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Abstract

Terpenoids are one of the largest groups of metabolites in plants and play an important role in plant
response to biotic and abiotic stresses. Terpene synthases (TPSs) are key enzymes in the synthesis
of terpene compounds in plants. However, there are few reports on terpene synthases in rapeseed.
In order to explore the role of TPSs in rapeseed, the function of the terpene synthase gene BnaTPSA08-
1 (BnaA08T0101600Z) in Brassica napus was studied. Based on the cloned CDS sequence of
BnaTPSA08-1 gene in Brassica napus, the over-expression vector pFGC5941-35s::BnaTPSA08-1 was
successfully constructed. Five transgenic plants with stable BnaTPSA08-1 gene over-expression
were successfully obtained by Agrobacteria-mediated hypocotyl genetic transformation of Brassica
napus. The organic volatile gases released by overexpressed transgenic plants were collected and
the gas components were determined by GC-MS. The results showed that: Compared with the or-
ganic volatile components of control plants, over-expressed plants produced 25 different types of
volatile gases, among them, undecane and undecane derivatives account for the most, indicating
that the biochemical function of BnaTPSA08-1 gene product is to promote the synthesis of undecane
and undecane derivatives. This provides a good basis for further study on the biological function of
BnaTPSA08-1 gene in Brassica napus.
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1. 3]

H WY =E (Brassica napus L)@ T T FAeRHEY), VEN—FREZEMEFEY, “—F(2ZH” RHH
S, SRR N R Z & FHMORIE, 1 AR R 29 TRIBEM L. IR R RIE. B
IR P EAE 1] B A I R b [EAE T 6 s P S e, LW B AR 4% 51 S 1) TR A%
FHEOMSE KB [2]. N T IR BRIR SUF ORI AR, DAV R SR AT, B NS
BREHEWMRA T8 S, A TR SR A EE, SRR B S RPN U R ) R B R 2
BAHEIER A RORE . RS2 EERS =Y R —38, BRI RIS R a7 ol
o8 AR, BABUEAM. Bk, EIE S TR E3], YA KK B AP T T R O A
Mo ERNE IR A T GG Th 4R AT DU 5 6k Ry, ARt n] Re G Busd e, #
BOAEYI B A R AR [4]. 0 )7 & RS (Terpene synthases, TPSs) 2 EYIHi 2L & W& i8R, TESH
B A A ARG K[5], TPSs A 2SR E VG BUS R BB JG — AN ERTT[6]. )G
BE[RI(TPSs J= ) (1) 215 52 3 22 P S 428 DAL 7 (R0 ], o A e s R 42 AL -1 W ) AT DA ) il s 1) 2B
JR[7]o AtTPSO3 7 I 5 RN K] ATPS HEI ZR IR [8], B EZ BT HMG K A p[8]. Bk th AR AL &
WAL, RN —FAEYIRAEAREIYI0], s S HATAEYIE AV A S e It 2 M E B, A
i P PRSP EALEEIEE[10].
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AR M= TPSs 2 DRI S A ME AR R & P AR FHARGE AR D, AT 7% H i 2 g =2
H1E) TPSs 2K BnaTPSA08-1 #EAT T se M BRIABI L,  FF i FaB MRS A MR 2 AT BT AL
KAIE BnaTPSA08-1 W] e 5 et A R NEA WL SIS 1A 5%, Nitk— B IT BnaTPSs A& A M3
(A= 5 T e B Ak i

2. RS RE
2.1. M8

HEE AR “XY 157 BhFok B TR AW A PR B L 1% 5K 8 RS = . Kiphtw
DHS5a &2 5 A SKR = RAE, HMFIBEAK pFGC5941 A SLIG 1R,

22. &

22.1. TERFEHIEHE

PAH #5322 cDNA AR, R NAA R IR : ¢cDNA (300 ng) 1 uL. Phanta Max Super-Fidelity
DNA Polymerase 1 pL. 2 x Phanta Buffer 25 uL. dNTP Mix 1 pL. 5|%) F (10 uM) 0.5 pL. 5% R (10 uM)
0.5 uL LA ddH,0 21 pL, SAAFIN 50 uL. PCR RN A5 E N : TR 95°C, RELE 3 408k 21 95°C,
1570 Bk 62°C, 15Fp; %EfH 72°C, 45 Fb; HA&AEM 72°C, 55080, LT 34 MER. HHEIY
BnaTPSA08-1-F(5’ATGAAAACACAGTCACAGCCTCT3')
BnaTPSA08-1-R(5TTATGGAACAGGGTAGACGAGCA3") Y 184545 B U117 55 (K) BnaTPSA08-1 () CDS F Bt.

T8I i IR RIS H AR B B FE RIS Fr B4 31 pEASY 8k b, SR #4062 K17 5 DHSa
AR B A RILE R Kan) IR R IR L b, PR g, M6 DU SR REAT T PCR
B5iF: PATEVE/E/DNA 1 pL. 2 x Rapid Taq Master Mix 7.5 uL, 5% F (10 pM) 0.2 uL, 3% R (10 uM)
0.2 uL, LA ddH,O 6.1 uL, & AAFT 15 uL. PCR &/ SHTIAMIE, XSZ51%H
pFGC5941-35S8-2577F(5'ATGACGCACAATCCCACTATCCTTC3")F1 BnaTPSA08-1-R, UARIAFEAL s ThHE
e W A5 R BN IERM, W — By REEFR G, HTOR 5 B0 ) & 5 B0 B bR v B pEASY-
BnaTPSA08-1 CDS iR H T F—2H.

TESEEUF RS, MR LN B U] SN AR REFD) 5%z FURL(1 ng) 1 ul, 10 x buffer 2 uL, B 1 (Ncol)
2710.5uL, M 2 (Xbal)%) 0.5 uL f ddH,O & 20 uL. FHH, X pEASY-BnaTPSA08-1 CDS Fil pFGC5941 it
7 U] 43 ) (BT UAC 75 B2 1) BB s R/ IE A BRI I T4 Bl 58 % B2 )5, F DHS o B2 540 i 4k
KIGFF . FREPRIE VA IRUE, WS T — 80 PRI A A% I B AR Z5 0, X6 L2 B i3 45 2R
WA TER, BRI A K5 77 3 AR BUSORL . P B AL 5 BERAE DR 00 6 BR 2 7 578 o

2.2.2. RERFEREL

K AR, Kt ik ik pEASY-BnaTPSA08-1 Ji KAk MU AR AT GV3101 . BEJE, ¥
AL R I EMRIEAT T8 50 pgmL ™ FIE R, 50 pgmL ™ FFEFAT 50 pg-mL™ JRKE R IR,
DGR e B VE R b o R TR E T 28 CREIR 557 2~3 R, BRHCRAN VA AT BRI e P 4 e .

2.2.3. BEFHE

¥ XY1S P, WERFRFRE L, EERAM TELEK 67 K, WHEVIK 0.8 cm K
B R IRRAE N SZ AR AME R &4 pEASY-BnaTPSA08-1 FURLAIARATHE GV3101 BB G T Ik
15 min, B FRRBAETCHAC BT, FoPEIfE IR b, N 24 CHE R E R, IR 40~48 hs
Wl s F I R R B S R B, 7E 24°C, 16 h GHR/8 h BERE &R R = h g, HiES
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HELAL, 21 d JERSMERER BRI, (a2 A FRAE R, S0 IRIRE R Y B e — Uk
Mo et gRat, BRI HURTIO 2F; Rr LI 2R KB —E R G, FR R AR P AR 2-3
Bl ZJEks D EARN NG e e S A P AT R A, BN R R R

2.2.4. FEE MR

Fp/NMErs R REAR K 2~3 A #T, F CTAB iEIREUMZEN A DNA, PCR K 5] 4% B :
pFGC5941-358-2577F(5'ATGACGCACAATCCCACTATCCTTC3") I
BnaTPSA08-1-R(5TTATGGAACAGGGTAGACGAGCA3"). Filit PCR F=¥IHIKE N 1647 bp, Fe¥iEd
1.5% 5 it 2 JRC HhL i Aar I 485

2.2.5. WHER PCR

FEIE O e B AR R, SRR A 20 pL, HURFEFSH) cDAN 100 ng, 2 x BioZues® HS Taq
Universal SYBR Green qPCR Master Mix 10 uL, 1E[5[4)(10 uM), J[715]4(10 uM), Nuclease-free water
N EE 20uL, FEFHE N 50C 2min, 95C 10min; 95°C 15S, 60°C 1min, 40 XPEIR; % 72°C 30
S #47 RT-qPCR 23 #7.

2.2.6. SFWEEIERMSF
GC-MS 73 M 4&ft: HB-88 BAEFE(100.0 m x 0.32 mm x0.25um); %N He (4L 99.9999%); #EEE
IR : 250°C; ARiE: WIEATEE 120C, £ Imin. 10 “C/min FHEZ 175°C, {£#F 10 min. 5°Cmin F+

% 210°C, {R%F Smin. 5°C/min FHE % 230°C, RFF 15min; AE#E: 1.04 mL/min, Z¥kk: 20:1; &
FYREILEE: 200 2 E: 220°C; FZLLHAFEER: 50~700 m/z; #EFEE: 1L,

3. ZREHH
3.1. EFRESF pFGC5941-35S::BnaTPSA08-1 B493E

HIE AL BnaTPSA08-1 JE R v [ (1) B 51 Wi 5" DB ¥ ] 0§ Neol (CCATGG) A AR i
H(CATG), ' BnaTPSA08-1-F, (CATGCCATGG)ATGAAAACACAGTCACAGCCTCT; Fi#gI4¥) 5
JRPR &4 N VI Xbal (TCTAGA) MR H#HE(GC), Bl BnaTPSA08-1-R,
(GCTCTAGA)TTATGGAACAGGGTAGACGAGCA. A5 H IR “XY15” HEFIZH cDNA AR,
M E R PCR & H AT WS H A5 Bt PCR R BNAA & : PCR R FR: cDNA 4 1 uL. dNTP Mix (10
mM each) 1 pL. 2 x Phanta Max Buffera 25 ulL. Phanta Max Super-Fidelity DNA Polymerase 1 pL. BnaTPSA08-
1-F/BnaTPSA08-1-R % 1 pL. ddH,O 19 uL. PCR JMFEF: 95°C AN 3 min; 95°CALME: 15, 58°CiR K
15s, 72°CHEMH 1 min, 32 MEF; 72°CLEMH Smin. MIMIRTF 252 1647 bp HIH5(Kl 1), BEEH PCR
L= HIAE 1.6% B BB o e pkoRsc i, Bl B i) B

M 1

2000b

1000b

VE: M: Trans2K® Plus Il DNA Marker; 1: H#s ) B PCR 724

Figure 1. BnaTPSA08-1 fragment PCR product
& 1. BnaTPSA08-1 FE& PCR =]
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¥ It B %82 pEASY-Blunt 4TI, 5 ZS11 BEAF 5T s, R wE 2 fig, =
B 15 31 5 BnaTPSA08-1.

1050 1060 1070 1080 1090 1100 1110 1120

BnaTPSA0S. seq
BnaTPSAO8-1.seq

1041
1041

CAGATATGTGTACAACTTTTTTAAAAGAGGCAAAGTGGTACARAAGAGGTTACAAACCTAAACTCGAAGAGTACATGGAA Majority
1130 1140 1150 1160 1170 1180 1190 1200

BnaTPSAOS.seq
BnaTPSAO8-1.seq

1121
1121

AATGGTTGGCTCTCAAGTTCTGTCCCTACAATACTTCTCCACTTGTTATGTCTATTCCCCGACCAARACCTAGACATTCT Majority

1210 1220 1230 1240 1250 1260 1270 1280

BnaTPSA08.seq
BnaTPSAO8-1.seq

1201
1201

ITGTCTCCTACCACCACCATGTTATTCGAAACTCTGCCACAARATCCTCCGTCTCGCTAACGATCTCGCCACTTCTTCGAARAGG Majority

1290 1300 1310 1320 1330 1340 1350 1360

BnaTPSAOS.seq
BnaTPSAOS-1.seq

1281
1281

AATTGGCAAGAGGCGACAARATGTTAAGTCCGTACAATGTCACATGCATGAAACTGGATCTCCAGAGGCAGAGTC CACGTGCG Majority

1370 1380 1390 1400 1410 1420 1430 1440

BnaTPSA08.seq
BnaTPSAO8-1.seq

1361
1361

TACATTCGAGAAARTGATCGGTGTGGCTTGGGAAGACTTGAARACTTGGAAAGGAAGAGTTGTTGGCTACATCAAGGTTTCGT Majority

1450 1460 1470 1480 1490 1500 1510 1520

1441
1441

BnaTPSAOS. seq
BnaTPSAOS-1.seq

AGAAGCGGCAGCTAACCTCGGACGCGTGGCTCAGTGCATTTATCAGTACGGTGATGGCTATGGCAGTCCCGARAAAGGCTA Majority

1530 1540 1550 1560 1570 1580 1590 1600
1521 BnaTPSA08-1.seq
AGACCGTCGATCATGTCCGGTCCTTGCTCGTCTACCCTGTTCCATAR Majority
1610 1620 1630 1640
1601 BnaTPSA0S.seq

1601 BnaTPSAO8-1.seq

Figure 2. Sequencing results of BnaTPSA08-1 connected to the pEASY-Blunt vector
[&] 2. BnaTPSA08-1 3%E3% pEASY-Blunt Z {545 R

F Ncol F1 Xbal % H 1]y BEA pFGC5941-35S #5347 WEFY) (Wi 3), BYIfR R(20 uL): DNA
100 ng. FD Greenbuffer2 uL+ Ncol 1 pL. Xbal 1 pL. ddH,O #M&E. 37°C W 30 min. S 45 W J5#E47 B
JEBE SRR A R 1Rl i 2%

V#: M: Trans2K® Plus Il DNA Marker; 1. 2: Ncol. Xbal X}
M) pFGC5941 #ifds P FHMEXTIRCGREED)): N: AN

Figure 3. Ncol. Xbal double enzyme digestion pFGC5941 vector
3. Ncolv Xbal EEL] pFGC5941 itk

K B IR 1R H b Fr BOMXUTT R IE B pFGC5941-35S BEATHESR SN,  #AEE
pFGC5941-35S::BnaTPSA08-1 id Fik# Ak, EFEARZR(10 uL): Linear Vector DNA 50 ng. Insert DNAS:1
molar ratio over vecto. T4 DNA ligase 0.5 uL 10 x T4 DNA ligase Buffer 1 pL. Water, nuclease-free /€ «
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22°C¥EH% 30 mim F 51k K DHSa. FREUE & T PCR %65 . X% 52 H 0 BH P B &34 7, DAB (3%
PRR TR M . A (R A4 iy % pFGC5941-35S::BnaTPSA08-1 i Rk sk R (& 4).

CaMV 35S \ BnaTPSA08-1 >

Figure 4. pFGC5941-35S::BnaTPSA08-1 overexpression vector schematic
4. pFGC5941-35S::BnaTPSA08-1 3T FRIAF K &

3.2. RFENM SO HIER MR TR EE U R EER M ERNEE

¥ pFGC5941-35S::BnaTPSA08-1 i NARFF B GV3101, fEH 54
pFGC5941-358-2577F(ATGACGCACAATCCCACTATCCTTC) A BnaTPSA08-1-R B&:1lE, PCR 45 5 & R0
5), CURINEEN GV3101 HIFRL, FIAE A J5 SR SR8 A% S A0 il 5 A2 s T R 0 B VAR

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 P N

2000bp
1000bp
¥¥: M: Trans2K® Plus II DNA Marker; 1~20: .17 PCR =4, P ARHMEN IR pFGC5941-35S::BnaTPSA08-1, N:

X

Figure 5. pFGC5941-35S::BnaTPSA08-1 overexpression vector Agrobacterium colony PCR
5. pFGC5941-35S::BnaTPSA08-1 T FIAH A R AT EE % PCR

SO AUE B AN B B, U0 2.2.2 BT 5 VAT AR AT B A5 000 H W B3 S T R s AR FL Ak o F i Th
T SEDUIE R DNA, {8/ 514 pFGC5941-35S8-2577F Al BnaTPSA08-1-R HEAT#4 JE MSA I « H
SOmBL AR, 195 28 BRPTVEISE, KT 15 MRPTVEISEIS B 11 BREGEERIMZE, PHIERN 73%.
BN RIS SRt R (3 DR, SEEAE A S A RS e m m B (il 6, B 1R .

Table 1. Statistical table of transgenic rape

1. RERmRGIT R

Hik £ TR EOEAA piEghE FeRRDRSE BTER (%)
pFGC5941-35S::BnaTPSA08-1 PPT 1150 756 28 11 (15) 73%

¥E: M: 250 bp DNA Ladder; 1~15: FUiE® 1-15 55 N: AN p: POk FHPEXER; N KA.

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 p N

2000bp

Figure 6. Identification of expression frame of pFGC5941-35S::BnaTPSA08-1 in rape material 1-15
& 6. pPFGC5941-358::BnaTPSA08-1 ¥5MZzH Al 1-15 RIAELE

PV L RS2 A i RNA, W58 ¢cDAN &, fH%GE R PCR 44T XY15 S FERHE 4
BnaTPSA08-1 AN RIE K, %62 & PCR 5140M# %G NCBI Beit, FHrhIER 514754 BnaA0S-dIF:

DOI: 10.12677/br.2024.136065 628 UL/ BT


https://doi.org/10.12677/br.2024.136065

B <5

e a: GA b FHRBAER: o HER 4 @OHALNET: e @HALAENME; £ ERFHEE
Hi; g HUMEEAEM: he REEROBUME R

Figure 7. Schematic diagram of genetic transformation of rape

B 7. mEttE e rERE

CGGGAACAAATATGCGAAAGAGG, [ [A5|%)N BnaA08-dIR: TCGGAACATAAGGGCAGTCG, X
27 AACH T BAH T R B R T AR T SE AR RIA EAREAL N 1, SREIR, 781 SRR,
BnaTPSA08-1 #3%/KF bifflf = (] 8)-.

6— BnaTPSA0S8-1

~
]

Relative expression level
[\8]
|

<& ; v Vel > io)
T VNS
O ) o o )
e FF5RRE p<0.05 IR B S CK A S e SRR S 2%
Figure 8. Detection of BnaTPSA08-1 transcription level in transgenic rape

8. BEPFMIEH BnaTPSA08-1 ¥R IKF1&M

N
Q

3.3. EHRELXMSERESHINE

3.3.1. EEEM

VU A XY15 5 4 S5 FRRIEE 0 BIBONEE A RN AR I, FRIF TA WA 23 59 3k
RIGH BT HE R SRR, Feor B IE e L RRE, B2 % 500 uL, i 2.2.3 Frik & 4Fdk474
SR, @S E GCMS-QP2010 B4 (i FEsr 2, Bk, 31 2 P2l o 2 (& 9.
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10)HEAF, XY15 B Ba R0 3 #, 00l 1-Q-FEE-1-FRZEIDRAE. 2-Q-FHIEHER)
PImEA — 2 W T k. i 9% BnaTPSA08-1 JH3Z(OE010-4) 43 B HU A 20 oy 25 Fh, B Le kWi,
HrhZHON+— e e+ — BT

WwT
99,557 -
- _
&
& 50000
B
=z
3
_~TIC*1.00
0 —— ; — T ————— | A r —
6.0 10.0 20.0 30.0 40.0 50.0 56.0
£ BBt [8]/min

Figure 9. Chromatogram of various substances in wild type (WT) volatile gas collection of Brassica napus

9. HERUERFER(WHEL M SEWED SR EIEE

OE010-4

200000 {205,796

150000 -

100000

T BB /PA

50000

- ..l}w---TIC*l.OO
v

6.0 10.0 20.0 30.0 40.0 50.0 56.0
LR BF It [E]/min

Figure 10. Chromatograms of various substances in volatile gas collection of overexpressed BnaTPSA08-1 rape (OE010-4)

&) 10. i$3RIE BnaTPSA08-1 SH3Z(OE010-4)iF & M SIFWEh B R R ILE

33.2. EES

I X PR R R R HEAT R BT 2. %% 3), WT MR IR e 3 FhiE R4y 5 & b
N 1-Q-FEIE- - L) R 15.545%. 2-Q-FHF LA FAIL) A EE 6.08% 2 ] ik 77.96%,
OE010-4 faRkHPILY S| 25 FEERY), FHEZRI WA R 2,2,4- = -1 3- R BT T TR
35.86%, KE KM 37.95%, Hot+—ki kAN 16.09%.

Table 2. Relative contents of volatile components in WT plants

2. WT IR R MR 1 S BEMK

o5 CAS 5 & TREE ) fikk
1 20324-32-7 1-(2- PR k- 1 - F Bk 2 5 ) 7 TR 10.317 15.545
2 13588-28-8 2-(2- AR B T A I I 1 10.624 6.08
3 112-34-5 T 15.545 77.96
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Table 3. Relative contents and composition of volatile components in overexpressed plants

3. EREERIEL TR OB S EEM

Hoy T CAS & &Y LR BRI 1) Lk
1 124-18-5 5Lt 10.032 1.36
2 104-76-7 2-ZF O 10.65 3.45
3 17312-78-6 3,4-Dimethylundecane 11.697 1
4 1120-21-4 +—ke 12.5 1.83
5 124-19-6 T 12.683 1.33
6 3304-28-7 4-Hexenal, 5S-methyl-2-(1-methylethylidene) 13.351 34
7 1632-70-8 5-FI B —kt 14.25 4
8 2980-69-0 4- I+ —kt 14.415 2.77
9 17312-78-6 3,4-Dimethylundecane 14.609 5
10 1002-43-3 2-(GU P 3 )- 1 - FP - T H-Ik s 2 s 26 14.87 6.14
11 112-34-5 LR 15.546 7.84
12 112-40-3 + 16.115 5.56
13 17301-23-4 2,6-— HFHEA—) 16.69 474
14 17301-22-3 2,5-dimethylundecane 18.755 2.87
15 17312-80-0 2,4- A —HE 18.866 2.88
16 6117-97-1 4-F A g 19.173 436
17 1560-97-0 2- Ak 19.491 437
18 1560-96-9 2-FEA =4 19.831 6.37
19 544-76-3 IE+7Ske 21.252 3.08
20 629-59-4 0% 24.819 2.95
21 31081-18-2 3-Methyl-5-propylnonane 27.617 1.58
22 128-37-0 PrE 264 27.786 11.28
23 96-76-4 24- BT HK 27.853 261
24 777-95-7 1,6- A+ %-7,12- 29.304 6.03
25 41556-26-7 HeFEE 7 HS-508 (292) 56.26 3.21

M XY15 5 RIBR Z A R ML TR 5 B 22 S AT 2 b, A TA) 2 B 2 e i i RS ML PR
KR A bt St e e, 1 XY 15 HBCA . B BnaTPSA08-1 H5 (A ) E LA D2 itk
e AT A

4. &5t

AW FCIEL e B3R IA BnaTPSA08-1 HMR 52 MK XY 15 MANIIE KAy 2R, RERER
ISR I T XY 15 HERE A -kt R ELATEDMI =4, UL BnaTPSA08-1 J: A 1) F AL ThRe 28

et — b K AT A G K

5. Hig

R AP H AR T T AFAE ) — 2K B A B A TR D R MR 3 AR IR K R IR 11, T )
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