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FHE : 0 ¥ ¥ K 4 % & (anti-mullerian hormone, AMH) , 4 7% ¥ % I & #0 %| 4 / ( mullerian
inhibiting substance, MIS) , b k& & & B F, BT TGF-B &k fn b BHF Kk, X # % AMH
MEA|EEFEWRETHER, A DNAstar 8 #5987 # 4 2 AMH £ 30 R, R FH
BEHHRES22~243 AEABEHEN N BHRET AMH R RA R RTRERK., ¥
AFAMRT-PCR F: AR Ey R kAoo3bp HEWHFAN AMI X, FEET K4t 2
B 30 S5 o 50 W AT BN AL B IR S Mt T BT 18 B 3K H4K pGEXS5x-l P B
KA FR pGEX-AMH, # A AWH E BL2l 2 5B T H XA, HWEUA S HHREER
H38.7% . HHREE HRAM, B4 %4 KR K, GSTrap FF column & E47 5 B2 9 F &
HAOku B—AWHEWE G, B 8% G % FactorXa B4 2 # , GSTrap FF column it 4% £ {t,
EREMAEY AMHER, 2 FEX 26 ko, REH 2.6 mg/mL, B4 H20 pg MAE LKL
¥ ICR ANE, %8 BT DU 3 B0 e d 4t 2t AMH B S g th L&, ek AN KAT R
EHTEEL(P<0.05), B mMBei® 5 B ERERN F0.672 £0. 411, 35 B 5 8 4H , fu 3

Bk 1:2 000, R4 RENARE WA LAY, 7T OURBALG & £ A,
KGR RAEF & P KGR Rk s s

RES %S .Q786;S 917

P B 1) (5 5 3 & (anti-mullerian hormone,
AMH) , 1 35 B #) K & # %l 4 i ( mullerian
inhibiting substance , MIS) , /B T TGF-8 H&f14r
WHTHE, TG EZT IR T, AMH fER
AP EEA SRS R EEN
o ZHIEAT4E, AMH 1 Picard" S M4
BRI LR R, Z S H AR BT E M
RBEAL PR, K RBE B BT 55 IA
H, ALEBMHE AMH KRR —EiF2IEEE
HARGPTERENIE N, LN MFE 36 [
REIFHh oy AMH P BRI A B 6 K
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FEER LA AMH = FERBEH 0 Sl 7 40 i

g B 4 : 2009-11-26

&5 A #A :2010-03-08

RAGERIARL A

HIETE AN (A F PAS0 2E[E| BR AR Ji A CYPLL A
CYP17 fy3is ™! ZEMterh , AMH [LIE T JR SR
T RIS T BRI Z a1, A,
RUERH AMH B4 T B MR Z 3 S48
(LH) 32 #f1 P450 S5 &AL F BT,
=14k, AMH B F RET MY
FE 2 MIFERE B B 2K X H MR R A 52
TR, &R AMH R Fa P BREFETHLE
{HAT R EER) , WA RREFAL P IIFRETHY
[WE . #2002 £ 2, M B A 4gig+ X i
¥5F & 2k B & [ spermatogenesis related substance
(eSRS21) ]"/cDNA YSjREEL a7 1526 AMIL H
AR FEYE, EEEAEMRE FERPRER
ISR AIE FAD 5 W EL s i AMH SE R ML
B SRR SR A E R 5L S AMH BF

BEHTLE : o AP B A B PP R R R BT B T 4 BHRT Ak 45 30 % TRBE 0 B ( 2009TBFCO1)

ERIEE SR M, E-mail ; caolp @ ffre. cn



5 THAE ¥ P@E AMH 2N WEERER £ w @it h & 657

BRMEEE. ARLLUE, —F3BLU T2
1 AT Eh . 20y AMIT v B 4 3k, 40 K Vg
¥4 ( GenBank accession number AY722411) ., H
AE %™ gD A" H 4 8 6 (GenBank
accession number AY899282 ) &%

BRI ( Oreochromis aurea) JBT #5FF
B Saf, RS AME, A REER, fi
PERBER G4 4, B3 A IE S 1B X TR BRI K
gFaEf FERKFF D SFRENHA, B
REBNFESEMRRR, B ES M E, H i
xR AT BA R TETR AMH S 8RR —
MHM. ML D, RO LmET AMH
L [ e I E i AR R e BT T BRE ™
St —A T AMH B A S R AR R T
BRI R H RT-PCR 7 vl A
& JEf AMH [ cDNA, W Ky EHEEER K
WA mEARERERE D, HREHKE
i, AR BHE T L PTG #3:%Ri548 38 AMH
RAaEE, E—2RETIHLE, AT - 2FXHE
RS LS AMH BIHA S EATNE Y
AR AT IREIF LA T T,

1 MRSk

1.1 #&##

A CRAEMVEEARAR
KL, HEUR . /B B BT K
B zhh. a9 ICR AR,

Gl AMV R Fd50 4 T, DNA 4
B BERE o Wit H & Taqg DNA 58§ . EcoR T
Hind W B REEZEWA T, BRIG MR,
RNase Il 71 8 L ¥# 4 T TRAA,
Factor Xa, GSTrap FF column #%. $% 4F it H ik
(GST) il B B YRR (JERD) 47,
HABEAL R A =, REREL AT
2:4f57) ,ELISA R NARSEH#IN) B 3% M gl 4
IR AT,

- PCR 1X#3 { BioRad 24 8], L4 45
FAC TR 20 BT 45 P Al i 2 R A O R g
RAG ,DNA J75 5yt {8 F DNAstar k44, 4 5
S LR ESETAEY TRAATEN. B
PRl E 1L 3 TECAN 2AH],

FE5wEs  pMDIS-T &M A KESE
EWAA, RIBFR pGEX5x-1 AEERAT, F

Y4 P DH5 Al IM109 h A= {747
1.2 FE

3% & 5 RT-PCR B i K F§ Primer
5.0 Wil T —X e Rtk ol 9, I+ 98 43 Bl
EcoR 1. Hind LRGN a5, 5 40 i B ¥ ImAeEH
PR Fl -8 1o

2% 1,5 -GGAATTCCATGGGACCCCACA
GTAACCGAGTAC-3'

2% 2,5'-CCCAAGCTTGGGGCCTGAAGC
ACATCTCGTATCAG-3'

R¥EFS| Y AP I E EWAET A THEL
G

DASRER ) B AE - B4 I8 B RNA AR 7T
FHERARBE—5 cDNA, DR R MR
Ko BB R ES | 54T PCR 4738, RO 44 4
94 THASHE 3 min,94 THAFME 30 5,55 TiB ok
455,72 CTIEAP 1 min, 30 NEIHF,72 T 7
min,,

PCR F#h#y st 5% %  PCRE¥HE 1%
BRAR T I . T X6 o ST FH i e [ A i) & [l i
=Y 5 pMDI8-T Rk E# A %, i
WAL K G AT E TML09, BEH DR A B, $R LR
HIFE L EcoR 1, Hind IR EEG191 25 8 2 J5 8 P
FERE £ 3T g THEFT DNA W5, W)F 453 H
DNAstar ,CLUSTAL X ZF3k{E3647 4047

RAERERRGHE A HELDE pMD-
18T-AMH 5 [5i#% 3R i8 i & pGEX-5x-1 4+ 3| F
FeoR 1. Hind Il 37 C B A, FEBERE W R &
M AMH F B F4k #:4k pGEX-5x-1 [ikr, &2 8
T4 DNA FH:R BLA Fis i e e R ik &, W
# x5 A pGEX-AMH, 3 % 4k K B #F B
IM109 , fif 6 FE PR T, REL PRI 2 > 0 e E A7 A
TI%E,

AOEEAXRBAE YRR ER W
F Ik ¥ pGEX-AMH 125 AR JH KL pGEX-5x-1
%%t DHSo Hlk, LB S ETHER
(100 pg/mL) ¥ 2 x YT g 37 THREGHER
. 1 1:100 Ry RKEFE 37 THRGBER K
N4 hEL, HE ODyy o fH7E 0.6 4, AT
33 IPTG &R N 0.3 F 1 mmol/L, 4545k 37
CHERGEHF 4 h, 4 TEL(5 000 t/min, 5
min) W&, HEER 1 xPBS WHRIIERN
W RENAGRR 1 < PBS HEKEHEE,
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FEVE R BT I A AT 2 x SDS BEEE I
FEZE ¥ (100 mmol/L Tris-IIC1 pH 6. 8; 200
mmol/L — 5 7r iR, 4% SDS;0. 2% M By ik ;
20% Hl) o KRS E FooK &S 5 min, DA
BHRFTL M, 317 SDS-PAGE Bk, FLIk
SEERA, ANOR T B, B T H D 5K R-250
FEf, B TFREN RERNFHETE
H R B 2 H I RIA .

BEZOHRF AL R Budwk
FEH) 10 mL 408 F 1L LB( &7%8) 1,37 T2
PRIEFE 3 h, oA IPTG £ FE N 0.3 mmol/L,
FYEEEIEIF 2 h,4 000 x g B 20 min KRR,
HET S0 mL A rhH b AR w MR A%
B4 1 mg/mL, 7K 30 min, J5H0A DNA &
FIRNA Mg Z&EWRE N 5 py/mL,4 TRHE 10
min, 9 000 x g B.0» 30 min, ¥ - EHHEM, b
W ARBBMEEH

W EEERR LT FEEmE (1 x PBS
(140 mmol/L NaCl, 2.7 mmol/L KCI, 10 mmol/
L Na,HPO,, 1.8 mmol/L KH,PO,, pH 7.3 ) &
476 GSTrap FF column z= 4L, T 28 v ¥ F 7
5, UG e % 28 b3 ( 50 mmol/L Tris-HCL, 10
mmol/L reduced glutathione, pH 8. 0) ¥EML, YER
P R g4l b)s R RlA B, e SDS-PAGE i
TR . AE ¥ B H LL 10 TU/mg Al A Factor
Xa, ERBH 2 ~16 h, YEAM TG, K
B HFBT 4 GSTrap FF column A1, %% B ¥k
WA B AP HMEH, & & L Hilrp
Benzamidine FF 4 2% g Factor Xa, SDS-PAGE
IR B4 7 AMH B H .

F ik FE o R e T 8 ) & Bl
E5EZEM 1 xPBSE-S5/E, 0.2 mL( £ 20 ug
BHLIR) B TS 2 HlEf: BALB/c /MR (4 ~5
JEE) FEREE DR B, R E AR, B4R
AERMEINE . BFARRE K, E KBS 14
TR ML/ B M BT RN T AR ) . R
EMHBRETEXWN A THERHE LT
H, T4 CHESR, HEZEM, ks
mE. FHnEEEES — B, mEHRU 1
500 x g BL.(» 10 min, Wil HFHAIH TURED
AL ILIFE o

FL RS REFT —70 T, MARIFT -20

T(&HD).

Fobn A #9 B E 3 FH M B 4, 5 K B
] % ( enzyme linked immunosorbent assay,
ELISA) HrHi R B T8 % v (0. 1 mol/L
Na,CO,,pH 9.6) i, R 5 ng/pL, G0
50 pLo FRIFANK(AINEEERE) . 4
CHEgdEF. 1 xPBST[1 xPBS +(0.1%)
Tween 20 | TR T ¥E¥ 3 K, HIK 5 min, #K)5
FLIN 200 L B K (10% BN EE T 1 %
PBS 1) 4 TH MK, 1 xPBST ¥k 3 W, N
AL, MLEFFaaE 1:100;1: 200 FEHLARFET1 x
PBS & ,&F 100 pL,HMEFLIIA 100 pL 1: 200
FREEIE , Z= LA 100 L 1: 100 £ 5 I 75 .
37 TWH 2 h, 1 xPBST g% 3 K., INARE
B, BAR B BAHI45,1:1 000 BT 1 x PBS
LA 50 wl,37 T,2 0, BfA, BAWK[S mg
OPD (4F# —Rk) ;4 pL 30% H,0,;10 mL 4
ErpE (0.2 mol/L Na,HPO, ,0.1 mol/L ¥ &
1) 1,84 100 uL,37 T, ZRMA B A, A
50 pL 2 mol/L H,SO, # 1. M#RiX b FITREs
Ko

2 iR

2.1 mIEHESTHT

SR A Y2k 8k DNAStar %} AMH 8 B8 &
FERST 3| 47 B0 R Pk 43 4, DNAStar 3¢
Protean I B4R K E A 547 i, K RAThfE
MERA T HTNEA RSN, RESFHS
WHEFUREMRAM ISR, EREARS
FHER AR L RTR R E RS URER K
TMTIEE. SESsrHr, T AMH 8 971 22 ~ 243
HAEBHERBEE, TENEBEREZNEN T
Bt. %M PRIMER 5.0 9|48 3+ 3 {4, Ll AMH
S FR AR, BT — % EcoR 1, Hind TIE§Y]
AR5 Pk 1 B i B
2, 2 AMH HiyH B HI=RE

LS HE £ PR R HOR B RNA 4 8 s
M, % RT-PCR k75 " AMH Z P JEHE S/
Hi R B, RT-PCR ;=4 B NG 5 X B 3k 35
U, P8 T R4 600 bp AERH B A B (B
1), k4 R 8o i B3 50, I SR,
RN S| Yk R, PCR 4 45 A
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W 1

7ol bp
£6Y bp
50 bp

E1 RT-PCR F~ipiiigsEmik
M: DNA 41 HB#rid; 1:RT-PCR =41,
Fig.1 Agarose gel electrophoresis
of RT-PCR product
M. DNA molecular markers; 1; RT-PCR product.

2.3 HEHFKRY pMDIS-T-AMH #1 pGEX-AMH
RMEREERE.,

¥ 4 45 pMDI8-T-AMH #; 3 & 8 by % %

4 1 1) B 4 ST R pMID18-T-AMH 3541 K
AT E IML09 B £k 5, BEHLPEER 10 s 4R B
kL, BB JFRE 22 EcoR 1 1 Hind T X8R (B
2) , MG R KW pMDI8-T-AMH Bl 5B —&
#5600 bp (A&, BLIH AMH HITa@EA T HE
W T 4H B R pMDIS-T- AMH 2% Il 1 2 =] 1)
Fe i it R R R SR SO BN K/ 663 bp 1
BRI FE,ERT R ERENHE,

F 40 45 pGEX-AMH &9 #) 2 B By by 5 7

PLEUE 4 Ji B pMDI8-T-AMH, £ EcoR I 1

Hindl 37 CHEGY G B A 4Ll & a4k )5
WA= 149 5 2 A 7] 56 8 U7 1% 84 pGEX #
%, R YA R EE IML09, 3R LR S
P bR agde sy, Bl s (B 2) mf A
ANk 663 bp B B 89 A BERT 4 900 bp R
HEL,ZH BN BEFHREA THEEEM
RLIIAEE T 23k iR pGEX-AMH,,
2.4 BABANRERERE

W F 2 A pGEX-AMH 40 K BB i |
BL21 B#k )=, L 0. 3.1 mol/L IPTG 4} 335 4
h &, B ERFE R BN R

L) 1

720 bp
663 hp
500 bp

B2 EHFEH pGEX-AMH R AR 2 i
M:DNA +FE4rig; 1:pMD18-T-AMH £ EcoR 1 H Hind Il
W,

Fig.2 Restriction enzyme digestion analysis of

pMD18-T-AMH plasmid
M. DNA molecular markers; 1.pMDI18-T-AMH digested with
EcoR | and Hind ]Il .

Jd, 4T 12% ¥R EE) SDS-PAGE Bk (E 3). B
3 WTHL A TPTG ¥53)5 , ¥ A T 2H BUR R 41
HEEHERYPHRT KESTTFEAN 49 ku
HRAEE (3 WKiE 2 iim) . BT pGEX 3R
IR kAR 5 1] 484 26 ku f¥y GST, Tij AMII 43§
B2 ku  Hig FREEEHN S TEA N 49
ku, XETMEEMA—8, EHEABEE PTG
#F3n MEEARIRE., BNERREREZ
BandScan AWK, 9583 T I FRAEH
B2 38. 7% , Western-blotting 4 & EI 3 3% Hi
(& 4) , BEAREIREAWEGE O TSN
# anti-GST FLiii ], Bk EH R A GST $ii R
e EHERE ST RN 49 ku, Bl
THAHEHRE AMH B, FEHEH T AMH
Rl aE BRI E PR T R/E.
2.5 REFBEWEVISHL
FEMSEROMHRREHNERER K
£ L3F, 2 P F#) GSTrap FF column JZ474E,
FBERRZE vh ¥ 4 77 VE AR G ISR B B, & SDS-
PAGE BRIk I, i {3 Ao 3 — 4 (B 3 ki

4), > FERFN 9 kuEf, Ry RAS%
Factor Xa ®§t714 b 5, £ GSTrap FF column 3£
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1 2 3 M 4
ku
— — 9y
Ll | - — Al
Y —
& " =
.o» e
5 — —4

W~ - —le

A3 LEXHITES AME'GAP B4 EAMN
SDS-PAGE 43 %7
M ENRSTEFTDL: £ ol B121 £ 1 mol'L IPTG H#3 4
h; 2. FiE S0 E ooii BL2L/pOEX-AMH; 3. BLY1/pGEX-
AMH £ 1 mol/L PTG #54 h; 4. sTEEEBISH AMH 1 .
Fig.3 SDS-PAGE analysis of expressed A MH/ GAP
fusion protein in E. coli BL21
M. protein molecular marker; 1:1ysis supernatant of E. coli B121
inducted of IPTG; 2. lysis supernatant of E. coli BL21/pGEX-
AMH without induction of IPTG; 3 lysis supematant of E. eoli
BL21/pGEX-AMH inducted of IPTG; 4 ; purified AMH protein.

- a 1 2 3

[t

G —
43 T

i1 —

0n —

B4 JEREEOE

M. BEFDTRIC:]: 45 AMH A ES; 2. &l
1 AMH BETE D 3. AREFH pCEX-AMH Pbai SR

Fig.4 Woestern-blotting analysis of expression of

pGEX-5x-1 and pGEX-AMH

M. protein molecular marker; 1: purified AMH fusion protein;
2. purified AMH fusion protein;3: Lysis supernatant of pGEX-
AMH.

Ja, k44 )5 % AMH § 1, SDS-PAGE H 3k
s RE  RENEAARE &AW (K S
WGE 2) Bl 85 23 ku B4 AMH EH,

1 2 M ku
— 37
— 66
— a3
— il

i
N i ' — 14

ES5S AMH &£ BB Factor Xa B&1D
M: HARATEARIC; 1. GSTARMEERA,; 2. aifhiy AMH
=
Fig.5 Cleavage of purifyied AMH fusion
protein by enterokinase
M -protein tofecniar marker; 1. GST protein; 2 . puriied AME
protein.

2.6 IWHEREREEREBER

w41 BiE, s /N E ot ge R
AEHE OBl =R R, F s R
255 AN N 0. 672 0. 411, 3R FNE ( &
6), M= AR AT Rer= AR, Hasa
SEAMETTEE R EF (P <0.05), R
A2 (7 L S AR LR 4 0 102 000, EH] R LK af
e AMH & AfE SR 6 B8 &
Frtbiik B BA xS S Ecr, TR —
A5 AMH ZEEED EAEREZTPIER,
3 g

H AMH ZHEM AL FRBLDE, ZEEHE
WA LB SR T ERNR, S AR R
RS A R EANRE, HHEENFBENTE
HRA™, AMH & T 8- 4k K BT ( TGF-
B)FI&, T &K 140 ku WHEE A, B FH T 41

MR T Bortb, FF i in B (VS R L 1
Mo BT AMH ZEHT T TEFERN
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=1

——AMH
——Saline

/\.

- ——t

——

A490mn
oOCOoOCooooo
OHENWARE W

1 3 b 7
W) /weck  time

E6 ME%EAMH MERDAEHAFEBESS
R AMH AR K B IE, AMH HEFEF R, 6
R AR 5 RIEBNEE, £ KA AR SRR

Fig.6 The fiters of mice serum immunized
with AMH protein and saline
After being immunized with AMH and saline as control, the
AMH group induced special antibogy and reached the peak at Sth
week, but the Saline group didn’t induce special antibody.

T RAEE A R Rk B BT
HHREMAEM BRI F I ML
Wiy AMH 2 730 B8 R R AL 3 77 2 AL R
FEL A F EREN ™ XAk
BRI AMH 1, BEBRFREZR RIENE
A AR, B RATRA > FEYERN T,
TR T e e 3] AMIT BEDH iy 2R A b 5E 3 454
HAL R, B — AT IR AR E, AT
H4 AMH & A 2wk, gt — ki
AMH ERAEFFEAEIRANRAEL . THHA
A FITT 1.

ALy A3 GSTrap FE column /s
HPEEH, KB THREFNHR . BAENEH
FeiEWER. YRRRREAUERRRE, =
ERBAUT A TH . REEREBELF
AT BN, XU REREEREREERZRE R
ARERRRA L LBRAFBENRE,; HIkEA
FFERRE HRAFEGE TR REE, X2
FHTEEREREEREPAREZINREEZ
3 R S0% WEFEREZRGETRENCR
#, FEEHNEALREN SRR AN E SR,

AR EE X BT AR AR AMH FF 3
BEFT AT PR R TR B 22 ~ 243 fU R H
FEERAER W7 1] cDNA Jyr 3\ fE it , BoilFr 5 5|
¥, 5k A RT-PCR 77 ¥ L i WA B Y. 5 JE 44 B
Hp R EHC4) 663 bp HIFF, X BT
Ry , HoH H 5w [ 3 pGEX-5X-1 FRAF I F,
i IPTG %%, GSTuwapFF g alifl, 3R T8
AW A R E B HE D, R A Factor Xa &

EE A, RS T AR R IR
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Cloning and expression of anti-mullerian hormone partial gene
and preparation of polyclonal antibody

DING Wei-dong, CAO Zhe-ming, CAO Li-ping*
{Key Laboratory for Genetic Breeding of Aquatic Animals and Aquaculiure Biology Certificated by the Ministry of Agriculiure,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract; Anti-mullerian hormone { AMH) , (also called mullerian-inhibiting substance, M1S) , a member
of the transforming growth factor-p family ( TGF-B), is a peptide growth factor, which is the regression of
the Miillerian duct in the male foetus during early testis differentiation. To study the function of the AMH
protein and the distribution of AMH in differentiating tilapia testis and ovary, the partial AMH cDNA was
cloned using reverse transcription polymerase chain reaction ( RT-PCR) and expressed in E. cofi and
polyclonal antibody was prepared for the further study. The antigenicity of AMH was first predicted by
using DN Astar software in which the 22 — 243 amino acids have strong antigenicity and immunogenicity. at
the same time, the special primers were designed by PRIMER 5. 0 and the cDNA encoding AMH was
amplified from total RNA of 0. aurea gonad by RT-PCR ,and blasted against other AMH cDNA sequences
in the GenBank. The analysis of the sequence data indicated that the coding region of the cDNA fragment,
which encoded 221 amino acid residues, was about 663 bp in size. The amplified cDNA fragment was
cloned into the prokaryotie expression vector, pGEX-5x-1,to produce the expression vector pGEX-AMH.
The recombinant plasmid was transformed into E. esli BL21. AMH-GST fusion protein was obtained after
the addition of IPTG into the growth media. SDS-PAGE analysis revealed that the AMH-GST was
expressed after induction with IPT'G for 4h. A protein band of 49 ku appeared on SDS-PAGE gel and was
proved by Western blot. The mass production of the recombinant protein was about 38. 7% of total bacteria
protein. After purification and cleavage of the fusion protein, purified AMH protein could be obtained. Then
the fusion protein was used to immunise some ICR mice to produce anti-AMH antibody. This fusion protein
could significantly elicit specific antibody response in immunized mice compared with the blank groups, and
the peak of serum reached (. 672 0. 411 at the 5th week after immunization. These results demonstrated
that recombinant protein could induce high AMH antibody responses in laboratory animals. In this study, we
report the expression of partial AMH gene and preparation of polyclonal antibody of recombinant AMH
protein. For nearly two decades, research on AMH had been focused almost exclusively on mammals and
birds. There were no reports of an AMH orthologue in teleost fish, and there might even have been some
doubts about its existence given the name of this hormone and the fact that modern teleost do not have
Miillerian ducts. Our study first reports that an AMH exists in tilapia and the polyclonal antibody was
raised. In present sudy, the GSTrap FF column was used to purify the recombinant protein and the high
purity AMH protein was obtained. Prokaryotic recombinant protein expression systems have several
advantages. These include ease of culture, and very rapid cell growth. Expression can be induced easily in
bacterial protein expression systems using IPTG. Also, purification is quite simple in prokaryotic expression
systems and there are a lot of commercial kits available for recombinant protein expression. In conclusion,
our results showed that partial AMH gene was cloned and polyclonal antibody was prepared for further
research.
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