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Abstract

Rubber grass (Taraxacum kok-saghyz L. Rodin) is the most promising rubber-producing alterna-
tive crop for new natural rubber. It can biosynthesize large amounts of secondary metabolites
such as inulin. In order to further clarify the molecular mechanism of secondary metabolite bio-
synthesis in rubber grass leaves, this study used young and mature leaves of Xinjiang rubber grass
as materials, and used the BGISEQ-500 platform for transcriptome sequencing to obtain 165,935,798
and 166,460,570 clean reads, respectively. Annotate to Nr, KOG, KEGG, InterPro and Swiss-Prot
databases. Unigene has a total of 58,402 annotated results, and then performed differential gene
expression analysis, GO classification, and KEGG metabolic pathway analysis. The metabolic path-
ways are classified into 136 categories, including the synthesis of sesquiterpenoids, ribosomes, flavo-
nols, anthocyanins, etc., biosynthesis of secondary metabolites, and finally protein-protein interaction
analysis of differential genes. The results of this study have certain reference value for the re-
search on the biosynthesis and metabolism of medicinal active ingredients in rubber grass leaves,
the cloning of key enzyme genes, and the development of molecular markers.
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1. 5|8

W (Taraxacum kok-saghyz L. Rodin, TKS)WH AT Wiy A 5%, & THEHEY, HWATE, BK
B, S TR 5 R LU T BT PR AR B STV 2k A T i HE R R LT A AR [ 1] B AR 2N = 2X
=16 2[2] [3], AR ZEAETIARYI[4]. BIRF I FE BN 1.29 Gb, L7 46,000 245K 4
T ER[5]. TKS MM &7 KR (Natural rubber, NR), A1 NR /& 8 H ) 3%~28% (2 4E4E) [6]
[7], FFEBR S F RS B VIR (Hevea brasiliensis)F B RIME A NABBA] [9]. HTF %%
YA A TE Taraxacum brevicorniculatum (TB)S TKS EA LA EBONELLH AL KIR IR
[10] [11]. TKS H#HBRIEIEFEA AR A X ) 12 AR KSR AL, Adr AR B, SREMRER, 5%
BEPRIFNWSCIR VR T B S AR r[12] [13], BRI E A NI T R ARG A6 U AR R ), B IEAE
RN RIRGIE B AR 7= B R 1Y) . TKS FRFBER T & NR 4k, &1 29 28% IR A ARl =4 %6
¥y, Fky RS DA RAE Y 2 B i rh B JEORN12] [13], HE S K AR, BB B R
FRATRIVEDZ HT, ATHAR TR BEAEAR R R B R AR IR A U T A R

R T R sk =, DRI, sk A i A5 R s, BRI EIR 2
PRAE G 1) O F 2 DR R 52 B DG [14] 0 Luo 857 6 A F2 IR AZ I 7= A DG 1) SNPs #ric, HENTIZ
Ji B AR S AL PR A A B3 4 B FH LR 15]. Cao Z5RIH MeJA i AR EAMR M A M kB, 5%
IRIE AR H) TFs 5 NR A Rk R Z A AR, FE R RS A AR = ) 3 E 52 i AR R R A= P 16
Nowicki 57 FH 3 K 21 s T SE IR JRE R 78, @SSR AT eSSR Aic g HE W, TKS HAKE P& WisftE L
FEME, TP Z FOBELE R, KON RHHOCAE I Z A TSRt T — P B o FARd Thae i T A,
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7R T TKS 8% Z R0 SRR S UIARDE[17]. 5t TKS MR T B AL E, MR8 FLHE B o =521k
ST, KIVEA B IRLEF TKOSC 1 TkKCYP716A263 AEMIRE IR TiE £ G, &/
AR EAE IR LA =05 AP 18] MR FEZLI bk OSC D, AT AR/ AR A R ARG i b =il 1
P, M7E RNAI-OSC Mk IR AR H BRI R AL, EFREWARZEM. X TKS § kI
J I I B AR AR = 0 2 B A S AR ) B AL IR S ) SRR [19] . FERSRFEH ] CRISPR/Cas9 il
TKRALFL1 & [H 5 MM ARAR R AR 50w, 200 AR SRAZ I (9 7 1 B i [20] R 1 8 7L RS v ok
TKCPTL1 2, FHA Bm-1,4-5 % GAPP)Jk/>, H TKS R =wifgmm a7, m=
WL B AR . % TKCPTLI-RNAL FEA I LT /AT R, A 5BIRLT HAL AR5 =il )
AL ZEAE /MR R 7 2 4 SRPP e sE RS . AR, TKCPTL2 E[REIE T, #a s 5 1)
FAY, XFRE TKCPTL2 H EAfEMB R H T Re A fdt— PR FT[21]. TKCPTLI1-RNAI H 47 R0 B A5 BUAEAR
TR E A AR T BEEA, REEASEREEEWE SR, AL S SR
ARG AL T BRI B 236 R [21] 0 Xie SN AGE B A R I 4 B 1 S e gl o 1 s BRI 4R, R AR iR
ZE{H K F-(REF) 1 SRPP fEAZ i A Bt A2 [F) 45 B 22 22]

Benninghaus] %57 F 85 A 07 4 = AR S 10 073k, FE = IRAAE = IR IR AR, Branase 755 7,
i RNA PEfig, St TKS MR = A AR m, e 2 MAREREED, Cafkes
NI ARLEAEY) AT IR M2EHE & (1. Barnase (1R IA (G IR BB H AR (IR A, Ihat B 21k
S A — DA TAE R AR, R A= LB AT BT A A B SRR, D B RN
SR IR AR BAR A A . A, AFERBIEE R TAHEAER, HRB TR ERMERRZE THE
RN T fi#[23]. Zhang S5F F A1 75 25 A T HERH 0 vk SO I SRS IR FR N 45 IR o, Tl AL Y
JIERT R W EEEURT ( SE 4T, AR Ty, HAZJ7vE AN TKS AR 5> 1 & 3 4ii[24]. Panara 55 FUECEIR |
1% B2 B (Low Rubber, LR) #1775 i & (High Rubber, HR) = fl i s w2 72 AL PR ik, KB HR K3
HRRIR S B, RETHZHESEBREMIERFRE R EMERMWER, JERARBBIK > AR
SOKP B2 B R . T LR PR & & T e 5 R A & s 4 (0 L B AR AR = A
P T IR TR R e 3 A 9K [ 25

BB v NS A EREH RS, R R ERL 6 s I 02 B A5 AU A W
FERIRLFANMAL8] [26]0 FH HAZMRE Ny ih 5 E IR A I EPUEAER, IE A 2B AP E K
U5, R R B2 A A P i A AR E SR [27]. G EFTIR ORI, H AT O T SRR R B AN S
W AL LU T AR T (R R TE, AEARR U, X T SRAR R B I i B S (A s 2L Y S
FEBIHEAT 7435 Unigene THAEIERE . SH LA, ZRRIEFLF M. HEDIRE LR £ R RIE LR
RANRGACE W& B AT 5w 7 o MR I e AR XIS 1 Al A AR IR B R A 550, IF
AR DI AR B B ) A 5 BRI RN b R .

2. MMERHE
2.1. MRS

SHTEEAS R B AN B S B B AT TR AE A R R B, TR 2 IR S R R SR
R SIZIG 2 T o O IE P PR T SEAR R . BRI 30 d S T I (leaf 1)FIAAE 120 d J5 R
(leaf 2)K AR, BEEFEISEKE AN, BEE THREF I RAFEE-80CIKM, AR .

2.2. BEEEM R RNA 28
SR CTAB AR BUS I E M 5 RNA, £ CTAB JiERIEEAE B, I 1%0% PVPP, fIA B-3i
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R OWER) SL 500 uL, PXEJTHIEE, JFH RNA Ry &0 508 = 25:24:1 #t—DHde, HERTI
JE, VW IN RNase-Free ddH,0 30 uL, f3EIFEHUUF I RNA W, #ric &40 —80 CIRAT

23. BREMRERENF

DUHT SRS I R 40y e -5 s SR B (R v AL, 23 il S UM &L RNA S, 48 A Nanodrop (Agilent
2100 Bioanalyzer)fa il i RNA ffI¥ & . i . 0D260/280.0D260/230 1 RIN 1, RNA 4l & i i} NanoDrop™
(AN LRI, 455N A 2. BEKMA RNA FBULG, W5y cDNA, 7 cDNA [ 5'-F1-3'
AR N bk, FHEAT PCR Y3, 3 14 F= W) A8 PRI, B 283K 15 5B PR 1 DNA SCE . _E L BGISEQ-500
AT SR T, DT THRFE R A 7 RN 58 B

2.4. RGN FEIRESE

WP 0 B G B A S e ki gy AR & DL A AR FNEZE N &5 (>5%) i = 1 reads, F0dE 73 Hr 2 1 75 2
F:BRIX Y reads 5152 clean reads, PARIUESS SR A AT FEME 15 8 clean reads 2 J& » 8 F HISAT # clean reads
Lbxt 22 FL R H 741, 1§ Bowtie 2 FF clean reads tbX 2| HE 4], 2 J5F#H RSEM 115 3 K A%
SEARIRIL K
2.5. ERFEEEARNEENEREDH

FRAERE 5 4 2 [A) ) 22 57 63 JE [K(DEG), 18/ DEseq 2 1 PossionDis J7VE#ET 2 3L A6, Ky 7 8
B R BN FE S FE AR A FPKM X A3 R % H , % FPKM (FPKM < 1. 1 <FPKM < 10. FPKM > 10)
F =G AT 7 R B H 141, A MA plot 78 DEG K70 o SR G HRIE 25 S L ARG I 45 5, %ot
H: Gene Ontology (GO)Ifj&E LA K KEGG (Kyoto Encyclopedia of Genes and Genomes) =438 4 7325 & 525347
2.6. ERFEAEEANEBEESH

N TS leaf 1 Al leaf 2 RS R M E A M4, ] 7 AELEHE % STRING (https://string-db.org/)
AT T £ 7RISR KR K E A HAE 5 ¥ (Protein-protein interaction, PPI). i@ id PPI 431, EA #H HAEF # DEG
W BA PN ThAE. R4 STRING & HAREIRE, WaEH 2 7 Rk B AT 8 3 B AR 4.

3. ERESH
3.1. HFRENFSHLETH

ot 3 BB AG R B A ORT B o AT B e e, PR Z4r I3R1S 7 214.16 Mb F1 211.67 Mb
] Raw reads &, 3 i Y85 reads i &, 2R 4N M 7 165.94 Mb A 1 166.46 Mb [f] clean reads
(# 1o

Table 1. Quality statistics of filtered reads
= 1. TIHERH reads RESKIT

BER4 Sample Total Raw Total Clean Total Clean Clean Reads Clean Reads Clean Reads

nn P Reads (Mb) Reads (Mb) Bases (Gb) Q20 (%) Q30 (%) Ratio (%)
leaf 1 214.16 165.94 16.59 96.36 88.96 77.48
leaf 2 211.67 166.46 16.65 96.36 88.83 78.64

Total Raw Reads (Mb): i JE R [ reads %{(; Total Clean Reads (Mb): i Ji€)5 [ reads %(; Total Clean Bases (Gb): i i€ J5 115 FE & 4; Clean Reads
Q20 (%): ITIEJE Y reads PR EAL KT 20 HIBRIEEL 5 BRSO E 4 s Clean Reads Q30 (%): T 3EJ5 I reads F i A8 KT 30 AUBRIEEL
i RBRIE R /3 s Clean Reads Ratio (%): 1 35 1) reads 1) HEA71
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Table 1. Reference genome comparison result statistics

3R 1. 2 ERAELENEREH

e & reads ¥ BERAE S BRI
Sample® Total Clean Reads” Total Mapping Ratio® Uniquely Mapping Ratio®
leaf 1 165,935,798 74.73% 37.76%
leaf 2 166,460,570 67.66% 33.63%

*Sample: 4% "Total Clean Reads: i JE/5H reads s %; “Total Mapping Ratio: FLXf 53K clean reads Eiffl; “Uniquely Mapping
Ratio: ME—Lbxf B2 BRI K —A B clean reads L.

L€ S5 1 reads F B KT 20 F1 30 [HRIES -0 b5 SRR B E 2 TEiY) 96.36%F1 88.90%. 1T JE
JE I reads HIELG Y 78%. FESEAM I ETRARNE, H GC H5 7N 40.81%F1 40.76% .

3.2. BREMR¥EFRESSEERBRILER 54

WP 25 BT T JG AT 2% R R AT T, JE3RA3 332,396,368 %% clean reads, JLHFIHE 30 d 4hHimt Fr
(leaf 1)3:A 165,935,798 2%, FitH 120 d J5 IR Fr(leaf 2)3EH 166,460,570 %%, SXF LS HEHLFH 55
A 74.73%F1 67.66%. 7 Uniquely PEECHS A PEEC 43 51104 37.76%F1 33.63% . 575 5 (A 41 v ia L [R5
N 47,643 LN, BRI R I BT RIS A5 Bl N (leaf 1) 35,663 2k F(leaf 2) 34,119 2k, & T T 7
FERE A 14,890 25 A1 14,009 26(55 2).

Table 2. Statistics of the number of genes and transcripts

F2. EE. BRAHBGITR

Fih 4 LN S CLANEE R 3 AR L 5E CRIE T AR e AHL
Sample Total Genes Known Genes Novel Genes Total Transcripts Known Transcripts Novel Transcripts
leaf 1 49,820 34,930 14,890 66,082 30,419 35,663

leaf 2 49,297 35,288 14,009 65,187 31,068 34,119

§iH Trinity % clean reads #f 17 2H %& - 3843 7 A (Transcript), leaf 1 5 leaf 2 [¥] Transcript /%4 7%
N 66,082 N1 65,187 A, PR 4354 737 nt A1 785 nt, HiAr 200~1000 nt i3 Fl (4% s A5 545 83,461
ANFN 94,831 A, (HEET 75.65%F1 72.98%; 1000~2000 nt f] Transcript 7354 19,547 1 25,608 1,
H R 17.72%F1 19.71%; KT 2000 nt ] Transcript 4375145 7316 N F19506 4™, b7 E &1 6.63%A1 7.32%.

N e AR BAT R ETUREE] leaf 1 1 leaf 2 ) Unigene, leaf 1 5 leaf 2 Unigene =555 K
66,749 M1 76,456 A, “FEIKE 54 917 nt 1955 nt, HH 200~1000 nt () Unigene 43 5il4 44,108 4>
H1 48,959 1>, HEEM 66.08%F1 63.04%; 1000~2000 nt [¥) Unigene 73 A4 16,193 119,677 4, ik
&1 24.26%F1 25.74%; KT 2000 nt [¥] Unigene 73711 6448 M1 7820 4>, (& 9.66%F1 10.23%.
GC (%) &N 40.92%F1 40.74% . A S50} 5 S LA (1) 436 5T & . Transcript 1 Unigene HI B 4
AEOEAT TSR HT (R 1, 32 2), S5RRILAN 300~1000 nt K JE ) Unigene AT (5 ELEEL K, BB F
Ji B8 = o] FH T J5 2 Unigene HID)REF R

3.3. BB B R4 All-Unigene A9 CDS Tl
X HT SRR I B I Unigene 1 (1) CDS JEi #E47 Blast LEX) Swiss-Prot £i(#f & f! Hmmscan, %
% Pfam & 1 [FVE T 51, AT SR S A X ek o AP B0 B2 2 A th FRATTHL 3843 1 55,120 2% CDS 741 B Be(

1), BKBEEN 52,588,077 nt, HA1 100~1000 nt I 36,043 £5 5 65.40%, 1000~2000 nt [FA 14,799 %5
26.85%, 2000~3000 nt I 3110 455 5.64%, KT 3000 nt A 1164 % & 2.11%.
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Figure 1. CDS data length distribution for transcriptome of 7. koksghz leaves
E 1. BEREMFERE CDS BIEKE S

3.4. HREREM K #5R4A Unigene THEETRE

S I 42 45 B AR B A S 2H All-Unigene 73 HIVER R -E K IIBESUEE NR. NT. GO.
Swiss-Prot. InterPro. KOG. KEGG 54 (5] 2(A)), XHEEANEHE FEVERE ) Unigene £ H #7411, 3%
A 99,253 4% Unigene A XF M (ITHAEE R, b, £ NR 15 58,402 %%, (551 58.84%; NT A 29,578 %,
1AL 29.80%; GO 7 19,809 %%, i1 19.96%; Swiss-Prot F 38,614 %%, 54111 38.90%; InterPro
47,437 %, i1 47.79%; KOG fi 45,893 %%, riki1) 46.24%; KEGG i 43,383 %%, 15411 43.71%.

BEEM R %548 Unigene BY NR ThEEsr 3

CLIRAAG B B 2035 1) All-Unigene 7B 2] NR 845, 4iitJL4 58,402 4% Unigene iR 45 R .
TE 3¢5 (Cynara cardunculus var. scolymus)~ %] (Vitis vinifera)~ Z W (Sesamum indicum)~ " FWNHE(Coffea
canephora) L E YR #AH [FIRF 5946 FHP, Unigene 53#IALUFTH 5H 61.35%; SHEIE AT
Bl 4.06%; 5 ZRABLUTEER 2.42%; S5oRimsEAE LR AT 2.08%; & 30.09%[%) Unigene J& T
HAbFH], wTREEEE TRIRELH SR B P 5K 2(B)).

A g o B Y i

Annotatio [T Species Distribution

Species

[0 #:47 Cynara cardunculus var. scolymus
O % Vitis vinifera

[ Sesamum indicum

[0 TKum e Coffea canephora

[ H% other

Figure 2. All-Unigene species distribution in the database. A: All-Unigene annotated to the seven
functional databases including NR, NT, GO, Swiss-Prot, InterPro, KOG, KEGG database and
functional classification, respectively. B: Distribution of unique gene sequences of All-Unigene
and cardoon, grape, sesame, medium grain coffee and 7. koksghz

[& 2. All-Unigene ZEHGEETHIMM S . A: All-Unigene 2 BIERRRI-E ATHAESIERE NR.
NT. GO. Swiss-Prot. InterPro. KOG\ KEGG BIEIREFINEESSE. B: All-Unigene 53
&), BAE. ZW. PRMEEASRER SEHENERFTISHIER
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3.5. BREMHRERERAREESH

W EEM Fr leaf 1 5 leaf 2 #4772 R AN RIS TE R EH LU Giih, &I leaf 1 55 leaf 2 XL
12,637 NRIEFERF LF, 8103 NFEREFRE NI, 33,509 NEREEA £ FFRIEIE 3).

e Up: 12637

logzFoldChange = 1 ,FDR <0.001

e Down: 8103

logzFoldChange < -1 ,FDR <0.001

no-DEGs: 33509

abs(log,FoldChange) <1 or FDR >0.001

-5 0 5 10 15

Figure 3. Statistical map of differentially expressed genes

E 3. ERFTEERKEGITE

3.6. BREMHHEREENIIEETRE

Rk T AR E G i e S RGeS R AE 5G4 T ML, X Differentially expressed gene (DEGs)
H#47 Gene Ontology (GO)& & #r. GO FE 43 N4 L FE (biological process) 7T ZIfE(molecular func-
tion) FNZH )0 273 (cellular component) = K25, leaf 1 5 leaf 2 ({2 FIEKFILL GO 7y Bl Ai =
KIGNF, L7 52 ANRAL, HAa Y 2 b AR AU F2(2750) 4 FE(238 1) I —AEM)id F2(1525);
21 i 2L 5 0 5 20 RS 23 (2067 )« HEEZH 18144 5) FIZH 23873 (1264); 73 F DR 4B AL IETE(3131) 455(2538)
A HniEE(2538)5F . 7oh, REZHERIEFN G EYIREMR, S50 1R 2 R AL B AR . 18
UM, US55, e . B B . st s SRR . S 54 RErNZEFE
(R = 2 5 AR AU I AR A2 pf e R AN s T T D RE R AL TR TE RN 2 A A2 leaf 1| AT leaf 2 43130
A 22 7 ik R & 4R 1) 3 B0 (1] 4).

3.7. ERFIAEEHR Pathway ThEES 4T

N T E R R B ARV DR, 34T T KEGG M 4. 704 22 5 2k R KEGG Ui % 25
RN, ZRRIAER EMLST 218 R AR (Metabolism) 154415 8 AL 2 (Genetic Information Processing).
8545 H AL P (Environmental Information Processing). 4f i}t #£(Cellular Processes)F1H #1 & 4t(Organismal
Systems)(#] 5 K3 19 M —Zuldk EEmsr, Hoh b MABHERER RS, L7 10,434 4>, 53R
KEGG 3L LI 61.78%. HLUGZ8E15 BALFE, 5 KEGG %L R L) 23.23% (K 5). — 28
B AR 777 DR, oK EAA 1572 MR, B 1375 4, HEUEN 662 4
B, AR AR R ] 3761 4>, EIEMRACHS 948 NIED, iz MR LR 786 4>, JEAX
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UHEIA 724 DNEE(A] 5). XL KRR, BALE LIS A Fr 2R RN R B 5 & 5 R, B
R A AR K

metabolic process

cellular process
single—organism process
localization

biological regulation

response to stimulus

cellular component organization or biogenesis
regulation of biological process
signaling

developmental process
multicellular organismal process
reproduction

reproductive process

positive regulation of biological process
multi-organism process
negative regulation of biological process
detoxification

growth

immune system process
rhythmic process

biological adhesion

biological phase

cell killing

cell

cell part

membrane

organelle

membrane part

organelle part

macromolecular complex
membrane-enclosed lumen
extracellular region
cytoskeleton

cell junction

symplast

supramolecular complex
nucleoid

virion

virion part

extracellular region part
catalytic activity

binding
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structural molecule activity
nucleic acid binding transcription factor activity
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Figure 4. GO functional classification of the leaf 1-VS-leaf 2 differentially expressed genes
4. Leaf 1-VS-leaf 2 ZFEHE GO g HKE

Btz 4h, 4T T HT 20 A KEGG W14 5(B)), 45RExR, HPaE 3525 FERNMHREE
BRI . B AE 2032 NMEARGARE G AR . B =@ B A H T RER N ED &
B 675 FhEERR], HGE T g A A ) 642 AT 641 FhIER, LA N R & P Y 579 Rl
o 1X48 KEGG WIEF I & &3 KoK R AR, BEREME, RN R BEY G UL R S A
FRBEAR o X SRR T-VF ZAHY,  RE AR IR AR = R0 R SRAG R AL = R A P 28 e 0 05 (R AR ) 5 il
BREI,
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A DEGs Enriched KEGG Pathway B Top 20 of Sub-Pathway Enriched
Transport and catabolism: Indole alkaloid biosynthesis L]
Signal transduction: Ribosome biogenesis in eukaryotes (]
Membrane transport Arginine biosynthesis L]
Folding, sorting and degradation Carbon fixation in photosynthetic organisms °
Translation: Pyruvate metabolism L]
Transcription Stilbenoid, diarylheptanoid and gingerol biosynthesis °
Replication and repair: ABC transporters L4
Sesquiterpenoid and triterpenoid biosynthesis L] Qualue

Global and overview maps

<

E
o
o
=

Metabolic pathways | @
Carbohydrate metabolism 1572 P Y 883
L[] ]] Biosynthesis of secondary metabolites{ @ 0‘01
Amino acid metabolism: oZomoO :
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Figure 5. KEGG Pathway classification chart of differentially expressed genes. A, the X-axis represents the proportion
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