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Abstract: Objective To investigate the biosynthetic genes of spirostane-type polyphyllins of Paris fargesii. Methods Based on
the rhizome, stem and leaf materials of P. fargesii, the contents of six spirostane-type polyphyllins were analyzed by HPLC. The
transcriptome sequencing was performed using Illumina HiSeq X Ten platform. The quantitative data and transcriptome data were
combined for bioinformatics analysis. Results The content of six spirostane-type polyphyllins had significant differences in the
rhizome, stem and leaf of P. fargesii. A total of 61755 non-redundant unigenes were obtained by Illumina sequencing, of which
30263 (49.0%) were successfully annotated. Thirty-one key genes in the biosynthesis pathway of diosgenin had been successfully
identified, and the gene expression pattern was generally consistent with the accumulation level of spirostane-type polyphyllins. The
accumulation level of spirostane-type polyphyllins were positively correlated with IDI, 8,7SI-4, CYP90G4, SMO2-2, C5-SD1,
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CYP51G, C14-R-2, HMGCR, CPI-5, CYP94D108, CAS, HMGCS, SMO1-3, SSR1-3, SQS and ispH. A total of 61 uridine diphosphate
glycosyltransferase (UGT) genes were obtained, of which 30 were potentially involved in the glycosylation modification of

spirostane-type polyphyllins. Conclusion There was a consistency between the expression pattern of genes involved in the

biosynthesis pathway of polyphyllins and the accumulation level of polyphyllins in the rhizome, stems and leaves of P. fargesii. The

genes identified in this study can help to elucidate the biosynthetic pathway of this kinds of active products.
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H H 0.375 mg/mL FIEA XA R, BARE
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B UGT MBS /R KA (HMMD SCfF
(PF00201) #AT UGT PRI I E M RE T, 45
A b O % i DA () SRR A AN A B E B
ZER, kS5 B RS i UGTs. 18
i TBtools £ il 3 KA [ L SV R IA A 18

MEGA7 #4F, #HX neighbor-joining Ji%, bootstrap
A 1000 NMEEE, M UGTs I RS0k B .
2.4 QRT-PCR

FIF RNA $EEUAF £ “ FastPure® Universal Plant
Total RNA Isolation kit (Vazyme, China)” M 9 43
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Fig. 1 Total content of six spirostane-type polyphyllins in rhizome, stem and leaf tissues of P. fargesii

JRE 1) raw reads. HTHt= SR HH, HHRE de
novo PHEMETUR G, B&IKE 61 755 &KAETIAR
unigenes, “F¥JK:JE A 971.5 bp, NsofE N 1399 bp,

HH 38 070 2% (61.65%) 14 KT 500 bp, 19 867
% (32.19%) KT 1000 bp. BUSCO A%
SEARGERENE, g5 R ARSI $R43 11 unigenes 5
% 7 BUSCO JFEFH) 87.9%, Hiri5g4=PCLhd H.IT
fic_—/~ (complete and single-copy BUSCOs, S)

(FIEL Ry 77.2%. Raw reads Jii &A1l BUSCO 1Pt 4%
R, AW FUSRAT I e i A B 2 T S A R
3.3 HEFRAEBMINGE)IA

61 755 % dF JU 4% unigenes 1 29 837 %
(48.32%). 21 328 4 (34.54%). 6467 % (10.47%)-.
17 726 % (28.70%). 26 812 %¢ (43.42%). 18 557
% (30.05%). 16 641 %% (26.95%) 4 HlIEREE] NR.
Swissprot. KEGG. KOG. eggNOG. GO #1 Pfam
. 23 TUA T, 3530263 4 (49.0%) unigenes
2 /DAE LA B PE R B DR 21, 3234 2%(5.23%)
unigenes 7£ 7 MR R RS . HAT, BEERE
YFEH S H (Liliales) F¥%A — MR T
SEFERZHM Y, R A 5T i 50%01 unigenes
ANREWE LT RE R AT DABRMR Y, X SRR R SR A
AT RePS AR I T RE -

18557 i1 R:2 T GO % 1) unigenes 1,
VEREF] “metabolic process” 1 “catalytic actiVIty”
(2 %5 B AR T A GO K5 (- 2-A), X
U BR 24 [ EE AR PR 2 B A SRR 2 5 AR

6467 SRV REH| | KEGG %4 FE 1Y unigenes ', 4066
% (62.87%) VEFEN “Metabolism”, FHAFIH3EH
“Metabolism of terpenoids and polyketides” i) % %
213, LRI, 70 KiIERNS SR E
YIE SRR, 39 KIERNSE =AY &L
X LT R A i 5058 S Jor 28 BB R () AR ) A %
(K 2-B).
34 ERERASH

MRZE vs 2220 A 14 056 4~ DEGs, H 5344 4>
A, 8712 A~ N i MR 2% vs 4145 18 724 /> DEGs,
Fir 8259 4 1if, 10 465 T i s - vs 2540 47 10806
4~ DEGs, 1 5026 4~ Iif, 5780 4 F i (| 3-A).
S EIRATI A DEGs i#1T KEGG & #5047,
gh B % B, “ photosynthesis porphyrin and
chlorophyll metabolism ” “ photosynthesis-antenna
proteins” MM AIER . KK B ISR 3
K, FELEMHFZEFESE; “flavonoid biosynthesis”
“flavone and flavonol biosynthesis ” “ carotenoid-
biosynthesis pathway” 2k A ARlHg AR, B
B ZEFEE (F 3-B. C). MEmERIEY
U AR W% UM 9% B9 “ terpenoid  backbone
biosynthesis” ] DEGs, T HAEMRZETESE, 5=
i B MBS AR R E R U AR U B ) A O “ steroid
biosynthesis” ff] DEGs, tHFEEEMRZEFEFE (K
3-B. C), XEHMBHFEAMEPRERE (K
Do IXELEERKH], BREGRE EAL IR e A AL R
HAE& U VA SR £ R PT R J& X £ DEGs.
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Fig. 2 Annotation of unigenes by GO (A) and KEGG (B) databases

35 BEHRAEMEEEYMARERELEER
VK

HT KEGG VERAIER A4l X (ORF) e 845
B, JRik3) 26 % unigenes 2 5 =iE b &3t
[FIRTAR BRI A . Hoh 8 2R FEDRI WY MVA 1%
6 NOCEEREEO, G 2 KOBEHIRE A B O
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Fig. 4 Biosynthetic pathway of spirostane-type polyphyllins and analysis of gene expression
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Table 1 List of genes used for homologous gene blast and relevant information.

B 44 Hifls Yk SCHR
SQS UQX95164 Paris polyphylla Smith var. yunnanensis 10
SQE AT1G58440 A. thaliana 11
CAS MN368727.1 P. polyphylla Smith var. yunnanensis 12
SMO1-3 - P. polyphylla Smith var. yunnanensis 14
SMO2-2 - P. polyphylla Smith var. yunnanensis 14
CPI-5 - P. polyphylla Smith var. yunnanensis 14
CYP51G - P. polyphylla Smith var. yunnanensis 14
C14-R-2 - P. polyphylla Smith var. yunnanensis 14
8,7S1-4 - P. polyphylla Smith var. yunnanensis 14
C5-SD1 - P. polyphylla Smith var. yunnanensis 14
7-DR1-1 - P. polyphylla Smith var. yunnanensis 14
SSR1-3 - P. polyphylla Smith var. yunnanensis 14
CYP90G4 MK636702.1 P. polyphylla Smith var. yunnanensis 22
CYP94D108 MK636703.1 P. polyphylla Smith var. yunnanensis 22
CYP94D109 MK636704.1 P. polyphylla Smith var. yunnanensis 22
CYP72A616 MK636705.1 P. polyphylla Smith var. yunnanensis 22
UGT73CR1 0OL654231.1 P. polyphylla Smith var. yunnanensis 12
UGT80A40 0OP198194 P. polyphylla Smith var. yunnanensis 23
UGT80A41 OP198195 P. polyphylla Smith var. yunnanensis 23
UGT73CE1 OP198196 P. polyphylla Smith var. yunnanensis 23
UGT91AH1 OP198197 P. polyphylla Smith var. yunnanensis 23
UGT91AH2 0OP198198 P. polyphylla Smith var. yunnanensis 23

FTUGT9L1AH2 JE [, FERRZE R IE AR X B,
AT e AR X B DR R 2 55 0 858 e Y AR R A A
A A EE N EY) F TR thAh, ARWFFAEER
24 5 2 A% A 2 3 1 RD IR R ) e B X B R R Y
F, S5TEzm B PIIER FVREE R = R, &
HHE S Jor 20 BB R AR A OB AR L R AE EE AR R AR
YR AR
36 BHRABEMEHSHAYMEKEREREE
KM

f§FH pearson AHOGPETHE 7%, XTHE S be Y B
R IR K S A A S F I R R IA K
HEAT 7 ORERME S #r, S5 R WE 5. MW %1, DI,
8,7SI-4. CYP90G4. SM0O2-2. C5-SD1. CYP51G.
C14-R-2. HMGCR. CPI-5. CYP94D108. CAS.
HMGCS. SMO1-3. SSR1-3. SQS. ispH F1 DXR &
17 /SRS AR 2k TR I 7K P 5 R S e 7Y o A
AR B AR I IE A G, 1T ACCT A1)
FAL NPT F T 2 S e B A R AR R
37 BEHEAEXREHEYSRIEEP UGT HiF
ES5 5

B B8 o TR A I 4 M 2 S R R B
IZERER:, TR T RE TR ZE 2 A UGT £

125, {HY UGT73CR1 #&HfFtikigla, [H i,

BANGEE Bk B e 280 s AR O %
E B OB IE R AT 45 B, TR TR AE S 5 08 S e A
HERERTRREIL UGT 2R, Bk, RTEREM
 F unigenes [ CDS 34 & F1 UGT ) HMM U
(PF00201), JLAr&R1GE] 75 45 UGTs, H 61 4%
H5EREN] ORF. fEMEREFLFE (GT) fré R4t
SRR, ZEA R IR R K R UGTS il 432508132,
X 61 2% PfUGTs 4T T KRG m M, m4&K
PfUGTs 43353 16 1~ UGT Zi&, Bl UGT72.

UGT73.UGT74.UGT75.UGT78.UGT80. UGT83.
UGT84.UGT85.UGT87.UGT88.UGT89.UGT90.
UGT91. UGT92 Al UGT93. H:¥%, Xf 61 4% PfUGTs
TERRZG PR B AR 25 . ZE R0 A () Rk 1 gk AT 40
Mr, ZEHEH, PIUGTs BIRIEHEA T2 N ZE T
FEXTEERIL (2, X mRIE (13, 2%
I AR I CHI 2D A A X 3R aE (Vv
X)) 42, R 15 % 12 % 8 Z A1 26 LKA
(K 5. g e E ket e ® o e T A
PSSR AEHE R R IE 4y M 25 SRR B, R S e A B R
FEERZPHRE (B D, FANEERES RS
BB AR PN ERE (B 4. Fit,
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Correlation heatmap
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E5 BHRAEREHFSEMBRERRFEBEXESH

Fig. 5 Correlation analysis among spirostane-type
polyphillins and related biosynthesis pathway gene
expression

e 2 5 B BEZ B2 1) PFUGTS A BB 7EAR
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5T 2R G IR B . teah, BT
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Fr At m %A H 5 UGT73CR1. UGT73CEL.
UGT91AH1 Al UGT91AH2 f77F Ml [F] K E M =f 34
IV PIUGTs, ikt ® . Y
I UGT M LR, S5 =& Wb e
UGTs %8 T A 411 UGT91 f1 UGT94. D 4111
UGT73.E 4 UGT71. L 4HA) UGT74 F1 UGT75.
P 4HH UGT720 KB, LFiRiHkBM 49 %
PfUGTs (I, MIFIIVZ) 1, F 2 %J8 T UGTIL
K, 2448 T UGTT3 Xk, H 348 T UGT74
Kk, H1%BET UGTT5 Xjk (E6).
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Expression values for each tissue are the average of three
replicates; Red asterisks are functionally verified UGT genes in
the plant in Paris

6 PfUGTs ZERZE. ZEFAH YR E S

Fig. 6 Heatmap of PfUGTs in rhizome, stem and leaf
tissues
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FER A E 41 PFUGT72 Fl PFUGTS88 5% jik & [A Al
B 2 W Al UDP- % & BE B R 1 UGTs: &
AtUGT78D1 = E R A 11 F 41 PFUGT78D1 LA ]
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AU AL B ORI o B2k, ELFE R AL
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The red asterisk identifies UGT genes from other species, and the green square indicates a bootstrap value of more than 50%

7 PfUGTs R L BRI
Fig. 7 Phylogenetic tree of PFUGTS

3.8 QRT-PCR WIEEFERIAWI AT F 14 1T qRT-PCR E &/ 1. qRT-PCR HI5I¥I W% 3.
AT RN RNA-seq 45 J )l Se 0k, R T 02 & ke SEOGaE RLERAH, 8 MNIER Y QRT-PCR & 45 3

TE M BH S RIBEF 5 N RBEREIER (CAS. LS F A5 FPKM {75 BR 24 % B A% AR
DXR. HMGCR. SQE 1SQS), LAMJ#ikf) 3N UGTs 25, ZEAIM R AL (B 8), KR
K (PfUGT73CR1. PfUGT73B1 f1 PfUGT75CL) i# 4045 B2 vl FE 1.

#* 3 (RT-PCR 3|#IFFIR =K /N
Table 3 List of primer sequences for qRT-PCR and product size

A LRI (5°-3%) TR (5°-3%) T B Ibp
Actin TTGTGCTCGATTCCGGTGAT CAGAGGAACTGCTCTTCGCA 255
CAS GCGAAGGAGAATCCGGTTGA CTTTCTGCATAGCCCCGTCA 400
DXR TGAAGCAGGACGCAAGTCAT CTGTGACAGCATCTGGGTGT 317
HMGCR GCTGGGAGGAATCTCTACGC GCAATGAAGATGGCGGACAC 374
PfUGT73B1 CCTGATCGGATCGAGCTCAC GATTAGCTGCGCGATTGTGG 360
PfUGT75C1 CCCGTAAGCTGGTAAGCTCC GAGGAGATGCCGAGGTCTTG 310
SQE TCTCCTTAAGCCGTTGCCTG GCGAAGGGAATGGCAGTAGT 323
SQS TCCCCAGATCATGGCAATCG GGCGAGAATGGCAAACAAGA 358

PfUGT73CR1 CTACGCGAAGGCGATAGGTT TGTCACGAATCCTCCAACCG 397
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Fig. 8 gRT-PCR validation of RNA sequencing data
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