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4-BDE fhiEX EQIFAEEAEREZ LN
wEs A 4 W ok R/ AR
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W OE TN ZEEE (4-monobrominated diphenyl ether,4-BDE) BUAE#4& B WL, A SCHF 5T T A Rl
J¥ 4-BDE Ab3 B (UL T A EARMTEES 7 ARR L A0 2002 L R o2 BRI (5 ) 2 00— ok
) 4-BDE AbBEXSE FAZALRE A AR A= B S i s 2 2F 9N, B6BH 4-BDE FTBE R AT — & MItEY
AR FEYEON.TE 4-BDE (5 ST A5 E R MBI EAE R, 300 mg- L B AR 2R A8 6 HL32 3 I 2 Y
AN B AR IRFE. 53T B A E , 4-BDE 755 A0 31 A9 B M 4115 V0 S 8 AR A0 S8 B2 1 e A I i s Ak, &
IR B S M P S i £ | B S 2 M HE 1 AR SR % RV B 30 me- L' 4-BDE ABFE 23 d 4B BN AR Y
(MDA) & B3 7 TALH 47 d 1 58 d 19 (P<0.05) ; HIE AL BEEFA] 30 mg- L' 4-BDE 4b (% 1 & 1k ¥ i
(POD) {if M 28 5 T3 IR 4H ( P<0.05) . 5 Ab B[] A SE K |3 mg- 17" 4-BDE 4B 4% B AR EARAY MDA &
R LTHE R RS POD W25 LIRS U LRI 8RB E AR A E RN 4-BDE
Joip3E HAT — R (35 0 il

(IR B, 4B, AT, EFRRAE, 4-BDE.

Effcets of 4-BDE on adventitious rooting of tissue culture
seedlings of Populus tomentosa
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(1. Agricultural University of Hebei, Baoding, 071001, China; 2. Key Laboratory of Tree Species Germplasm Resourse and
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Abstract: In order to understand the mechanisms of phytoremediation of 4-BDE (4-monobrominated
diphenyl ether) , the effects of 4-BDE on adventitious roots differentiation, phytocytohistology and
some physiological-biochemical characteristics on tissue culture plantlet of Populus tomeniosa were
investigated. The results showed that 4-BDE promoted the differentiation of adventitious roots after an
initial inhibition in a certain concentration range, which indicated that 4-BDE might have a certain
biological effect on plant growth hormone. The adventitious roots under the exposure of 4-BDE
became dark in color in comparison with the control, and 300 mg- L™ 4-BDE had a remarkable
restraining effect on the length of adventitious roots. Compared with the control, the microstructure of
adventitious roots treated with 4-BDE changed significantly. The cellular contents within adventitious

roots increased and the cortical cells became closely arranged. In addition, for 30 mg-L™" 4-BDE
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treatment, MDA ( Malondialdehyde ) content of adventitious roots on 23th day was significantly
higher than the content on 47th day and 58th day (P<0.05); For the same treatment time, POD
( Peroxidase) activity in adventitious roots under 30 mg-L™" 4-BDE treatment was higher than that of
the control (P<0.05). Under 3 mg-L™" 4-BDE treatment, the MDA content first increased with
treatment time and then decreased, while POD activity presented a gradually increasing trend. These
results showed that the adventitious roots of tissue culture plantlet of P. tomentosa had a certain
adaptability to 4-BDE stress.

Keywords: Populus tomentosa, tissue culture seedling, adventitious roots differentiation,

physiological property, 4-BDE.

ZIREHETE (Polybrominated diphenyl ethers, PBDEs) J2& A BRI i —Rh 1 kw2 i T46 T,
A BTG58 R AR S U PBDEs 78 PRBE o R A, 1 ER B )G B SR IR R K
PEU AT R RO IR AT AR IR B O B BT . H AT E AR A AR T (IR R R L+
e s R RS AR RS ) AR U PDBEs BUFFEAEN Y PBDEs 7EIBEA R
SCPEAE R P RT3 2 ' BECRIR AR P A QS FH 3 i B 8 Sy e s 1 (PR TR AR PR i |, e 238 Ji 7 ) 02—
PLARIEZEE S ;4-BDE (4-monobrominated diphenyl ether) J&— R ACHEE A B[R] 2 4 45 B i £ 5 E 11k
HEY R EE IR A A LIS e, EE Y 1B E PBDEs B 57 b B B AR R &
Wy B, B P R A 4-BDE AL AR MR RORRE R YRR 1B K 4-BDE (5T
RSN

FEYIE 5 HA 28R AR AR AR R TR Wi A Ak A BILTS G 8 — B o7 Ak 3075 G + S8 1Y)
J7 ¥ AHYITE T SE R AR Y SR an 25 F T | B SRSz 1S W30 B A B R R AR AT ) AT DL 2o el 28 AR &
14T 25 TN 45 P SR 3 Iy B i 2420 TR b AR R VB Sy T e il Vs e W R RS A 28 8 7E R WK 4-BDE
i EE o+ J S AR .

AR E 4% ( Populus tomentosa Carr. ) 2035 i A 4 Bl B 5% 4-BDE AL FEXT £ 4% 20 55 1
AEMRPIEELE A H 5 A FRA AR DL O e AR o A R0 5 T R s e, LA Ay 3E — 20 i 5 G L
15 PN AL B AR AR | A 8 MR8 B 1 R 24 BRI SEA.

1 #BS 7 ( Materials and methods)

1.1 MR

SRR A R AP & 5 256 AR 6 F14% ( Populus tomentosa Carr.) 235 Wi AE I AEPI A1 KL
1.2 gk
1.2.1 4-BDE X} & I 20 55 1 B9 2 28 Wi i 56

Pk K R H R T —3E A ( Populus tomentosa Carr.) 455 HAE AR IR R I 4 15 1
FIFRATRIER A7, B HAB B B 2 em K JETZFE  H 2 B A9 25 B, 43 B4R AR B AU I AS [6) k32 (3,30,
300 mg-L™") 4-BDE [ 1/2MS+0.5 mg-L™" 3-M[M T FR (IBA) B RE IR 3L, LRI 4-BDE 19 1/2MS+
0.5 mg-L™" IBA 3537 B A0t B SR TAS 28 MR 2 Ak 335 3. 7™ A 22 SR A TR R/ IN g = A TR R 8 R | (]
FER A AR R 28 A5 5 A0 AL 85 T R AT R R O B R rh BN A BRI S AN AL E R
450—680 nm LED YGI, JERRIREE Hy 250 wmol-m s JERE MM 16/8 h, IR F(25+2) C.
1.2.2  BEABASE A ERE & A XIEEAI5E

FERT SR R 28 10 5% B A 4185 1 09 28 ARDIR B0 DL RS S AR T8 8578 1k - BEAH. 7 35 35 1Y
55 58 REGETTHH B i A AR BRI iE 5%
1.2.3  BEAHASE A E R S IEE

S AERE SR BEET AR 23 (47 .58 d URE R TR AL B & I 2 55 A e AR AR RPN 5 mm 72
A IRREE A FAA [E52 WP [5E 24 h 5 s sl S R T K B B 20 | A3 A BRE A 4 0
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R AR E VIR IR EE R 10 wm A9, FREe b R i 5 B s 5 33 B 2D R I 2R A7 A £ - [ 2
o, e N B AR I o A7 35 20 B SE R, 18 A Axio Tmager A2 850 8 33088 (18 [ Carl Zeiss
Jena ) WLZEAN [F) b B A% 2L 35 10 AN 0 R 11%) S Fc i 1 28 A - REAH.
1.2.4  BHHARE SRR A B bR B

KA T H 2 2 75 I %€ T3 % ( Malondialdehyde , MDA ) & & 5 F A 81 A By v5 1 47 3 S AL ) 1
(Peroxidase , POD ) 1 P i) 2 127
1.2.5  BdEstr

KM Microsoft Excel 2007 1 SPSS17.0 GEit o Ak i AT 40 70 b e 22 5 10 B VERR 56

2 5 59718 (Result and discussion)

2.1 4-BDE X FIAH A 5 B A @ RIE S 52 0

AN E 4-BDE AbFEXT B (AN EMRIE A MR 2 (18] 1) B 4-BDE ZbBEMR BE (934N, B A
ZH B AN E MR BB IR , 30 300 mg- 17" 4-BDE Ab B | 2H 55 A 52 AR A0 460 A0 5 12 T A B8R (1] ) B
KB E A E 300 mg- L' 4-BDE AbFRZH 551 19 A @ AR S SR (0 A MR (K 2 K A2 3 B 41
il 1E G 2R B 8. B B R AL W R E AR XS 4-BDE Y e B — 5 B3 R RE F7. SR AR AR 25 R g
B, 725 (NAP) (3E (PHN) (EE (PYE) Zb L, HEPAR 2 09 248 K AR S 32 B I 4. 5 AR i 56 245
FHL.

%} & Control 3 mg-L"'4-BDE 30 mg-L™'4-BDE 300 mg-L™'4-BDE

58d

1 ARSI IH] 4-BDE AbBES B FZ LT B A ERIE S22 10

Fig.1 Morphological changes of adventitious roots of P.tomentosa seedlings under different 4-BDE concentrations

2.2 4-BDE Ab3HXS B G AL AN 2 AR Sk 52 el

IR 4-BDE AbFRRT T F 4 2 55 1 AS 8 AR A st 1) R AR AR B A 8 i (36 1, 1 2) I AR it
(] A S [ AL B Y B A AL B 25 B Je T8 RS E MR S , RS2 AR 4Bk 1009 8BSt (] A AS [R] Ak B8R Y 25
BEEIE AN E AR I TE].3 30,300 mg- 17" 4-BDE Kb | 36 4% 20 855 B W0 AR I AR 8] 43 31) X B e 2
3.5 d, BAWIR RV B 4-BDE A BT X & A AL 3G A iR 0 4046 B I /R L B E 4-BDE Ab B}
[P E4 .3 .30 mg- L™ 4-BDE Ab P 20 5 1 0 A 8 i 4 Ak 2R 5K 100% A [a] 43 591 L% BB B2 17 7 d
6 d, 55X MEAEAE P22 57 % B LI A AL B AN 8 AR 9 40 Ak 2R B A2 2E 3000 117 300 mg+ L™ 4-BDE Ab 34
AN TEFR ALK 1009% B[] 5 068 B 1Y) 22 5 K 25 R Rk BE (3,30,300 mg - L") 4-BDE 4b B 5 £
P 2H 5 B A TE AR AR AR 1 2 2 T IR (P<0.05) (181 1.2) ,30 mg- L' 4-BDE AL B, 41 55 -4
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AR 7.0, Ik B, X BRAY 2.3 %11 3 mg- L7 F 300 mg- L' 4-BDE A A E R EE 5
30 mg-L7'IHC . E 2R (K 2) , #E— Ui 4-BDE AL BT B 4% 4 55 14 A @ 1 19 o1k B A e R AR
FH.4-BDE X6 FIAZ A5 B AN AR 19 43 Ak 3R 80 1 18 S il 5 412 22 194 A 358007 10 FH % 5 9 10 355 3 3 v g
WP 4-BDE A AR 534k, Bl R B [RIRE 4K, B A 4 85 76 AN 8 R oAb i v ] B ELA IR
RS ITACINALR 4-BDE (WfE J1 i 72 5 h 4-BDE (U BERRAG , TR #E T A2 AR 19434k, #E 4-BDE
AR EA —E A A K R AE YR, IF TR 5 B A A B B A SRk R SR S A AR K IBA T
[ HEAS R AR AL A 5T IR HR S 4-BDE X & A AS e AR S AR HE | v W B4l 1 25 0 A 30 by A
TRREY) A K R 2 B A AR RO AL, BRI B2 mT DGt A 4 v v B D 2 o A G, B (A 4 3E
To MY R R E—E WM T BBl P, A A B i 4R AR 0 S R AR AR B S0 24 i 0k A AR
Bl v BE I 0 25 R AN AR A 4340 AR 2 3R T5 )8 (P AHSs ) X5 G R K AR AR K Y 4B
KRR (PAEs ) XK AR 28 AR KM 2 BRI oE h 4 2

R 1 AFWSE 4-BDE Ab B A7 48 1A 2 RSP 8] B4 520

Table 1 Effect on the differentiation of adventitious roots of P.tomentosa seedlings under different concentrations of 4-BDE

4-BDE Y& T REMRIMEE L 100% TR
- HIRRIE B i) NEARSHLIEI 100% K1
4-BDE concentration/ . ) . Period reaching 100% of adventitious
. Formation time of an initial root/d . -
(mg-L™") roots differentiation rate/d

0 5+0.55°¢ 19+1.30°
3 7+0.54" 12£0.83"
30 8+0.84" 13+1.34"
300 10£1.64* 20+1.64*

T R PR AP E AR E2E s ARG PR BT B ] 89 22 57 B3 (P<0.05) .

Note: The data is mean value +0 ;Different lowercase letters indicate the significant differences between each rank of data( P<0.05).

a
a a
| | I l
J | 1 |
0 3 30 300

Concentration of 4-BDE/(mg-L™")

Number of adventious root

=R L Y - N

B2 AW 4-BDE X6 P4 A E AR R AR A5
AT/ TF RN B 1] 22 53 8. 351k (P<0.05)

Fig.2 Effect on the number of adventitious roots of P.tomentosa seedlings under different concentrations of 4-BDE

2.3 4-BDE Kb B FAAG LB B AS 8 AR 8 4 1) ) 52 1

AN 4-BDE ZLBEXT B A A 5510 A R A Es /A — g (& 3) Bl 4-BDE AbHik i
BIBETIN, 6 A 2 5 VAN S R R )2 A0 6 ) HE 1) 32838 DA B AR kg ' %8 X IR 3 mg - L' 4-BDE Ab3EAAR 5
B AN 528 | Bz 2 A HER B A0 E] B R .30 mg- L' 5 300 mg- L™ 4-BDE &b B AR Fz 2 40 i HEF %
% AU AT /N A P P 22X AT B SR B A 2 B B A S AR A3 i B2 P Xt 4-BDE Bk A3 R 1
N FEAH A 4-BDE AbBRHEEE R, AS 2 MR A 08 folc 23t 4% I Ak B3R ) 7y 22 TG I 408 A b 85 AR 25 Y A 9
B TR AR T (5 R R WA T, B 4 8 2 B Y T, /N AR 2 AN A HE S A K i
IR R BATESY, GAMIIT LS R — B AR F B 4-BDE 40 BEXF A G AR A4 A8 77 A — 5 s i, (B 20
MIZ5Hg 5E 4 AR BNREIR , 5 4-BDE ALBRRAS 8 ARAT — 5 T2 B A8 AL 5 ) (FL ¥ R B0 B B9 285 SR A —
it — U B A AL B A AR XS 4-BDE Wil HA — 2 B3 Y fE .
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*} HBControl

i o)

3 mg-L"'4-BDE

30 mg-L."'4-BDE

300 mg-L ! 4-BDE

3 A[FIWEEE 4-BDE ALBEN B AL BARBE U 2 At 1

Fig.3 Microscopic structure of the adventitious roots of P. tomentosa seedlings under different concentrations of 4-BDE

2.4  4-BDE AbIEXT T A7 2H 55 P A 0 R Y A AR R 1Y 5 1)

POD JEAE YA NPT ARG R G000 5 24 0 48, Re e AL 5 9 5T 9 2 A | EC T Pk v 1 i o A
W) 57 E R RE Y MDA J2 20 M it 4801k B e 28 A =00, 7 A RE IR RS A 48243 , MDA 5 5l LA
J52 AR ) 7 300 5 4 2 i AR 25200 R [RIVK B 4-BDE Ab RN 26 14947 41 15 1 5 MR 14 3 48 AL W T ( POD)
TEPEFIA B (MDA) & A B 50 (E 4) BE# 4-BDE AL BRI A] RO ZE R | AL FEZH A9 POD 16 PE(E 52 8
W b T R ) A BRI E] 5 R 30 mg - L' 4-BDE AL POD I M B 3w T X IR 4H (P <0.05)
(& 4) . 15iH 4-BDE Wit EAE0E B A AL B B A E R POD BERGMEAY L T, A e MR A PR AL BE 3 |
fiREEAE 115 | MRS T A B 12 E R B E 4-BDE AL FHIF A U ZE K |3 mg- L' 4-BDE AL BRAA
EMAEY MDA & 2 B5E FTHE FRER#E.30 mg- L™ 4-BDE ALBRA 47 d 158 d 435 A E R MDA
EHEBEMT 23 d1Y(P<0.05) , /0 BIAH2E 1.45 17550 1.36 5 (K 4) . Fifi% 4-BDE Ab B RHE] 1 Z2E K MDA
K5 RS U I AL B R N BT R R g AEROR B I AR B T LUE S B SR P
SKAG N 4-BDE MFMA FREE (1 7 B 32 F RN,

ZEG T 4-BDE X B AR N E R IE A | B DL A BER AR 52, & IR (AR 4 8
BN E MR & A B4 4-BDE Ja A7 — a2 1938 I g 1. B AR L5 T4 4-BDE W3 (935 1 1 52 i
BN EEE B 220 A R IR RS AR 5 A AR AR A AR AL IR R K% A LA A Rt —
H IS,

m 3ffEControl 3 mg-L™ 4-BDE 30 mg-L"' 4-BDE
3 7 2000
£ \ 2 1500 \
g § % 1000 §
é % é 500 §§

B4 NFWKJE 4-BDE AHT B H A ALET A E AR MDA 5 BRI POD 15 P22 fk
ARVING TR R SRR 25 57 B 1k (P<0.05)
Fig.4 Changes of MDA contents and POD activities in adventitious roots of P.tomentosa

seedlings under different concentrations of 4-BDE
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3 %5 ( Conclusion)

TEA S 5E 1 4-BDE AL PRI 5 75 Bl A, 4-BDE A0 BR 5 6 F A% 4 55 1 A AR B (g L iz J2 41
JRLIRTBR & B AN T8 43, AELAH 445 4 oA 18 3 i 3K, R e AR R IR FE , H 4-BDE 4b 5 B FI A% 415 ¥ A 8 AR 1)
POD &M , MDA &5 BIHE R R, X ULEA B A 455 iR AR nT ARl i [ B R AL R BEAIR 32
FEREEE  XF 4-BDE Whif HA — 2 S RN BT

i) 4-BDE AbFEXTE ARG A E oL it 52 & 3R, Fi %5 4-BDE Ab 38U [A] 9 44, 4-BDE X
E OB A E R /R B Se il f2 2 RO, ol B — @ MR A K AR RO, AR
ML ik — D B AR.
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