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Abstract: Objective To conduct identification and functional analysis of the polyketide synthase (PKS) gene family of Hanma
(Cannabis sativa L.) from the genome-wide level as a theoretical basis for resolving the synthesis and accumulation of secondary
metabolites in Cannabis sativa L. Methods Based on the published high-quality C. sativa genome, the C. sativa PKS (CsPKS)

gene family were identified and its physicochemical properties, gene structure, protein conformation and expression pattern were
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analyzed through bioinformatics analysis tools, in addition, this study also used the Alphafold algorithm to predict the key PKS
protein structure. Results A total of nine CsPKS members (CsPKS1-CsPKS9) were identified in this study and they distributed on
five chromosomas. Through the phylogenetic analysis of CsPKSs in C. sativa along with other species, CsPKSs are mainly divided
into three groups. Groupl contains CsPKS2-CsPKS4 are homologous to anther specific chalcone synthase (CHS)-like (ASCL)
enzymes; Group2 contains CsPKS1 and CsPKS5-CsPKS8, which belongs to the CHS-like superfamily (CHSL) and is closely related
to valerophenone synthase (VPS) and stilbene synthase (STS); Group3 contains only CsPKS9, a CHS involved in the synthesis of
flavonoids. Among them, CsPKS1 and CsPKS7 are tandem repeat genes, which are olivetol synthases (OLS) in the synthesis
pathway of phenolic terpenoids in hemp, CsPKS9 is the CHS of the hemp flavonoid synthesis pathway and is involved in the
synthesis of flavonoids. In addition, CsPKS5 and CsPKS8 may be involved in the biosynthesis of stilbene compounds. The functions
of CsCHS are relatively conserved in evolution, while the functions of CHS-like have diverged. According to RNA-seq data, CsPKSs
were differentially expressed in five tissues in cultivar Diku, especially the genes closely related to phenolic terpenoids, flavonoids,
and stilbene secondary metabolites in specific expression in female flowers and bracts. Conclusion This study will provide a
direction for further functional study of the CsPKS gene family, lays a foundation for further elucidating the biosynthetic mechanism

of terpene phenolic compounds in C. sativa and the physiological function of CsPKSs, and provides theoretical basis for the

development of new polyketides for medicinal resource.
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%=1 qRT-PCR 3|4
Table 1 Primers for qRT-PCR

A il (5-3) R (5°-3) Kefizfop
EFla ACCAAGATTGACAGGCGTTC CCTTCTTCTCCACAGCCTTG 100
CSPKS1 CCCTCAGTGAAGCGTGTGAT TATGTCACAACAGACGGCGA 126
CsPKS4 TCTCGAAGGAAAACCCACCG CGCTGGATGAGACGTAGACC 149
CsPKS5 GCTGTTGAGGCTAAGCTCCA CTGTGGTGGACTTCCCTTCC 151
CsPKS9 GCCAGGCCCTATTTGGTGAT ATAGTTTGGGCCGCAGAGAC 106
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2.1 CsPKS ZRFRM 1 HIFRER

M NCBI 325 U JRR 4 258 R 26 B e S A
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2 CsPKS BERREMAEKE R RHFE

Table 2 Information and characteristics of CsPKSs

B 5 Locus R ARG RS BENBRE KEaa  FEE X TRE V£ ffd 5 7
LOC115700696 rna-XM_030628326.1 CsPKSI 385 6.04 42576.11 2Lt
LOC115708801 ra-XM_030636816.1 CsPKS2 356 5.52 39285.38 2Lt
LOC115715682 ma-XM_030644341.1 CsPKS3 357 5.67 39392.50 2 Lt
LOC115704317 ma-XM_030631533.1 CsPKS4 412 5.53 45282.99 il
LOC115713254 ma-XM_030641739.1 CsPKS5 393 6.68 43367.82 2 Lt
LOC115699292 ra-XM_030626628.1 CsPKS6 395 8.07 43 696.44 2Lt
LOC115699293 ra-XM_030626629.1 CsPKS7 385 6.04 42576.11 2Lt
LOC115724130 ra-XM_030653598.1 CsPKS8 393 7.93 42 932.80 2Lt
LOC115724170 ma-XM_030653640.1 CsPKS9 389 6.04 4272037 2 Lt
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PEAT A, I A B 5 U ) 43 1 R0 R HR i) A
4h4r, 1M His303 Al Asn336 NS fa i ik Ak e ih
JEYIFISEAH R EIVER - [RIR CsPKSs & IEIR T 41
BA5 CHS M HE AL /BY, 40 Arg38. Phed9.

Thr50. Thr132. Gly211. Gly216 %, & “ Gatekeeper”
VERII 2 DN FERRIRFE Phe215 Al Phe265 £ K £ %
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1 PKS REELFFIEE xS
Fig.1 Alignment of PKSs

CsPKSs & IR, {H CsPKS5 fil CsPKS8 H
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NA S 2 5
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wEELR N 3 A, 53dldr 444 group 1. group
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H A4 E CsPKS2. CsPKS3 Fl1 CsPKS4 3 Ml i,
H P CsPKS2 fll CsPKS3 HN— )55 NsCHSL
BAE—i#, CsPKS4 5 AtPBSB B A—37. #—4H
PKS Z 5 AW 7+ KRG B4 56 &
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WAN—3; CsPKSI1. 7 F1 6 FN—3 )5 5MiF{E
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CsPKSs 2R HRACH 1 M S i 5 HAbE Y 11 A

PKS BRI S5 MR IR ST AR o BRI A4 71
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CsPKS2 I CsPKS3 7t 3’ Ui JoAEEHPE X (untranslated
region, UTR), CsPKS4 Fll CsPKS6 W& T, 4>
BN 1187, 2075 bp. IR EEF b A,
Motifl. Motif2. Motif4. Motif5. Motif7. Motif8.
Motif9 f77E T i CsPKSs #', Motif3 Al Motif6 17
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FE DR 20 24 0 VR AN SR 2 1 JEUER 2900 VUK 5 007 A
YN TT Fh LA BT A A K A 2 [R]
FLZEME G R B 5 dim s X R PKS KRTE 3
ANYIFIIEL R RS R, DORFI R TR, — 3K
B2 X [FYRIE R (CsPKS4 F1 AtPKSB, CsPKSI BY 7
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Fig. 9 Relative gene expression of the CsPKS in different tissues
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