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Differential Inhabitation of Mercury Toxicity to Seedlings of Sweet Clover(Melilotus officinalis ) Genotypes
WANG Yu—jing', LI Wei', ZHANG Yan-hong', LI Cui-lan?, ZHANG Qiu—hua', DUAN Yi-hao'

(1.School of Environmental Science and Resources, Shanxi University, Taiyuan 030006, China; 2.School of Biological Science and
Technology, Shanxi University, Taiyuan 030006, China)

Abstract : The horizontal starch gel electrophoresis was used to examine the polymorphic allozymes of phosphoglucose isomerase ( Pgi) and
malic enzyme(Me ) in sweet clover (Melilotus officinalis ). The samples showed relatively high polymorphism at the loci(A=3.0,H,=0.346~
0.401), good for allozyme analysis. The seeds of sweet clover were acutely exposed to HgCl,(30 mg-L™") for germination. The allozyme
genotypes of each seedling were determined and the length of epicotyls and hypocotyls were measured to explore the relationship
relationships between the alloyzme genotypes and tolerance to HgCl,, ANOVA showed the results as follows. At Me locus the seedlings of
Me—AA genotype showed growth vigor, as demonstrated by longer hypocotyls of Me—AA(35.20 mm+4.63 mm) than that of Me—AB(22.84
mm=1.34 mm ), Me—BB(22.82 mm=0.68mm )and Me—-BC(20.00 mm+1.21mm ). The exposure to HgCl, resulted in uniform inhibition among
all genotypes at Me. At Pgi locus the ANOVA results exhibited no difference in both epicotyl and hypocotyl growth among the genotypes in
control group. However BB(14.67 mm+1.04 mm ), suggesting that Pgi—~AC genotype is more resistant to HgCL. These results demonstrates the
usefulness of alloyme analysis in determining the relationships of plant population genetic structure to growth and/or resistance to mercury,
which is potentially applicable to genetic breeding and breeding, as well as ecological rehabilitation. It is suggested to include genetic
diversity indices like allozyme polymorphism into the assessment of environmental quality.
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FEPEZ —, RulEAEWENR R, FEHE T e
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ARG 2 IR AR AE Y . B5R AT —
Se S YRR EEXT IS Y 4 T 2 4 A A 4 32k DR R A
BB o R TAEYFE R RN R85 5 Y s 52 M A 22
S, BRITAREAZT,

HE R UMGED RT3 R MG LR, Xt
Hg.Cd.Co.Cu.Pb F Zn XJ/N3Z FI 8 )N & i A K52
MR FE R BN, Hg X Fp8 &k 38 RS R B
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AR MAFAEANRIVER, AL AT AE R 50 100 43
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HARME(Melilotus officinalis ) —Fpfi R4EL , Pt
JZo AU FREAME R SCIARL, Rl EAMRL) P 7E
IEHAMT AR R, A RIS B R R
WA KRR B 2 R, I A E R B2
AT DI A R SR R R R A A A AR
W QIR &M T, AR e Kt ferp , 1
ANEAARR]E TR B B2 R i HaX R
ZFGAMARZERIRIA S, B FEE B IR _E RSB
TSI B R MR S R PRI ALY
JARAI B s @ AR TR 1] LA b AN ) S5 il
TR IR AE R , R el SR DR A ) 32 A R
KFHAFA DI R R ) Z A IR

FF UL B, Aol SO B AT T s, B 5B
WS T IEW &4 T AR ZER B B AR S K LTI
MK EUR —E WER AR RENES  HIRR
T AR (HgCly ) 2 7 8 Xt B AR [ S o Ffg 5k R
R RS A ), BRR X R B I A A Y
PR A A ST E L,

1 T %

1.1 MFHLZNRELE

BLRARFP 2R B 1ILPE A 1LGEYE (E111°22"~
111°33 ,N37°45'~37°55" ) . YEBUKFRL 5 S H i i B AR
WRRRF, F A SRR FZE B K vht , T 75% 0 TP5AE R
¥ 1 min 47, 485 FAZEIE K oh T4 5 F7EZR 18K
HIZIE 12 h, IR 15 C, KRS EIA SUZ IR AR A B 5%
M.H 435 Hm A 0.5.10.20.,30.40.50.60 mg-L™" 8 4~

W R HeCL 759, MM 5 mL, SR/5 8 MI5TE
10 R ELRBFPF, BB 3 NEE, BAEFRILET
ANTAMER (25 C, oM 12 h-d7, BB 2 014 Ix),
eI LN 35 AR . LLJE B RAE A 3555 ML A v
W 0.5 mL, 4ERpK 43, 6 d el EERa K E,
TR WA Y BT RS B ME K S X
BERZH A HE RS BE AR 50% 42 4 I ZEVE Ry Bl 4, %
H HgClL ¥R B MIER S BB RYELL 505
GER, B B EWRERE RN 30 mg- L, TEHIKET,
AR E AR T 700 47, HAxFERA (GRIEK)
200 7, BFEH 500 K. 6d 5, 4 I AL R
KB, I BRI S A R R R,

1.2 EAIEFS T

K FAZK ) VE M3 B i DK B AR AT S5 1l 43
Bty JEMBER T B WK N 12.5% , L IK 5% il
Na,HPO,~NaH,P0,(0.05 mol - L ,pH 7.8 ) , B, 3k 2% "' ¥k
HERZ W REREEZ LN 9:1, 4387 2546
L35  BERR A 290 S W B (PGILEC 5.3.1.9) FISE SR 2
B (ME,EC 1.1.1.40),

W ERBRL G ) H R T R E T e 9 20
pL BEZEK NV TS5, B A 3 mmx9 mm JE4REHAE
F R ARG TE 4 CHRAATE R (11 Veem™) HEJK
2.5 h KU A e R g e e T e e, BT
P sent, 7] —H B BEK S B R IE A A, UG IRIK
1A B.C %,

Fi BIOSYS- I 3k 4315 % BRAH AR FR 41 & 5 0L
FIR - (H-W )P 518 6 B PG (H)
%, FH SPSS11.5 B fH43 A% %of REZH FZR BR 4 rp &
PRIAY Y R B T RIS BN 38 2 ek AT 25
o3t EEEAIAZ BfFEZES, W Bonferroni
ZER I E AR E 2T A,

2 H#R

HgCl, ZFBX EE AR M A KA MHIEA .
Mg 8 MRERE T EARBYEMN L. FTHREKE,
Ao R - ROV 2 . FEVRE(E R 30 mg-
L B, RS B Y80 50% 5 . TEIIRET, B
TR BN A — B, BVEM B RN M — NS
FEL BT LA, DS 1 Se e 8 T 7T LUK b T A K
I 50% R VN BRBRE , IS IR E T 27/
TS R AL A< B 0 5K
2.1 BEAREMBBEEEADHT

BB IR AR B A SN IR | W15
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(H-W) V8 G G E (H) R 1, FARNE P F1
Me ZEDEAEA ST RIS RA S84, WA 34
SEATEEN o x-S 7 I Poi 22 DR JBE 22 R AT 5= fi 3
M-I (H-W)-PE B W% 1, BB Pa I

R 2 EAMEMRAMREAE 2 M SSERE LREESHFIE
Table 2 Genetic variability at two polymorphic loci in control and
exposure samples of sweet clover (Melilotus officinalis ) exposed

to mercuric chloride

o - pty
Me ZEHE 2R ERE (R 2), ARAEKE S IR BE SRS B R B? —
i e ps FE Sirreaton GOSRERE gumpg THoRTE
F) S 5 DR i o7 K DR B (A=3.0) PR L8R WA iy gy
2261 (H,=0346~0401 ) firEH R A4 (H ,=0.359~ StHEZE 191.0(1.0) 3.0(0.0)  0.401(0.047) 0.417(0.012)
0417), i IZEABMBEE R SRS, BT BEA 492.0(00) 3.0(00)  0.346(0.008) 0.359(0.028)

FHRER AL BT o

® 1 EXEEMERE W-RTETHEFRTRE
(H-W) Z&E(H)
Table 1 Allele frequency, chi-square tests for Hardy—Weinberg
expectations of genotype frequencies, heterozygosity(H ) in

samples of sweet clover( Melilotus officinalis )

Y TE SRR s B LAY B RN T
O5%Ht , BI Ny A KL BT ** TEAREA - (Nei, 1978).,
B RIBEITARZ A BEZER(P>0.05,% 3),
FEARMRTE Me B A 3 NMEMIER, I 4 4
FFR, WENT R & FEE R T IR K B R B,
TE Me FEDIE (3R 4), % BE 2 P A ] 22 D Y ) F iR
KEFERBZEES (ANOVA,F=5.50;df=4;P=0.00),

Pgi Me

K ey Xt HaZ = REH xRaZ P H. Bonferroni #5635 B0 Me—AA F:RBAMAR T IRdh
N (192) (492) (190) (492) KB (35.20 mm+4.63 mm) g FH K F AT A& R H B Y

A 0.096 0.088 0.161 0.184 TR K JE :Me-AB (22.84 mm+1.34 mm),Me -BB

B 0.174 0.147 0.750 0.797 (22.82 mm+0.68 mm) Fl Me-BC (20.00 mm1.21
L e o0 mm ) L% B[R R A T/ R B i
H 035 0.34 0.45 0.35 T AE % 22 53 (ANOVA £ 80, F=4.83;df=4;P=

. F55 P REAAR AR R /IN s b 5 B R ST SR A s — 1T 4 O 4L
HRITR R (* P<0.05; ##P<0.01); c. ZA BE B ELEOEE .

22 BERENREDEERMEHEKES T
EORMRTE Pgi B B 3 MR, 3 6 4>
FERIEL AR4E ANVOA KB 25 R, TEXT A P Pgi 4555
FIEg R A AN ZE, T ERKERE KRR E
25t [N, ANOVA K 50x%] B2 Pgi BRI A
HANZE T/ EEKELE, WEINGREER
(F=2.48;df=5;P=0.033), {H Bonferroni £ B A1%

0.001), Bonferroni % I 3% B Me —AA & [ BN Y
T/ R B L (4.00£0.92) B E A F U T & EE
T AN, HUAR : Me—AB(2.24+0.16) ,Me—BB(2.27+0.11)
#1 Me-BC(1.87+0.17),
2.3 HgCL, AMREBXNEAEL EEHE KNI
YRAMBREAD , EABAFRZEFENT . L
RS R R 3 B 6, RhBIEHRM,
HgCl, ZE&J5, HARIRTE Pgi ZEDREE A T IRGhK BE
TR (22.52 mm+0.59 mm) I8 /0% 2 5E 4 1
(18.10 mm+0.29 mm ), b JRHH B i X BR AL A9 (11.36

R 3 EAEXNRAE Po BERERERZ F THHEENZELER ANOVA 547
Table 3 ANOVA of the average length of epicotyl , hypocotyl and hypocotyl/epicoty in control group of sweet

clover(Melilotus officinalis ) at locus Pgi

S . : . s . .
Pgi-AA Pgi-AB Pgi-AC Pgi-BB Pgi-BC Pgi~CC TR
F s K (mm+SE) 24.33(£1.20) 22.63(+2.61) 19.00(x1.55) 19.64(+2.27) 23.11(x1.21) 23.29(+0.82) 22.52(+0.59)
FR% F=1.43;df=5;P=0.22
FRHK (mm+SE ) 16.00(x2.52) 9.75(x1.26) 12.48(+0.67) 12.00(£1.20) 10.86(+0.59) 11.22(+0.32) 11.36(+0.25)
FRE F=2.18;df=5;P=0.059
/R B (+SE) 1.63(+0.33) 2.86(+0.69) 1.59(£0.15) 1.87(+0.30) 2.37(+0.18) 2.31(0.11) 2.22(+0.09)
FR5% F=2.48;df=5;P=0.033*

IE : #P<0.05, *#P<0.01; Bonferroni ZEHM I AR AR FTENHEZ AIA BE2, M0 2 f b Z[AIH BEZER(P0.05), TR,
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®4 EAEXNREAE Me EEESERSR F THRMEEM_EILER ANOVA 5347
Table 4 ANOVA of the length of epicotyl, hypocotyl and hypocotyl/epicoty in control group of sweet clover(Melilotus officinalis ) at locus Me

Me
R Me-AA Me-AB Me-BB Me-BC e
TR (mmSE ) 35.20(+4.63)a 22.84(+1.34)b 22.82(+0.68)b 20.00(x1.21)b 22.52(+0.57)
FI5 F=5.50;df=4; P= 0.00%*
R (mmSE ) 9.80(+1.46) 11.00(£0.44) 11.31(+0.35) 12.03(£0.69) 11.36(+0.25)
Fig F=1.40;df=4;P= 0.23
T/ LR B (+SE) 4.00(£0.92)a 2.24(20.16)b 2.27(x0.11)b 1.87(x0.17)b 2.22(0.09)
F R F= 4.83;df=4;P=0.001%*

mm=0.25 mm ) /> B B 5 2H 1 (9.72 mm +0.14 mm ),
UiBH HgCl, 7€ 30 mg- L™ MRE T X EABA T . B
MAERBAWHIVER . FBEZE], T/ LK E T
B H X BR 2 /9 (2.22+0.09 ) 38 /) 1] 2 58 41 A (2.06 =
0.05), UiBH HgCl, 2R EEXT T A K iy Gl /E A
HEXoF_b R A= K A3 /R R B B

TE Pgi 2[R, R R4 v AN [R) 2 R U A9 Rl <
FERERZEZER (ANOVA K1 ,F=2.62;df=5;P=
0.024), H. Bonferroni ¥4 36HH Pgi—-AC KB MAR)
T R BE (19.75 mm+0.73 mm) .35 K T Pgi-BB 3
PRI T PR B (14.67 mm+1.04 mm ) (£ 5),
HEBHDARER AT/ LR B U E W7
BEZR(ANOVA K5, F=3.81;df=5;P=0.002),Bon—
ferroni K10 7R M Pgi—AC ZEHAEIMAM T/ EIRGHK
JE HAE(2.4020.13 ) B3 K F Pgi-BB ZE AR
N FAE (1.59+0.15) LA K Pgi-BC Z R BIAMAR) T/ E
JR BE LL (B (1.84+0.08 ).

TE Me FEH R (R 6), BREEAPAREFBK T
K e B 2 7 (ANOVA K, F=8.01;df=3;
P=0.00), Bonferroni ¥ % 3% B Me -BB & [R BN 1)
T E(17.15 mm+0.31 mm) B 3E/NTF Me-AA H:
IR BN AR B T RS K B (23.15 mm+2.48 mm ) Fl Me -
AB FE RN AR AT R B (19.56 mm+0.60 mm)
HEBHDPARERZN T/ LK E EAED

25 (ANOVA,F=10.22;df=3;P=0.00), Bonferroni
K626 B Me-BB 3k [N Bk 1 T/ iR B 4 B LU AE
(1.89+0.05) BHE/NTF Me-AA FFEIANEE T/ EIE
I BE LUAEL(3.01£0.42) 1 Me—AB Z IR A A HE 7
HfE(2.31£0.10),

fi F ANOVA 437 5% 58 4 v 45 2 7 g 3 TR U 4
MZIZESR, KITE Pg Fl Me H[H BEA-F A | iR
HEAFEZF(P>0.05,% 5,3 6),
3 iFig

PR (e A L BN ERE D M IR R, A
FARP B L G5 F9 728 10 FT VR R P e ot S 55 e f) 4 1

BAR2, TEFARMEFPREH , Pai 1 Me JER HE AT TR &

LB E (3R 2), HaxX i~ 2 252 DX s O il
oo R AP TR B 2 R o X U B R
RS IR T2 0 R AR
TEFP BB AL AL 23 AT 77 THT , Me 35 DR B 1 256 R U3 3%
AR (H-W) M HE , (H Pgi (%25 A0 R
B2 RS IR FUNE (3R 1), X AR T BB S
EAARA BT R B RERE BRI R
MPARIEA K2,
3.1 EAIE Me-AA EERGEHER THREERKRSE

AXLERFW,ELEHEZMGT , ERRK Me 3
IR o | B AHBA T T R BE 4435 I 2 BRFEAL

RS EABRBVAE Py ERESEEE E THMEEMELERN ANOVA 5347
Table 5 ANOVA of the length of epicotyl, hypocotyl and hypocotyl/epicoty in control group of sweet clover(Melilotus officinalis ) at locus Pgi

S fy . : : i . .
Pgi-AA Pgi-AB Pgi-AC Pgi-BB Pgi-BC Pgi—CC FEHY
F iR (mm+SE) 13.00(+3.00) 19.50(+1.43) 19.75(+£0.73)a 14.67(+1.04)b  17.71(+0.60) 18.04(+0.39) 18.10(+0.29)
FRE F=2.62;df=5;P=0.024*
bR (mm+SE ) 6.50(+4.50) 9.35(+0.62) 9.25(+0.43) 9.90(+0.64) 10.22(+0.32) 9.72(+0.18) 9.72(+0.14)
FRL F=1.18;df=5;P= 0.32
T/ BRI (B (£SE) 3.23(£1.77) 2.30(+0.23) 2.40(+0.13)a 1.59(+0.15)b 1.84(+0.08)b 2.06(+0.06) 2.06(+0.05)
FR5% F=3.81;df=5; P=0.002%*
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R6 EABRREE Me EEESERESR I THMBEEM_ELILER ANOVA 5347
Table 6 ANOVA of the length of epicotyl, hypocotyl and hypocotyl/epicoty in control group of sweet clover(Melilotus officinalis ) at locus Me

Me
AL Me-AA Me-AB Me-BB Me-BC SE¥HE
TR (mmSE ) 23.15(+2.48)a 19.56(£0.60)a 17.15(+0.31)b 17.89(+1.63) 18.10(0.29)
FI5 F=8.01;df=3;p= 0.00%*
R (mm+SE ) 9.08(+1.02) 9.45(20.25) 9.93(20.18) 8.95(+0.64) 9.72(20.14)
Fig F=1.40;df=3;P= 0.24
T/ R H AR (+SE) 3.01(20.42)a 2.31(20.10)a 1.89(+0.05)b 2.11(20.21) 2.06(0.05)
FRgs F=10.22;df=3; P=0.00%*

RES, TR S S R R i T R A K 2 B
K FHAFLE A, 40, Me—AA FEEAEILE T M
AR EEED,6 d FHKE A (3520 mm+4.63 mm);
TiMe-BC ZH A4 (20.00 mm+1.21 mm)., HTF
Me—-AA REEAR, BT B RTF-BEI Me-AA ZEH R
1 Me—A S5 5 P AERPHE A AR ER, WA AT RERIS B
A YA R AR

3.2 BiRE HeCL A HREX Me EREZRERET
R A EIE Rt —

TE Me FHJE, Xt HRZHFNRERA A Me—-AA EH
RN T RS B 3 8.2 K F Me—AB . Me-BB Fl
Me-BC & HAEIAN AR KT IR B o X UL A 7E HeCL, &
WENSHRBAET , SERE TR A K Z 3]
M HIFE Y — . EIEE KT ARKEERGERE
B A RN B BRI T HA KRS taT LA,
HgCL,(30 mg-L™) Y 2 28 Uk FE VX RB TH BR & Me FE[H AU
AERHEENZET(F4,£6),

3.3 HeCL B HREXMEARE P EFESHEEKE
EEREMFER

T Pgi LR, St HRLA AR AMR TR )G, 40
Y B TR EAE Po &2 2 A1 3A 1R
E 5 UITEER ST, E AL HERR
F R E HgClL(30 mg-L7)J5 , Pgi—AC ZEF I F) T IR
K E(19.75 mm=0.73 mm ) 2 & KT Pgi-BB F R #I
BT RS B (14.67 mm=1.04 mm, P<0.05) (% 5),3%
B Pgi—AC Zk P B %t HgCL $T 1A F B 9%, T
Pgi-BB E:RRBAMRTUEE RS . Al E T
BLYRIK Pgi-BB B AN M RE, 30 Pgi-A
Pgi-C S FE SRR, WA v] gEARA5 B KI5 Ytk
MEARIRANEE, T 1R,

3.4 SEE ERRREN FHIEIRIITEIRICY
HBERNY
EIEEHKMET, AR KB AN k2=

FR-MIEWRAR, IEERRINMEEA RS
Ko THREA LR AR EEFTRC, W eE
FARRBITELE I, 557 PR A RS2 AR, A W
TR FAOME, S5 A0BEHTt AT DIAE A # E4E bn
T R 18 PR S B R R PR AR A A
I B R A& NI RE S , P RR I S AR e A (A
SO ) N X SRR RN AR T

TEA ST T B G0, DI AR SE 32 2068 I 3h
Yy (S 2R /N SEEE )VE BT FEALRL, B L
Pl DR 205 R A A A AP TS ST 2 R R R
INFEE R AR BUEIESE, I8 R B E KRR
2, R XS SO 8 R, BRI S0
LY REEY) , R — LAY, S B AR e
SRS AR AR, T — R 2t — P 5T
HRME TR R R,
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