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Gender Differences in Physiological Tolerance, Enrichment
and Transport Characteristics of Hippophae rhamnoides

subsp. sinensis Seedlings under Cadmium Treatment
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(1 College of Forestry, Gansu Agricultural University, Lanzhou 730070, China; 2 Innoxious Cultivation Engineering Research

Center of Wolfberry in Gansu Province, Lanzhou 730070, China)

Abstract: In order to explore the differences of gender response of Hippophae rhamnoides subsp. sinensis
to cadmium (Cd) in soil, this study used biennial seedlings of H. rhamnoides subsp. sinensis as materials
to study the differences in growth, leaf physiological characteristics and Cd accumulation characteristics of
female and male seedlings under Cd concentration of 0(CK), 25, 50, 100 and 200 mg « kg '. The results
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showed that: (1) under Cd treatment, the growth of plant height, basal diameter and biomass of female
and male H. rhamnoides subsp. sinensis seedlings showed the phenomenon of low concentration (< 50
mg * kg ') promotion and high concentration (> 100 mg * kg ') inhibition. Under low concentration of
Cd treatment, the growth rate of plant height, basal diameter and biomass of female seedlings were higher
than those of males. Under high concentration of Cd treatment (200 mg * kg '), the growth of plant
height, the leaf biomass and the total biomass of male seedlings were significantly lower than those of CK,
while those of female seedlings were not decrease significantly. (2) With the increasing of Cd concentra-
tion, the content of photosynthetic pigments and the activities of antioxidant enzymes in the leaves of fe-
male and male seedlings increased at first and then decreased, and the contents of malondialdehyde (MDA)
and osmoregulation substances increased. When the Cd concentration was 50—200 mg * kg~ ', the photo-
synthetic pigment content, antioxidant enzyme activities and osmoregulation substance contents in leaves
of female seedlings were higher than those of males, while the MDA content was always lower than that of
the males. (3) With the increasing of Cd concentration, the Cd content in various organs of female and
male seedlings gradually increased and showed a trend of root > stem >> leaf. The Cd content in various
organs of female seedlings was higher than that of male seedlings. The bioconcentration factors (BCF) of
aboveground and underground parts of female and male seedlings increased at first and then decreased, and
all of them were higher than 1, while the translocation factors (TF) gradually decreased and were less than
1. The BCF and TF of aboveground and underground parts of female seedlings were higher than those of

', the BCF of aboveground parts was

male seedlings. When the Cd concentration was 25— 100 mg * kg~
significantly higher than that of male seedlings. It was found that H. rhamnoides subsp. sinensis seed-
lings showed tolerance to Cd in certainly degree when the Cd concentration in soil was less than 50 mg
kg '. When the Cd concentration in soil was higher than 100 mg * kg ', the tolerance to Cd was weak-
ened. The growth adaptability, physiological tolerance, enrichment and transport capacity of female seed-
lings to Cd in soil were stronger than male seedlings.

Key words: Hippophae rhamnoides subsp. sinensis; cadmium stress; gender difference; physiological tol-

erance; enrichment and transport capacity
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PL 100 pg » mL " RIS WO ARV T
1.3.3 Cd&E LR RERELGIHANM L
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A A CERBD P Cd & &2 IF i
Cd HERBME R ZE.

BHEZRZB(BCF) = # F ol L5 Cd & 2/
+3E Cd s

HBERB(TE) = #b L#45 Cd &2/ T #8450
Cd & &
1.4 HEALIE

K SPSS 26. 0 #4147 A 3 0] 9 LR R Oy 22
43 (One-Way ANOVA), 3 Duncan £ & H
K% (Duncan’s multiple range test) /r 7 H 22 7R I
FEPEP << 0.05);Cd MREE B 3R DL K =35 1] 28

x1

Cd 2B T E i

AR X 45 T0FS A 1 ok 35 R e SR AR 2R T 22 43
Br o 647 43 9 s /E R A Origin Pro 2021 %445
P 2 Bl 24 o CEIE £ hRER) .

2 ZER 550

2.1 CAdRMETHEDREEDHEKIBEIRNESR
XU 2R 7 22 A BT 5 S BH o VD R 40y T AR o
FEAZ B RKCR A Y (B2 A a) Y2 3 Cd
T8 5 R L {H B A A7 B AR R B A R PE SIS Cd
W0 38 BN ) ., 2R 1 AT B Cd
U360V B 1 T M L AR R R L AR T B KRR A A
BAY R RS LI TR ARSI B E
Coo A FR IR B 05 ME |l PR B 5 | R A2 B 3 KR AN
B E YR C,y M C,y 4B ¥ FAHN CK,
FE Crop Fl Copo AEFR T ¥K T AH R CK, {H B B 1 B
o BRI R A YRR C AR FETR 43
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Table 1  Changes of growth indexes of male and female H. rhamnoides subsp. sinensis seedlings under cadmium treatments
SLEL Y31 *%%_iﬁﬁg ‘%ﬁ:iﬂrﬂﬁﬁ R Py %*—F%% A gy BENEE /AT
Treatment Sex Growlh rate (Jrow}h rate of Root biomass Stem biomass Leaf biomass Total biomass
of height/ % basal diameter/ % /g /g /g /g
. M 7.00+0.41ab 22.56=+1. 34ab 13. 75+ 1. 42abc 21.0741.90ab 15. 10+ 1. 25abc 49.9344. 14bc
oK F 7.25+0.75ab 19.13+1. 98ab 14. 60+ 2. 20abc 22.1743.94ab  15.924+1.17abc  52.69+5. 04abc
. M 7.75+1.18ab 23.3141. 80ab 14, 21+£2. 48abc 23.0844. 47ab 16.32+2. 71abc 53.6143. 98abc
= F 8.50+0.87a 23.51%1.72ab 16.06+3. 92ab 24.06=+2. 06ab 17.99+2. 79ab 58.11+6. 64ab
. M 8.25%+1.44a 25.9243.73a 16. 2242, 75ab 26.8144.37ab 18.15+2. 35ab 61.1946. 48ab
o F 8.75+1.03a 24,5444, 00ab 18.54+2.08a 28.13+1.77a 20.03740. 94a 66.70+1. 25a
. M 6.25+0. 85abc 19.78+1.47ab 11. 68+ 1. 11abc 19.49+2. 05ab 11. 08+ 1. 67cd 42.2543.81cd
G F 7.00=+0.71ab 18.48+2. 19ab 12.75+1. 0labc 21.884+5.67ab 13. 59+ 1. 95bed 48.2245. 93bc
. M 4.25740. 25¢ 17.13+1. 45b 8.1840. 98¢ 15.89+2.10b 8.17+1.50d 32.2442.72d
Con F 5.25+0. 25bc 18.95+2. 08ab 10.40+1. 70bc 19.58+3. 19ab 11.11+1. 04cd 41.0945. 66¢d

M. HERRF. BERR; CKLCys 2 Csp+Coop «Cage 2 HIFEIR 0.25.50,100,200 mg *

0.05 KFEAFEREZER (P << 0.05; T

kgt Cd® T e b B 5 7 30 R ] 2N B 0 2 7 b B 2R 1]

Note: M. Male plant; F. Female palnt; CK, Cys» Cyys C,y and Cyy, stand for treatments with 0, 25, 50, 100 and 200 mg * kg ' cd*t,

respectively; Different normal letters within same column meant significant difference among treatments at 0. 05 level. The same as below
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TS N ESRAEC, LT EER TN, 5 CK
FHLE HE Co WEFEN, MEREIFZRZE b EA S N E
SRR SR U SRR b &R W
1 Cyo ALFET MR 4506 & 8 R & & DL S HE Bk 1 i
ZEDTEMAMTSZEGTEBYEEFE 7 Co
A FETR L ME HERR SO S AR S T W E
Cooo AEBEF  HERR AL G (AR & i 1 10 25 T % i
MRACEEA S DR & W NRe. ol 0L, o [ 7D e
PR &I F 1 T4 1 361 RE ) 8 T Ik

2.2.2 MENEEME WHKI S RENR,
Cd 38 X v [ V0 o w4 F e 4800 I 05 1 2 B
82 AR R AR S Cd B 38 A 38 AR
NiX I SOD #l CAT G ¥ A BE2m (& 1),
H, AR Cd B 38 A 23 A M R 0 4 b BT SR AL i
TR TR L SOD 1% M 48 i 14 35 8 3 K,
CAT {BPETE Cyp 40T 1Y 0t 35 8 2 /K F, POD
FAPX EME¥ LR E 2 %, WE CAWRENTH&E.
W HfERE I R B SODL.POD,CAT #l APX I P 2 &
Se Tt G A8 Ak #, POD F APX 1& M7 C,,
AbHER A B L SOD A CAT 3§ P ¥17E Cyp 40
PR IRB (. 7E Cp AL FER Rk b SOD,
POD I CAT 1% ¥ LA S HE#R (1 POD #l CAT I 7
BIHCAH I, CK G 35 38 5, B L M #R 0 b APX 35 4 1

T FE A E Cyy M Cop b FEF, M HE R 1 o
SOD.POD #l CAT 7% ¥ W 3 = T A CK, M.
HERR I e APX 36 M A7 35 6 3 AR Ak AE Gy A0 2R
L HERR I SOD T P DL KOME AR i CAT I
PES L CK 35 Th i, b o | A ok i v APX 3 7
I CK B & RRAC, DL g5 SR, op [ v o |
PR &) v e 08 3 i I8 1 P A A B T PR N X Cd e,
1L ke 2 B0 1 T 58 1) 4Lk B

2.2.3 MDAMZBERATYWREE WHETEH
M e B, Cd 1 38 R B 2 ) 6w VD e
MDA ,SP #l Pro & & ¥4 W3 52 m , X H SS & &
Y0 1 2 5 e, AR AR M S S Cd W 38 38 BRI X
MDA 1 3 F% 325 8 35 9 o & &5 ¥ 70 W 3 52 ma (&
2), Mo, kB Cd b 38R M Ak iF RSP, Pro Al
SS & B B TERE (B BERR i b MDA & 5 R T 1
Bk, H SP.SS il MDA & LR EEF . Pro &
HAE CrooCop BT HBEZR. BHE CdWREM
Thve e HERR I B MDA L SP, Pro 1 SS & & 1 %
ETtEH, 5 CK A, B HERR I MDA & &1
AXAE Cooo ALFETN W 25 T, 39 06 43 3002 41. 33 %4 Al
51.42% , AEH AR AL R ¥ 00 3 25 5 s fE Ak o
SP % & M AUAE Cypp M Cypo ALFRF B3 TH 7 . ME AR
B 43 ) SR 32, 34 9% A1 50, 18 %%, M Ak 18 e 43 Ry
26. 97 % H1 36. 23 % ; MEARIT H Pro 8 7E Cos ~Cyyo
AL PR RN 23, 97 %6 ~79. 54 %, ERR I R Pro
THRAE Gy ~Cyp T B EFEFE T 24. 00% ~
59. 24 % s M MERRM R SS f R BB E, DL
S5 FL UL, i VD BOME | AR ) B o B B R

Table 2 Changes of photosynthetic pigment contents in leaves of male and female H.

K2 CALETHEDREERHAXGEESENETNL

sinensis seedlings under cadmium treatments

rhamnoides subsp.

e e KT e IS E A K8 b %
Treatment Sex (,hl()r()phyj} a th()r()phyﬁl{ b Total chlor(i;ihyll (/ar()ten(ilfi
/(mg=+g ") /(mg+g ) /(mg+g ") /(mge+g )
. M 14. 97+ 1. 24bcde 6.98+0. 29de 21.96=+1. 54bc 22.7141.59cd
K F 13. 81+ 1. 40cde 6.02+0. 38ef 19. 83+ 1. 30cd 23.85+0. 81cd
. M 18.51+2. 76abc 9.05+0.09bc 27.5642. 85ab 26.837+1.33bc
o F 17. 534 1. 91abed 8.9140. 34bed 26.43+2. 21ab 30. 292, 40ab
. M 19. 06£0. 57ab 10.02=+1.02ab 29.094+1. 35a 27.844+3. 24bc
o F 20.274+2. 38a 11.22+1. 25a 31.49+3.63a 33.974+1.56a
. M 11.78£0. 50e 5.7040. 82ef 17. 48+ 1. l4ced 19. 18+ 1. 17de
G F 12.45+1.03de 7.25740. 20cde 19.70+1. 18cd 23.7140.60cd
. M 6.78+0. 48f 3.67+0.13g 10. 45+0. 56e 13.49+0. 911
Con F 10. 34+1. 93ef 4.8640.691[g 15.2042. 62de 17.59+0. 39ef
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Fig.1 Changes of antioxidant enzyme activities in leaves of male and female H. rhamnoides
subsp. sinensis seedlings under cadmium treatments
M HF
40r a
S 3sp A
Eﬂ 2 o b ab 1, P g
g . 30 A0 4 g
o= be be ma'
< S 25 bec ¢ 2 on
}EQ £ 20 g
== Hao g
15 . . . e
x CK Czs Cso CIOO Czoo E’
1 5 I o~
41§~ MG
i S7ep 140 gmE
g - 3 e
£ Y 2 &
e S =Y
A= 2 ] . . . .
CK CZS CSO CIOO CZOO CK CZS CSO CIOO CZOO
AbFE Treatment AbFE Treatment

Bl 2 CdARBETT v [ Vb oM Ak o R D9 R RTOR REE 1  ER A ET EE

EiibE s

Fig. 2 Changes of malondialdehyde (MDA), soluble protein (SP). proline and soluble sugar (SS) contents

in leaves of male and female H. rhamnoides subsp. sinensis seedlings under cadmium treatments

FE5 Cd Wad vk BE W OE B, 9 H L 2250 53 Pro Al
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2.3 CABpBTHEDHRIEEKRSEERN CdHWE
MM HBFLEER

2.3.1 Cd&E K 3kAE,CdMiaxs i E
ANF AR E S Cd & 5 ¥ F 1 3 52 e, Rl R P A
PRSI Cd Wi 22 BAN X H 28 (i AR Cd & i
AR, R AR Cd SRR E R, HERR
HKE Cd FrRAEARIR Cd e e kb 30T 1 A [ #
Hi s FHERE  Hohrt Cd & & 7E &R AL B R 1 22
SBEECIEEME Cd HBEHTE C,, Ml Cy, 4
HTERRE M EEEZERYARE, ME Cd

W B TH R M HEAR A R B B Cd & B 2B
ETb S HAESWRIEAT T K2 B EmT CK, 5
Hb A A H A, SRR E Cd Ak BT M | 1 Bk
HmE Cd Ry RABAR>ZE>0],

2.3.2 BEMEHEZRE HE 3 AT MK CAE
S R BB B R BUE R TR) Cd v i Ak BER 349 585 F I
B, Horb 0 B R B Cp ~Cy AbH T 122
S M N E R R G, T ERE
FOHEBARBEAWIENE T LR YR B E, ME
Cd e FE By Ths i MERR b F A0 380 & 4 R
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Fig. 3 Changes of total cadmiun content in different organs of male and female H. rhamnoides subsp.

sinensis seedlings under cadmium treatments

K3 CdRAETHEDREERLD S
MEHRBRHTN

Table 3 Changes of bioconcentration factors and

EEFRH

translocation factors of male and female H. rhamnoides

subsp. sinensis seedlings under cadmium treatments

CEES

. . 2 =
4 3 3 Bioconcentration factor l%*&lfzf;%&
Treatment Sex - - ranslocation

Hi O H4y o b4y factor
Root Aboveground

M 2.04740. 35¢ 0.63%+0.06cd 0.3340.07ab
Cys

F 2.3340. 33bc 1.05+0. 06a 0.4840.09a

M 2.5740.36bc  0.76+0bc 0.31+0. 05abc
Cso

F  3.57+0.35a 1.21£0.21a  0.35740.08ab

M 2.9140.22abc 0.6340.04cd 0.2240.01bc
Croo

F  3.12£0.22ab  0.9840.06ab 0.32740.02ab

M 2.8140.17abc 0.3840.05d 0.14+0.01c
Cano

F  2.8240.08abc 0.597£0.02cd 0.2140bc

1E Cs AL BAT S e . M R R TG 7% R B Cd
JE B T MR B/ T 1, 4004 T 0. 21~0. 48
A1 0.14~0.33 Z I8, LA 25 S8, o [ v i 4h i
W HERRER A — 2 Cd BB e )T (HMERE &
LI R )0 T HERE .

317 ®

T 32 2 5 4 )@ W30 J5 AR AR K B AR AR
S I A T UL mE Y, Saraswat 255 fF 5T i% [ﬁ ,

MAHYAN T Cd PR B — & 7B I 2 S 2O ) 4
Kz B, 2 o AT A B AR AT A T
B RAET B gk IR BEE 13 Cd(<<10 mg -
kg O XFBKAEMI (Saliz variegata ) MR AG ( Prero-
carya stenoptera) H A K B A RHEH, BE Cd
W PBERG X H AR A T R E AR . AR
D RO R R 4 R L R AR B R A W)
IR E“MIE (<50 mg » kg ') &I (>100 mg -«
kg DL, FHN AP IR KB Cd Ab 3T M
MR AR BT 3 25 S (BAIRVR B Cd AR 3R (<50
mg - kg ) MR AR KR AR b T IR BE S T E R 100
mg « kg ' Cd Ab B X ME MR 2R K TE 3 A 0
VEF AR HE B A2 4K 46 B T R I B2 DR T ME B L T 200
mg « kg ' Cd &b XA R Bk o 1 1A i A ) e
SRR R AR T AR A Z B
AR R 1 P o D5 OB A AR I ZE IRV B Cd b 3T 32
FI) (4 A1 A T Ao W . T A o Wk B Cd AR 3 (>
100 mg = kg ') T AT 32 BE 77 5 T Ak . Cd X A bk
A R B AR T
A R 2 R W IR 4706 & A T Y
L R A AR T DA R B R P T L AR
G ARV E Cd A BEO6E Hh [ V0 RME kR i R 2 R a
(B 25 mg « kg ') HFERER b R R RS b
RO EA B ERHAEN MR 2R b & &
MEMGESEA S0 mg » kg BT EEIE,
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XATRE S MERR T Cd & & W3 & T AR A B4 ¢
#. 100 mg « kg ' ALPEXTHE ERRIT RO S B ER S
TG R0 5200 mg « kg ' Ab O AERR OB S
R G LA 0 3 AR P g R e b S B
NEREHA R EMRIAE- . o5, Mk b 20 2
MNRERTE 50 mg « kg ' AL B 2 3w T HERR.
TX B 58 5L 1 B ] D M R AE IRV B Cd b 3T RE
i 38 3k T Y SR R B R AR R AP OB SRR
TER B Cd A3 F HOG A 6 5 Wl A% 338 f % 1k
St e T EAR A SZ B0 A0 ] H 32 40 R B RS T
HERE

TP (ROS) R 5] iy R 2o 40 Ak B 3
S Cd B0 51 8 40 M 53 1 F0FE T2 1) 1 EE AL G 2
— M A AL (SOD,POD,CAT Fl APX %) ¥ &
BRI — 2 WA, HELSERER
T A Y ) B K T 52 AE I 2 6 R e A s E AR
B E AT B A 2 L S PRI AR R R AR
WS L AS B AU 25 1, BBl 2 Cd ok BE 9 T
SRNESRY T AN v QU R SR = WA SRR G i R
Th e J5 1 W /N AT R A A, S s g A ]
DIIE M HERRAE Cd AL EE R 4 Bl B A — 22 /9
F/ER . Z56 AR5 M dfEdknt h e s RS &
BT AL B G PR A M R R A A AR = 41 3
S0 Ji PR AT R R AR BE Cd Ab 3T R B 7 A 1 R
N, SRR A A B R L e S B PR, AT
JHe T AR RO G A A AR, I Ak AR K
FAVEYRE TN CK BI45 8 b5 Cd e ik —
BT, Cd Kt FUR A A 2% B b, bk i o i 2
FPUE AL A RS2 B 5 BObR = R AR R R A
Wy s BEAR 3 AT B J2 B VD RO Cd 38 i — Fl g
SFALE . AV MRk 4 o 4Tk i S T AR S TR
W BE Cd AbBE T 35 K [R) B2 B2 b v 1 I bk, HL 45 R
AEFETR SOD 36 #EFI 100 mg » kg ' ZABEF CAT %
PEFE M 18] 22 5 @ %, R MEARFE Cd 40 1R i i
SOD #1 CAT % Bk ROS M BE 71 3% F HE#E . 55 4,
MDA 2 41 it i 5 ik Ak 10 A F =4, H B & vl L
S ROS XA BRI 2R 40 i 05 e g . AR 58 vh
AR BE Cd il e Ak B35 f M HERE i MDA % 5 F
i s HOMERR MDA % & B 5 T vk (H 5 78 200
mg + kg ' WFTFEK A CK A WA . sk -
i B K T MERE . 3X AT B & B M AE 0~100 mg -
kg ' Cd Jpipae b B8R &5 6 2R 0 Bt A Ak Bl T A RO R
1 ROS, T AE 200 mg « kg ' A3 T 41 48 1L i
T I A ARG 31— 58 P B, ROS Jo 9 M i i 1%, 3k

MDA & & K b T, 156 B e L ok 4 7 76 ARV Cd
Wrif N R G2 AN B L R B R A Cd it
2 AFUE IR IS 2R 55 32 0t 0 M k™

i) 5% % 42 J@ W38 I, SP Pro F1 SS E ki ¥
240 A P T 9B 3 ) T, H R BUR A8 4 R A
JL 32 3 o i LK e A Al A 4 3 b R % 2 R
SR ARRFSE . Cd AL ET [ v 4
Mkt SP Pro f1 SS & &8 F CK, JuH & SP
M Pro & MAEANR CAdIRELB T EEST
CK. IX Al fE 2w FE vb s 5 4 J@ i — b 3 15 1k
JO7 5 BV 0 ot B | DX A A R R AR R 40 D
T8 5 SR, 22 % Cd W38 15 B 40 B 6 7K 5%
KA S w, R R AR EE . 5
S FERRI M BE Cd Ak BR M Bk i op 3 A5 33 Y
Wy I S B4 TR L P Pro £E 100 #1200 mg
kg ' AbFRR A T R 25 5 2 — 25 U B A
Cd 4b P T AR A Pro MRS & 34, 42 555 41 i W% 7K
s AR IK A BE T LU AR 5

AT ABFSE R4 2 AR AR Cd LR Bl Cd
W BE 4 T i T LR PO AR > ZE > T AR 5Y
RS 2 — 5, R b EY T Cd 7
MR EMEH, HEARRE Cd HEM FERY, &
Z R (BCE) MR 28 (TF) fE 0% S WA bk X Cd Y
W A A AN A8 g 1P . AR g b b D B
MRk R 384 BCF ¥ KT 1 Hag it & T B34
BCF, i i F VR A 4050 1 Cd & £ RE S, HAR
B AERE ST T M ARy . DRI T B R A i B
Cd ik AR R HAE TR0 RK S TIRE iz a2,
DL /D Cd*' B3z 2 4 E 384y . [t B Cd
W RE TR L ME L MERR T A Ry Cd B SERE 1y
ISR R W/ 1 A5 Ak ke b BBk TF $8/0F 1
HHERE T 0 F M, 3222 LA nl RE R 76 42 IR Cd
VI R RRAR ZOR W I Cd® i) B A e s L B
% Cd e BE T AR O kB M E 5 4 Cd®
VR I B 7, DT R T i B A Y B s
J3hh  HERRAR TR AN 185> Cd & 4R R K 7 &
PR THERR , 20 R MERR 1Y 1. 14~1. 23,1, 38~
1.55 J 0.55~1.50 5, e i B384 Cd & 4 R 5k
B2 S 2. 25 A MERRAR 2R 0 Cd & T
B0 M B304 CERNI) Cd 7 25 5 50 35, F W]
PR ECHEREA SR Y Cd & EREIBHE .
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