HPTIRS B, 2021, 30(4) : 31-40

Journal of Plant Resources and Environment

75 TR FRE B B s 20 7 At e A2 W) o 52 6 HE
77 i e IS 4 e D] 3 K A P 1 52 Wi

O, REES, B E e, GRe

(RARMKE: a. BR2EBE, b AREDTTR TR R &S S TR G, R 81 350002)

HE . LIJ5HE( Cinnamomum camphora var. linaloolifera Fujita) ABFFE L X AL AT A it A J5 26 1.5 3 AIZE 5 A~ H
I AR AR AR X B AT T g R R N 5 A TN BB T T R G s S A RO R O T R
unigenes B IR, X 7RI A B A HEAT B0 , IR0 T AR DG IR s 2 R A R IR ek AE Ak 45 SR S it A i 5 5 e
I 4 5 R ARG 2 1 1R TR, LRGN F I e RIS o 8 5 A A X i 1 S S R s AR S AR 3 N H e R R
FP 5 R A X B R Y B, 20 A 89.89% A 84.83%, M I R 5t 4H P L3R5 72 560 1~ unigenes, & K B
96 543 844 bp ,N50 {6} 2 054 bp,GC &1 43.19% , Horb [ BEH] 7 A5 FE Y unigenes 214 52 613 4>, 7E NR
Bou e 5588 5 faf 48 ( Nelumbo nucifera Gaertn. ) MIHHIE 7] ( Macleaya cordata (Willd.) R. Br.) A% ) 5 47 DG g 3 8
B, A EEA BN 27.09% F11 14.91% , 85T GO Bl , 24 39 186 4 unigenes TEBE RN A= Yy id A2 | 40 i A4 A1 43 F 2
i3 K& 24 WA, 75 KEGG ¥ 1% , 24 40 698 4 unigenes VBRI 401 72 FR8EA5 BLAL B &5 B T,
TR 2250 5 K28 19 WK AP ARYE KEGG Hdl 22 A9 vE B4l S, He D55 e -1 20l 1 MEP ( F 3L R B RERE IR ) i
BB AT AR BT, I AR LIS (5 R BEA ) O FE I F A= 5 i, 3 ok KOG %5090 P xof 3 X oy g b A7 W, 364
40 096> unigenes ¥ BEF 24 A, TR R RIRE 5% S 4 P 3L 40 1 23 AN S D5 B S B DG I 3L, H
K IR Rk A VRS AR S5 3 S H v B oA 18 AN SERE R IR A B A 15 A3 RIAKE
PA, ZE M R TR 38Rk A SE R A3 3 4~ DXS JER 1A DXR FEH 2 A4~ HDS JEK (1 4~ HDR 3£ 2 4~ IDI %
B 1A GPPS JEPAN 3 4 LIS 3L B S SL R W] BB S 5 05 M B & N IR F5 , SR B AT as SRR i HAE Y i B
GRS IR R RV S AR RS AR X Y AR R SO RREA BR R SRR R AR LR —E R

KR T, FREEL, RSN R YR E AR

FESES . 0943.2; S792.23  XEIFRERL: A XEHS: 1674-7895(2021)04-0031-10

DOI; 10.3969/].issn.1674-7895.2021.04.04

Analysis on transcriptomes from leaf and branch of Cinnamomum camphora var. linaloolifera and
effect of biochar compound fertilizer on expression characteristics of regulator genes related to
linalool synthesis XIANG Shuang"”, CHEN Deqiang"”, SUN Weihong"", XIAO Lin“", ZOU

a,b,®

Shuangquan® ( Fujian Agriculture and Forestry University; a. Forestry College, b. Engineering

Research Center of Natural Biological Resources Conservation & Utilization of Fujian Province, Fuzhou

350002, China), J. Plant Resour. & Enwviron., 2021, 30(4) . 31-40

Abstract ; Taking Cinnamomum camphora var. linaloolifera Fujita as research materials, relative contents
of linalool in leaf and branch before fertilization and in the first, third, and fifth months after fertilization
were compared ; the transcriptome databases of C. camphora var. linaloolifera before and after fertilization
were constructed by using high-throughput sequencing platform and the functions of unigenes were
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annotated, the synthesis pathway of linalool was predicted, and the variation of expression characteristics
of related regulator genes were analyzed. The results show that the relative contents of linalool in leaf of C.
camphora var. linaloolifera before and after fertilization are all higher than those in branch, and the
relative contents of linalool in leaf and branch after fertilization all increase significantly; the relative
contents of linalool in leaf and branch in the third month after fertilization are the highest, which are
89.89% and 84.83%, respectively. There are 72 560 unigenes obtained from the transcriptome of C.
camphora var. linaloolifera in total, the total length is 96 543 844 bp, the N50 value is 2 054 bp, and
the GC content is 43.19%, in which, there are 52 613 unigenes annotated to 7 databases. In NR
database, C. camphora var. linaloolifera has relatively high homologous sequence identity with Nelumbo
nucifera Gaertn. and Macleaya cordata (Willd.) R. Br., and the percentages are 27.09% and 14.91%,
respectively. In total, 39 186 unigenes are annotated to 24 subcategories of 3 categories namely biological
process, cellular component, and molecular function via GO database. In KEGG database, there are
40 698 unigenes annotated to 19 subcategories of 5 categories containing cellular process, environment
information processing, genetic information processing, metabolism, and organismal system; according to
the annotation result of KEGG database, it is speculated that the precursor of linalool is mainly
synthesized via MEP ( methyl erythritol phosphate) pathway, and linalool is subsequently formed under
the action of LIS (linalool synthetase). The gene functions were predicted through KOG database, and
40 096 unigenes are annotated to 24 categories. In total, 23 genes related to linalool synthesis are
identified in the transcriptomes from leaf and branch of C. camphora var. linaloolifera, and the expression
of each gene are tissue-specific; in the third month after fertilization, 18 genes in leaf are up-regulated,
15 genes in branch are up-regulated, and genes up-regulated in both leaf and branch contain 3 DXS
genes, 1 DXR gene, 2 HDS genes, 1 HDR gene, 2 IDI genes, 1 GPPS gene, and 3 LIS genes,
indicating these genes may be involved in the regulation of linalool synthesis. The comprehensive analysis
result shows that after biochar compound fertilizer application, the relative contents of linalool in leaf and
branch of C. camphora var. linaloolifera increase significantly, which may be associated with the up-
regulation of regulator genes of linalool synthesis.

Key words: Cinnamomum camphora var. linaloolifera Fujita; linalool; transcriptome sequencing;
regulator gene; biochar compound fertilizer
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F BRI A5 40 IR 2 4,68 .10 il 12 pL g
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2.1.1 #FAnFfemE 2R Gl DNBSEQ Ml 7
15, T R R A B S 4 P L3RR 72 560 4
unigenes , “FIJHE A 1 330 bp, unigenes &L 1< i ik F|
96 543 844 bp, N50 fH N 2 054 bp, GC & & N
43.19%

FH unigenes 1A % (2 1) Al UL . 7E 72 560
> unigenes H', K B /NF 300 bp 1Y unigenes £ 12 086
A AL A unigenes BT 16.7% ; £ & 3 000 bp LA I
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Table 1 Length distribution of unigenes in transcriptomes from leaf and branch of Cinnamomum camphora var. linaloolifera Fujita!

lglgenesfkf; ?BE‘] Unigenes %1 lﬁl‘lgenesfkgﬂl[fl Unigenes 4( UI;‘lgenesfﬁf.;‘iElﬁ Unigenes 31
angeh(:ngliﬁlgencs Number of unigenes angelzn;?genes Number of unigenes dngclsn;ﬁlgcnes Number of unigenes

200 bp=<<300 bp 12 086 1 200 bp=<i<1 300 bp 2253 2 200 bp=<<2 300 bp 1151
300 bp</<400 bp 5993 1 300 bp=<i<1 400 bp 2 099 2 300 bp=<<2 400 bp 980
400 bp<[<500 bp 4167 1 400 bp=<i<1 500 bp 1978 2 400 bp=<i<2 500 bp 915
500 bp<[<600 bp 3397 1 500 bp=<i<1 600 bp 1982 2 500 bp=<i<2 600 bp 880
600 bp<[<700 bp 3089 1 600 bp=<i<1 700 bp 1875 2 600 bp=<i<2 700 bp 767
700 bp<[<800 bp 2 845 1 700 bp=<i<1 800 bp 1 809 2 700 bp=<i<2 800 bp 690
800 bp=</<900 bp 2754 1 800 bp=<i<1 900 bp 1610 2 800 bp=<i<2 900 bp 613
900 bp=<i<1 000 bp 2 563 1 900 bp=<i<2 000 bp 1565 2 900 bp=<i<3 000 bp 587

1 000 bp<I<1 100 bp 2503 2 000 bp=<i<2 100 bp 1 407 1=3 000 bp 6 441

1 100 bp<i<1 200 bp 2277 2 100 bp=<<2 200 bp 1 284

D[; Unigenes KJ& Unigenes length.
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2.1.2  Unigenes it 2 # 4R XFRAF B S0t H
R e 41 unigenes AT 8008 7 O VR B, 45 508 0
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BOAERER] 7 N EE R unigenes BB 72.51% .,
Hodr 78 NR 288 B b B2 50 149 4 unigenes, 5
unigenes SEL 1 69.11% , &3 B unigenes Fi 22 1AL
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39 186 4~ unigenes H B E| NT ., Swiss—Prot \ KEGG #0
KOG Pfam F1 GO 6 44 &, 7 B AY unigenes %
5390 5 unigenes ALY 49.74%  54.07% . 56.09%
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2.1.2.1  JRHIARRIE T R O5 R B IR S 20
unigenes 5 NR £ 72 th— LRI W) #5 S 4H unigenes HF
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nucifera Gaertn.) B[R] 5 7 271) DS JE 8 e 2, AHABLRR 1) 1L
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A5 Biological regulation
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YL A& Cellular process

FE {3 Localization

R 72 Metabolic process

Z 143 F# Multi-organismal process

LYY B Multicellular organism process

4 S1V Response to stimulus

I FE ( cellular process) B9 unigenes Jx %, 4 9 520
AN PR RE RN A0 R 53 259111 28 829 4 unigenes 7,
HEBEE) R B 43 ( membrane part ) BY unigenes fx %, A
12 323 /> AR B 2] o F I RE 2R B 1Y 44 405 4>
unigenes H1, 1 B 2] 45 & ( binding ) 1 # 1L iE
(catalytic activity ) f¥) unigenes 22, 735 20 456 Fl
18 905 1>,

4 Cell

YA X IR Extracellular region

Jif Membrane

o0

Ji55 4> Membrane part

AN Organelle part [

A K A ) Protein-containing complex
LR Symplast

SR EETRSY Virion part

PrEALTEYE Antioxidant activity

= =

%54 Binding

fiEALIEME Catalytic activity

Iy FUIfEIA5 5 Molecular function regulator [
I3 AR IR Molecular transducer activity
25K 53 TPk Structral molecule activity [
S {5 Transcription regulator activity [
1

$E327% P Transporter activity

(=}

5000

10 000 15 000 20 000 25 000
Unigenes #{ Number of unigenes

W Y372 Biological process; [: AMEAL4T Cellular component; []: 43F HIfig Molecular function.

B 1 FHEM R R A unigenes B GO HEEHD LK ER
Fig. 1 Result of GO function classification of unigenes in transcriptomes from leaf and branch of
Cinnamomum camphora var. linaloolifera Fujita

2.1.2.3  KEGG U2 Mr  ilid KEGG ud
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information processing ) . % 1& 15 & 1 T. ( genetic
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W2, HFZAE PR RS EE B 2 K,
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15 553 AR (transport and catabolism ) F2SH | 3
A 1 808 4~ unigenes,, 11 B¢ ] IR 55 B AL B2 H1 1)
unigenes A 2 923 4~ Ho i3 B 21 {5 5 % 7 (signal
transduction ) W.ZE Y unigenes 3% , 4 2 470 >, ER
AL 5 BN TS558 unigenes 3575 8 829 4>, Hir
TE B 2] B 7% (translation ) V.25 /) unigenes fx &, A
35534, BB ZE A unigenes A 23 363
A, Hir R R 31 42 JR) R 4 b (€] (global and overview
map ) W2 MY unigenes 52, 8 972 1>, HRERIAEY
REX B A unigenes I o | BN i VA e



36 N7/ I A S

W5 55 30 &

12415 53 AR ¥ Transport and catabolism

JFiZ HiMembrane transport

{5 %5 %% 3:Signal transduction

8 7 F M ffRFolding, sorting and degradatian

S il Fff& = Replication and repair

5 Transcription

il ¥ Translation
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2.1.2.4 KOG YJRe g5 R it KOG Fdls Xt 757
TR B FAS i s unigenes A THREVEA T T , 25 SR UL
K3,

IR 3 7] W, 545 40 096 4~ unigenes 1 B3] 24
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function prediction only) ] unigenes A 9 104 4>, K
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transduction mechanism ) JJHER unigenes A 5 352 1,
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( posttranslational modification, protein turnover and
chaperone ) I HE ) unigenes A 3 182 4™, 1 B 2| % 5%
(transcription ) Y BE Y unigenes A 2 544 >, {3 B 2|
RNA i T-#1{& i ( RNA processing and modification )
IHERY unigenes 1522 /I\,{E;F%QU?QL(QEFUQTF%EE
Y& . 12 i AN 43 i AR ( secondary metabolites
biosynthesis, transport and catabolism ) HJHEF* unigenes
£ 1043 4, ik unigenes )& 55 f5 i AL 5 5%
HEBEEFEN
22 EIREFEEEANSERESHIFREERRE

KER AL
221 ARSI T ACET SIS A

FIRE P I R WA X 5 i ) AR P L3R 2, R AR R
N AN AL AT 2 AL 5, R P Oy R AR X 5
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IR V32 i AR ¥ Amino acid transport and metabolism

#1032 fi AL ¥t Carbohydrate transport and metabolism

2RI A 5 LR e (A 43 5 Cell cycle control, cell division and chromosome partitioning
2 B/ ) 4 40 K A Cell wall/membrane biogenesis

Yty i 45 F 130 77 Chromatin structure and dynamics

A Y032 i AR Coenzyme transport and metabolism

21 i B 42 Cytoskeleton

By fEL il Defense mechanism

fiE i 2E 7 ¥ 4 Energy production and conversion

4445 K Extracellular structure
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Fig. 3 Result of KOG function classification of unigenes in transcriptomes from leaf and branch of
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Table 2 Change of relative contents of linalool in leaf and branch of
Cinnamomum camphora var. linaloolifera Fujita before and after
fertilization (X+SD)

N [R5 R BEAE X 5 i/ %)

Relative content of linalool in

RE ] , n
Sampling time! different parts
M H Leaf A% Branch
T1 84.91£0.02¢ 74.65+0.01c
T2 87.39+0.05b 83.92+0.05ab
T3 89.89+0.01a 84.83+0.06a
T4 86.54+0.41b 83.13+0.61b

BN . Jiti IR Before fertilization; T2 JEAE 555 1 > H The first month
after fertilization; T3: Jfi I J5 2% 3 4~ H The third month after
fertilization ; T4 . HENEJE %5 5 /N H The fifth month after fertilization.

2 FF RN E/ING TR R 25 5 8.3 (P<0.05) Different lowercases

in the same column indicate the significant ( P<0.05) difference.

IR TR A2 SRR, R AE S AN B ) i
F VR D R BEAR G B A T REAL AT, 25 5 A
E(P<0.05) /K5 HAERAL 5 25 3 AN H w7 Fiks
5 R B AH X i 338 B B s, 4 9k 89. 89% Al
84.83% HAERAL J5 55 5 A~ i AL v % % B A
X ) 2 TR

222 FREASRAELABALRAKRT TR 4
B IR R R ST R AR R AR, 1 — A ik G
SR SIS O e Y N e

a var. linaloolifera Fujita

(FPKM) 475387, 25 L3 3,

HH 2 3 0] L - DAt IS D A i R RIS ) s 2H 4K
P SeE 23 A 57 RERES MU DC R EE o
15 AN FEPREAR R E KT & T Fr, 8 AR R AEnT
R IB KT TR, U AR 5 AR [R] B0 4
PRI i) 2 ik AT A 2R 4k

F% 3 01T UL . St AL FTAE L, Al S 2 3 A
MR 18 N JEBRIFR IR M B A 15 AR
H BRI, it g R 2 R SRR A R A
134>, f045 3 > DXS JE[H ( DXS1 . DXS3 1 DXS6) .
1 ~DXR [ 2 A~ HDS 2K (HDSI F1 HDS2) |1 4~
HDR J£K (HDR2) 2 A~ IDI ¥R (IDI1 F1 IDI2) .1 />
GPPS 3£ [H (GPPSI1) Fil 3 4~ LIS FE X (LISI ., LIS2 FlI
LIS4) ; 340, BARTG AL J5 it v CMS 1 GPPS2 A
DL R A o CMK \MDS 1 IDI3 3[R () 3k KF TR,
{3 S R (1) B A SRR AR A ey, 2 WD 3 e PR S ]
RES 5 R I IR FE

MRS , WA MDS F1 IDI2 BLPH LA K rh
GPPSI JER 38K F- 22 5 ik 3 (P<0.05) , K Wi
FHA: W% 52 A I AT B X3 S i R Y R 38 A — a2 1 5%
Me, L3 LI PR e TR AT 249 il R W it FH A= 9 o 2
AR AT REXT LR IR fE AR T, i At PR A
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Table 3 Change of expression level (FPKM) of regulator genes related to linalool synthesis in leaf and branch of Ci m camphora var.

linaloolifera Fujita before fertilization and the third month after fertilization (X=SD)!

B B KT Bl B S R Fk kT
HH Expression level of each gene in leaf Expression level of each gene in branch
Gene A HEAEIESE 3 41 BB HEAEIESE 3 41
Before fertilization The third month after fertilization Before fertilization The third month after fertilization

DXS1 66.91+8.84 90.30+0.39 79.37+20.52 109.83+2.65
DXS2 0.33+0.01 0.77+0.05 1.36+0.13 1.18+0.16
DXS3 73.87+6.79 80.25+4.38 55.65+1.05 63.54+0.45
DXS4 0.19+0.08 0.44+0.05 0.16+0.01 0.08+0.04
DXS5 2.10+2.01 1.28+0.13 4.19£0.43 1.29+0.06
DXS6 7.08+0.02 7.48+0.33 7.33+0.31 7.44+0.30
DXR 204.86+7.42 233.38+24.13 146.50+21.14 170.40+26.76
CMS 13.13£2.73 9.32+1.68 23.31x1.04 23.49+0.41
CMK 34.61+4.51 39.37+6.04 55.63+5.27 51.67£1.05
MDS 48.73x1.78 54.23+1.84x* 52.95+2.60 46.29+3.54
HDSI 58.58+2.35 71.32+3.48 72.11x14.12 72.91+6.66
HDS2 32.31+1.91 38.15+£3.03 30.28+9.27 38.42+2.86
HDRI 0.05+0.00 0.00+0.00 0.10+0.01 0.07+0.03
HDR2 103.34+4.21 130.62+0.78 169.03+20.88 170.22+2.64
IDI1 15.79+7.31 23.70+3.96 34.58+1.57 38.47+0.23
IDI2 20.82+1.34 27.23+0.76 23.53%2.71 25.37£2.95
IDI3 5.24+0.23 6.25+0.02 6.65+0.18 6.00+0.11
GPPSI 2.40+0.68 3.08+0.04 4.58+0.09 5.57+0.01%*
GPPS2 9.89+0.78 9.55+0.58 12.42+0.30 12.84+0.08
LISI 3.59+1.80 6.25+0.44 1.84+0.12 2.07+0.55
LIS2 14.75+4.98 24.82+5.13 4.37+1.24 7.17+0.11
LIS3 0.18+0.07 0.00+0.00 0.08+0.04 0.03+0.00
LIS4 4.52+0.28 6.16+3.34 1.27+0.13 1.92+0.08

Doy AR AT S AT S 3 A A Rl —307 A9 FE R Feak sk P25 52 3 (P<0.05) The gene expression level of the same part is significantly ( P<0.05)

different between before fertilization and the third month after fertilization.
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