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WE: [ BH 1DET2 BH %S —A> Sa-ib 5, EHEER MR (BRs) G RGBSR EEE R . B9 DET2 %t
HIEmM AR LB T IER], X T — B R ABRTEARA Y h ) RENLRA HEEE L, [ FiE ] AR
B34 84K ( Populus alba x P. glandulosa, ‘84K’ ) TilEfS R Ur 5+ AtDET2 [R IR KN PagDET2, F|FHAEYIE B
ST IR X . AR AT . MR G R B A . BT RT-PCR M HAE i i 2ib =, # st
Hi CaMV 358 5it i 3 IR S i) Rk dh, i RATEA T 00 ALk Fe b 84K 1, 133 PagDET2-OE %%
FRAERE . Wi 3Rk DET2 F X FREZEREAR IR BRs & i, AERAE K MPLspiem ., (&R ] wkETHE
TR IX PagDET2 B2 1K, W 4id— MK EEN 257 MaEERMWE LR, HEQTFINS5ERY . UE
IF . KFE . MRAE. KRS, il DET2 & F AR EGS , UL UTIZE R e 1 i #2 T A XS R SF . PagDET2 1E
84K M AR L h R I B R 3k, HAEZErh Ay RIA B S . Bl ELISA K454 BRs &% A B, o Rk
DET2 WL\ B E 2 =Am M INUR BRs i, o358 DET2 #EH, 7T DLS SRR AR, [EXTERhaE
IR, [ 4518 1DET2 FEFVE N BRs A MU CEESER, ZEAp i it i 28R ] DL 542 = R BRs &4, {2k
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KT P DET2 FEHIIRe s, BeRic A —Ledfk
Fo XBHBEN WEN ., RGBSR R IR
ISMRAE GRDET2 2, bt TR A K KB
U HE, CTESM R RIRH A B
DET2 BN BTSRRI AR T, KT it DET2 3
PRI A5 AT D4R = A A PR TR T 58 28 A R It oK L
i 7o AW MR B4 84K ( Populus albaxP.
glandulosa, ‘84K’ ) W/ Bl Fd I+ AtDET?2 [A] YR
LN PagDET2, ¥#: PagDET? i \Fikakik, I
i LB AL RS ) i 3R 3K PagDET2 W B
B, XHAK . KT, A9 DET2 14
R R B T Dy RE 2 SEA

1 Mk 5T ®

IR
AT AR R R 84K, R
AL B # B BEAR A S 1% B [ 5 E S o &
fEo SC50 I A B L3 i Bk, IF i gk
HIRAR BB S LR aR ., KA Tl i 20 35
ML (292.5 om) FHAEEIAEMRKTFRIL (1/2MS JEhl
VFRHE, 0.05mg- L' IBA £10.02mg- L' NAA, 0.5%
Bk, pH5.8~6.0) , ¥FH T ATSMRE (RE
N 23~25 °C, JEFEWIN 14 /10 h G IR/RES, SLIR
584 50 pmol-m s ) o AEK 20 K)E, K HEE
#HEEFR LA, 22 CKHE (140/10 h EHE/E
) B E ks AR

AT RS Gateway Al J24A& pDNOR207 .
1t 5k H AR pMDC32, GUS 2H 2136 3k 43 #r 24k
pMDC164 ., RAHFF# ( Escherichia coli ) DH50 )
RATH ( Agrobacterium tumefaciens ) GV3101 B Fp
P A S2 86 2R 1F . PCR 51914 LR T 51 )5 Hy

F1

1.1

Invitrogen 2\ ] 5¢ i . PCR Jz i F 1 2 45 W B2 1)
Premix =5 EJif Primer STAR HS . 58y 147 PCR-
Mix . DNA marker, BEFIUAFE (TaKaRaAgarose
Gel DNA Purification Kit ) 144 Takara 2\ 677 .
1.2 KB HAE

1.2.1 RNA # B F= cDNA & %% RT-qPCR 4 #7
K H QIAGEN 73 #] RNA #HGR7 £ ( RNeasy mini
kit) , JfHHRULIT AT HE I RNA, RNA ¥ B I BT T
43 ) FI Nanodrop8000 ( Thermo Fisher Scientific )
1 Bt R AR B P P KR I o B A SRk R
PrimeScript™ RT reagent Kit ( TaKaRa ) % [ ji
WIHAE, HFT I S5 L cDNA,

TE Roche 480 7F &Y #§%, 18 F§ SYBR Premix
ExTaq™ I i #] & ( TaKaRa) | 347 RT-qPCR 43
Br, ACTIN JERAERNZ, BAFEM AT 4 DL
REF,

122 PagDET2 ARy 5% VIR IT AtDET2 3%
R EWIER, TEERY (Populus trichocarpa ) %
K20 885 % ( http://phytozome.jgi.doe.gov/pz/portal.
html) ' Blast 38 BU A¢DET2 [f] i 3 K PtDET2
( Potri.016G110600) J7 41 . fdi HI 51 ¥ BT H 1+
Primer ¥ i1 PtDET2 FEFIEE PS4 A% X (CDS X))
5514 ( PagDET2-F fil PagDET2-R) (& 1) ,
A 84K 47 cDNA it , I JH e PR R 5 1 Prime
STAR #4171 PCR Y4, 193 H W2 K PagDET2,
FEHATINF B
123 A M4z &% 5 i ] ProtParam ( http:/
web.expasy.org/protparam/ ) 1E£E43#T1 84K 4 DET2
B H AT EPERT . FIH] NCBI 2 H 451 704 ™
v (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.
cgi) 44T PagDET2 & (45 FTyfig. FIH NCBI

PCR ¥ 38ET A5 ¥ 51

Table 1 Primer sequences used for PCR

5| ¥4 #Primer name

¥ 31 (5'—3")Sequence(5'—3")

FHi& Application

PagDET2-F ATGGCCCTATTAGATCAGAGCCTCT CDSIX 41
PagDET2-R TCAACACAGAAAAGGGATCACTGCT CDS sequence amplification
DET2-RT-F ATGGCCCTATTAGATCAGAGCCT FE Y
DET2-RT-R CAGGTGCGGTGGAAGTAGTGGAAGA Primers for quantitative analysis
PtPP2A-RT-F ACCGCATACAAGAGGTTCCACAT ERTY)
PtPP2A-RT-R GTAACCACATTCTTTTCCTGACACC Primers for quantitative analysis
Actin-F AAACTGTAATGGTCCTCCCTCCG N5
Actin-R GCATCATCACAATCACTCTCCGA Internal reference primers
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WG (https://www.ncbi.nlm.nih.gov/ ) FIHEHIHER ZH
vt ( https://phytozome.jgi.doe.gov/pz/portal.html )
A 4R IR BUA [F 9 A oh DET2 & 3R ¥ 91 . 1
DNAMAN # 4 L XA [l Fh i DET2 8 2 55 R
FE, JF o A ks 4 A 507, 4 3 F MEGA
6 FIFH N-J A &S R F0 ) DET2 2 175 R 458
KA R
124 ABEERAEHFFESH FHFERE
PCR J7 X%} DET2 1E 84K 145 H 4L i k15 I
HEATAMHT . L 84K 1445 LH 211 cDNA Ftsidz,
FeS 59317 PCR Y1, JEXF PCR P17 1%
DERRBBEIC LK o AR A5 S8 BEFI T DET2 B[R 7R
H UL R FIBTE D
125 BAMEA RN FIH Gateway £ K,
¥ PagDET2 3£ M % 3% 2 A 1%k /& pDNOR207 I,
ALK AT B I P 0 0E Je , T2 B ad kR
pMDC32 1, F ALK RAAT R 55 IE

W F B U ) Fak 2K pMDC32-DET2 Hiilif%
AT GV3101 Bz 40, A HARFFE AT
M B IL AL 84K 4 o HAASAE Ak 5 1 LS
R (18], 19BN FE bk R 4T PCR AN, Jf42
I RNA X PagDET2 3£ [H 47 RT-qPCR & #5047 .
PERRFGR I 1Y) 3 i R Bk R TR
12,6 MR BEZTABRENE BIRRE
e 3MRTEE TR L AEK 2 ATy, B =
30, R AR, R URBIEES 5 L il m
A PBS (#iRZE W, pH7.4) . MY (Plant)
MR ZE A (BR) ELISA & IHAH & (G IEA
AEPATE, ) WE SRR MBS R, B
AT 3 ERELR, FFH IRULHIHRAED,
127 HHAEKERAHE, REEHFR  FEAF
ARy ASTRIFE IR S350l 52 BT A= Y 84K 4% Fll PagDET2-
OF 5L ##1 % 9 bk, 7EE T L hiEsR 75 K,
MitkeEr, JFERE 3K,

TEHUEY 4= 8 84K 4% Fll PagDET2-OF % 55 [H %
#1 £ 10 Bk, TEEFR PR 2 S H TR AT
B, Hrsdh st & 5 vk, TRl
FHS Bk, IR 3 R, fEMERSEEe, L300 mmol L™
1Y) NaCl /K WAL BRAR Y, I ZEAbBE 10 K, FF4L
WML FEPLRLR, HRATREKS, BETE
PR T RAbH 6 K, FReeiigg, DUIEW BaK i
BRAE AT B o 3o 4P SR DNl FH sk S A SRS
Mg (ARR, L), IR EAE,

1.2.8 #3E%+  {IiH] SPSS Statistics 24 &k {FiE1T
BAEG T 0Hr, JEH t R4 57 B K.

2 HRERN

2.1 PagDET2 EEZEMF SIS
PL 84K # cDNA Jy Bl , i JH 4% 5= 51 ¥
PagDET2-F fll PagDET2-R ifiif PCR 413545 84K
¥ DET2 £t IX P51, 645 4 PagDET2 %
o JFHVMHIERIM, PagDET2 3N 5E14% PDET?
B R FF B MR 35 97.93%, 2R [ 51 R ABLEE 3k
96.89%. PagDET2 J:H 4ifh X 44 774 bp, ik
— KR 257 N EAERNE A, B TEY
4 29.84 kDa, FUSAEHLEL (pl) N 9.49, PagDET2
EAFI T EAWA So-ib5E ( So-reductase ) @
T ERR", 4351 Glu (56 ) F1Glu (199 ) 2021
(Bl 1), FH NCBI #4718 F1458 53 Mk B —
i & 2834 B DET2 ( steroid reductase DET2 ) o
FIF DNAMAN #f 47 2 50751 Lo xt A3k
Wi, 84K DET2 i H ¥ 35 BARY ( Populus
trichocarpa Torr. & Gray ) . #LF§J% ( Arabidopsis
thaliana (L.)Heynh. ) . 7KF& (Oryzasativa L. ) . Fifk
( Gossypium hirsutum Linn.) . KX ( Glycine max
(Linn.)Merr. ) . i (Lycopersiconesculentum Mill )
DET2 & FFA HA R EAALE (K1) . —i
X SAEAERE B ARSI, Al RE 2 B2 DS,
Pk
AT 84K B . B . WRIT . KAESE
TH ¥ DET2 & H 2 R IT 9 M R 58 & B S
(K 2) . 458", DET2 &AL TE =
Yyrh 3255 B AR )RR AR PRS2
84K 1% DET2 5EH£4). R T F M4 DET2
FET— 1 REKB L, RELRBE, M5K
. ERERFMAEY) DET2 R4 LRBHE, X5
A B —3
22 EBERERFALAHFREDW
N T W3S PagDET2 FER W H AR kG0, 43
T 84K MR | AR e AR I . it
()95 R IE AR By 1 2 3 7[R IUE RNA, 2
R a b vk & PCRE: I . 45 SR R,
PagDET2 JEHTE 84K #7& MHLAUh A Kk, H
fE 12 3950 (Inl-3) | PEE (S) A
(YL) Feiki®im, e (R) At (ML)
T Fk AR . PagDET2 JEPIVE Rl R NER &
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PagDET2 86
PtDET2 B6
AtDET2 87
GhDET2 85
LeDET2 87
OsDET2 90
Consensus
PagDET2 I ««SETEG....... 165
PtDET2 T +oSETRG . aeens C 165
AtDET2 FRSSFPAGKN....... 169
GhDET2 «TTCER...c. .. 162
LeDET2 veeANEEN...... 165
OsDET2 LRRAP...... APVEIL 176
Consen3us :

#*

PagDET2 1 256
PtDET2 256
AtDET2 261
GhDET2 253
LeDET2 256
OsDET2 aFh o 2 -5 1 3 Fiag e YT & B Efeegs v BE 267
Consensus d 1 1k gy prgg f v pny ge ew g a f yte nl pra wy kf ¥yp rka p

E1 EFAEHFH DET2 FiEE AR IS4

Fig. 1 Multiple sequence alignment of DET2 amino acid sequence in different plants
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Fig.2 Phylogenetic tree constructed on the basis of
DET?2 amino acid sequence
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B3 ##ith PagDET2 EEERALAFHRILER
(YL: 8, ML: B ZA, S: IEF71E, Inl-3;
1E3750E, R:4R)

Fig. 3 Expression patterns of PagDET2 in poplar ( YL,
young leaves; ML, mature leaves; S, middle internode;
In1-3, internode 1st to 3rd; R, root )
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Fig. 4 The expression levels of PagDET?2 in
PagDET?2-OE lines

2.4 FRIE PagDET2 BEE 50 iH3EE NERIEK
SF=gad:ap=Al!

DET2 B RAE RN 2R R G it A v i) S
BRI EEH, R T WF9E DET2SER G b i)t 36
RJE X PIR IR SER R & S5, dlat RT-
qPCR # M 1 ¥l 3¢ R N IR 15 5 I OC B 5 1A
PtPP24 $:NTE PagDET2-OF tR Zh iR ik i, 45
RN : PagDET2-OFE 5K 1) PtPP24 3 A
TR AR 84K ([ 5) o
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Fig. 5 The expression levels of PtEXPAS in
PagDET2-OE lines

i —25 i ELISA K il 44 1 4 ¥l =8 25 P9 g
e, 8RR S5EPER] 84K WptLl, PagDET2-
OE MRZTRENEE =R ES (K6) .

2.5 WERIX PagDET2 BEEAXHMERK A BRI
R

TEN A % 1 7 2 W R 9 57 2R A 84K
1 PagDET2-OF ¥: %A%, A4 75 KW PagDET2-
OF AR A KW s THAE R 84K 4% (&1 7)

J T W58 PagDET2 JER X FAEYIPTEL . it 2
FIFZM, XY A= 7 84K Fl PagDET2-OF % 5 M 1
AT T RMEMEE . 48R SR TERMHE TS Z
T, IR A W AR AR A 84K A R AE I W AR K
ET a6 X5, %FAER 84K ¥ Fll PagDET2-
OF ¥ 5L AR I 172835 . MGl A ay Bl
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Fig. 6 The content of BRs in PagDET2-OE lines
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Fig.7 75-day-old wide type ( WT ) and PagDET2-OE transgenic poplars
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i, DO TR R BRI A K R E
PR ENLEIA BB X, DET2 3R RIAXT25

A R IR EE N R 18 B R R 3 3k s i)
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Cloning and Characterization of Brassinosteriod Biosynthesis-related
Gene DET? in Poplar

LI Ze-hua', DU Juan®, HE Xue-jiao', ZHAO Shu-tang', LIU Ying-li', LU Meng-zhu'

(1. State Key Laboratory of Tree Genetic and Breeding, Research Institute of Forestry, Chinese Academy of Forestry, Beijing
100091, China; 2. College of Life Sciences, Zhejiang University, Hangzhou 310029, Zhejiang, China,)

Abstract: [Objective] Brassinosteriods ( BRs ) as essential plant hormones play crucial roles in plant growth and
development. DET2, a Sa-reductase, is considered to catalyze a major rate-limiting in BRs biosynthesis. Study on
PagDET?2 gene is useful to understand the role of BRs in woody plants. [Method] In this study, PagDET2, a homo-
logus gene of Arabidopsis AtDET?2, was isolated from Poplar 84K (Populus alba x P. glandulosa, ‘84K”). Bioinform-
atic method was used to sequence alignment and analyze the basic physical, chemical characteristics and evolution-
ary relationship. Tissue expression patterns in poplar was analyzed by RT-PCR. The over-expression vector was con-
structed and transformed into poplar 84K. PagDET2-OE and wild-type plants were used to measure the content of
BRs in vivo and analyze the role of DET?2 in plant growth and stresses resistance. [Result] The CDS of PagDET?2
gene was 774bp, encoding a 257 amino acid protein. The protein sequence of PagDET2 protein were conserved
among Populus trichocarpa, Arabidopsis thaliana, rice, cotton, soybean and tomato. Tissue specific expression ana-
lysis showed that PagDET?2 was detected in root, leaf tissue and stem tissue. Stem tissue of internode 1 to 3 showed
the highest expression level among these tissues. The BRs content of poplar was measured by ELISA. DET2 could
significantly increase the endogenous BRs content of poplar. Overexpression of DET2 gene can promote plant growth
and be more sensitive to salt stress. [Conclusion] Overexpression of PagDET?2 can significantly increase the endo-
genous BRs content and increase plant growth. PagDET2 may also be involved in the wood formation and internode
elongation.

Keywords: DET2; Populus alba x P. glandulosa , ‘84K’; overexpression; brassinosteriod; height growth
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