeanrloealized part and
Pavir.4ANG045300

Fig. S2 Analysis of the amino acid sequencd¥AX2from switchgrass. The F-box

domain is underlined in red.

Fig. S3 A. Construction of tHevMAX2overexpression vector. The lengths of the
PvMAX2gene (2,112 bp) and T-easy vector (white). PaBIAX2-pTCK303 fusion
plasmid (left, white), Marker: 2,000-bp DNA moleaumarkers.

B. Transgenic Arabidopsis plant identification. P@malysis of DNA samples from
regenerated plants using primer specific for thgrmycin resistance gene. 1, negative
control; 2, positive controRVMAX2—pTCK30®lasmid); 3—15, transgenic lines.
Marker: 2,000-bp DNA molecular markers.
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1. The gene PvMAX2, ortholog of AtMAX2, was identified in switchgrass.
2. PUMAX2 was expressed at high level in shoot node, shoot base and root of

switchgrass.
3. The overexpression of PVMAX2 rescued the phenotype of Arabidopsis max2

mutant.



