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Abstract: GARP is a plant specific transcription factor family and plays a key role in plant growth, development, and
abiotic stress response. In order to provide basic information for a comprehensive understanding of GARP transcription factors
in Lilium, and laid a foundation for exploring the growth and development mechanism of bulbs in Li/ium, in this study, based
on the transcriptome data of Next—generation sequencing and Third—generation sequencing of Lilium, identification and
expression analysis of GARP family members were conducted. The results indicated that a total of 34 GARP proteins were
identified in transcriptome data, all the GARP proteins were hydrophilic, 68% of which were acidic proteins, and 94% were
unstable proteins. Based on the phylogenetic analysis, Lilium GARPs were clustered into five subfamilies: ARR-B, GLK,
NIGT1/HRS1/HHO, PHRI1/PHL1, and KAN, and they were annotated with functions on growth and development,
biological clock regulation, flowering transformation, hormone transport, abiotic stress and other processes. The ARR-B

subfamily members that played important roles in bulb development were analyzed by qRT-PCR, and the results showed that
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LhGARP33, LhGARP30, and LhGARP3 may play important roles in bulb development. The LAGARP3 and LAGARP30

were successfully cloned and their amino acid sequences exhibited the typical ARR-Bs phosphate receptor domain (REC) and

metal and phosphorylation binding sites. Spatial expression patterns of ARR-B I subgroup in flowers, leaves, and bulbs were
analyzed and the results revealed that LAGARPS had the highest expression in leaves, while LAGARP31 had the highest
expression in flowers, LAGARP33, LhGARP30 and LhGARP3 had the basically consistent expression characteristics, the

highest expression in bulbs, indicating that they may play a major role in bulb development as a key gene.

Keywords: Li/ium; GARP family; bulb development; real time fluorescence quantitative PCR; gene cloning
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Tab.1 Primers used for quantitative RT-PCR

# E 54 (5'—3") B iy 51 (5'—3") K /bp

Name Forward primer(5'-3") Reverse primer(5'-3") Length
LhGARPS CCTGATGTTGTGGTACGCT CGTCGAGGGACTAACAAGAG 89
LhGARP31 AAAGAAACAGCCCTACACCG GTCCCACATGAATACCGCTT 178
LhGARP33 CAAGCAGATTTTCAGGCACG TTGTGTTCGGGATTTGGAGG 211
LhGARP30 ACGGGGAAACAAGTAGGGT CCTGTCATCAAAATCGCCAG 147
LhGARP3 CCTGTCATCAAAATCGCCAG TACGATGGAACAGCACCTTG 169

Actin TGGTGTCATGGTTGGGATGG GTTGAGTGGGGCTTCTGTGA 211
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Tab.2 Information of the primers

ZFx Name EmMG#(5—3") Forward primer(5'-3") KM 31#(5—3") Reverse primer(5'-3") 1 J&/bp Length KU Origin
LIARRI1 ATACTCAATCCCGAATGTAATGGCC CCTGAATCAGTAACACCAAAGCTG 2272 [24]
LIARR2 CAGCCGCCCTATTCTTTCTCTCTC GGGTGTTGTACAACCTAGGATTTC 2099 [24]
LIARRI10 ATTGGATCTTGGGGTGGATTGGTG TCGAGCAATGCGATTGACGAACTG 1775 [24]
LIARRI11 TTTCTCCCCCACCATCACTTCC AACCATTTGGAGAGAGATCACG 1791 [24]
LIARRI12 AGAAGATGACGGTTCCTGATAGCAG ATTAAGCCAACTCCAAGCGACC 2020 [24]
LhGARPS TCCCGAATGTAATGGCCACC CAACTGAATCGGGCATCCCT 2019 GeneBank

LhGARPS31 CTCTCTCTCTCTCTCTCTAGGGA AGTCCCACATGAATACCGCT 2469 GeneBank

LhGARP33 TCATCCCCTCCCAAATTGAGC CACCATTAAAGACCCCGCAT 1837 GeneBank

LhGARP30 GGGTGGATTGGTGGAGATGA CTTGGACAGCGGACAGTTTA 1459 GeneBank
LhGARP3 TCTGTCCCCTGTGTCTTTCC AGCCTACCCACTACTCAAACT 2197 GeneBank

Actin TGCTGGATTCTGGTGATGGT ATAGGTGGTCTCGTGGATGC 383 GeneBank
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Fig.1 Identification and physicochemical property of LhGARPs
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Fig.2 Phylogenetic tree analysis of GARP proteins from Lilium and Arabidopsis thaliana
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A __________________
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L1ARR1 ATACTCAATCCCGAATGTAATGGCCACC
LhGARPS-R | IZceéaTe ccfeaTreaeTrel - .. ... .
L1ARRL AGECATE CCCGATTCAGTTGCTCAAGATGC
L1ARR1-R ... ICAGCTTTGGTGTTACTGATTICAGGL . .
L1ARR1 TTCTTCACCIITCGCTCITACIGATICACEGGG

B —————————— =
L1ARR2-F TRECToTolok -5 i vos gy C TC TC T AP 19
LhGARP31-F 32 .eceuen... TCICICICICI. BGGGH so
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LhGARP31 I oieennn ICIC TCICTCICTCT . AGGGA® 23
LhGARP31-R ===+~ AGCGETATICATGIGEGACT . ... ..
L1ARR2 1525 BAGCATCARGCCETATTCACGIGGGACTI CantLL Lt 1559
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1 20
Lmrer ... GEGCHSCTISBERGRG ...
L1ARR2 209 TITCCTGARATCCTAGGTTGIACARCACCCICATA 2130
LhGARP31 2080 TTTCTTGARATCCTAGAGIGIGCTTICGTGGACTTC. 2114

C
Lh1RRII-F 1 ITTETCCCCCACIOSNORlTIE ... .. ... .. .. 2
LhGARP33-F 1 .......... I CARATTGAGC!. un
L1ARRL1 1 I‘ITQ‘ICCQCCL TCARTIGGAGTTC 34
LhGARP33 32 yAGRCCCTCAACT @CAARTTGAGCIC 64

B e e e s o e |
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L1ARRI1 1759 GIGCCTITTITTC GIGAICICICICCARATEGTT: 179
LhGARP33 1789 ATGCCTTTITTC GTGATCICTICICCARATGGTT (1821
LnGARP33-R ! |ATGCGGGGTCTITAATGETG |-« v vvr - .. 2
L1ARR11 1831 TATGTGGGGTCTI TTART GG CGTTTGGCCAARGTA 1864
LhGARP33 1858 TATGCGGGGTCTITAATGGTGTTTGGCCARAGTA 1891
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AREZ 5 A LT . LhGARP31 W] RE7E 4L F &k
PR,

A T f# Sorbonne 8§ /- AH ¢ %k 89 15 5 FR1E
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A. LIARRI and LhGARPS primer sequence alignment; B. LIARRS and LhGARP31 primer sequence alignment; C. L/IARR11

and LAGARP33 primer sequence alignment; D. Expression of ARR-Bs in different organs; E. Tissue expression profile of ARR-Bs
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Fig.4 Cloning and spatial expression of ARR-B I
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