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HbHMGSI

1.1
( col-0)

; LA Taq DNA polymerase( TaKaRa RRO2MB )
; DNA

CaMV 35S nos(

GUS
HOHMGS1 T2
HbHMGSI

73397 o
) pCAMBIA1301 GV3101
( TaKaRa) T4DNA ( TaKaRa)
( OMEGA D6943-02) ( OMEGA D2500-02)
Marker 19T o
. GUS :2 mmol * L™'X-GLuc 100 mmol * L' Na,PO,

5 mmol * L.™" K;Fe( CN) ; 5 mmol * L.™" K,Fe( CN) , 10 mmol * L™" EDTA 0.2% Triton X400,

(n 2 T2
12 24 48 72 96 120 144 h - (2)
2 6 1 37 C (16 h /8 h )
5h 1 10d
. CaMV35S o
1.2 HbHMGS1 CTAB
DNA. NCBI HbHMGS1 mRNA ( GenBank Accession number:
AF396829) v BLAST HbHMGS1 o Primerpre—
mier5 HbHMGSP¥: CGggatccGCAAACAAGAGGAATGGTTG HbHMGSP-R:
CATGccatggTCTCTACGCCTCTCCAATTCC HbHMGS1 ATG 1 656 bp
BamHI  Ncol T o
HbHMGS1 DNA HbHMGSI 4290/4.4040/4.-699/4.454/4 -
213/4( ATG) 57 PCR HbHMGS1 57

o

D2—<F(4290/4) : CGggatccTCCTTAAATTTAAGAGTTTAACGAG;

D3—<F (4040/4) : CGggatccTGGATGGCTTCTGATTTGGT; D4—<F ( 699/ ) : CGggatccGATTCGTGTCGCAT-

GAGGTT; D5—<F( 454/4) : CGggatccGAAGTGGGCTCCAAAAGATT

D6—<F( 213/4) : CGggatccTTCTCTC-

CTTGCTGCTTCCA . PCR T o HbHMGSI 57
T BamHI  Ncol 2 pCAM-
BIA1301 GUS
D14656 D2-4290 D34040 D4-699 D5454  D6-213.
1.3 HbHMGS1 DNAMAN
PlantCARE ** ( hitp: // bioinformatics. psb. ugent. be/webtools/plantcare /html /)

HbHMGSI o
1.4 HbHMGS1 GUS

GV3101 100 mL LB + Rif( 25 mg *

L") +kan(50 mg+L™")
(pH5.7) 400 pmol = L™ AS(

0D, 1.5~2.0 10 mmol * L"'MgCI2 10 mmol « L' MES
) 0Dy 2.0
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3h 1 28 C 3d
GUS o
1.5 HbHMGSI
100 mL LB + Rif(25 mg * L™") +kan(50 mg+ L") 28 C 0Dy =1.0~1.3:5 000
r * min~' 10 min ; w=5% ODg,=~1.0
©=0.02% Silwet L. -77 .
90 s. TO ©=70%
w=10% 50 g+ L' MS
o HbHMGSI TO
Tl DNA  DNA GUS PCR .
1.6 GUS T2
GUS X-Gluc GUS 37 C 70%
. GUS 4-MUG 0
2
2.1 HbHMGS1 HbHMGS]1 5
PCR 1% 1 600 bp 1200 bp 1000 bp 700 bp 500 bp 250
bp 1A) . pMDI19T
. HbHMGSI1 5
T GUS o
1% 1B 1 600 bp 1200 bp 1 000 bp 700 bp 500 bp 250
bp o DNAMAN
. HbHMGSI1 5° GUS

1 HbHMGSI 5
M M1: DL2000 marker; M2: DL10000 marker; 1-6:
; 7: PCAMBIA1301
Fig. 1

4656/4 4290/4 4040/4 -699/4 454/4

213/4 PCR

The cloning of 5 deletions of the HhHMGSI promoter and identification by restriction enzyme digestion

M MI1: DL2000 marker; M2: DL10000 marker; 1-6: The PCR product of 5 deletions and restriction enzyme digestion the

expressing vector; 7. Identification of the PCAMBIA1301 vector

2.2 HbHMGST HbHMGS1
( 2) HbHMGS1 TATA-box.CAAT-Dbox
4 AT1-motif.Box 4.Box I.GAG-motif.1

GARE-motif.2
MBS o

CGTCA-motif . TGACG-motif.1
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ERE.1
HSE 1
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+ CARACAAGRG GAATGGITGA ATAATTARAR ATARTGTEIT CICCAATTAT ATGIGTATAT TARRATIIAG
= GITIGITICTIC CTITACCAARCT TATTAARTTIT TATTACACAA GAGGTTAATA TACACATATA ATTITAAATC

&

ACTARATATA AARAARARART TOAAARCTTITT ATGTACATIT TTITCAATTIT AGTTATARAC TTRATTTAAA
- TGATTTATAT TITTITITTA AGTTIGAALA TACATGTAMA AMAGTTARAR TCAATATTTG AATTARATIT

+ CRATTAARTT GRATAARARAC AATICARARTC CITICATICA TTATCARTIT TAGTITARTIT TIAARRT
= GITAATTTAAR CTTATTTTTG TTAAGTTTAG GAAARGTAAGT AARTAGTTAAR ATCARATTAAA ARTTTA

+ TTATTAATTT ATTCAATAAT TTTTAACATT TTTATTAARTT TTAGCARATT TTAATATATA ARAAATTARD
- MATAATTAAR TAAGTTATTA AAAATTGTAA ARATAATTAA ARTCGTTTAA RATTATATAT TTTTIRATTG

+ AGCAARATAR TATATCTIAT ACAGTIATIT TAATTITITA AAATTITATC TCTATITATA CTITICGACTT

+ ATATCTTTTA ACATTTTTIC CTTARATTTA AGAGTTTAAC GRGAGAAAAR ARRATTTAAT AATTTAAATA
- TATAGAARRT TGTARRARAG GAATTTAAAT TCTCARAYTG CTCTCTTITT TITTAAATTA TTAAATINE

+ TAAAATARTT AARTGTRART AATATRATCRA ARRTARACCT ATITATAACT TITAARATAR TATATATITA
B T TTACATTTA TTATATTAGT TTTATTTGGR TARATATTGR AAATTTTATT ATATATARAT

+ AAATAATTTT TARACTTATA TTTATTITAA ATTTAATTAT ATATTATICA CARCATATTTC ATTAGAATTT
— TITATTAAAR ATTTGAATAT AAATAAAATTY TAAATTAMATA TATAATAMGT GIGIATAAANG TAATCTTAAR

+ AGTACAATTT AATACTTARA mumnimrﬁcrcm ARATGGOTTG GATGRCTICT
- TCATGTTAMA TTATGARTTY TTATATGATY AGTARCGGTG AGGACCTAAC TTTACCCAAC CTACCGARGR

+ GATTTGGTGT TAGATCAAMS ATTAARAANC TTATITITIT GATAAAMATT ATTTCAAACA TTTITTAAAR
= CIAAMCCACE ATCTAGTIIC TAATIIIIIG ARTARARARR CTATTITTAA TAAARGTITGT ARARAATIIT

+ BATAATTTTA TTAATTIAAA TATTTICITA AARRTGATTA TARRARATGA TTTTATTATT TAAATTTTTT
— TIATTARAAT AATTAARTTY ATAAMRGAAT TTTTACTAAT ATTTTTIACT ARAATAATAR ATTTARARAD

+ TACAATTAAR ATAATIIIAT TTAATTATAG ATTARTTING ATATATITTA ATTAATATAR TTAARATAAT
= ATGTTAATIT TATTARAATA AATTAATATC TARTTAAAAC TATATAARAT TAATTATATT AATTITATIA

+ ATTTTTTAAT AATAATATCA AACATAMRGCC TATTTECGAG TorcTcacTa TTATTCTCA

- TAMAAATTA TTATTATRGT TTGIATTCGG ATAAACGGTG AGTGAGTGAT AATAMCAGTG TGATATATIG

ARR ARACAATARAR TARARCATIT TTATTCTGAT GITICGIGIG ATTCGIGICS CATGRAGGTIC
= TITTTTATTT TTTGTTATTT ATTTTGTAAA AATARAGACTA CARAAGCACAC TAAGCACACT GTACTCOCARD

+ TGGAAAATAR AATAGATAGT TATTARATAT TTTAAATTTA ATTATGATAA CTAATTTTAA TATAATARCT
— AOCTITIATT TIATCTATCR ATRAATITIATR ARATITAAAT TAATACTATT GATTAARATT ATATIATIGA
+ TATTAATTIT TATTITAATT TAAATTITAR TTATAATAAT TAATTITATI ATAGTAARRA AATARRAARAR
- ATABRTTAAAA ATAARATTAA ATTTAAAATT ARTATTATTA ATTAAAATAA TATCATTTIT TTATTTTTTT

+ ARAAAGRCAT GIAATGTAAT GGCMFCAMCH COCAMFEOCC ARGGOGCCCR
— CITIATAACT TITITCTIGTA CATTACATTA COGICGITGT GGOEIICCEEE TTOCOGOEEET

+ DOGCARRAAR TAAAGAAGTC GLCTCCARAAR GATTCCACTS TTOGACTCTC TGROGAGTAAT GRCAGRAATT
- GOCGTTTTTT ATTTCTTCAC CCGAGGTTTT CTAAGGTGAC ARGCTGAGAGS WCCCTCATTA COGTCTTTAR

+ GETAMMTAAC TETAAAATTA ATGTCAAGAG TTAMMACACA OGCATITGIC ACTACTCACA AGCTCACGAT
— OCATTTATTG TACAGTICTC ARTTITIGIGT GOGIARAACAG TGATGAGTGTI TOGAGTGCTA

+ GOCTGOR: TG ACTCGGRAGR GRGCAGAGGR GAARCAATTTT TTTTTCTATA TAAGCTCAAC
- COGACGTAAR CTGCCCGERBRRRAGCCTTCT CTCGTCTCCT CTTGTTAAAR RARAAGATAT ATTCGAGTTG

+ ARLCTTCATGE TGAGOCICTA TAATCATCCT TCTCAGICIC TCTIIIIICTC ICCTIGCTGE TTCCAGEGAC
= TIGGAAGTAC ACTOGGAGAT ATTAGTAGGA AGAGTCAGAS AGAAARAGAGS AGGARCGAOS AAGGICCCTG

+ COCTCICCTT AATTCACAGT TTCTCTTCTC AARTTTAGTTT CATTIITTTT CCTGAARACTT TTTTARATCT
— GOGMAGGAN TTAMGTGTCA ARGAGAAGAG TTAAMATCAAAL GTAAAAAAAL GGACTTTGAR AARATTTAGH

+ CIGIACARAA GAGRGRATTG CAGCTGCTGE TIOCIEOCTGE CITCIGITIT TITICCATIT GATIICITIIT
= GACATGITIT CICICITAAC GICGAOGAOS AAGGROGGAC GAAGRCAAAR AARRGGTARAR CTAARGRARR

+ MRGTTTIGCGE CTGTIGIGTC GAGGRGGAAT TGGAGKGGCSE TAGAGRAR
— TCAMMMCGOC GRCAMCACKG CTCCICCTITA ACCTICTCOGE ATCTCTIT
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A ATG B BamHI Neco I Bglll
JI§
[-1656 | GUS |
[-1290 [ GUS]
[=1040 [ GUS |
[-699 | GUs |
(45 GU5 ] PCAMBIALS0!
[-213 | GUS |
3  HbHMGSI 57 GUS
A. “4656” ATG 1656 . B. PCAMBIA1301 Hyg R: ; LB:
; RB: o

Fig.3 Schematic diagram of the HhHMGSI promoter and it s different 5 truncated promoters fused to the GUS reporter gene
A. “d656” represents the nucleotide number was 1656 upstream of ATG  of the HhHMGSI promoter. B. The bacterail hygro—
mycin-resistance gene ( Hyg R) used as a selectable marker. LB and RB represent the left and right D-DNA border respectively.

D1-1656 D2-1290 D3 1040 D4-699 D5454 D6-213

)

4  HbHMGSI 5 GUS
Fig.4 Transient expressions of the GUS gene driven by the HbHMGSI promoter and its deletions in tobacco leaves

2.4 HbHMGS1

2.4.1 HbHMGSI HbHMGS1 GUS
o T2 GUS
9 T 2 GUS 6 12 17d
45 d NN N 17d 35S GUS
GUS HbHMGS1
GUS 35S GUS

5 HbHMGSI( D14656) GUS
A:6d yBr12d ;Ci17d ; DH: 45d N NN ;1.358 b
Fig.5 The results of GUS staining of HhHMGSI ( D14656) promoter in tissues and organs of transgenic Arabidopsis plants

A: A Transgenic plant of 7 days after vernalization; B: A Transgenic plant of 12 days after vernalization, C: A Transgenic

plant of 17 days after vernalization; D-H: Leaf inflorescence root stem and silique of plants of 45 days after vernalization re-
spectively; 1. CaMV35S; J: Wild type.
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Fig.7 Expressional responses of HhHMGSI promoter and its 5° deletions in transgenic Arabidopsis to heat
shock (A) and drought (B) treatments
3
GUS HbHMGSI 57
PlantCARE HbHMGS1
GUS HbHMGS1
HMGS 2
HMGS
22 HbHMGS] GUS
PlantCARE HbHMGS1 4 AT1-motifBox 4.Box I.GAG—
motif o HbHMGS1



58 2019

96 h GUS
GUS 96h GUS
HbHMGS1 o T2
D4-699.D5-454 D6-213 GUS D14656.D2-4290
D34040 GUS 699 4 4656 699 o
4656/4290.4290/4040.4040/-699 213/4
HSE( AAAAAATTTC) GUS HSE
o HbHMGS1 MBS -
1656 4290 454 =213 GUS D6-213
MBS .
J. 2007(2) : 15 - 16.
J. 2007( 3) : 199 - 205.
. 2006( 10) : 16 — 18.

. J. 2017 37(5) :98 —104.
GRONOVER C S WAHLER D PRUFER D. Natural rubber biosynthesis and physic—chemical studies on plant derived latex
M/OL //ELNASHAR M. Biotechnology of Biopolymers IntechOpen 2011. doi: 10.5772/17144.
6 KHAREL'Y KOYAMA T. Molecular analysis of cis—prenyl chain elongating enzymes J . Nat Prod Rep. 2003 20: 111 -
118.
7 SKILLETER D N KEKWICK R G O. The enzymes forming isopentenyl pyrophosphate from 5-phosphomevalonate( mevalonate—
S-phosphate) in the latex of Hevea brasiliensis J . Biochem J. 1971 124: 407 -415.
8 LYNEN F. Biochemical problems of rubber synthesis J .J. Rubber Res. Inst. Malaya 1969 21:389 —406.
9 SUWANMANEE P SUVACHITTANONT W FINCHER G B et al. Molecular cloning of 3-hydroxy-3 -methylglutary coenzyme
A synthase in Hevea brasiliensis Arg Mull. ] .Sci. Asia 2002 28: 29 -36.
10 SIRINUPONG N SUWANMANEE P DOOLITTLE R F et al. Molecular cloning of a new ¢cDNA and expression of 3-hy—
droxy-3-methylglutary-CoA synthase gene from Hevea brasiliensis J .Planta 2005 221: 502 -512.
11 SUWANMANEE P SIRINUPONG N SUVACHITTANONT W. Regulation of the expression of 3-hydroxy-3-methylglutary—
CoA synthase gene in Hevea brasiliensis ( B. H. K) Mull. Arg J . Plant Science 2004 166: 531 -537.
12 DARE A P SCHAFFER R'J LIN W et al. Identification of a cisegulatory element by transient analysis of co-ordinately
regulated genes J . Plant Methods 2008 4: 17.
13 ZHANG C X WANG W Q JIANG X N et al. Review on plant gene promoters J . Yi Chuan Xue Bao 2004 31(12):
1455 - 1464.
14 YUTAO Y GUODONG Y SHIJUAN L et al. Isolation and functioal analysis of a strong specific promoter in photosynthetic
tissues J . Science in China Series C: Life Sciences 2003 46(6) : 651 —660.
15 ODELLJT NAGY F CHUA N H. Identification of DNA sequences required for activity of the cauliflower mosaic virus 35S
promoter J . Nature 1985 313: 810 -812.
16 BATTRAW M J HALL T C. Histochemical analysis of CaMV35S promoter-bglucuronidase gene expression in transgenic rice
plants J . Plant Mol. Biol. 1990 15(4): 527 —538.
17 TANG C YANG M FANG Y et al. The rubber tree genome reveals new insights into rubber production and species adapta—
tion J . Nat Plants 2016 2(6): 16073.
18 LESCOT M DEHAIS P THIJS G et al. PlantCARE a database of plant cis-acting regulatory elements and a portal to tools
for in silico analysis of promoter sequences J . Nucleic Acids Res 2002 30(1): 325 -327.
19 JEFFERSON R A KAVANAGHT A BEVAN M W. GUS fusions: beta—glucuronidase as a sensitive and versatile gene fusion
marker in higher plants J . EMBO J. 1987 6(13): 3901 -3907.
20 ZHU Q SONG B ZHANG C et al. Construction and functional charzcteristics of tuber-specific and cold-inducible chimeric
promoters in potato J . Plant cell Rep. 2008 27(1): 47 -55.
21 ALEX D BACHT]J CHYE M L. Expression of Brassica juncea 3-hydroxy-3-methylglutaryl CoA synthase is developmentally

wn AW N =



1 : HbHMGS 1 R 59

regulated and stress — responsive J . Plant J. 2000 22(5): 415 -26.

22 VRANOVA E. COMAN D. GRUISSEM W et al. Structure and dynamics of the isoprenoid pathway network J . Mol
Plant 2012 5(2): 318 -333.

23 RODRIGUEZ-CONCEPCION M CAMPOS N FERRER A et al. Biosynthesis of isoprenoid precursors in Arabidopsis M //
BACH T J] ROHMER M. Isoprenoid Synthesis in Plants and Microorganisms: New Concepts and Experimental Approaches.
New York : Springer Science + Business Media New York 2013:439 —456.

Expressional Responses of the HbHMGSI Promoter to Light
Drought and Heat-shock Treatments

GONG Xiaoxiao YAN Bingyu TAN Yurong WANG Peng LI Shuangjiang
WANG Yi ZHOU Luyao LIU Jinping

( Tropical Agriculture and Forestry Institute/ Hainan Key Laboratory for Sustainable Utilization of Tropical Bioresources

Hainan University Haikou Hainan 570228 China)

Abstract: 3-hydroxy-3-methylglutaryl coenzyme A ( HMG-CoA) synthase ( HMGS) is an important enzyme in
the mevalonate ( MVA) pathway of isoprenoid biosynthesis which regulates the rubber biosynthetic pathway in
rubber tree ( Hevea brasiliensis) in coordination with other genes. However little information is available about
the regulation of HMGS gene expression. The fulldength HOHMGSI promoter was cloned its promoter sequence
analyzed with PlantCARE database and a series of 5”deletion constructs constructed. The constructs including
CaMV35S-GUS were transformed into tobacco and Arabidopsis thaliana by using the Agrobacterium-mediated
method and characterized quantitatively and ualitatively in transgenic plants with the GUS gene as a reporter
gene. The GUS histochemical staining was observed in the leaves of tobacco and different tissues of T2 transgenic
Arabidopsis plants at the young and mature developmental stages. When the T2 transgenic Arabidopsis plants
containing the HhHMGSI promoter were exposed to light and darkness the activity of GUS protein 96 h after
light treatment increased quickly to about 3.2 times of that 72 h after light treatment and the GUS activity of
leaves 72 h and 96 h after dark treatment increased to 1.38 and 2. 13 times of that 48-h after dark treatment re—
spectively. Quantitative detection of the GUS protein activity in response to heat shock and drought treatments
showed that the 699-bp sequence from -699 to the start codond might be the major heat shock response region
and that the drought response region was mainly located in the 213-bp sequence from213 to the start codon.
These results indicated the HbHMGS1promoter may play important roles in regulating of expression of the HbH-
MGS1 gene in response to light heat-shock and drought.

Keywords: Hevea brasiliensis; 3-hydroxy-3-methylglutaryl coenzyme A ( HMG-CoA) synthasel ( HOHMGSI) ;

promoter analysis; GUS staining



