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Tém tat: Nghién ctru ndy dugc thuc hién nhim cam ung tao ré to cdy bd dé
Ficus religiosa L. dong thoi khao sat anh hudng cua chi€u xa gamma li€u thap 1én dac
tinh sinh truong va ham lugng phenolic cia ré to F. religiosa L.

Céc mau 14, cudng 1a va doan than in vitro cia cay bd dé duoc ngam trong dich vi
khuén A. rhizogenes TR7, dong nudi cay trén moi truong MS (bo sung sucrose 3 %, agar
8 g/ L, pH5,8) trong tbi, & 25 °C. R& to xuit hién sau 3 - 4 tuan dugc chuyen sang moi
truong MS long bd sung sucrose 2 % la moi truong t6t nhat cho tang sinh r¢ to. Sau 4
tuan, cac soi ré khoe manh dugc xir Iy chiéu xa lidu thap bang ngudén “’Co tir 0-40 Gray

(Gy).

Két qua nghién ctru cho thiy trong ba loai vat liéu gy nhidm v6i A. rhizogenes
TR7 (14, cudng 1a va doan than in vitro) thi mé 1a 1a vét liéu thich hop nhit ¢ tin s6 cam
ing dat 66,67 + 7,64 % vdi thoi gian gay nhiém 30 phit, ddng nudi cay 5 ngdy. Su hién
dién cua gene ro/B, rolC va vang mit cua gene virD duogc kiém tra bang bang phuong
phap PCR da khang dinh 1é to dugc chuyén gene thanh c6ng. Dudi anh huong cua buc
Xa gamma %Co, ti 16 song, khdi luong tuoi va chi sé ting truong cia ré to giam. Tuy
nhién khéi lugng khé tai liéu chiéu 30 Gy lai ting (22,25 + 1,38 %) hon so v6i dbi ching
(15,04 + 0,71 %). Liéu chiéu xa 20 Gy cho ham lwong phenolic cao nhit dat 36,72 mg
GAE/g DW, tang 1,44 lan so véi ddi ching.

Tir khoa: Bo dé, Ficus religiosa L., Agrobacterium rhizogenes TR, ¥é to, birc xa
gamma

1. MO PAU

Ficus religiosa L. (ho Moraceae), thuong duoc goi la cay bd dé co nguon gbc tir An Do,
noi né ¢6 tim quan trong 16n vé mat y hoc tir thoi xa xua. Pay 1a cdy duy nhat ¢6 hon 50 tng
dung y hoc da dang, dugc tao ra bdi moi bo phan ctia cdy nhu vo cdy, 1a va chdi non, qua kho,
qua, hat va mu [1]. Loai thuc vat nay dugc bao céo co phé rong céc hoat tinh nhu chéng ung
thu, chong oxy héa, chong dai thdo dudng, khang khuan, chéng giun, chong loét, chdng suy
nhuoc va chéng thoai hoa than kinh.

Nubi ciy ré to, con duoc goi 14 nudi ciy ré bién doi, 13 mot loai nudi cay mo thyc vat
duoc sir dung dé nghién ciru cac qua trinh trao ddi chat thuc vat hodc dé san xuét cac chat
chuyén hoa thir cip co gia tri. Nudi ciy ré to da dugc phat trién cho hon 100 loai thyc vat.
Tuy nhién, ddi v&i nhiéu loai cady quan trong vé mat y hoc va kinh té, viéc nuoi cay ré to van
chua dugc phat trién; Ficus religiosa L. 1a mot trong $6 do.

Tai Vi€t Nam, cac nghién ctru vé cay nay con kha khiém tén chi ké dén nhu cac nghién
ctru vé thanh phan hoa hoc cta cay dugc dé cap dén bai tac gia Cam Thi Inh 2009 [2], [3];
Hoang Thanh Huong 2009 [4]. Trén thé gio1 va dac biet la tai An D6 di c6 nhiéu cong trinh
nghién ciru, thiét 1ap cac diéu kién nudi cdy in vitro phu hop tao cay va callus nham nhan
giong cing nhu thu nhan cac hop chét tur cay [5], [6]. Vé mat tng dung nuodi cay 1é to bo deé,
duy nhit chi ¢6 nam 2014, Siwach va cac dong tac gia s¢ hiru bang sang ché vé cam tmg tao
1& to bd dé thu nhan dich chiét c6 hoat tinh trc ché acetylcholinesterase cao co thé duoc sir
dung diéu tri Alzheimer [7]. Diéu nay cang chimg to gia tri kinh té ciia cdy ciing nhu kha nang
tmg dung nudi cdy ré to trén ddi trong ndy. Viét Nam, ciing 1a mot trong nhiing noi cé su
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phan b rong rdi cta loai cdy nay, viéc thiét 1ap mot quy trinh nhan nudi 1é to dic thu riéng
cho cdy bo dé nham khai thac nguon duoc li¢u dia phuong 1a mot di€u can thiét.

Biic xa ndi chung va tia gamma noi riéng 1a mot trong nhitng nhan t6 kich thich phi sinh
hoc dé duogc coi la mot phuong phap nhanh va méi, c6 kha nang lam thay d6i dic tinh sinh
truong cling nhu kha nang tong hop céac hop chit cua thyc vat [8]. Vo1 cuong do thich hop,
btrc xa gamma c6 thé gia ting tbc do sinh truong va tong hop cac hop chat tha cap ¢ thuc vat
[9]. Hon nira, st dung tia gamma cé thé tao ra dot bién gen lién quan dén biéu hién cua céc
enzyme chdng oxy hoa véi tac dung giam stress oxy hoa, bit dau tir thé hé thuc vat dau tién
[10].

Nghién ctru ndy duge thue hién nhim cam Gng tao 1é to cdy bd dé (Ficus religiosa L.)
nhd vi khuan Agrobacterium rhizogenes TRT; budc déu khao sat anh huong cua buc xa
gamma Cobalt-60 dén kha ning sinh trudng ciing nhu tong hop cac hop chat phenolic cua ré
to bd dé cho cac nghién ctru sdu hon va tng dung san xuit cac hop chit ¢ hoat tinh sinh hoc
tur loai cay dugc liéu nay.

2. NOI DUNG
2.1. Péi twong va Phwong phap
- Pdi twong

+ Choi dinh va chdi nach thudc cac ngon con non cua nhanh cay bd dé khoe manh 55-
60 nam tudi sinh trudng tai khuon vién chua Lam Té (Thanh pho H6 Chi Minh) dugc st dung
lam ngudn vat liu tao cay in vitro.

+ Ching A. rhizogenes TR7 st dung chuyén gene dugc cung cip boi Phong Cong
nghé gene, Vién Sinh hoc Nhiét doi.

- Phwong phap
2.1.1. Chuyén gene thuc vit

MS
+ sucrose 30 g/L
Ting sioh trong Bdng nubi cfy ; HMWL
NB lbng, 651 3 Ms
ODgp =08 085 " + sucrose 30g/L! x
2,3, 4,56 nghy
[
Culing |4
Pogn thin
mang chdl bén

Hinh 1. Quy trinh chuyén gene & thuc vat

Vi khuén duoc nuédi céy trong moi truong NB 1ong dat ODgponm 0,8-0,85 dugce sir dung
dé gay nhiem. L4, cuong 14 va doan than tir cac cac cay bo dé in vitro 2,5 thang tudi duogc su
dung lam vat liéu gay nhiém.

Cac mau duoc cét tao vét thuong, ngam trong dich huyen phu 4. rhizogenes trong 10,
20, 30 hodc 40 phut. Sau d6, thim kho cac mau bang gidy thdm vo tring dé loai bé nudc va vi
khuan con sét trén bé mit; dong nudi cdy chung trén moi truong MS (b6 sung 3 % sucrose,
agar 8 g/ L, pH 5,8) trong tbi, & 25 °C trong 2, 3, 4, 5 hodc 6 ngay. Sau thoi gian déng nudi
cay, cac mau dugc chuyén vao dia moéi truong MS bd sung 400 mg / L cefotaxime va 3 %
sucrose. R& to xuét hién sau 3 - 4 tudn tai cdc vi tri bi thuong cua mau dugc cit thanh céc
doan dai 1 cm va nudi cdy, duy tri trén méi truong MS duoc bo sung 3 % sucrose.



2.1.2. Tdch chiét DNA va khuéch dai bang PCR

DNA bd gene cay bd dé duogc tach chiét tir & to giai dinh va r& binh thuong (chimg am)
sir dung kit ISOLATE II Plant. Plasmid tir 4. rhizogenes TR7 st dung lam ching duong dugc
tach chiét bang kit QIAGEN.

Su chuyén gene dugc xac nhan béi sy hién ’dién cua gene rolA, rolC va su Véng mat cua
gene virD voi trinh ty moéi dac hiéu duoc thiét ké boi Cong ty TNHH MTV Sinh Hoa Phu Sa
(Bang 1).

Bang 1. Moi st dung phan tich PCR

N Kich thuéc khuéch
. . Ae 25 NAs
Gene Primer Trinh ty moi (5°2>3°) dai du kién (bp)
RolB RolBF GCTCTTGCAGTGCTAGATTT 730
0 RolBR GAAGGTGCAAGCTACCTCTC
RolC RolCF CTCCTGACATCAAACTCGTC 540
RolICR TGCTTCGAGTTATGGGTACA
VirD RolBF ATGTCGCAAGGACGTAAGCCC 450
RolBR GGAGTCTTTCAGCATGGAGCA

2.1.3. Chiéu xa mdu

Cac soi ré phén nhanh cap 1 co kich thudc khoang 6-7 cm dang trong qua trinh tang
truong duge xir 1y chiéu xa gamma Cobalt-60 & cac lidu chiéu tang dan 0, 10, 20, 30 va 40 Gy
tai Vién Nghién ctru Hat nhan Pa Lat. MAu sau khi xtr 1y chiéu xa dugc tiép tuc nudi cay
trong moi truong MS bd sung 30 g/L sucrose dé ghi nhan sy tang trudng.

2.1.4. Xir ly 56 liéu

Céc sd liéu ghi nhan tir thi nghiém duoc xir Iy so bo bang phan mém Microsoft Office
Excel 2013, xur 1y thong ké bang phan mém Statistical Program Scientific System (SPSS)
phién ban 20.0 danh cho Window. Sy sai biét c6 y nghia ¢ dd tin cdy 95% cuia cac gid tri dugc
biéu hién bang cdc mau tu (a,b,c,d) kém theo sau do 1éch chuén (standard deviation SD). Két
qua duoc trinh bay ¢ dang: trung binh £ d6 1éch chuan (Mean + SD).

2.2. Két qua
2.2.1. Anh hwong ciia vit ligu gy nhiém dén hiéu qud cim ting ré to

Nhim xé4c dinh bo phan thich hop st dung cho gy nhiém véi A. rhizogenes TR7 tao ré
to, cac bg phan: 14, cuéng 14 va doan than mang chdi bén cua cay bd dé in vitro dugce ngam
trong dich vi khuan ODgoonm dat 0,8 — 0,85 trong 20 phit, thoi gian dong nudi cay 3 ngay. Két
qué thé hién qua Bang 2 va Hinh 2.

Bang 2. Anh huong cta vat liéu gay nhiém dén cam tng tao ré to

Vat licu S6 ré trung binh Ti 1¢ miu tao ré Thoi gian xuit
T (ré/mau) (%) hién ré to (ngay)
La 2.27 +0.05 32.00 + 4.0 26.0+2.0

Cuong la - - -

Chuyén gene

n b b b
Doan than 1.70 £0.11 16.00 £ 2.0 21.00 2.0



Hinh 2. Cam tng ré to tir 1a (A), doan than (B) va cudng 14 (C)

2.2.2. Anh hwéng ciia thoi gian gdy nhiém dén higu qud cam tng ré to

Dé xac dinh thoi gian gy nhiém thich hop cho cam tmg tao ré to, 14 bd dé in vitro duoc
tao vét cat nhang qua gan chinh nham ting kha ning tiép xuc véi vi khuan, sau d6 dugc dugc
ngam trong dich vi khuan ODggonm dat 0,8 — 0,85 trong thoi gian tir 10 dén 40 phut; thoi gian
ddng nudi cdy 3 ngay. Két qua dugc thé hién trong Bang 3.

Bang 3. Anh huong cta thoi gian gay nhiém dén kha ning tao ré to ciia 1a bo d& in vitro
S6 ré trung binh Thoi gian xuiét hi¢n

Thoi gian giy Ti 1¢ miu tao ré (%)

nhiém (phut) (ré/mau) ré to' (ngay)
10 2,10i0,2la 15,33 + 1,150 25,53 + 1,53a
20 2,02 + 0,09a 36,67 + 5,03b 27,33 + 2,52a
30 2,20 + 0,16a 44,00 + 6,00a 26,67 + 2,08a
40 221+ 0,45a 21,33 + 4,16c 28,00 + 1,73a

2.2.3. Anh hwéng ciia thoi gian dong nudi cdy dén higu qud cim teng ré to

Nhim xac dinh thoi gian dong nuodi cdy thich hop cho cam tmg tao 1é to trén cay bd dé
bang vi khuan 4. rhizogenes TR7, mau la dugc tao vét cat va ngdm trong dich vi khuan voi
thoi gian 30 phut sau d6 duoc dong nudi cdy trén méi truong MS tir 2 dén 6 ngay. Két qua
dugc thé hién trong Bing 4.

Bang 4. Anh huong ciia thoi gian dong nudi cay dén kha ning tao ré to ciia 14 bd dé in vitro

Thoi gian dong S0 reé trung binh Ti I¢ miu tao r& (%) Thoi gian xuat hién

nudi cay (ngay) (ré&/mau) ré to (ngay)
2 2,08+031 4083382 3033+ 4,16
3 222+£026 51674804 29674306
1 1,02+ 0,49 59,17+ 8,04 26,67+ 8,02
5 1,97+ 044 66,67+ 7,64 2833 44,16
6 1,04+ 034 5250901 20334252

2.2.4. Kiém tra sw chuyén gene bang ky thudt PCR

Bén canh nhiing déc diém hinh thai, sy xac nhan trang thai bién ddi cua & to d3 duoc
thue hién bang phan tich phan tir. Trong nghién ctru nay, plasmid DNA cua 4. Rhizogenes
TR7, re to va ré binh thuong dugc phan tich bang PCR. Két qua dugc thé hién trong Hinh 3.



Hinh 3. Xac nhan chuyén gene bang PCR.
A. PCR khuéch dai gene ro/B (780bp). Lane 1, 2: mau ré to; Lane 3: 4. rhizogenes plasmid
DNA (chting duong); Lane 4: r& khong chuyén gene (ching 4m).
B. PCR khuéch dai gene rolC. (540 bp). Lane 1: ré khong chuyén gene (chimg am); Lane 2: 4.
rhizogenes plasmid DNA (chting duong); Lane 3, 4: Mau ré to.
C. PCR khuéch dai gene virD. (450 bp). Lane 1: ré khong chuyén gene (chimg 4m); Lane 2: A4.
rhizogenes plasmid DNA (chtg dwong); Lane 3, 4: mau ré to.
2.2.5. Anh hwéng birc xa gamma Cobalt-60 lén su sinh truéng phat trién va tich liy hop
chit phenolic ciia ré to bo dé
Nhim danh gia anh huéng cua birc xa gamma Cobalt-60 18n su sinh truéng phat trién va
tong hop phenolic cia ré to bd d&, ré to duge xur Iy chiéu xa ¢ day liéu tir 0 (d6i ching) dén
40 Gy sau d6 theo doi cac chi tiéu sinh trudng, dac diém hinh thai va ham lugng phenolic
tong.

Bing 5. Anh hudng cuia céc liéu chiéu xa d&én mot sb chi s6 ting trudng ctia 1é to

Liéu (Gy) Tilésong (%) Khoilwong twoi(g) Chiso ting trwong Khoi lwong kho (%)

0 100,00 + 0,0* 0,362 + 0,051* 18,25 +1,39* 15,04 +0,71°
10 86,67 + 13,33° 0,284 + 0,030° 12,66 +1,19° 14,05 +2,59°
20 55,56 + 10,18° 0,184 +0,041° 7,59 £ 1,18° 14,13 £2,03°
30 31,11+ 10,18¢ 0,161 +0,041° 7,96 £2,51° 22,25 +1,38°
40 0,00 £ 0,0° - - -
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Hinh 4. Tac dong cuia cac liéu chiéu xa gamma Ién ham lugng phenolic tong s0



2.3. Ban luan

2.3.1. Anh hwéng vit liéu, thoi gian gdy nhiém va thoi gian dong nuéi cdy dén higu qud
cam wng ré to

Két qua khao sat bo phan thich hop cam tmg tao ré to cho thiy dbi véi bd dé, 14 1a co
quan thich hop nhét cho viéc cam Gng tao 1& to théng qua sy xAm nhiém cia A. rhizogenes
TR7, tiép theo 1a doan than mang chdi bén véi ty 1é tao ré to 1an luot tuong ung la 32,00 + 4,0
% va 16,00 + 2,0 %; cudng 14 khong cho két qua cam g tao ré to. Két qua nay phu hop voi
cac nghién ctru trude day duoc thuc hién trén cay rau sam Portulaca oleracea, Solanaceae va
cay dan sam Salvia miltiorrhiza [11-13]. Theo Pavar va Maheshvari (2004), c6 sy khac nhau
vé ty 1& cam mg tao ré to giita cac vat liéu 1a do phan tmg ciia cac mo thyc vat khac nhau véi
su xam nhiém cta vi khuan 4. rhizogenes 1a khac nhau va phu thudc rat 16n vao trang thai
sinh 1y cua mo [14].

Két qua anh hudng cua thoi gian gdy nhiém dén hiéu qua cam tng tao r& to cho thiy ti
16 miu tao r& c6 xu hudng ting dan twong (mg véi thoi gian gdy nhiém ting tir 10 dén 30
phut; vugt qua 30 phit, ti 1& mau tao ré giam. Thoi gian gdy nhiém 30 phut 1a thoi gian phu
hop nhét cho cam ung tao 1é to trén 14 bd dé trong cac nghiém thuc khao sat dat 44,00 +
6,00 %. Nhiéu nghién ctru cho thiy rang, thoi gian gy nhiém voi A. rhizogenes cho hiéu qua
chuyén gene phu thudc vao loai thuc vat [15-17].

Khao sat sy anh huong cta thoi gian dong nudi cay dén hiéu qua cam tng tao ré to cho
thdy nhin chung, ty 1¢ mau hinh thanh & to ting theo thoi gian dong nudi ciy tir 1 dén 5 ngay.
Thoi gian dong nudi cdy 5 ngay co ty 1é tao ré cao nhat dat 66,67 + 7,64 %, thoi gian dong
nudi cay dai hon 5 ngay khong nhing khong lam tang ty 1¢ mau hinh thanh ré ma nguogc lai
xuat hién mot s mau chét bai té bao vi khuan bao quanh, giy thdi den vét cit do su phat trién
qué murc cia vi khuan. Két qua tuong tu trong nghién ciru trén Plumbago zeylanica L. [18].

2.3.2. Kiém tra sw chuyén gene bang ky thudt PCR

Két qua dién di san pham PCR cho thdy, trong 2 miu ré cam tng c6 co sy xuat hién
vach bang DNA kich thudc 780 bp (giéng 1 va 2_Hinh 3. .A) va 540 bp (g1eng 3 va4_ Hinh
3.B) va trung vi tri voi d6i ching duong. Nhu vay, 2 mau ré to nay co thé 1a ré to chuyén
gene chira gene ro/B va rolC trong genome.

Dé loai tre kha nang gene ro/B, rolC c6 mit trong 2 mau 1ré to 1a do vi khuan A.
rhizogenes con ton tai trong ré, phan tmg PCR véi cap mdi virDF va virDR duoc thuc hién dé
khuéch dai gene virD mot gene gy ddc c6 mat & ving gene vir ciia Ri-plasmid va khong
dugc chuyén vao genome thyc vat trong qua trinh lay nhiém. Két qua cho thdy, 2 miu ré to
(gleng 3 va4_Hinh 3.C) khong xuét hién vach bang tuong tmg voi kich thude cua gene virD.
Diéu nay chtng t6 2 mau ré to ndy 1a 2 mau ré to chuyén gene.

2.3.3. Anh,hwé’ng birc xg gamma Cobalt-60 lén sw sinh truong phat trién va tich liiy hop
chat phenolic cua ré to bo dé

Két qua thu dugc cho thay ti 1& sdng, khéi luong twoi va chi sb ting truong giam khi
tang lidu buc xa tir 10 dén 40. Két qua nay c6 thé duoc giai thich dya vao su twong tic cia
burc xa gamma v&i cac nguyén tir va phan tir trong té bao dé tao ra cac gbe ty do tir 6 c6 kha
nang 1am thay ddi cac thanh phan quan trong cua té bao thuc vat. Nhimg gdc tu do nay da
dugc chung minh 1a c6 anh huong dén hinh thai, giai phau sinh hoa va sinh 1y cua thuc vat.
Mot sb két qua nghién ciru ciing cho thiy rang giy dot bién bang tia phong xa c6 thé lam thay
d6i kiéu hinh va giam kha ning sinh trudng & callus [19], cdy con [20] va protocorm-like
bodies [21].

Co sy khéc biét ro rét ham lugng phenolic cua 1é to tai cac liéu chiéu xa khac nhau.

Ham luong phenolic tong cao nhat tai liéu chi~é'u 20 Gy dat 36,72 mg GAE/g DW gap 1,44 lan
so voi doi chung 1a 25,54 mg GAE/g DW; ré to tai liéu chiéu 30 Gy c6 ham lugng phenolic



téng thap nhat 23,21 mg GAE/g DW. Két qua nay ciing tuong tu véi mot sd nghién ciru khi
khao sat anh huong cia bic xa dén cac vat liéu in vitro & trong khoang lidu gy chét 50 %
[22-24]. Su ting ham luong phenolic cua ré to dudi tac dung cua blrc xa gamma c6 thé dugc
giai thich do su gy ra stress oxy hoa, cac té bao ré to san xut cac hop chét phenolic chéng
lai stress ndy bang cach ting cudng hoat dong cia cac enzyme tham gia vao qua trinh chuyén
héa phenolic hodc do su phan giai cac hop chat phenolic phirc tap.

3. KET LUAN

M6 1a la vat liéu thich hop nhét cho cam tmg tao ré to bang vi khudn 4. rhizogenes TR1.
Téan sb cam mg cao nhit dat 66,67 + 7,64 % v6i mo 1a bi gdy nhidm trong thoi gian 30 phut,
ddng nudi cay 5 ngay..Két qua kiém tra PCR dé xac nhan qué trinh chuyén gene bang A.
rhizogenes cho phan ung duong tinh véi gene muc ti€u rol/B, rolC va am tinh véi gene virD
chting t6 cac mau ré to di chuyén gene thanh cong.

Birc xa gamma anh hudng dén téc do ting truong va ham lugng phenolic tong sd cua ré
to. Dudi tdc dong ctia blirc xa gamma, ham lugng phenolic cao nhat dat dugc véi mau reé to
chiéu xa tai lieu 20 Gy.

TAI LIEU THAM KHAO

1. Ruby Tiwari, C.S.Rana. “Plant secondary metabolites: a review”, International Journal of
Engineering Research and General Science, 3(5), 661-670, 2015.

2. Cam Thj inh, Trin Hong Quang, Hoang Thanh Huong, Chau Vin Minh, Phan Vian Kiém. “Mot
megastigman glycoside méi tir 14 cay dé& Ficus religiosa L. (Moraceae)”, Tap chi Héa hoc,
47(1), 81-84, 2009.

3. Cam Thi Inh, Tran Hé)ng Quang, Hoang Thanh Huong, Chau Van Minh, Phan Van Kiém. “Axit
shikimic va cac axit phenolic phan lap tir vo cdy dé Ficus religiosa L. (Moraceae)”, Tap chi Hoa
hoc, 49(3), 367-370, 2011.

4. Hoang Thanh Huong, Tran H(‘”)ng Quang, Cam Thi inh, Chau Van Minh, Phan Vin Kiém.
“Phén l4ap va xac dinh hai ciu trac dan xuét C13 nor-isoprenoid tir 14 ciy d& Ficus religiosa L.
(Moraceae)”, Tap chi Hoa hoc, 47(6), 629-633, 2009.

5. Mohsen Hesami, Mohammad Hosein Daneshvar and Mohsen Yoosefzadeh-Najafabadi.
“Establishment of a Protocol for in vitro Seed Germination and Callus Formation of Ficus
religiosa L., an Important Medicinal Plant”, Jundishapur J Nat Pharm Prod, In Press (In
Press):e62682, doi: 10.5812/jjnpp.62682, 2018.

6. Varsha Parasharami, Priya Yadav, Shilpa Mandkulkar and Sushama Gaikwad. “Ficus religiosa
L.: Callus, Suspension Culture and Lectin Activity in Fruits and /n vitro Regenerated Tissues”,
British Biotechnology Journal, 4(2), 215-227, 2014.

7.  https://patentscope.wipo.int/search/en/detail.jsf?recNum=1&queryString=EN_ALLTXT%3A%
28 A+processtfor+preparingta+thairy+root+culturetextract+oftFicus+treligiosa+L.+having+ind
uced+tacetylcholinesterase+inhibitory+activity+%29&office=&sortOption=Relevance&prevFilt
er=&maxRec=3 &navig=previous

8. Ashouri Sheikhi A, Hassanpour H, Jonoubi P et al. The Effect of Gamma Irradiation on In vitro
Total Phenolic Content and Antioxidant Activity of Ferula gummosa Bioss. Journal of
Medicinal Plants, 15(59), 122-131 (2016).

9. Chakravarty B and Sen, S. “Enhancement of regeneration potential and variability by y-
irradiation in cultured cells of Scilla indica”, Biologia plantarum, 44(2), 189-193, 2001.

10. Ramazan Beyaz and Mustafa Yildiz. “The Use of Gamma Irradiation in Plant Mutation
Breeding”. Plant Engineering, Chapter 3, 32-42, 2017.

11. Pirian, K. Piri, T. Ghiyasvand. “Hairy roots induction from Portulaca oleracea using
Agrobacterium rhizogenes to Noradrenaline’s production”, Int. Res. J. Appl. Basic Sci., 3, 642-
649, 2012.

12.  P.K. Pawar, V.L. Maheshwari. “Agrobacterium Rhizogenes Mediated hairy root induction in
two medicinally important members of family Solanaceae”, Indian Journal of Biotechnology,
3(3), 414-417, 2004.

13.  Ninh Thi Thao, Lé Tién Vinh, L4 Hoang Anh, Nguy&n Thi Thuy, Nguyén Thi Phuong Thao.
“Nghién ciru cam ng va nudi ciy ré to cdy dan sim (Salvia miltiorrhiza Bunge)”. Tap chi



https://patentscope.wipo.int/search/en/detail.jsf?recNum=1&queryString=EN_ALLTXT%3A%28A+process+for+preparing+a+hairy+root+culture+extract+of+Ficus+religiosa+L.+having+induced+acetylcholinesterase+inhibitory+activity+%29&office=&sortOption=Relevance&prevFilter=&maxRec=3&navig=previous
https://patentscope.wipo.int/search/en/detail.jsf?recNum=1&queryString=EN_ALLTXT%3A%28A+process+for+preparing+a+hairy+root+culture+extract+of+Ficus+religiosa+L.+having+induced+acetylcholinesterase+inhibitory+activity+%29&office=&sortOption=Relevance&prevFilter=&maxRec=3&navig=previous
https://patentscope.wipo.int/search/en/detail.jsf?recNum=1&queryString=EN_ALLTXT%3A%28A+process+for+preparing+a+hairy+root+culture+extract+of+Ficus+religiosa+L.+having+induced+acetylcholinesterase+inhibitory+activity+%29&office=&sortOption=Relevance&prevFilter=&maxRec=3&navig=previous
https://patentscope.wipo.int/search/en/detail.jsf?recNum=1&queryString=EN_ALLTXT%3A%28A+process+for+preparing+a+hairy+root+culture+extract+of+Ficus+religiosa+L.+having+induced+acetylcholinesterase+inhibitory+activity+%29&office=&sortOption=Relevance&prevFilter=&maxRec=3&navig=previous
https://www.intechopen.com/books/plant-engineering

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Khoa hoc va Phat trién, 13(2), 251-258, 2015.

Pavar P. K., Maheshvari V.. “Agrobacterium rhizogenes mediated hairy root induction in two
medicinally important members of family solanaceae”. Indian Journal of Biotechnology, 3, 414-
417, 2004.

Romero FR, Delate K, Kraus GA, Solco AK, Murphy PA, Hannapel DJ. “Alkamide production
from hairy root cultures of Echinacea”. In Vitro Cell Dev Biol Plant, 45 (5), 599-609, 2009.
Samadi A, Carapetian J, Heidari R, Jafari M, Gorttapeh AH. “Hairy root induction in Linum
mucronatum ssp mucronatum, an anti-tumor lignans producing plant”. Not Bot Horti Agrobot,
40(1), 125131, 2012.

Thwe A, Valan Arasu M, Li X, Park CH, Kim SJ, Al-Dhabi NA, Park SU (2016). Effect of
different Agrobacterium rhizogenes strains on hairy root induction and phenylpropanoid
biosynthesis in tartary buckwheat (Fagopyrum tataricum Gaertn). Front Microbiol, 7:318,
2016.

Sivanesan, B.R. Jeong. “Induction and establishment of adventitious and hairy root cultures of
Plumbago zeylanica L.”, Journal of Biotechnology, 8, 5294-5300, 2009.

Ashouri Sheikhi A, Hassanpour H, Jonoubi P et al. “The Effect of Gamma Irradiation on /n
vitro Total Phenolic Content and Antioxidant Activity of Ferula gummosa Bioss”. Journal of
Medicinal Plants, 15(59), 122-131, 2016.

Nor A Hasbullah, Rosna M Taha, Azani Saleh, “Noraini Mahmad. Irradiation effect on in vitro
organogenesis, callus growth and plantlet development of Gerbera jamesonii. Horticultura
Brasileira 30: 252-257 (2012).

Raheleh Dehgahi, Alireza Joniyasa. Gamma Irradiation-Induced Variation in Dendrobium
Sonia-28 Orchid Protocorm-Like Bodies (PLBs)”, Fungal Genomics & Biology, 7(2), 1000151,
2017.

Mohamed AA.. “Effect of low dose gamma irradiation on some phytochemicals and scavenger
ability of in vitro culantro (Eryngium foetidum L.) plantlets”. Med Aromat Plant Sci Biotechnol.
3, 32-36, 2009.

Taheri S, Abdullah TL, Karimi E, Oskoueian E, Ebrahimi M.. “Antioxidant capacities and total
phenolic contents enhancement with acute gamma irradiation in Curcuma alismatifolia
(Zingiberaceae) leaves”, Int J Mol Sci, 15, 13077-13090, 2014.

Khalil SA, Ahmad N, Zamir R.. “Gamma radiation induced variation in growth characteristics
and production of bioactive compounds during callogenesis in Stevia rebaudiana (Bert.)”, New
Negat Plant Sci., 1(2), 1-5, 2015.

THE EFFECT OF COBALT 60 GAMMA RADIATION ON GROWTH

AND TOTAL PHENOLIC CONTENT
OF SACRED FIG FICUS RELIGIOSA L. HAIRY ROOTS
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Abstract: This study was carried out to induce the hairy roots of F. religiosa L.
and investigate the effects low doses of gamma irradiation on growth characteristics and
accumulation of phenolic compound of F. religiosa L. hairy roots.

In vitro leaves, leaf stalks and inter nodes of F. religiosa L. were submerged in the
A. rhizogenes TR7 suspension medium, co-culture them on MS medium (supplemented
with 3 % sucrose, 8 g/L agar, pH 5.8) in darkness, at 25 °C.

Hairy roots appeared after 3 - 4 weeks were transferred into liquid MS medium
supplemented with 20 g/L sucrose that the best medium for growth hairy roots. After 4
weeks, vigorous hairy roots were irradiated at low doses ranging from 0 to 40 Gray (Gy).
The source of gamma rays was Cobalt 60
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The results indicated that among of three materials (leaves, leaf stalk and inter
node) infiltrated by A. rhizogenes TR7, leaves were the best appropriate materials to the
bacteria genetic transformation with success induction after 30 minutes of infection and
five days of co-cultivation at 66.67 = 7.64 %. The hairy roots from 4. rhizogenes TR7
was confirmed by PCR method using ro/B, rolC gene and virD gene. Co-60 gamma
radiation made a significant decline in survival rate, fresh and dry weight in comparison
with control. However, at dose of 30 Gy dry weight marginally increased at (22.25 +
1.38%) higher than control (15.04 +0.71%). Whereas at 20 Gy the highest total
phenolic content recorded 36.72 mg GAE/g DW higher 1.44 times than the control.

Key word: hairy roots, gamma radiation, Agrobacterium rhizogenes TR7, Ficus
religiosa L.



