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(1. ZRR¥FAERESESBEMEII S YRR SAHHEZE S LREREEMm, B 650091 ;
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FE AL HA R LI (Ph) B 5B 2 R F27 X, A0 T 10 AN R I SR i 76 b 1) 13 Ph 55 & AR 25 A £ 2 |
B Ph 5 R E R R A R ISSR 43 FARICATFIT 13X SERPRE A 3 AL R, USR] R 2R B FE R ) Ph 75 5L X
Ph (W ISR SRARAE S G AL AR DL . S5 SRR . (1) ZEARTIFSE Sk, K AR BE (] 98 Ph & it CERHRIBOT Ph & H
AW ERDF A Ph MUY P &8 /3 IAE 0. 78—15. 20mg/kg F1 2. 03—7. 02 mg/kg Z[6], Wi Ph & 5 R B ALILE A
0.001—0. 24 ; FIHE P 22 5/, 140 Po Fare Py B Ph & 52 7E 2. 82—2. 84 mg/kg Z [H], S Ph & 4 RECLE IR A 0. 09—0. 10,
(2) B Y 10 A~ ISSR 5194 15 Hh 81 2571, Z AR 433 (PPB) 24 75. 25% ; Shannon’s $55L (1) A5 1 FRE ] 9728 53 S
34.28% ,FI ] POPGENE #1315 R RE ]38 1% 4L R AL Gy, 2 0.3116, 5375 2553 BT (AMOVA ) s i /s R ) 42 57 1 35.37%
(P<0.001) , RUIARFEFPEEA R BT #4550k, (3) UPGMA R0 LB, 11 AFREENT 438 5 A 288F, 4 Ph i 2B
RE 1150 (1 5 BE AR A Rl B TE SR 28 A0 AT v A7 W 10 5 E OG0 M 3R W, £ BEA AL Pb & 55 PPB 1 Nei's 3L ZREMEFE B (H)
f) Pearson FH5EZR %L r 230928 -0. 633 ,-0.786,-0. 581 (P<0.05) , HHEA R Ph & it 5K ZF B 15 2R MoK E AR R TR 2 17
A PR HTIAK 76 138 Ph 535 S AR ME R 33 K28R it 1% Z PR PEACEBEAR, AR R EEXT Ph (105 SRR BE ) A7 AE
B g 2 5 PR ) HH B T S A gt AL A Al . MY B SR % S AL IR I TR A TN P RE Ay i 4 W WS G 140 Yo v o 7E
TG Y SR T AT IO T2 P SRR R AR

KB R RIAS Y W BT ISSR ; 1A% 2Rk s it/ E 71k

Genetic differentiation and the characteristics of uptake and accumulation of
lead among Camellia sinensis populations under different background lead

concentrations of soils in Yunnan, China
LIU Shengchuan'”, DUAN Changqun'*, LI Zhenhua', LIANG Mingzhi’, LUO Xianyang’
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Abstract; The elucidation of ecological characteristics of plants growing in the soils with high background concentration of
lead (HBCL) is important for the breed selection of low Pd-accumulating cultivar. However, relatively little attention has
been paid to the population differentiation of lead uptake and accumulation among cultivated plants growing in the HBCL
soils. There are abundant broad-leaved tea plantations that are developed in HBCL area in southwest Yunnan, China. In
order to investigate genetic differentiation and characteristics of lead ( Pb) uptake and accumulation among different

populations of Yunnan broad-leaved tea ( Camellia sinensis) growing in the soils with different HBCL soils, we sampled 11
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Camellia sinensis populations from different sites, and analyzed Pb concentrations, Pb accumulation coefficients in old and
young leaves, and Pb contents in the soils where the Camellia sinensis population samples were obtained. In addition, the
inter-simple sequence repeat (ISSR) markers was used to reveal genetic characteristics of the different populations. The
results showed that; (1) Pb concentrations in soils, Pb concentrations and accumulation coefficients of old and young
leaves were significantly different among the Camellia sinensis populations. Available Pb concentrations ranged from 0. 78 to
15.20mg/kg in soils, and Pb concentrations in young leaves varied from 2. 03 mg/kg to 7. 02 mg/kg. Pb accumulation
coefficients of young leaves were in a range of 0. 001 — 0. 24. However, few differences were observed from intra-
population. For example, in P6 population, Pb concentrations in young leaves were from 2. 82 to 2. 84 mg/kg, and Pb
accumulation coefficients of young leaves ranged from 0.09 to 0.10. (2) From 11 Camellia sinensis populations 81 bands
were amplified with 10 selected ISSR primers, and average polymorphism bands ( PPB) were 75.25% . According to the
analysis of Shannon’s information index (1), 34.28% of genetic variation was presented among populations. The genetic
differentiation coefficient ( Gy, ) calculated by POPGENE software was 0.3116. The result was accord with estimation of
genetic variation by the analysis of molecular variance ( AMOVA), which showed 35.37% of the total genetic diversity
(P<0. 001) among populations. These data demonstrated that a high proportion of the total genetic differentiation was
partitioned among Camellia sinensis populations. (3) By means of unweighted pair group method using arithmetic averages
(UPGMA) , the 11 populations were clustered into 5 groups. The populations with different abilities of Pb uptake and
accumulation could be classified into different groups. The Pearson correlation coefficient between available soil Pb
concentrations and PPB, I, and Nei's genetic diversity index ( H) were —0. 633, —0.786 and -0. 581, respectively,
which indicated available Pb concentrations in soils were moderately or highly negatively correlated with genetic diversity. It
was concluded that the genetic diversity in some Camellia sinensis populations growing in soils with HBCL decreased. The
ability of Pb uptake and accumulation was significantly different in the different populations of Camellia sinensis. Significant
genetic differentiation could be detected among the Camellia sinensis populations. The reduction of Pb uptake in plants
caused by genetic differentiation may provide a promising pathway for safe food production when farming lands are polluted

and have to be cultivated for food.

Key Words: Camellia sinensis; lead; uptake and accumulation; ISSR; genetic diversity; genetic differentiation

By (Ph) VR —FhA A FHOCER  AEALHR A8 AE N BRI 7 i v 1035 i B R AR ) 2 i 30 Lok
PR RIS X AR Ph BAR C XA T 2 A TR G A TS R R i
IR Ph A5 4 R Sk B ORI AR I TE N A P DGR R R AR R R B R RN TR AR
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AR R AT REA R 225, AR 3T Tt KRR R A I 4 e R B ek A i ) R A
[LHAT R 22 57, RO 4 s WA SRR 5 T R TAEAS [RI PR A5 T AR 5 RS A 22 5, ol B SE
AR X T < Wi A0 2 e i A A S M R, T BT R AR R e A A TR ) 2 R R T S B
1 AR E SN AE BT T AN P (IS BB AR ] L3 Ph F5 SR, RS
FHEXT Ph A R ZE ST A A DUARGE ; 4545 AR 2R Rl L2 Ph 35 SR 2SS Ph 1 4 R BRI %
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r FES I HT BV ISSR 43 FARCH AR 98 T =R AN A 13 Pb 75 56(H F K45 ( Camellia sinensis) FhEEXT
Pb W R AR 22 AR, 48 s Hast (L Z AR vERLS AL S04k, Stk — 2B AR RS N Ph 75 Y4 i AR 238 AL AR
FRLE R AR s IR 2%
1 #R5F*
1.1 #k

ARV = R RIS EL, = BRI R ™ T = g B A PG g 5 B o i 22 1 29 o 7
1 — SR GE AR , DRI T 2 PO A TE o LA R K PP AE AL G, B9 A o B RAR B F 40+ 43 =F
& [, ZpEiR R R E G LR TE TR & S E AR Y )T, #5853 2% 1 2% el st 43 A 73X
46 Ph RS XA

AT = B AN A 138 Ph 8 SE ISR T B R 28R BF AT 52, 11 S K-SRI A S 36 14 4 4 531
K H BRI Z3E F A A 11 A K225 el v 78 B 255 el v DX — A SRAE AL, A AR 2 20 30l Gt
9 P1,P2, -, P11, %T P1 Al Po Z% bl I ARA K, DA TTTIBORE I #2 R N IR R & A i 1 3 1~ (Pl-a \P1-b P1-
¢) F12 4~ (P6-a, P6-b) HUFE S, 2008 4E 4 H FIFHABREN RS0 (GPS) fi i KAt Kb S EEA TN W 1,

R1 BREMBEUE R RERR

Table 1 The description of sampling sites and studied Camellia sinensis populations

RS A Tt Kz itk ISSIR SRR
Population code Sampling sites /N /E Altitude/m Individuals of samples
for ISSR study
P1 PEXLRRLN 5 22°00'08" 101°28'38" 1441 18
P2 VB AH A 22°2239" 100°57'31" 1380 15
P3 PUXLRR N R L 21°5627" 100°36'44" 1633 14
P4 TG XA 477 IS 21°35'07" 100°24'51" 1630 16
P5 PG 4 ) T 21°59'34" 100°25'19" 1177 14
P6 SRS g1z} 22°12'47" 100°01'36" 1569 16
p7 AT Y 24°44'08" 99°47'13" 1725 15
P8 [p{owag Y 24°1927" 100°06'05" 1809 13
P9 I 7 JRUER 24°33'56" 99°55'09" 1687 16
P10 fRiLE T 24°52'51" 99°36'53" 2028 16
P11 PRIt 24°33'51" 99°10'33" 2088 17

FEA B AL S BUAT I 6—8 A HHERFE M FERMARPREF 60em + 2 BORA L#RE, [FE, &AL
SRAE TR AR R R BT RS (B E—ZE Wit ) R AR (25) 0 #r Ph e RS i, AT ISSR 4T
170 ARG E A X 11 A K2R, AR REALLE SR 13—18 A4 BRI 10—15 A~ 1 28 2 0t
FHRERE T4 BT 4°C3-AF B 242 H DNA
1.2 ik
1.2.1 AW A3 B RE il 5

SR 2SI S HORS A P2 R S SRk 2K R 22 88 T K 5 WE 05 2 Uk, T Uk T B 25 I RE B A
R TR S 2375, I 7E 80°C HUMEAE H AT M iS5 3L 0. 8 mm FLARTH , (RAEAERS 45 H
1.2.2 RS &

TR AT S , S5 43 95t 2mm F1 0. 15mm FLERT , A BHFRIC B EHRAEA
1.2.3  FEfh Ph Eaille

34> Pb |l HNO,-HCIO,-HF 55 1% AAS (JRF Mo 66 RE L) 5™ s 3% Pb FH 0. 1 mol/L
HCL 4R AAS T2, 280 Ph &8 R TR Ak AAS 5™ L g (-3 A BRI =2 B0 0 i b, D0 2
R FH [ 5 — A 45 AR TERE GBWOT7605 ( GSV24 ) K T IEFRHES % RE (GBW207405 ) 1E Sy BT 5 b
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1.2.4 JF DNA $2H

BRSO 247 0. 3, IR EIFES , SRS CTAB™ B4R EL DNA | T 58 T 50l TE 2 i+, RNA
fiti A WAL, 4N BE TN AE 260nm F1 280nm T (125 FEAE, 7 B DNA ¥ B 2] 20ng/ pL, 47 F-20°C 7K
Farha
1.2.5 ISSR IR R AR S5

P4 R FE PTC-200 thermal cycler ( MJ Research Waltham, Massachusetts, USA) 4T, S B OkBAH
e U R 2N L A A A V%2 W) :50ng/ L DNA 4z, 10xPCR buffer,2. 5 mol/L MgCl,,0. 1 mmol/L
dNTPs,250nmol/Lprimer F1 1 U Taq polymerase , 515 #1341 —A~25 X IR, 7 84AR R .94 °C T2 P4 Smin;
94°C ,30s,52°C , 30s, 72°C , 90s, 35 MG ; B J5 72°C ZEff 15 min, PCR ¥4 7= ¥ 7 & A EB ( Ethidium
Bromide, 0.1 pg/mL) i 1. 8% SEWHEEEE [ TK 0. SXTAE HiIKZE il , GM335 1 Jg 0 T i brife , | )5 48
HMEEIE U 2 e BEAH  DRAE MG, B80T I HL A 52 PR A 19 25 DR 23T
1.2.6 HduAb Aoy

(1) HERLK

HER =W FI Y TR SR/ T T R S R

Kl H SPSS15. 0 #E47 77 22  Pearson e X 2 HLAE 1SD 4n#r ™, Hidr.0. 7<Irl <1 R E MG,
0.4<1r1<0.7 F/RPFEEMIE;0.05<171<0. 4 FRIREEAHR; 171<0. 05 FK/RAAHK (r IR Pearson I FREL) o

(2) ISSR 734t

ISSR F=¥4i 257 B9 o i AE , A i b 1, T ic 0, B 2A9 0.1 FE 445 A POPGENE version
1. 32PN W 2 801 5 E 203 (PPB) Nei's 2N ZREPEFE 20 (H) |, Shannon ZREVEFE R (1) 1848 701k B 5L
(Gst) FEHF(N,) , HH.

G,=(H,~H, )/H,

P H o SRR 2R, & T 2R A P2,

N, =0.5(1-G,)/G,

FIFH WINAMOVA version 1.55 #AF43 47 18 4% 78 S A0 Rk [a) A RDIRE 9 4 20 A > , K] MEGA version 4.0
BRPFHEAT UPGMA BE4MHT120)

2 ZEREHH
2.1 i W o Ph HiE

K ASFPHE S LT 3 b Ph U R A IE O 2, IR AT LIE 11 AN K 2R 57 20
B 134 Ph &5 A B Ph &4 ITE 21. 64—1497. 10 mg/kg F1 0. 78—15. 20mg/kg 2 [a] , A [ R Fip
RS IR T R Ph iR B RIAFRNZE 2ot pb REOAEREER X P 9E &
- Ph B 9. 45—27.99 mg/kg F12.89—9.03 mg/kg 2 [8]; W Ph & AR LTE RN 2. 03—7. 02 mg/
kg, FERRAPFPHENE], AR Ph SR REE, BT Z M A 2E i Rt 3 2588 E P St il I i 2
S N PL-c BVEEHHEG R P &1 4 4. 45 mg/kg, 5 P10 FPEEHIEA % P &4 (4. 21 mg/kg) R43L  {H 2 P1-
c FREEIE Ph & (2. 03 mg/kg) Lk P1O FREEMTT Pb & & (4.01 mg/kg) D Ti—2F,

LSD Z i lIRAE B, ZF KM% Ph & i 7EANEE N 22 /0N ZERIRE ) 25 59 A0 A0 I RI X Ph YRR 2R
REN2Z 5 W, B, 78 PL(PLl-a P1-b Fl Pl-c) M NG Pb & & 7E 2. 03—2. 61 mg/kg Z[A],P6(P6-a Fll
P6-b) FHEI AR IR Ky 2. 82—2. 84 mg/kg,

2.2 RMZFREENZE W Ph & A R AL

& A R PO A YN A R AR AR ) KNI — A BB bR, B R BOOK, BB AR P %) 4 T A

FoRESIHR T 11 AR AR Ph AR RBUL R 3, RrhorHrsh i PR 0t Ph & 45 R 50 o Ph

http ; //www. ecologica. cn
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B RBU R 0.002—0. 31 F10.001—0.24 Z i), ZEFIHEN,P1(Pl-a P1-b Fll P1-c) FiE N MA A I Ph
BAE ZEOALTE FEI M 0.05—0. 07 ;P6 ( P6-a Fll P6-b) FiiE N M I Ph 5 45 2B IR 4 0. 09—0. 10 ; Fh i
WM Ph & ERECRIRIAL, 456 LSD 25 it — BRI o K2R P BERBERBE, W
i Ph w4 R BOGAEN T ANEH (a—g) , TFEEN Pb HHERRL R E £,

£2 NAKHEMBEP TELEHERL”

Table 2 Pb concentrations in 11 Camellia sinensis populations

Pb %3 Pb concentration/ ( mg/kg)
+EAR P S8 St ph A

Available Pb Pb concentration

fi Ph o HE

Pb concentration

RHER B4 Ph R

Sampling sites

25 Pb At

Total Pb concentration Pb concentration

in soils concentration in soils in stems in old leaves in young leaves
Pl-a 38.66d +2.25 3.65¢d +0.07 10.71e 3.06ef 2.54df
P1-b 39.67d +2.08 2.17e £0.04 13.69¢ 3.51e 2.61d
Pl-c 40.36d + 1.35 4.45bc £0.08 11.56de 2.89f 2.03f
P2 28.87e+1.99 1.43ef £0.06 27.99a 9.03a 7.02a
P3 39.33d+1.24 2.68de +0.03 12.60cd 3.50e 2.91cd
P4 21.64e+2.89 0.78¢+0.01 12.32d 4.25d 3.0lcd
P5 26.20e + 1.62 2.10e £0.03 12.96¢d 4.05de 3.03cd
P6-a 27.40e+1.12 1.38{+0.02 9.45¢f 3.35ef 2.82d
P6-b 30.76de + 1. 56 1.41f+£0.03 10.01lef 3.41ef 2.84d
P7 1497. 10a + 30. 66 15.20a+£0.97 20.36b 7.12b 3.78bc
P8 65.49b +4.12 7.94b+0.72 21.94b 7.03 b 3.51be
P9 51.47bc+2.34 6.94b +0.08 20.29b 7.02b 3.12¢
P10 40.26d +3.44 4.21c+£0.04 14.05¢ 6.11c 4.01b
P11 49.57¢+£3.65 6.30b +0.08 21.07b 6.02c 3.51be
* T LR 22 KT, P<0. 05, = REAH R Ry Jo 22 53
F3 NAKHFEMEPD EERH
Table 3 Pb accumulation coefficients in 11 Camellia sinensis populations
i Ph B HEERE it Ph RS e i Ph HERE
KA, %I)h+accu:ii? ﬂilfaccuiiif& AL, I Ph EIRRL ﬂ?’J&ccuiit‘if&

Pb accumulation

Sampling sites coefficient of coefficient of Sampling sites coefficient of

coefficient of old leaves

old leaves young leaves young leaves
Pl-a 0.08d 0.07e P1-b 0.09de 0.07e
Pl-c 0.07d 0.05f P2 0.31a 0.24a
P3 0.09de 0.07e P4 0.20b 0.14b
P5 0.15¢ 0. 12be P6-a 0.12cd 0.10cd
P6-b 0.11de 0.09d P7 0.002e 0.001g
P8 0.11de 0.05f P9 0. 14c 0. 06ef
P10 0. 15¢ 0. 10cd P11 0.12cd 0.07e

2.3 RMZEFIEE ISSR 704
2.3.1 ISSR 5l4¥figkss

ARSI N BT AREAY DNA HEAT HL KRG, AT R A 25 DNA 4> T 200 21Kb., AR5 190 16 A SN, A
16 4~ ISSR 514 rh i e 4" W BORAF A5 113 10 S (FR 4) o FIEX 10 D51 A AR RN 2 6 BBEFT PCR
PTG T
2.3.2  KMEFEE S 2R

FRE R 10 4> ISSR 514 3Ly™ 38 i al E A 14 81 2%, FIRA S8 1S 8. 1 4417 KB AE 200—1500 bp Z
i) (e X 5 1P s 45 A 1 R ) Hid 66 2 N 2T (K 4) , REB KW H S F(PPB) N
81.48% , Ht—H G g W FE S, WEPLIAE B, 1L AFBEEYZE & EH D% (PPB) N
75.25% ,F i (052 P2 FRE(PPB=81.61% ) , SR 2 PT Fh B (PPB=69.62% ), 11 > KM ZFpfEr, + 18

http ; //www. ecologica. cn



2258 A E = 31 %

K ASM P S 4 P7 P8 (P9 P10 A1 P11 AR5 14 Z2 A PE b HoAth 3 AT At Ph & KA FRBRAE . Pb
B A9 P7 FREE Nei's JE N Z 50 (H) Shannon's {5 BASEL(1) FIZ 440 H 438 (PPB) 5 AIX, 735k
0. 1808 .0.2863 1 69.62% , Pl Pb Xt K- Z5 APt B B W e #E1EH .

R4 11 AKMFFEE ISSR TR ERE 10 514

Table 4 Attributes of 10 ISSR primers used to generate ISSR markers in 11 Camellia sinensis populations

5% FFFI(5" 103") P18 S EZY it EZ0Y SiigEp
Primer Sequence 5'to 3’ Total amount of bands Polymorphic bands Percentage of polymorphic bands/%
807 (AG)8T 7 6 85.71

808 (AG)8C 9 8 88.89

815 (CT)8G 7 5 71.43

835 (AG)8YC 9 7 77.78

840 (GA)7G 10 9 90. 00

842 (GA)8YG 9 7 77.78

844 (CT)8RC 9 8 88.89

845 (CT)8RG 9 6 66.67

857 (AC)8YG 7 6 85.71

880 (GGAGA)3 5 4 80.00

R=(A,G); Y=(C,T)

514y 835 o|4 845
M Pl P2 P3 P4 P5 P6 P7 P8 P9PI0 Pll CK P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 P1 M

2000bp

1000bp
750bp

-‘---—------—- SOObp
250bp

100bp

M Hitfesr &, CKAHR

B 1 2 3f ISSR 3|#xF 11 KM ZFFBFANEEEIZH DNA I 4R

Fig. 1 Amplification results of 11 individuals from Camellia sinensis populations isolated by 2 ISSR primer pairs

2.3.3  RMAFRER L 1k
WA 4 32 5 T2 B FNEE PRI RN EE ] 138 1% 70 AL RRIE S 50T LU B FRBE ] Y Shannon’s {5 B 48 5K
(1) FHEIE 0. 3428 , ULHIAT 65. 72% Mgt (5728 S AL T REE N , 34, 28% Mgt A% 728 S AE 4 T RhAEN] . AP [
(93515 53 AL B Gy 0. 3116, 38 W 7E 3 1 3 1575 57 —_— 2
H1,31. 16% st A5 43 A T FET], 11 A F A e] 10

P9
I N, 49 1. 1046, i
AMOVA i &5 R WL 3k 6, N E o] LLF P5
35. 379 M 25 5 42 1R A FTREL 64, 63% 0381575 5 L] b
REFFBER (P <0.001), DL F 3 FIAMFAREKL | 4‘—( i?
FE Pb Ppif N R ASRRRE R A AR T Bm s AL ok P3
oI i 20 o TN o B SV B g s o - VA 01s 010 0.05 0,00

H MEGA version 4.0 #f4, F T FhEEE] 1Y Nei's i1 - R —_—
B2 114 ZThEER) UPGMA EE
= % 4 v Y ATt 2 o B 2K
1 ’iF“:H UPGMA gﬁﬁ{z{ixt 111 j( Tﬁkﬂ:ﬁiﬁ/ﬁ‘gﬁﬁ Fig. 2 UPGMA dendrogram among 11 Camellia sinensis
ﬁ*ﬁ < Kjl 2) o populations
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Table 5 Analysis of genetic diversity of 11 Camellia sinensis populations using ISSR

Fie S AT LI S8 v 3 PR K ﬁ?ﬁ%fﬁ%ﬁ Nei-’? %gﬁfft*ﬁiﬂl ‘Shannon,'s EE&J’E;&
Population  Polymorphism bands/% Observed number Effective number Nei s‘genellc diversity Shanm‘)n s information
of alleles/Na of alleles/Ne index (H) index (1)
P1 80.08 1.8608+0.3484 1.4236+0.3741 0.2495+0. 1860 0.3839+0. 2453
P2 81.61 1.8861+0.3197 1.4306+0. 3700 0.2549+0. 1815 0.3933+0.2370
P3 75.01 1.8101+0.3947 1.3256+0. 3499 0.1983+0.1832 0.3123+0.2498
P4 77.54 1.8354+0.3731 1.3893+0. 3491 0.2356+0. 1819 0.3642+0.2477
pP5 77.54 1.8354+0.3731 1.3856+0.3730 0.2346+0. 1861 0.3635+0.2472
P6 78.81 1.8481+0.3612 1.4152+0.3412 0.2519+0. 1767 0.3877+0.2402
pP7 69.62 1.6962+0. 4628 1.2888+0.3240 0. 1808+0. 1763 0.2863+0.2481
P8 71.15 1.7215+0.4511 1.3930+0. 3664 0.2340+0. 1885 0.3560+0. 2640
P9 70.01 1.8101+0.3947 1.3435+0.3783 0.2289+0. 1887 0.3027+0.2548
P10 72.68 1.7215+0.4511 1.3260+0. 3699 0.1949+0. 1874 0.3031+0.2598
P11 73.75 1.7975+0. 4045 1.3203+0. 3380 0.1991+0. 1736 0.3173+0. 2361
F¥{H Mean 75.25 1.8021+0. 626 1.3674+0. 048 0.2238+0. 0260 0.3428+0.039
S Total 81.48 2.6228+0.3843 2.5674+0.3202 0.3251+0. 1640 0.4442+0.2258

F6 AMEMBEMMBNNEEESR

Table 6 Analysis of molecular variance (AMOVA) respectively from Camellia sinensis intra- and inter-populations

AR AR F J5 % B SISy 2 A ULy 5 o35

Source of Degree of Sum of squared Mean squared Variance Percentage of total P
variation freedom/Df defferences/SSD  deviations/MSD component variance/ %

FhEE[E Inter-populations 10 1590.55 122.35 6.23 35.37 <0.001
FhBE N Intra-populations 160 2242 .85 11.38 11.38 64.63 <0.001

ARAEER RS, DL FE RS 0. 105 ZEATHT, 11 ANFIEERT L3R 5 ANJHE, 5 N2 A 5 1 28
JC, Ho 2 IS 3 AN E G W TEE G A LS TR ARRIAY/INEE L R0 Ph S AR P4 PS5 W
AFEER —2H ,P3 PO P RIEES A —2 ; 1R 2R Ph SRR B PT P8 MINFIEER O —41, P9 (P10 %
ANFPRESR N —2H (HAR B L3 Ph & i it rh Ph i 22 AR OR Y PL P2 P AIESR h—2H
2.4 8 Pb 2R Pb AR RECS RIS RE AL ZREVE R S B

Pearson FHICHEMTZE R ILF 7, SRR KM ZEFES L ZFE M50 5 5 1184 pb P ARG, +
SEAT R P B v B g BE SR OC, RO Ph b BB R B ORGS0 Ph AR RO B IEARSG B0 Pb
B BE SUASG, M Ph B AR RECP R EUIRE IEA DG . X P2 R AR A S R TR AR R A

F7 LTEPEE FMH P EE . EERMS KM FHEEE SHEMRNBXES T
Table 7 Correlatation analysis of total and available Pb concentrations in soil, Pb contents and accumulation coefficients of young and old

leaves and genetic diversity in Camellia sinensis populations

. ZHEFKWHSRE  Nei’'s EZHMIEE Shannon's 15 B %L

\)/:libles Polymorphism Nei's genetic diversity Shannon’s information
bands/ % index (H) index (1)

+34 Pb &4 Total Pb concentrations in soil -0.486 -0.564* -0.496

+EE R Ph &1 Available Pb concentrations in soil -0.633* —0.581 =* -0.786 "

B Pb # 5 Pb concentrations in young leaves -0.694* -0.736** -0.756*

B Ph &4 £ %0 Accumulation coefficients of young leaves 0.544 0.485 0.662 "

&M Pb it Ph concentrations in old leaves -0.668 ** -0.487 -0.930""

% Ph &4 230 Accumulation coefficients of old leaves 0.337 0.428 0.317

# FRBEMK(P<0.05) , = = FRHBERIE(P<0.01)
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B Ph % i 5 ORI RN S L AR DGR B A P2 AR XS TR AR RS RN SRR S 2 AR
AASCHE, B Pb & 3 Ph i 5 R M S L Z AR RO GRS R S i
TS R IR ARSE R R 8 Ph S X R As S R I R A
3 g
3.1 AFEBERMZEFEEXT Ph A R PR REATAE 22 5P

ABFFERI, R 2% Ph iYW R ARRE I FER I ] 22 5 W 38 FERRRE N 22 5850/ . X SRR 15 10
4= Pb A% Ph AL PV B AH DG AN, B A KM AR KA - Ph = i SHELIX A R 2 R, TR B #5
YEFHRXF Pb WSO 2R B T 504k A WO 22 Ph B RE T 345 A7 09 WAH B, H B0 T e s 2 mig i
Pb LG . XFPo, B L ATEREEIR] AT AN [R) 2R R[] XS P Wil BRARBE ) & A & M 22 5

PAERFSE AN BFSE T AR R AR R (N B8 (Cd) il (As) FT Ph IR SRR B AR50 307 o ] A 22
S B YA N WSO 2 A F TR BT REAEE R AL IR IE IR AN 22 0L, S s BRI b B 4 1) 32 2 Ji R T
RE S AR IR] Ph 45 4 J@ e ia LK 78 S A G . AEAIXT Ph 1 s A2 RE T G TAR %5 Pb A9, Pb AR
F b EAE R Ph TEH B AR R X — RS AR P B 2T TR A B P i KR OCHEE ]
K1 N ASTR]) Ph BRBENA MR, Ph g SR KAk TR A0 bil B RTR] Ph 5532 66 1 3L A,
M- ZE ARG IT (Arabidopsis halleri) BA5 Z A Pb #%iz 2: [ HMA4 ( Heavy metal ATPases 4) , 31 H REWZ B %5 iX &L
R VAR T & R A LIGE Y Ph A5 A S e 0, R R X 1 A KSR A A HMAS FE A
BOM P 0T, BRI 1% —2% W25 50D S ZEARBIFSE s o K2 P arE ], + 5845 34 Pb & i Al e, &
MZ A 2E 2t Kot 3 2588 E Pb RAE (E 8 R L) W 22 5 R WX Fh D) RE LI (19 22 5 7T BEAN{UAF
TEARIE] 3B P RETEA [FIZHU88 B MAAAE 22 5
3.2 14 Pb RN P B RS o KM SRR S Z RS L AR E R

AT R, 2= B R 2R I3 % 2R LU o 11 DR 228005 233 (PPB) 128463 I 7E
69.62% —381.61% , V-84 75.25% , /& T 5 MAEPI R RS 15 Z AR . — oAy Wi i AL T 0 FI4iE
HUANFA R IR RE S FEAR AR b e Tast L ZRE /K- i, X T — S Foke v, LR 18t % 2 4
PR E B, 0 PR AE (b 38 B RE TR 2 R 2 R R AR LA e AL 2 R DI AR A 2
RS R 2= S AT e 2 i &R

TEABEFE Y, 13 5t Ph & 5 5 KM MR L ZREE R —E UM, —BOkRE , 13 280 Pb
e AN GBS AR /N T I R Ph B EERAY RN, Horh ) R Ph R MRS AR
ST BN, A AE 10 P i B R XY PT FPRE AR L T ARSI 53 A0 10 SRS RN, H
ZIO Ph AR R E ZREE IR (PPB N 69.62% ) . MWREA A5 24 B R M 1 x5 el R
FIASEIE— D FEARAT g, o S — SRR A LA 7 T B O, B e A A g 2, o2y B
R M A g5 1 R R K T 2R, DI R SRR 9 38 1% Z2 REPE KT T RERR I . SR LA IR AN, 228 B IF O A 1
2 W4 Jm 15 YL 95 H ( Dicranopteris pedat) FhEE IR AL ZREVERRAR TG W5 Qe i 0 FEAP LSS 4%
¥ (Imperata cylindrica) WFFEABAT UGS SR L BAR TS Yo 28 Jin /b Bt V5 4 b e HORD I ) it % 2Bk (1
REHUFOCT 15 G B 23065 — b B AR 7 A SR PR T, I BEARG8 1% 2 A 1, A3 IR Iy /) A
T DR DA st A U S i — A5 S BOs L Z RN ARG oh 13 Ph i Y R SRR A S 1 2 R
PR B VI ORI

AT 11 AR ZEFIBERIERAL L R B Gy ih 5 0.3116, KUK EL R ASFIEELE Ph B RS T
KA T — BB AL X Fs L o E 5 28 RIS 2R Ph PR REEAT — & Y CHRIE . 78 11 DKM 2SR i
rf, P1 RN P3 AR A A O S RIIEXT Ph AW AR B A AR R AU X S R 55 - 3A 24 P
F AT B2 Ph R Z R TE B S I B AR B 25 5w, W Pl-c RS P10 FPHEAY 105 A AL Pb
w1, 290 4. 45mg/ kg, AH D FPEE BB Ph & 5 A 22 HIAR K, P1O FRAEESOT P & 4 (4. 01 mg/kg) 29
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Pl-c R (2.03 mg/kg) (1 2 7%, PIAFHREAF7E — RE LIRS, BEA R N —J&. LRI IO SCHIE TS R W], A
JE A IREEERE T R AT RE R AR ML SRR SO K AE Ph Pl i BREE A R
AR ALK 0 BN ) 9 7 5, A A IS 3R AR P RE 0 3% 58 i it 52 84 A FR) i/ WAL T S [T Y 7 1 SR Ao
e, SEA I 52 70 ol [nl R Y a] REAR AN 22 UL, R ZBOE A A — 3K Z ], ol e SRR AN A, 7E PRIRFFIE 1 n] fE
JERCRTEIR,

URRAEA R R 2T Ph AME S SRBRRREAE AL 0 AR DLHEAT 2545 EL B AT, A B P1(P3 FEAE I M
R Pb WRE S J7 WA T AWM, HA KA R Pb i), A e 2Rk, S5 HAR R R A 5 A B R
JEHIE P3 FRER ALK R, PP BLGORE S AR e IR S sl DRI Ph )3 i /s 1 ARG A RIS

TE 3R T 5 Ph FRETAYREFEAE T A B R 2R AR R BT HE O sl A i Ph 3812 704k, I X R
R B TCA F A BABINGE o L3 Ph {55 — B AR R MELLZS BRI, T8 FHAS IR Sl WA Ph #9336 17
i R] ATE BV 3Z Ph 15 G IR TS SR IE REAE 7™ AT 5 B 22 bR B 2 R, IR A 4R 25 i S A ARl
KA ASH AL . B HATA SRR Pb 12 59 73T HLHE AT A SRl D Wl Ph B PR 0 B AR
KIEN T i AR | B sl B AR AR Ph S5 T G A9 T i A B A AR 1 B 20E
Bt : i KA R S AR S R T P ok [ TR AR e I AT R R, Z R R
JITART 75 O R TR DT S5 A DURE AN 38 N 3 M D7 T 26 146 B, RS AE 201 b i S Bl o B B 25 745 Bl TR
AP HRE AR TR A XA X S A 4 T 1 Bl AR IR B
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