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Abstract ; In order to reveal the molecular mechanism of terpenoid metabolism in Zanthoxylum armatum and the effect of
grafting on its flavor, we designed specific primers based on transcriptome data and cloned a novel full-length ¢cDNA
sequence of geranylgeranyl pyrophosphate synthase ( GGPPS) gene from Z. armaium by RT-PCR, and named
ZaGGPPS. We analyzed the ZaGGPPS gene by using NCBI, ProParam, SignalP 4.1 server, DNAMAN and MEGA 7.0
softwares. The expression of ZaGGPPS gene in grafted and seedling trees were compared. The results were as follows:
ZaGGPPS contained a complete open reading frame ( OFR), consisting of 1 086 bp, encoding 361 amino acids. The
relative molecular weight of the protein was 39 079.14 Da and the theoretical isoelectric point pl was 6.38. Blast
comparison results showed that the protein belonged to the GGPPS family and contains two specific aspartic acid
enrichment motifs, namely “DDXXXXD” and “DDXXD”, and five characteristic functional domains. Phylogenetic tree
results showed that Z. armatum had close relationships with sweet orange ( Ciirus sinensis), clementine mandarin
(C. clementina) and pomelo ( C. maxima). Fluorescence quantitative PCR showed that the expression level of ZaGGPPS
gene in Zanthoxylum armatum ranged from high to low as follows: leaf of seedling tree, leaf of grafted tree, stem of
seedling tree and stem of grafted tree. Geranylgeranyl pyrophosphate synthase was a key enzyme in terpenoid biosynthesis
pathway of Z. armatum, and grafting can affect the expression of ZaGGPPS gene in leaves and stems. The cloning and

analysis of ZaGGPPS gene of Z. armatum provides theoretical basis for further study on the molecular mechanism of

aroma formation of Z. armatum and selection of excellent varieties by molecular biological means.
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Fig. 1 Cloning of ZaGGPPS gene from

Zanthoxylum armatum
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ZaGGPPS  GGKRVRPVLCLAACELVGGHESAAMPAACATEMIHTMSL IHDDLPCMDINDPLRRGKPTNH
CeGGPPS  GGKRVRPVLCLAACDLVGGHESMAMPAACSITEMIHTMSL THPDLPCMDNDPLRRGKPTNH
CsGGPPS  GGKRVRPVLCLAACDLVGGHESMAMPAACSTEMIHTMSL IHDDLPCMDINDPLRRGKPTNH
CmGGPPS  GGKRVRPVLCLAACDLVGGHESMAMPAACSIEMIHTMSL THPDLPCMDNDPLRRGKPTNH
PbGGPPS  GGKRVRPVLCLAACELVGGSESMAMPAACAVEMIHTMSL THPDDLPCMDINDDLRRGKPTNH

seicfoleiolsoioloiololslok sielolok skek sololollok . sieleleleiokeiolooleiokoiolololololek skelololkelolokolok

I I

ZaGGPPS  TVFGEDVAVLAGDALLAYAFEHTAVCTKGVSPARVVRATAELAKCIGTEGLVAGQVVDIN
CeGGPPS  TIYGEDVAVLAGDALLAYAFEHTAVCTKGVSPARIVRATAELAKYIGADGLVAGQVIDIN
CsGGPPS  TIYGEDVAVLAGDALLAYAFEHTAVCTKGVSPARIVRATAELAKYIGADGLVAGQVIDIN
CmGGPPS  TIYGEDVAVLAGDALLAYAFEHIAVCTKGVSPARIVRATAELAKYIGADGLVAGQVVDIN
PbGGPPS  KVFGEDVAVLAGDSLLAFAFEHISLSTVGVSPART IRAVGELAKSIGSEGLVAGQVVDIN

L kkkkooliolok kokkskiokokk |k skkoiololk, ik, sokiok ok, | skiooloiolok ook

m

ZaGGPPS  SEGQKDLGIEHLEF IHEHKTAALLEGAVVLGAILGGGNNEDVEKLRTFARCIGLLFQVV
CeGGPPS  SEGQKDLGIEHLEF THEHKTAALLEAAVVLGAILGGGTDNEVEKLRTFARCIGLLFQVV
CsGGPPS  SEGQKDLGIEHLEF IHEHKTAALLEAAVVLGAILGGGTDNEVEKLRTFARCIGLLFQVV
CmGGPPS  SEGRKGLGIEHLEF IHEHKTAALLEAAVVIGAILGGGTDNEVEKLRTFARCIGLLFQVV
PbGGPPS  SEGLSDVGLEQLEY IHLHKTAALLECSVVLGSILGGGSDSEIEKLRTFARY IGLLFQVV

skkk CEOER Rk kR kelekekdelokk | kk k| siekekeiok L ksksieksolekok skelolekeiokskeskek

I\

ZaGGPPS  DILIVTKSSKELGKTAGKDLVADKLTYPKLLGIEASKQLAEKLNKDAQEQLSGFDQEKAA
CcGGPPS  DILDLTKSSKELGKTAGKDLVADKLTYPKLLGIEESKKLADKLNKDAQQQLSEFDQEKAV
CsGGPPS ~ DILDLTKSSKELGKTAGKDLVADKLTYPKLLGIEESKKLADKLNKDAQQQLSEFDQEKAV
CmGGPPS  DILDLTKSSKELGKTAGKDLVADKLTYPKLLGIEESKKLADKLNKDAQQQLSEFDQEKAA
PbGGPPS .QEEEVTKSSKELGKTAGKDLVADKVTYPKLLGIEKSREFAEKLXKDAKEQLAGFDPEKAA

sokok_kckkokioliokokoolokkolk, doliolololok k. ok sololokok, | ok, ok kokok
\'s

Za. FYHAEML; Ce. 3e BL& T A (B 55 XP_006425738.1) ; Cs. HfE (B35 XP_006466719.1) ; Cm. #ill 7~ (£ %5 .
AJT59420.1) ; Pb. HAL(BFS . XP_009379182.1) ,
Za. Zanthoxylum armatum; Cc. Citrus clementina ( Accession No.: XP_006425738.1) ; Cs. C. sinensis ( Accession No.: XP_006466719.1) ;
Cm. C. maxima (Accession No.: AJT59420.1) ; Pb. Pyrus bretschneideri ( Accession No.; XP_009379182.1).

K2 GGPPS &EIFH Xt
Fig. 2 Alignment of GGPPS protein sequence

FEPIAEAE A 2 43 Ak, G [R] 5 32 R 4 1 2K F4 19 I 40
ff e FRIBBEA AR 22 5, AR 38 43 ] U5 5k
PRI X it 25 AR 1 A A O B 1 R A B 35
YR NERA G YR G L ( Erh4, 2018), &

FUF 91 £ 8 bk 7R 77 it AE L GGPPS 5 Al A
Y1 GGPPS 1y F AL 4k B2 w5, 1% & 2 WY A A
GGPPS IA 19 5 A~ PR <F 45 H93, LL B FARM ( the
first aspartate-rich motif ) Al SARM ( the second
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RITWIEEIR Trema orientale (PO002598.1)

99

100

4B L TR Parasponia andersonii (PON31847.1)

WSS TE Humulus lupulus (ACQ90682.1)

98

AJ#j Paeonia lactiflora (AKJ26304.1)

76

BX¥E Corylus avellana (ABW06960.1)

AN Carica papaya (XP_021888882.1)
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100

KK Corchorus olitorius (OMO84253.1)

VIR Zanthoxylum armatum

100

MIF Citrus maxima (AJT59420.1 GGPS)

100

97

FHtE C. sinensis (XP_006466719.1)

W ETHE C clementina (XP_006425738.1)

K3 ATt AEH ZaGGPPS SILARY) GGPPS 1) R 48 it (L
Fig. 3 Phylogenetic trees of ZaGGPPS from Zanthoxylum armatum and GGPPS from other plants
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Fig. 4 Expressions of ZaGGPPS genes in stems and
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