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Abstract

Objective:

Natural rubber is a crucial raw material in national economic development and national defense
construction, as well as a key strategic economic resource. The primary source of natural rubber production
is Hevea brasiliensis; however, this particular source is plagued by numerous limitations that have
significantly impeded the growth of rubber production. The natural rubber synthesized from Taraxacum kok-
saghyz exhibits similarities to that of Hevea brasiliensis, displaying robust environmental adaptability and a
short growth cycle. It has become a powerful alternative to natural rubber as a rubber producing plant. The
cis-prenyltransferase (CPT) in Taraxacum kok-saghyz is a key polymerase that catalyzes the long chain
synthesis of natural rubber and plays an indispensable role in the biosynthesis process of rubber. The present
study aims to analyze the functionality of the TkCPT gene in Taraxacum kok-saghyz in order to investigate
its functions and mechanisms in the rubber production process. This research provides valuable theoretical
guidance for the breeding and genetic enhancement of Taraxacum kok-saghyz, and facilitates the rapid

advancement of the large-scale cultivation industry of Taraxacum kok-saghyz.
Methods:

This study used domestic Taraxacum kok-saghyz and short horned dandelion as research materials, and
conducted a comprehensive genome screening of rubber grass to identify the 7TkCPT gene family. Combined
with the utilization of bioinformatics analysis, the identification of key genes within the 7kCPT gene family
was achieved. Utilizing gene cloning technology, the target genes TkCPTI, TkCPT2, TkCPT3, and TkCPT4
were obtained. Subsequently, subcellular localization analysis was conducted using tobacco leaf
instantaneous transformation technology. Furthermore, the interaction relationship between TkCPT1-4
protein and TkCPTLI1 protein was explored through yeast dual hybrid and bimolecular fluorescence
complementary experiments. Additionally, plant materials from various growth stages were selected to
examine spatiotemporal quantitative expression, rubber production performance, and electron microscopy
observation of rubber particles. Studying the effect of TkCPT on the rubber production mechanism of

Taraxacum kok-saghyz will lay a theoretical foundation for improving the yield of natural rubber.

Results:



(1) A total of 8 TkCPT gene family sequences were obtained from the entire genome of Taraxacum kok-
saghyz, all of which exhibit characteristics of the CPT gene family. Analysis of the conservative zones
revealed that Taraxacum kok-saghyz TkCPT1-4, similar to other rubber-producing plants, possess 5 highly
conserved zones, whereas TkCPT5-8 only possess 2 highly conserved zones. With the exception of TkCPTS,
which contains UppS superfamily conserved structural domains, all other sequences contain the Cis IPPS
superfamily conservative structural domain. Upon examination of the phylogenetic tree, it was determined
that the CPT family can be classified into three distinct subfamilies. Specifically, the TkCPT5-8 enzymes
belong to the Group I subfamily, while the TkCPT1-4 enzymes are categorized under the Group III subfamily.
Additionally, TkKCPT1, TKCPT2, and the three TbCPT of the Taraxacum brevicorniculatum have the closest
genetic relationships.

(2) Cloning of TkCPTI-4 resulted in obtaining size sequences of 927bp, 906bp, 828bp, and 840bp,
respectively. Subcellular localization results showed that the TkCPT1-4 protein was located in the
endoplasmic reticulum; The qPCR results showed that the TkCPT-4 gene was expressed in both roots and
leaves, and the expression levels of TkCPT1, TkCPT2, and TkCPT4 were similar; The expression level of
TkCPTS3 is relatively low, and there is a highly significant difference compared to the expression level of
TkCPT1I in the root. Furthermore, it is noteworthy that only 7kCPT! exhibits low levels of expression in
scape and flowers, whereas the remaining three genes do not demonstrate any expression in these tissues.

(3) The results of the yeast double hybrid experiment demonstrated that TkCPT1-4 exhibits interaction
with TkCPTL1. This interaction was further confirmed through the bimolecular fluorescence complementary
transformation experiment, which provided evidence that TkKCPT1-4 plays a role in the regulation of natural
rubber biosynthesis by forming a cis-prenyltransferase complex with TkCPTL1.

(4) During various growth stages of Taraxacum kok-saghyz and Taraxacum brevicorniculatum, it was
observed that the expression level of TkCPTI-4 in different parts was consistently higher than that of
TbCPTI1-4 at the corresponding period. Additionally, the natural rubber content in Taraxacum kok-saghyz
was found to be significantly higher compared to Taraxacum brevicorniculatum. The latex was observed to
undergo phase separation into three distinct phases, namely the rubber phase, interface phase, and particle
phase, through the process of centrifugation. The quantity of rubber particles present in Taraxacum kok-
saghyz is significantly higher compared to Taraxacum brevicorniculatum. In the context of Taraxacum kok-

saghyz, the predominant particles in terms of quantity are small rubber particles, measuring approximately



200 nm in diameter. However, as the plant grows, there is a gradual increase in the presence of medium-sized
rubber particles, which have a diameter of around 400 nm. In 7araxacum brevicorniculatum, the abundance
of rubber particles is primarily attributed to medium-sized particles, with large rubber particles

(approximately 800 nm in diameter) following suit.
Conclusion:

(1) A total of eight TkCPT family genes were identified from the genome of Taraxacum kok-saghyz.
Bioinformatics analysis indicates that TkCPT1, TkCPT2, TkCPT3, and TkCPT4 play crucial roles as key
enzymes in the biosynthesis of natural rubber.

(2) The genes TkCPT1, TkCPT2, TkCPT3 and TkCPT4 were cloned from the cDNA of Taraxacum kok-
saghyz. These genes are classified as endoplasmic reticulum localization proteins. TkCPTI-4 exhibits
predominant expression in the root and leaf tissues, whereas TkCPT3 demonstrates relatively low expression
levels in Taraxacum kok-saghy:.

(3) TkCPT1, TkCPT2, TkCPT3, and TkCPT4 have the ability to interact with TkCPTL1, resulting in
the formation of a cis-prenyltransferase complex. This complex plays a crucial role in anchoring TkCPT onto
rubber particles and facilitating the condensation of IPP onto the polyisopentene chain to form long chain
rubber.

(4) In Taraxacum kok-saghyz and Taraxacum brevicorniculatum, CPT affects the biosynthesis of natural
rubber in plants. The expression level of the CPT gene is positively correlated with the rubber content and

the quantity of rubber particles.

Key words: Taraxacum kok-saghyz; cis-prenyltransferase; Space-time quantification; Protein interaction;

Natural rubber synthesis
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BT S HERR AR

PG YA 4
Abbreviation English Name Chinese Name
CPT cis-prenyltransferase i S LA 2 A il
IPP Isopentenyl pyrophosphate J R AR IR
MVA Mevalonate F IR
MEP 2-C-Methyl-D-erythritol-4-phosphate 2-C-H B&-D- IR B A BE-4- T IR
Amp Ampicilline ATNERR
Kan Kanamycin RIER
Rif Rifampicin FIAE P
cDNA Complementary DNA ‘H%> DNA
DNA Deoxyribonucleic acid it AL AL TR
RNA Ribonucleic acid EHELTR
RNase Ribonuclease EHERZ IR G
PCR Polymerase chain reaction FA MU= v
gPCR Quantitative real time polymerase chain reaction S g B R I U B
bp Base pair [E0)
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RGN F BN R R R IR M 2 2 57 0 0 B ol b A7 B 22 T o
sy THE. ROMEIRBEA R sade . i, WSk, Bt 2 MH T &40
W, wEeAaEbE. Tolkdla . BT &S GEBER, 2008) . RABKREERE TEH
RIS (Hevea brasiliensis) HIRFLo EFIRIRH & — M AKX ITRAR, H R
WeE e B ORI, KA S AR . SR B S vh A 2R [ 55 AR
B Hh X R B PSR 32 AR b, T e kb X A RN 33 S5 AT ARG AR KK
AR BR R IRG IR () 2= 1 . H PR AR TG 3R P B el @ (2R [E 585, 2014;
MEESE, 2014) , iEEEAR. PO AT BiRZE . AR IIFMEE B, g gAY
R B DA S AR S IR , I K i) el 15 2L P RS bRE T if 5 7™ B 1) AR A AT mT R R 2 1)
Pk (Rahimi, 2013; Tangetal., 2016; ¥EESE, 2014) o M E RIAGR ARG
62 1 1 S S 7% NIy A N /S5 7 L = N i e v R 905 G N 52 N N N =TI
584 e 77 DA S B ) R o 3 4 ) @ {45 v [ R SRR MV TR e 26 A 7 A ek T
WysEemiEl BRGEEA R ERRAR, 7 ERBUE RS A RS R R ) (AR bk
REE, 2013; FEFRE, 2014; XI5, 2015) o RAEEBFRIKRP AL (IRSG,
http://www.rubberstudy.org/welcome) A7 FIZHE, M 2015 45 2019 4, BERRIMGIK
HFRENFEKEM 0.1% ETH3 8.9%, @& EERMIAZ, 2020 £:523] COVID-19 KK
SO, RIRATINGE, FEORRERIE R ENSAE %, R0, BT 23R RRIZI
iR A e HAREEC, Tt AR VAR R ARG IR o S gk 238 . R A 2500
Z MG R = AEY), (B AER R IG5 K I8 AN L U S B /2 (Cherian etal., 2019;
Hirata et al., 2014) . FIHA AL, EVUREN ) LF R RAGIKME—RIE; HbTF
TEIRARA IR« i P AN AR SR E, BRI S — g iz 3 7 "™ #EHAS (Lin et
al., 2018) o XA AATEO)FHRAE AR PRSI 11 7= AR ) o

SRIMAE ™ A Bim, R DE UMEYIRER A = 0 T RE R RARR, antiy
IR B (Taraxacum kok-saghyz) « KA Z (Parthenium argentatum) - *t
8 (Eucommia ulmoides) ~ i AYE (Taraxacum brevicorniculatum) 5§ (Bhavitha
etal., 2021; Cherianetal., 2019) . FhAfffe Il & b HIREUSA R, KAHRE % = HE
PR A, FAHATRILE &, MR AR HHAG 4 1R FL & E UK
AR R SREIT N BRI 0E (e, 2021) o IXEERE SIS R B O — P A
AARKIE TR A, AT LR A ot i @ AR TR K o AR TR S VU AR, Fof
TR IS 5, IF B A T IR, fE AR I AL 7 B 24 (Lin et al., 2018) «
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WEAR, MR B R 2 85 P AR AL B AR DO T B, X 9 ZE DR R TR w2 it 1 5E 2 11T R
PERIML 2 o IXSUHIFE 45 RORIRBL ()3t — 0 T R AR R AL T J15CHe, AR IL)
AIRFEL R TR T A

FARKE IR A 57 e 0 BT 5 IR S B2 R (isopentenyl pyrophosphate, IPP),
TEAE AR A 20 R L P g e T T A R R B I - S R I 0 (Amaerrik et al., 2018)
28 (Mevalonate, MVA) & F1 2-C-H 3-D- 7R BE ML -4-BEBR  (2-C-Methyl-D-
erythritol-4-phosphate, MEP) I&1%J2 WA AP FH& B IPP 11T . RARKBIRE
K55, B #5000 4 IPP G &7 F2I-R 7 8 (>106 kDa) k. %%
iR S R AR FERR IR RIORE b, 4GB HSURLAE T 7L 78 24 PR ) 20 Bt —— I 3L o IR A TR
i i B 2 AR I ZH % (Cornish, 1999; Cornish, 2001a) o KUk o &8 5 = & 1 & A i
Fe/ME RIS - (Small rubber particle protein, SRPP) . %5 fH7H A T[] SRPP W 5
R RRL R MR DG, BT e AT A AN YRR B R (1 i 2 TR LA SR A Ay, e AT T
PLEE & B MR | . SRPP 1B A M EH, 1ERIIGI A B e 5 2 00 B Z I E A
(Hillebrand etal., 2012; Laibachetal., 2018) . 5 A Gl ik I\ AE A7 A b 435 EL
A EEE M REROBURL, BN EFRCH PP, N T X S8R b A7 8 I 20 5 TR0 J e
&l (cis-prenyltransferases, CPT) 71 (Postetal., 2012) . M MATH AR S EH =
Tt 75 BE A5 1) CPT, v 4% 9 TbCPT1. TbCPT2 F1 TbCPT3, KM A1 E BA AL h KL,
SRR IBRURLAG O, T HLAX = Fh 0 B 78 8 B A 7= AR I -5 e 1 — MK 5% (Schmidt et all.
2010a; Schmidt et al., 2010b) . ffifl RNA T3 (RNAi) FARINHI4E A AT K
ThCPTI-3 [N, WHFEN GER] [ ixX S EERIEME Y R OCHE R o X MFHua 1 &5
TR R B A BRI BRI TR B, [RS8 FLH = S = 38 0 (Tetsuo
etal., 1993; Akashietal., 1994) LA SARHE 3= E AR AL & V050 0 & B A I0 (Wim
etal., 2000;Schiitzetal., 2010) . [Kltt, CPT & RREIREDA KA R, #F 7T
TERIRGI A i R DI RE, W FEDRSE 2 RARRIR ALY & Ve AL AN & == 1%
Jiz it A B B R

AHIF 72 TR A B DA e % 52 Y 8 AMEC B ThCPT MR FE A, il gPCR 43
MrEERERIA R BEH BT RABE M EAG RURL B2 REXU R A9 A X5y T30 U B 1 EAESS:
Ji5WFFE TkCPTI TkCPT2+ TkCPT3 F TkCPT4 F#:NAEG I & i BT R AERIVE R, ks
B AR 7 BRI M 5T B R AR A E R AR
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1.1 BIRE

111 RARGRBIHR S

KRG, WHONFUIREEE R ), 2 NEY) PRI A E R R e —, H
MBITZ . BN T LA, JLEVE AT DG B A AR RN . RIRRIR Al
Rt B AV 22 N I EEARAF R (Zhang et al., 2018; Sethulekshmi et al., 2022) .
B, BRAMR SRS, 7T LAESZ )RR EAR , i T 75 S AR A 58 ) 7
WRAERIG . MIRE MRS 1AL, RBRIBGE BA RIFIihm e MR, 4k
W18 A TR N AU L Re DN A, 9 ol s B AR R s . Ik, R
INGIRAENGIR T A REORAF RIEME, IXAEHAE SR SR AT TUIRERIEEH . R R AEIR
AT, REARGIAE s S B S5 T AL 2 N T 56 L X IR 2250, B DR 1 22 4 e
ATEEME . RIMGIRIEARTE LT RATE . fEEITAT, RO THIEFE. K
AHABEETT 2800, MRGR A 4. FERSDI, &l THl&E B KR ARG & 5%, 78
giZOlrh, RIMGIEH T H& st 2 e A A el . Ibah, RIS 2 H T %
FVH B it GRS B A « AR BN K S5 o 5 [ B R AU, R ARG ) R B IR A
EHTZ TG KE NG TE H A LSRR S (ERE, 2008) o 7EIX
BEOCHEN AT, RABREARIEDE . B M= S50 ER, MR 1 3% BT SEEA
Zh. R, RIMGIAEM ARG, JCHZEE R A e B AR .

E PEAR B 2 R ARG I R, 2 A KA W R ARG X, G0 2K B WP X
SR PEY. ERREJE PH VAN [E 45, R B ) s R T AR IR AR 7= o v [ 0 A bR A A
IHBIX, W=FE R TR T PU AR S O o A ES DU AR RO 3 1t 5 7™ B ) ]
B (ZFEZES%, 2014; MRS, 2014; Hirataetal, 2014) @ (1) HHMENRZE: ©
VIR 25 53 %2 B & Ao A R 28, i B 78 K EURRR R AR i 45, X 28
BRI IS S BT, SRR A R () ARARl: EERRURAR IR 2
FEE B SR A TSGR B A AR IR B AT S R, AU
ARAY I T T BB B8 A1 B I, o AR IS ARE (1 e B P A AP s (3D THT I
A O 1 e TR AW K, BRI FE R, S BRI B
FEVHFERIAE IR o 3 46 0] A 45 O O AR S Tl o6 ™ B 1) AR A7 A AT 4 82 5 R Bk

WEG I M IEALEIX M a2, EE AR (FHRR S, 2013; &4,



