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Study on content of terpenoid indole alkaloids and transcriptional differences for
covalent orca3/g10h in double-gene transgenic hairy roots of Catharanthus roseus

CHEN Yi-xuan, ZHU Shuai-qi, GONG Yi-fu, LIU Lin, WANG Xiao-fei, WANG He-yu
School of Marine Sciences, Ningbo University, Ningbo 315211, China

Abstract: Objective In order to improve the content of terpenoid indole alkaloids (TIAs), orca3/gl0h genes were introduced to the
hairy roots in Catharanthus roseus. Methods Bivalent expression vector CAMBIA1304" +orca3 + glOh was constructed and
introduced into Agrobacterium rhizogenes strain and transformed into C. roseus to obtain transgenic hairy roots. RT-qPCR was used to
study the transcriptional differences of relative genes referred to the biosynthesis pathway of TIAs. Then HPLC was used to study TIAs
content in the transgenic hairy roots of C. roseus, including vinblastine, vincristine, and ajmalicine. Results The transcriptional level
of genes that linked to biosynthesis of TIAs in the transgenic hairy roots of C. roseus, asa, ggpps, gl10h, str, tde, cpr, sgd, and dat, were
all expressed higher than those of the nontransgenic roots. HPLC results showed that modified hairy root of C. roseus owned more total
TIAs production, 58.23 mg/g, the number was larger than that of common roots in C. roseus as many as 27.5 times. On the other hand,
the average content of vinblastine and vincristine was also more than the common roots in C. roseus. Among them, vinblastine content
was the most. The number of production got 51.30 mg/g, which was as many as 197.3 times of the common root of C. roseus.
Conclusion Orca3/gl0h double-gene transgenic hairy root of C. roseus can increase TIAs content efficiently.
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KAt Catharanthus roseus L. J& T FATHEE!
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B 28 IOV T TE G, MR (pyruvic acid) il 3-
SR H i (glyceraldehyde 3-phosphate, G3P) I
o 1-JAE-D-ATHE-5- R & i (1-deoxy- D-xylulose
5-phosphate synthase, DXS) fEALA 8 1- 48 -D-A i
BE-5-1% (1-deoxy-D-xylulose 5-phosphate, DXP) 71,
1) SRR (farnesyl diphosphate, FPP) Fl5¢ K,
IS AEIR (isopentenyl pyrophate, IPP) 7E &y i3
Fr - JEAE R A5 1§ (geranylgeranyl diphosphate
synthase, GGPPS) {EH] T 4 B 7 i 5k Ay - S £
1R (geranylgeranyl diphosphate, GGPP). 4i/ig4
# P450 Rt NADPH 41 it 3 P450 &5
(cytochrome P450-reductase, CPR) ZH il 1) & - it
10-lii &% (geraniol 10-hydroxylase, GI10H) FgXf
o AR AR B R PR LA B B 10- B2 0k A
(10-hydroxy-geranioD) ™, £ 7E 2% 4% 11, chorismate
JH 1o A1 2 FE K R A i Canthranilate synthase
alpha subunit, ASa) fHEALTE AR IEA R, ¢
FPR IR AT T IR 10 2 A 1o 10 2 I P g (tryptophan
decarboxylase, TDC) Mif&/" 4 {alfg (trypamine).
O RN T T (secologanin) Il id 7 i &
Gl Cstrictosidine synthase, STR) 1 H ¥ il 5+ i1
o C strictosidine ) . X 4 B X £ R
( desacetoxyvindoline ) #% & 1% it & Mt X £ R
(deacetylvindoline ) & 18 i 2% LW 2 R 4- i 2 il
(desacetoxyvindoline4-hydroxylase, D4H) FI1EH 5¢ il o
MMt LIk S 2 R 28 i £ 5L % R -4-0- L%
(4-O-deacetylvindoline 4-O-acetyltransferase, DAT)
A TERCCZ R

KHEICR B =Y TIAs E¥RTTAE B
Aigrmi A N o AFERIR Y5 2 i)
R ], Jeik A AT AR SR, ek,
TIAs {2 S5k 5%, 75 AT R INAE B BAS K
s HRT, R A RSO A K DR e
FAC LR A AU P g 2 U, g
FAFL OB AN B-FRRIRS R T SRR R A5 0
KARAE A= s AR AR A
BHARRRY KR TIAs EFHRRALH &L,
UTAESR, KR D0 s A4 DR B PRkt il A A
(AT A IR R A TR R AL T I T ER A T
fRBE™ TIAS B & RS B4R T A
—ERR, glOh FHE A )i 5 208 v DA = R E R
FAHEY, KELMMT AR TIAs REHE S
GLOH 3547 <P, [Hith, G10H €E TIAs {14

A . Gong PR ThK gloh R
SANKEILBRM, 5 AR I KA AR AR L,
¥ g10h BRI BRI TIAs S BE8 N, ¥
AL AL DR R KA A & OG22 — o AL
YW G1OH W& 132 2 TIAs £ & s P AR = AN
LI 5 A R SR IA 1) SR R 45 R e
FEACEIER], mdem e Al . ek
R g Wi R AT 2B ) R e K AR e AP2 45 M3
(ORCA3) 1EMIWR A& e A 2R, 18 TIA
WIS G, ORCA3 5 2 Rl & B A 1) i
Wiy P2, B R BLAEE orca3 FEINRERS T K AR
e dxs. aso. tde. str fl d4h FERI[FRIA, {HX}
gl0h. sgd Ml dat %A %W, I H &A1& & L
P ARSI ¥ UK orca3 Al g10h FE LEE KL
BARR, @RL RT-qPCR HFFT TIAs A6 il AH K
SRRk 22 5%, B HPLC WY 354 orca3/gl0h 3
RS K BB TIAs B % 7

1 #R5FEE

1.1 ##

KHFEM T EH BD-Vereniging A (fif %),
pCAMBIA1304 #ifAtH CAMBIA 2wl #fit, KELE
ARARTCE 2R 52 H- ARV T DR A A
HHCMEIRE o 6 R SRR KR S i i 4
Sigma 7] UFEECR 99.9%). KB ChE) i
##5, pGEM-T easy vector (Promega ), F[HD,
PRI N VIR (Biolab 237D, Ty DNA JE4% (Takara
A, HED, FUREEE ChED i, Ex-Taq DNA
WENE (Takara A+, HED.,

1.2 A%

121 Y EIEH AL pCAMBIA1304 -orca3-g10h
FIEFARMMIE  LLKE cDNA JBR, FIHH
Bglll A1 BstEIl A ¥J A7 s 1) 51 % fglOh :
5’-GGAGATCTATGGATTACCTTACCATAATATTA-
AC-3’, 1g10h: 5-TCGGTGACCTTAAA GGGTGCT
TGGTACAG-3"7 % glOh JE[K . F Xbal Fl Sacl K
DI 5. 19514 forca3: 5°-GCTCTAGAATGTCCGA-
AGAAATCATTTCCGTCTC-3’, rorca3: 5’-GGGAG-
CTCTTAATATCGTCTCTTCTTCCTTCCTCC-3" 4~
orca3 FEPR A CRIZFR I HIEVIN 1D« 45 2 B
P18 By i) 5 pGEM T-easy #4445, $#49 pGEM
T-g10h A1 pGEM T-orca3 5t #44 . LL EcoRI 1 HindIIl
I3 5I%; pCAMBIA1304 Al pBI121 HEATXUEGY) . FFX)
pCAMBIA1304 FDIJa KBkl pBII21 EED) e /v
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BOdATIE:, MEEHIRIAE A& pCAMBIA13047, F
M XbalSacl *t H 41 #% & pCAMBIA1304" Al
pGEMT-orca3 HHATXUEFVIJFFIF Ts DNA EEHNIE
$z, LUEH orca3 JEAEH pPCAMBIA1304 1 gus i
A H K. L pCAMBIA1304 -orca3 h3Ladi, A
Bell/BStEIl % % X # /& pCAMBIA1304 -orca3 Al
pGEMT-glOh #& & &k 47 XU M 1) , 3% ¥ i
pCAMBIA 1304 "-orca3-g10h F4H %44 (g10h HEDRF: e
pCAMBIA1304 44 L) gfp+gus @A FEKD .

1.2.2  RIEAIHE C58C1 /v pCAMBIA1304 +
orca3+gl0h ALK TR K FHVE e BEAS I A FH
R R AR AR FT T CS8CT A2 4N, KL A
WA TP E %0 YEB FlAR 5 E (50 mg/L
Kan 1 40 mg/L Rif), 28 ‘CHiFF 1~2d & KD
W, PR T AR R BRI AR SR, 28 ClER
BRFRR - BT IR, ML) C58CT AT H F Ak
KR pRiA4 ki) rolB A rolC FE[A. HF T
PEFEIA hpt FE[K PCR A&, %HiF pPCAMBIA1304" +
orca3+glOh A H AL LA FANKRAHME (rolB.
rolC. hpt. glOh. orca3 %EPK PCR Wil 5 9 W& 1),
Poidk & A AR PE e BE ) C58C1 AR B T

FPiE 2 LB B84k, 28 °C, 200 r/min i #4555 .
20 10 min, 37 13, & OB T & B 29K E 4 100
pmol/L ] 1/2 MS MG FRILH &, #2244 R
) 5~20 5, MHFEIFEFREAMEETER Adooo [H R 0.5 /2
Ao FEAEACTC I I FAMIE AR BY B 9 KN T
RE TR 25 CHERER 2 do ¥ S AELLERAAN
C58C1 RMANT o oo v 5 KA AR v S 2K B A A4
FRorEEAl, KRR AR TR T R A, AR SRR IR
(1/2 MS+AS 100 pmol/L) _FHBEFH: % 2d. BfiJ5,

WBIHER EMER RS (172 MS+250 mg/L Cef)

W25 CHEIERG IR (16 /8 h) FAMEKINL K HIE
R BYBARI T Bl IGFRIEh G5 2 . iR
ARFRT 1/2 MS+250 mg/L Cef 5773 i 3E47 i B4 b
(5 RAREETD . mIGHERREEN 12 MS £
FREEP G R FE 20 d VE G 820y 140« SER R IA A
S8 S E R SIS RE . 23 i $E ECEARAR DNA, A5l
%4 DNA ' rolB.rolC- hpt %&[ & H 1554 orca3,
gloh, DLUEAfE 2 S AT ALKl 12 MS
FE IR A DR RN 2K B A M A4 Ry B 0]
I, LA C58C1+pCAMBIA1304" +orca3+gl0h T2
TR Ry BH PR XS

x1 KELERKR PCRAQNG|4)

Table 1 Primers for PCR analysis on hairy roots of C. roseus

H ¥ A EILZEARI 5P (5°—-37) IR K/ C

rolB frolb GCTCTTGCAGTGCTAGATTT 55
rrolb GAAGGTGCAAGCTACCTCTC

rolC frolc CTCCTGACATCAAACTCGTC 55
rrolc TGCTTCGAGTTATGGGTACA

hpt fthpt CGATTTGTGTACGCCCGACAGTC 55
rhpt CGATGTAGGAGGGCGTGGATATG

orca3 forca3 ATGTCCGAAGAA ATCATTTCCG TCTC 58
rorca3 TTAATATCGTCTCTTCTTCCTTCCTCC

gl10h fg10h GAGCTGATTCCGTTCGGTGCTG 55
rglOh AAGGGTGCTTGGTACAGCACGC

1.2.3  HIHRKELBRN TIAs V)G A K
L2255 R Trizol 2343 BIHRE & 21 B R AR
RNA, FIH s 5R_7) & (Takara A &), FE)D K
RNA [ #4558 cDNA . LLAEFE LRI ERAR cDNA 4
FER, 4788 orca3. 10 4> TIAs AEM)E A e RE A
18S rRNA L (AW ZSIERD (R 2), HBISA
(DS s R B, IFREATBAFERGRE o 0 2 A bR UERR
FEWIEAT RT-qPCR K, 152 %41 C Al 43 )%s
12 R FEA C B ST ARHE T 26 - SYBR Premix Ex
Taq™ 11 (Takara A+, HE) K54kl PCR

NWARZ: 2XSYBR Green Master Mix 10 pL,

F-primer 0.2 pL, R-primer 0.2 pL, ddH,0 4.6 pL,
PR 5 uL, JLil 20 pLo RN FEF: 94 CHARTE
15 min, 50 %4 WHEI (94 C. 155, 55/58 C.
30s, 72 'C. 30s, 80 C. 20s), 72 CHEfH 10
min, M 3 AER . KBS CAH NS bRk
TAF I, IRAG S IEN WG E . &4 HI4G
WL 55 HL N 2 BE D) 46 T B LU A A R IE MR L o 1%
AR AE R JEE 5 A e 2 TR S PR A o PRI ARE 1 94K B2 1)
EE A B R AR e S 7K o
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*2 KEWEI RT-qPCR #&NETARIS |4
Table 2 Primers used in RT-qPCR analysis on hairy roots of C. roseus
H AL EIk/ELR 1P (5°—3") IR K/ C

18 STRNA f18s GTGACAATGGAACTGGAATGG 55
r18s AGACGGAGGATAGCGTGAGG

orca3 ferorca3 ATGTCCGAAGAAATCATTTCCGTCTC 58
rcrorca3 TTAATATCGTCTCTTCTTCCTTCCTCC

g10h ferg1Oh GAGCTGATTCCGTTCGGTGCTG 55
rerg10h AAGGGTGCTTGGTACAGCACGC

dxs ferdxs GCAGATGGACCCACTCATTGTGG 55
rerdxs CCTTTTCCAATCTCAAGCGGTGTTC

28pps ferggpp AATTGTGGGTGGTGCTAATGATGAAC 55
rerggpp GGAGCAGCCTTTTCAGGATCAAACTC

aso feras CAAGCTGGTGCAGGTATAGTAGCCG 55
rcras GCGATGTGGCAAGGAGACGACTTC

cpr ferepr GAGAAAGTTGCTGAACAGGGTGGTAAG 55
rerepr CCTCCACGGTTTCAGATAGATTATCACAG

str ferstr GGAAGTCTCTCCCATAGCTCTGTGG 55
rerstr GCAGCAGACACTCAAAATCTCCTCC

tde fertde ACGGATTTCGGCATCTCACCTC 55
rertde GGATTCGTAGTGAGTGCCCTTAGTAAC

sgd fersgd CAACAAGCCCATCGTTCATCGTC 55
rersgd CACTCAAGAAGCCTCCATACTCGTC

d4h ferd4h CATGTTGGACTAAATAAGCGTCGGC 55
rerd4h AGAACTAGTCGGGCGATGCTCGG

dat ferdat TCAAACCCTCTTCTCCAACCCCTC 55

rcrdat

AAGCAGCCCAATCCTTCATAAACG

124 KHELBIRE TIAs 250 %364 PCR %58 N
HRE NI KB BIRAR, LD S em AREET 12
MS AR FRIE 25 CHEREFE 30 do FF BRI Hi 12
W BREEFUR, 60 CHE2d, ids TR, WHEES N
AN 95%ZME (1:5), 50 CilEAHHE 30 min, AHIE
%o 12000 r/min, 10 min S0 B (EE S,
2 R i KB BIRR TIAs $2H).

1.2.5 HEFRKHFELBRIE TIAs m0E K
PRI 10.0 mg KAWL, 5.0 mg KAFHIA 10.0 mg
By s S, A AR T 1 mL H . 3
SIS R A AT R P RRRE o 55 85 T B B e Sk Rt
B HE HPLC Rl o 7 K AR A Bl A o] 1
TARTE N2 . %41 TIAs $FEHU) 73 lliE 4T HPLC £
I, R AR T AR R AR HE it 2645 215 4152 L) TIAs
o ARSI g RAMRERFE (Symmetry
Shield™ Cjg, 250 mmX 4.6 mm, 5 pm, Waters 2

T, LIE-BREME (25 1 75) ARSI, 220 nm
I, AR 1.0 mL/min.
2 FERE5SH
2.1 #EMRIEEHIK pCAMBIA1304 -0orca3-g10h &
ik

14 Bglll/BStEIL M1 Xbal/Sacl B 2511514
P K EAE g10h, orca3 JEK. FEAHAH R Y
B ) P ) B 2 i X6 pGEM. T-gl0h Fl pGEM
T-orca3 ATAGY). [/ B (gloh DA Bt
1499 bp, orca3 FEP Bl 628 bp, Kl 1), Jf
YA pCAMBIA1304 & B HEA TR AT ik
LSRN e
22 ERRFENS pCAMBIAL304" +orca3+
g10h 5L &L PCR &

W &k R OA& K ow C58C1 v T ¥
pCAMBIA1304" +orca3+glOh FikH ik EAKFHF
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Marker 10h Marker orca3
M+ —1 2 3 4
2000 bp 2 000 bp ER
1000 bp
1000 bp 000 o
750 bp 500 bp
500 bp
250 b 250 bp
P 100 bp
100 bp

1 {£F7 g10h F0 orca3 EFE 4rF5X 55

Fig.1 Gene coding region cloning of g10h and orca3 gene

from C. roseus

TEAMEAR . HALRDIKBFEL BRI S R FOR
T-DNA _[f] rolB 1 rolC 3£ [X F1 pCAMBIA1304" I
hpt FEK . PRIk, @I %1 rolB. rolC. hpt 25K DA
M HMIER orca3s glOh T A KHEAL BRI
HEAT PCR AGIN, $RAF D) S A A BRI KELE
ARIHEAT F—2D 528 . PCR Kyl 45 SFan e 2 fip 3
JIT7~ (rolB JE[K 4y 423 bp. rolC &K 4 622 bp. hpt
KA 812 bp).
2.3 3% orcad/glOh KELEIKIR TIAs £ E K
HXERERER

FJH RT-qPCR 57 1L 4% orca3/gl0h KFHEFLBIR
W5 TIAs WG AT I g10hy asa. dxs.
ggpps~ stry tdc. cpr. sgd. dat. d4h FIFE iR
T orca3 LMW ZES . SEREYW (B 4),
orca3/gl0h FEK KA BRI HKAFLA I A
KIIHEDR aso Fl ggpps FE DR R HE 5K PR ARG IR R v,
THAHZEA K o 11 5 KA IR ACEAH CEE R g10h. str

M + — 1 2 3 4
2000 bp

1 000 bp
750 bp
500 bp

250 bp

100 bp

M-Marker  “+” -PHTEXI L (C58C1+pCAMBIA1304" +orca3+
glOh LRHED  “=7 -FIMEXT IR K AR AR D

1~4 JH L & 0G28. 0G29. 0G30. OG32

M-Marker “+”-represents positive control (correspondant engineered
bacteria included vector C58C1 + pCAMBIA1304" + orca3 + gl0h)
“—"-represents negative control which was not genetically
transformed in C. roseus, 1—4 reprent different transgenic hairy root
lines of C. roseus, 0G28, 0G29, 0G30, 0G32

2 #l C58C14+pCAMBIA1304"+orca3+gl0h 3L 1<
EILEIRIR rolB. rolC #1 hpt EEH

Fig. 2 Detection of rolB, rolC, and Apt genes in hairy roots
of C. roseus induced by C58C1 + pCAMBIA1304" + orca3 +
g10h

A-orca3 JE[K PCR #4ill  B-g10h %:[X PCR #301] M-Marker

- BHPEXTIE (C58C1+pCAMBIA1304" +-orca3+gl0h T FEH )
“-PITERIE CERE DRI 1~4-Fe2E R 3R 0G28.
0G29. 0G30. OG32

A-detection of PCR for orca3 gene B-detection of PCR for glOh
gene. M-Marker “+” represents positive control (correspondant
engineered bacteria included vector C58C1+pCAMBIA1304" +orca3+g10h)
“—"-represents negative control which was not genetically
transformed in C. roseus
root lines of C. roseus, 0G28, 0G29, 0G30, 0G32

3 KERHERERKRD BHIEE orca3 (A). gl0h (B)
PCR #&ifll
Fig. 3 PCR detection of transgenic hairy root lines of C.

1—4 represent different transgenic hairy

roseus for presence of transgenic genes orca3 (A) and
g10h (B)

25

asa dxs

orca3 glOh

ggpps  str tdc  cpr sgd dat d4h

4 35 orcad/glOh EEKFLERR TIAs £ & HAE
RERAERER

Fig. 4 Transcriptional differences of genes related to TIAs
biosynthesis for covalent orca3/gl0h double-gene transgenic
hairy root lines (OG lines) and non-transformed roots of C.

roseus

tdev cpr. sgd Fl dat )L 22 RIN, LD
K IR B i S L PR (1) e Sk PR AR e S DR A
BN m . b, BRI dat (M3 AKPFR
XTI 22 S do, AN R e iK1 22 4%

2.4 HPLC #3455 orca3/gloh EEKEFLER
IR TIAs &

MR B AR AR AR ST M B ) R R VR
FUEKRE (X0 HIWmMA (Y, 8754000
PIZEPERIA T FE: Y cew=586 912.3 X—1 287.4,
r=0.999 93; ¥ rzu=308 665.5 X—1526.5, r=0.999 94;
Y ww =136 029.4 X—1 553.2, r=0.999 96. ¥ %4l
FrIFR IR 4 HPLC fnill, Huids il 5 Zebk[al )= 77
TG H B R R B AR L R T DR AR AR B K
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TR A S BT e o X FE R K A B RAR AN R
R KAREIREAR TIAs “FEA TIAs B2
Mro GEREW] (5 R 6), AR T ARELIER AR
TIAs &, $t#% orca3/glOh FEKKAFIETIRIE TIAs
HEFERA. b, KEWSERIRHE, BERK
BB P KA 51.30 me/g, S ARHERE %
TR 1973 £ . HOORKF BT, AR
BARARN 6.93 mg/g, FEAERLILDIYHTAR T 3.8 fi%. 1M
B R DR AR A T PRARU RN A 7 200 AR v o vl sk 2> L
AR K. B TIAs B2 58.23 mg/g, & IF4E LD
MR 27.5 %, EFTARERKELBRR IR,
OG28 i TIAs ®f i, A 60.33 mg/g.

70 [ o
60 [ @ 0G32
0G30

507 ®0G29
40 2 0G28

30T
20 |
10 1

TAIs ft/(mg-g ™)

& TIAs

oy s

KA

KAF Bk

B 5 4% orca3/gloh EEKELEIRIR TIAs =
Fig. 5 Content of TIAs in covalent orca3/g10h transgenic
hairy roots (OG lines) of C. roseus

70

60 r O Xfh

501 ™ OG %

40

30

20

10

0 —

By K FEHTR K M TIAs

TIAs f/(mg-g ™)

6 %% orca3/gloh EEKEFLEIKIR TIAs FHE
Fig. 6 Average content of TIAs in covalent orca3/g10h

double-gene transgenic hairy roots of C. roseus

3 it

AR PR A v 245 FH L R0 A= i 52 31N
MIRE bR AT AL AN RET 2 AT e
K, AT AEAE T B = . AR TR A KEAE TIAs
() AW BB AL T B o AN BIE ST RO T
orca3/glOh R P AKFEERM . Hid RT-gPCR
W T % orca3/glOh FERHKEFIL BRI T TIAs 24E
Wi S PAHCIE R I e s 22 5o BP9 RN], Jl
W FE R KB BARMR P ALK asa. ggpps-
glOh. str. tde. cpr. sgd I dat [R5 KF- 204 E

LD KAFIE MMM . Gong 25PURF sy 1) et

gloh JERKFH L BRR TIAs EW & g2+

ggpps~ glOh. str. tdc. sgd Fl dat (¥ K11 {2

BRI N KM . Van 2PV e

orca3 SR R IR i dxs. asas tdes

str FI1 d4h JE DA R % sk /KP4 v, % g10h. sgd Al dat

[ S TCHM . X% orca3/gl0h ZEKHIE BRI

TIAs W& HH gl0h, stry tde. cpr. sgd il dat

BELRI 1) LU 8 orca3 FIEAEE g10h (147K F .
FIH HPLC WF7 X # orca3/gl Oh FE KL BAR

M TIAs &. BRI orca3/glOh JEK AR

BRI TIAs ERARM KA LR B . Jfte

FE— P S g 10h RIS orca3 SEIN I KFRAEBAR

R TIAs B . W4 orca3/glOh JER KA EAR

HEA TIAs 55 BRI e s 2 AT — e kR - ORCA3

KHEAE P W 7, AR, A

SEACE T DR AR 2 - 2t TIAs Y& ™

A I E ] o P s R T A R AL

I TIAs BARKIT IS, 10 gloh FERE TIAs

o R B8 PR RE P MR van der Fits S RIRIFST %

I orca3 AL g10h (ALK, K TIAs 1)

EARA TR . AWFITE AU orca3/glOh FEH K

BB, ST TIAs WG BUR ARG

PRI B35 0k, TIAs AR B3 E . X Alhe

2 NRFEGIRR . — 5T orca3 FEFHTHE T TIAs 424

B R SABHIE, NIRRT T AR ST

1, SEREEAAIL gloh JERLE KAFAE M & iR
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