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TOM T A T 

He thong tai sinh cay sSn (Manihot esculenta Crantz) thong qua phoi soma (somatic embryos) tir dinh choi 
da dugc nghien cim hoan thien Cac mau cay dugc sir dyng la cac dinh choi duoc lach ra lir cay in vitro va 
nhihig choi dugc cat ra tir than. Sy phdt sinh phoi soma d t̂ dupe vdi ty 1? eao bang each bo sung vio moi 
trudng cam ling cac ndng dp picloram khic nhau. Ket qua nghien ciai cho lh3y, ly le hinh thanh phoi soma dat 
cao nh^l 6 ca hai gidng ffen moi ffudng MS bo sung 12 mg/i picloram, Sau 4 tuan, m^c dil so phoi/mau cay 
tuong ty nhau giua hai giong nhimg gidng KM94 cho ty 1̂  hinh thanh phoi (82 ± 1,7%) cao hen 22,4% so vdi 
gidng KM 140 (59,6 ± 2,9%) Cym phoi tiep tuc duac chuyen sang moi ffudng nay mkm tao cay con bo sung 
0,3 mg/l BAP cho ty le tao cay con la 81 ± 3,2% vdi gidng KM 140 va 79 ± 2,3% vdi giong KM94. Ch6i cay co 
chieu dai khoiing 1,0- 1,5 cm dugc chuyen sang moi Irudng MS khong co chat kich thich sinh trudng cho ly le 
ra rl d?t 100%. Nhihig cay lai sinh in vitro co bo re hoan chinh dupe trong lrong bau gia the ffau hun: dat cai 
(4:6) dat ty le cay song 100%. Cay non hoan chinh duoc tao ra trong 16-18 tuan va quy trinh nay hoan loan 
thich hpp cho cac nghien cuu tiep theo ve chuyen gen d cay san. 

Tir khoa: Cdy sdn (Manihot esculenta Craniz.). dmh choi, nuoi cdy md. plio. , tdi sinh 

MODAU 

Cay s4n {Manihot esculenta Crantz) la mot ffong 
nhimg lo^i cay luong thuc chu l\rc quan ffpng nhat 
doi vol nhieu nuoc do kha nang cung cap 
carbonhydrate cao, tham chi ffong cac dieu kien 
neoai canh bat Igi nhu luong mua ihap, ban han hoac 
dat ngheo dinh duong (De Bruin, Fresco, 1989). 
Hien nay nhu cau su dung san ffong cong nghiep 
thgrc phSm va chan nuoi dang lang len dang ke, hon 
nifa, sin la ngu6n cung cap nguyen lieu cho cong 
nghiep san xuat nhien lieu sinh hpc nen dugc coi la 
cay ff6ng dem lai giai phap kep dgt ca hat muc tieu: 
dam bao an ninh luong thuc va cung cap nhien lieu 
sinh hgc, timg buoc thay the nhien li^u hoa thach. 
Trong b6i canh bien doi khi hau lam trai dat nong 
len, cac chuong trinh cay san chit yeu tap ffung vao 
chpn tao cac gi6ng sin cho san lugng cao va co kha 
nang thich img t6t voi diSu ki^n ngoai canh (Fukuda 
etal, 2003). 

Hi?n nay, cong nghe chuyen gen da va dang mo 
ra nhilu hua h?n M tao ra nhitng giong san chat 
Iupng cao bSng each kh hgp cac tinh ffang mong 
muon vao mpt s6 gi6ng sSn von dugc nong dan ua 
thich (Kawano et al, 2003). Siritunga va dong tac 
gia (2004) da chiing minh dupe cac ky thu|t chuyen 

gen CO thi dugc ap dung de cai lao nhieu giong san 
khac nhau. Nliom nghien cim nay da lao duoc mot 
giong san chuyen gen co kha nang lao mpl lugng lon 
hydroxynilrile lyase (HNL) 6 re va la. Lugng HNL 
tang con di dot voi lugng acetone cyanohydrin giam 
va tang lugng cyanide bay hoi ffong qua ffinh cat 
nghien hoac che bien san. Khong giong nhu giong 
sin khong co cyanogens ciia Siritunga va dong lac 
gia (2003), cac gi6ng san chuyen gen moi nay van 
giir mpl lugng cyanogens de ngan can dpng vai an co 
nhung van la thyc pham an toan cho con nguoi. 

Cac he th6ng tai sinh cay san thong qua qua 
ffinh tao phoi soma da dugc nghien cuu cai nen 
(Schopke el al. 1996). Nhimg nghien cim iiep theo 
lap irung vao viec chimg mmh cac phoi soma ciia 
sin CO Ihe la nguon cung cap choi non de san xuat 
lugng lon cac dong ffpi sach benh, day cung la 
nhtrng dong ly luong cho cong tac bao ton giong 
(Mycock et al, 1995), D6i voi bat cir qua ffinh vi 
nhan gi6ng nao, giai doan sinh Irutmg cung quyk 
djnh hi?u su^t ciia qua ffinh. Nhung nam truoc day, 
mot s6 huong khac nhau da dupe thuc hien nham 
nhan dong phoi soma tir cac mo san Vi du, bang qua 
ffinh chuyen doi tuan hoan va lap lai tir cac dang moi 
ffuimg rin va long, Raemakers va dong tac gia 
(1993) da cam img cac phoi soma bang chat cam img 
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2,4-D, sau do qua Irinh cam img lai dugc thay ihe 
bang NAA. Phirong phip nhan nhanh mo s?o lir cac 
mo .siin Iren miii truimg bo sung picloram dS dirpc 
Taylor \a diing lac gia (1996) chimg minh la co kha 
niing lao mgl lugng Ion phoi soma, Tuy nhien chtra 
CO b5ng chimg ro rang chimg 16 sg phat trien lir phiii 
thanh c;i\ con ci) hi^u siuil cao, 

C o nhicu phuong plitip de tao phoi .soma nhir la 
thay doi iiinig dp iiii.xin va min IrutTng nuoi ciiy. 
nhimg li le song sol ciia phoi .soma lrong c;ic btri'rc 
nuoi cay Hop iheo phy thugc \ao chal lut̂ Tiig ciia phoi 
so Ciip dugc t^o ra ban dau va qua trinh chuyen doi 
moi liuimg giua long va rin (Soliari et al, 1997). 
Milt loai cac \cii to anh huong den cac buoc cua qua 
trinh tao phin cho civ .san da dugc nghien ciru' 1) 
Buoc cam irng: nghien ciru anh huong ciia cac muoi 
bazo khac nhau, su dyng moi iririmg rin va long va 
hai nong do picloram; 2) Bo sung picloram vao moi 
truimg khi hat dau thay su bi?l hoa phoi; 3) Vai Iro 
cua qua ffinh lam kho khi phoi truong thanh; 4) Bo 
sung BAP vao tnoi truimg nay mam, Hien nay, chua 
CO cirng trinh nghien cim chi tiet nao ve tao phoi 
soma va chu\eii gen vao giong san 6 Viet Nam. Do 
do, trong bai bao nay chiing loi nghien ctru ihiel lap 
mot quy Irinh chi net tir cam img tao phoi soma den 
lai smh hoan chinh ciia hai giong siin KM94 va 
KM 140. 

VAT LIEU VA PHUONG PHAP 

\':jt lieu thffc vat 

Hai giiiiig san KM')4 va KM 140 co nguon goc tir 
Trung liim lai nguyen thirc vat, Vien Khoa hpc nong 
nghiep Viet Nam, An Klianh, I loai Dire, Ha Niii, 

IMiffong phap 

Than ciiy eua luu giong siin KM94 vii KMI40 
.san dugc ciil thanh c:ic doan ci) di) dai lir 3 den 4 cm, 
sau do rua sach diriri voi niriVc 30 pliiil \a be mat 
mail cay dugc sal Iriing bang elhanol 70" u lrong I 
phiil va 0,1" 1, (w/v) 1 IgCI: lrong 7 phiil, licp ihco loai 
bo HgCh va rua sach bang nuoc cat vo trimg 5 Uin. 
Mau cay sau khi dii khu triing duoc nuoi cay tren 
moi Iruong MS dac bo sung them 3"i. sucrose voi 
mat do 5 doan cal/binh tam giac 250 ml (50 ml tnoi 
Iruong/binh), Dmh choi ciia ciiy con sau 4 luan luoi 
dupe sir dung lam mau cay. Mau cay duac cii thanh 
cac doan co do dai 1,5 cm va dugc dat lrong dTa Pelri 
bao gom 25 ml inoi ffuimg MS dac bo sung 3 % 
sucrose, 1 mg/l CuSO^ (2 mM), 2,4-D hoac picloram 
6 cac nguong nong do 3. 6, 9, 12, 15 mg/l de lao mo 
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s?o. Tiep tyc cac ino s?o dupe chuyen sang moi 
truimg CO bo sung picloram cr cac nong dp 1, 3, 6,9, 
12 va 15 mg/l va 0,7% agar de hinh Ihanh phoi soma 
sau 4 luan nuoi cay lrong dieu ki^n toi a nhiet dg 25 
± Z X va danh gia sy xual hi?n ctia phoi soma. 
Phutmg phiip dugc mo ta boi Zhang va dong tac gia 
(2001), nhflng cym phoi soma chin (10 cyin phoi) 
dugc chuyen sang dTa petri co 25 ml tnoi truimg bao 
gom MS va cac vitamin, 3% sucrose, I mg/l CUSO4 
(2 mM), N6-benzyhimin<)purine (BAP) 6 cac nong 
d() 0; 0,3, 0,6, 0,9; 1,2, 1,5, pH 5,8 va 0,7% agar v i 
diii o dicu ki^n 25 -i 2"t', 16 gio chieu sang lrong 
thin gian 3 den 4 luan, danh gia so phot tao thiinh 
cay con, 

Tao re va ra cay: tiic choi dat chieu dai tir I - 1,5 
cm dugc cay chuyen sang moi Irucmg MS khong co 
chat kich Ihieh sinh truong Irong then gian 4 luan. 
Cay CO bg re hoan chinh dugc chuyen ra nha lum, 
lrong tren gia the bao gom dat cat pha 60% cong voi 
trau hun 40" 0, IrcHig 2 luan dau ffanh anh sang chieu 
true xa. 

Cac moi iruong su dung lrong nghien cuu nay 
dugc chinh pH = 5,8 va bo sung them 7 g/I agar. 
Khu Iriing o nhiel dp !2I°C, ap suat 1,5 atm lrong 
Ihcri gian 15 phiit. Nuoi cay 0 nhiel do 25 ± 2 ^ , 
cutmg do iinh sang 3000 lux MTI Ihoi gian chieu sang 
U) li/ngiiy, 

Cac so lieu dugc xu ly bang chuong trinh 
IRRISTAT, 

KliT QUA VA THAO L U A N 

Anh hming nong dp 2,4-1) %:i picloram den qua 
trinh tiio inn seo lir dinh choi 

Ca hai giiing siin deu cho thay su phat tnen ino 
seo lien miii Iruong cii 2.4-D va picloram trong thdi 
gian lir 15 - 21 ny;i\. Khoang thin gian hinh thanh 
mi) seo bien doi phu ihugc vao nong do auxin bo 
sung \ ao moi Iruimg nuoi ciiy (Bang 1) 6 nong do 9 
hoac 12 mg/l picloram cho thiy su hinh thanh mo 
SCO som (lrong khoang thoi gian I tuan nuoi cay) 
lrong khi do 6 cung nong do 2,4-D mo s?o hinh 
Ihanh chain hon (khoang 2 tuin). Nguong nong do 6 
hoac 15 mg/l, ca hai loai auxin d^u hinh ihanh mo 
s '̂o chain, lan lugl 14 hoac 13 ngay. Nong do auxin 
thich hap cho su hinh thanh mo seo Ihay doi phu 
thupc vao su ihain gia ciia auxin va giong san, a 
nghien cim nay, 2,4-D va picloram 6 nong dp 9 ho?c 
12 mg/l thich hpp cho su hinh thanh mo seo. Sir xuat 
hi^n hinh thai mo s^o cung bi anh huong boi auxin 
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ffong mot frirtmg nuoi cay, 2,4-D tgo thanh mo seo 
dgng rin chac ho5c nhi^u mau vdi mau nau dac 
ffung. Ngugc lai, picloram tgo thanh dang mo seo 
rot, mem voi mau kem hoac hoi vang (Hinh IB va 
IC). Can cir vao picloram bo sung vao moi trudng 

nuoi cay cho thoi gian hinh thanh mo seo nhanh 
trong then gian 7 ngay, chung tot li^p luc chuyen li t 
ca cac mo seo cay tren moi Iruong co bo sung cac 
nong dp kliac nhau ciia picloram (Bang 2) de hinh 
thiinh cac phiji so cap va thir cap 

Bang 1 Anh huong nbng do 2,4-D vS picloram d^n qud trinh tgo mfl seo tii' dinh ch6i sau 21 ng^y nuoi lrong toi 

Nong do (mg/l) 

So ngay t^o m6 seo Ty 1^ hinh thanh mo s^o (%) 

KM 140 

Picloram 

KM 94 

Picloram 

Anh htrong ciia picloram den su* hinh thanh phoi 
soma tir mo seo 

Phot soma ihuimg dugc lao ra bang each sir 
dung auxin fftmg moi ffuimg nuoi cay (Williams va 
Maheswaran, 1986). Giira cac auxin khac nhau, 2,4-
D la mpl ffong nhirng chal dugc ap dung pho bien 
nhal de lao phoi soma. Tao phoi soma tren moi 
truang co bo sung picloram ciing da dugc biio cao o 
nhieu loai cay khac nhau (Raemakers et al, 1997; 
CastiWoelal, 1998; Grolt elal. 2001; Mendoza and 
Kaeppler, 2002, Preeti and Kolhari, 2004). 

Trong nghien ciru nay, phin soma duoc lao ra 
Iren moi ffuimg bii sung picloram. Dinh choi lay ra 
lir giong san KM94 va KM 140 nuoi cay in vitro da 
lao mo seo dugc sir dung de xac dinh hieu qua nong 
dp picloram lrong viec tao phoi soma. Cac mau cay 
dupe dai ffen moi Iruong lao phiii soma trong vong 2 
luan, cac phoi soma o giai doan hinh cau co the quan 
sat dugc va gifra luan 3 va luan 4 cac phoi soma d 
giai doan cao hon co the nhin thay dugc (Hinh ID). 
Kel qua dupe ih^ hien trong bang 2 cho thay, lat ca 
cdc nong dp picloram dugc Ihu nghiem Iren hai 
giong deu cho kha nang igo phot soma va so 
phoi/mlu ciy vdi tin suat cao (Hinh IC va ID) 
Giong sin KM140, ty le tao phoi soma va so phoi 
soma/mSu ciy ty le thuan theo chieu tang dan vdi 

nong do picloram, ly le lao phoi soma (16,3 ± 1,2%) 
va so phoi soma/mau cay (9,7 ± 2,6) d nong dp 
picloram I mg/l la ihap nhat so vdi d nong dp 
picloram 12 mg/l cho ly le lao phoi va so phoi 
soma/mau cay cao nhat lan lugl la 59,6 ± 2,9% va 
26,7 ± 2,7 va o nong dp picloram 15 mg/l lao phot 
soma va so phoi/mau cay bal dau cd xu hudng giam. 
Tuong tu nhu giong KM 140, giong KM94 cijng co 
ly le hinh thanh phdi soma va sd phdi soma/mau cay 
ty le Ihuan iheo nong do picloram, nhimg ty le phdt 
va sd phdi soma deu cao hon gidng KM 140, ly le lao 
phdi soma o ndng dp 12 mg/l picloram cao hon 
22,4% so voi giting KM 140 va sd phoi soma/mau 
cay Ihi su sai khiic khdng bin, chi la 2,7 phdi/mau 
cay (Bang 2). Kel qua nay ciing phii hpp vdi cdng bd 
cua Feilosa v;i ddng Lie gia 2007, khi nghien ciru lai 
sinh tren mdt sd gidng san cua Brazil thong qua lao 
phdi soma cung chi ra riing bd sung a ndng 12 mg/l 
picloram vao mdi truimg nudi cay cho ly le lao phdi 
va sd phdi/mau cay cho kel qua lot nhal. Danso va 
ddng lac gia (2010) cho rang ca hai chiil 2,4-D va 
picloram deu cho kel qua quii ffinh lao phdi soma 
cao (90-100%), luy nhien mdi Iruong c6 bd sung 
picloram cho qwd Irinh lao phdi soma nhanh va vugl 
ffdi so vdi mdi Irudng bd sung 2,4-D bdi vi picloram 
lac ddng din thanh te bao va lam gian le bao nhanh 
hon 2,4-D. 
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Bang 2. Anh hudng ciia n6ng dft picloram tdi sy hinh Ihiinh phfti soma tir dinh chAi cOa hai gi6ng sSn KM94 va KM140 nuOi 
ciiy in vitro GiA trj phoi/mlu c^y Id t6ng s6 phfli (r cSc hinh dgng nhu trdn, lim, cA duii va \A mkm. DSnh gid dugc thi/c hi$n 
sau 4 tuSn nu6( ciy Irfen m6i truftng MS bA sung picloram d cSc ning dO khde nhau 

Ty I$ph6l soma (%} 
16,3± 1,2 
39,3 ± 1,7 
47,3± 1,7 
40 ±1,7 
59,6 ± 2.9 
56,3 i 1,2 

Ph61 soma/miu cSy 

9,7± 2,6 
17,3 ± 2,0 
18± 1,2 
20,71 1.5 
26.7t 2,7 
23,3 ± 1,8 

KM94 

Ty 1$ ph6l soma (%) Phoi soma/mau cdy 

29,6 ±2,2 13,3 ±2.6 
51,3 ± 2 29,3 ±2 

71,3 ±1,2 36,6 ±1,8 
64 ± 1,5 34,6 ± 1,2 

82 ±1,7 29,3 ±3 
76 ±2.6 31,6 ±2 

Bang 3 Anh hudng cua nAng dO BAP d^n qud trinh lao cSy con lu phfli soma sau 4 luAn nufli cAy 

BAP (mg/l) Phoi soma tao thinh cay con (%} 

KM140 

43,6 ±0,8 
81 ±3,2 
79 ±2 

67 ± 1,5 
61 ±2 
55,3 ±0,8 

KM94 

50,3 ±2 
79±2 3 
77,6 ±1.2 

71± 1.5 
60,3 ± 1.45 

59,3 ± 2,6 

Kha nang nay mam cua phoi soma tao thanh cay con 

Cac mau cay duoc lao phdi Iren mdi Iririmg bd 
sung cac ndng dp khac nhau ciia picloram lrong ihdi 
gian 3 - 4 tuan, cac phdi dugc hinh Ihanh va dan 
chuyen sang gtai doan phdi chin, Cac cum phdi chin 
nay duoc chuyen sang mdi trircmg cd ndng do BAP 
khiic nhau (0. 0,3; 0,6, 0,9; 1,2; 1,5 mg/l BAP) d^ 
nay mam lao ihanh cac nuiin cay hoiin chinh. (iiai 
doan nay rat quan trgng ddi vdi Ihi nghiem liin phdi 
va lai sinh cay vi neu sd lirimg phdi t.in ra nhieu 
nhimg kha nang nay mam kem thi hau nhu khdng cd 
y nghTa ddi vdi ciic thi nghiem liep theo vc chuyen 
gen vao cay siin. Ty 1? phdi nay mam cimg cao thi 
xac suat chpn duoc cay bien nap gen ciing liVn. Kel 
qua dugc the hien bang 3 cho thay, Iren ca luu giong 
KM94 va KM 140 cac cum phdi soma deu cd ly le 
nay mam nhal djnh d tat ca ciic ndng dp thi nghiem, 
gidng KMI40 cd ly le phoi soma tgo thanh cay con 
cao nhit la 81 ± 3,2% d nong do BAP 0,3 mg/l so 
vdi mdl Irudng khdng bd sung BAP la 43,6 ± 0,8% 
va tuong lu Iren gidng KM94 la 79 ± 2,3% so vdi 
mdi Irucmg khdng bd sung BAP la 50,3 ± 2%. Giua 
hai giong KM94 va KM140 ly le phdi soma tao 

ihanh cay con khdng co su sai khac d ciing nong dp 
BAP 0,3 mg/l. 

Kha nang tao re va ra cay 

Cac chdi cay san lai sinh cua hai gidng KM94 va 
KMI40 dat chidu dai lir I cm d ^ 1.5 cm dugc 
chuyen sang mdi iruiTiig MS bd sung cac ndng do 
IBA khiic nhau (0; 0,3; 0,6; 0,9; 1,2 mg/l) sau 3 tu^n 
nudi c:iv de lao re. Kel qua cho thay, Iren mdi ffudng 
MS khdng CO chal kich thich sinh trudng cho kha 
nang ra re nhanh dgt 1\ le 100% Iren ca hat gidng sau 
2 tuiin nudi c;iy v;i sd lirmig re dao ddng lir 3 den 5 
re/miiu ciiy (Hinh IG va IH) so vdi cac cdng ihitc 
mdt Irircmg cd bd sung chii kich thich sinh ffudng 
sau khoang 4 luan re bal dau xuat hien nhung so 
luong re i l , re ngin va li i . 

Trong dieu ki^n in vilro, cay dugc cung cap 
da^ dil chat dinh duong, anh sang va sdng ffong 
dieu kien vd iriing. Vdi muc dich xay dung mpt quy 
Irinh tai sinh cay hoan chinh phyc vu cho cdng tac 
chuyen gen nen he thdng lai sinh cay khong chi 
dimg lai d gtai doan tao cay vitro ma tiep luc hoan 
ihi^n chuyen cay ra lrong ffong dieu kien nha ludi-
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Khi dua cay lai sinh lu dieu ki^n phdng thi nghiem 1500 lux, ihdi gian chieu sang 12 h/iiga>. Sau 2 
ra nha ludi cay con phai trai qua cac giai doan thich tuan dau cay con dugc dua ra lrong lrong nha luoi 
nghi dan dan. Cay sin lai sinh cd sd re Idn hon 2 re luan dau tranh anh sang chieu Iruc xa va cham soc 
va chieu dai lit 4 cm den 6 cm dugc chuyen ra trdng cay d dieu kien cung cap day dii nude va dinh 
tren gia the trau hun trpn dat cat vdi li le 4:6 Trong dudng Cay con ra bau bang gia Ihe trau hun Iron 
2 luan dau cay duoc nudi lrong phdng nudi cay vdi dat cat dat ly le cay sdng, sinh Irudng va phat lrii;n 
nhiel dp 27°C, cudng dp chiOu s.-ing 1000 lu\ - binh thucmg la 100% (Ilinh ID 

KZX] 

Hmh 1. Tai smh cay san qua cac giai doan Khac nnau A Mo seo pnai smn lu dinh choi, 
vd D Cym phfli soma, E Phfli soma dang nay mam, F, Phfli soma dang tdi sinh thdnh cdy ( 
ra re, I Cdy trong lr£n bau dat 

Mo seo dang phan noa pnoi C 
)n, G va H Cdy Iren moi truong 

KET LUAN 

Thong qua cac budc: Cam ting tgo md s?o, phdi 
soma, nay mim phdi, lai sinh, ra re va trdng cay 
lrong biu dil, mpl he thdng tai smh cay san hoan 
chinh Ihdng qua phdi soma da dugc nghien ciru 
Ihanh cong. 

Loi cam on: Cdng trinh dirac thuc hien bang kmh 
phi ciia dd tdi: "Khai thac vd phdn Idp ngudn gen co 
sdn cua tgp doan gidng sdn Vict Nam nham phdi tnen 
cdc gidng sdn co khd ndng chdng chiu benh vd ndng 
sudl cao bdng cdng nghe gen" thuoc chuong trinh 
nhiem vu hap tdc qudc te vi khoa hgc cdng nghe. Bo 
Khoa hoc vd Cong nglie. 
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A method for Ihe induction of soinaiic elTlblyogc^esl^ tn two cassava genolypes from Vietnam is 
dcsenbed Shoot apexes isolated both from in vitro planls and Irom in vivo slem cuttings were used as samples 
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Somatic embryogenesis was achieved in high frequencies by the addition to the induction medium of the auxin 
picloram over a wide range of concenlrations. Our results show thai ihe highest rale of somalic embryos 
formation for bolh cultivars was obtained by using 12 mg/i picloram supplemented to MS media Although the 
number of embryos per explant was similar between two cuUivars for 4 weeks, the KM94 cuUivar gave a 
higher rate ofsomatic production (82 ± 1.7%) than the KM140 cultivar (59 6± 2.9%). Somalie embryos were 
subsequently transferred onto media (MS supplemented with 0.3 mg/i BAP) for the highesl frequency of 
planllet regeneration (KMI40 - 81 ± 3.2% and KM94 - 79 ± 2 3%) Shoots with the length of about 1 - 1 5 cm 
were ffansferred onto free - hormone MS media for 100% of rooting for 2 weeks. Complete planllets were 
cuhivated on a mixture of rice husk and sand-soil under ratio 4:6 in greenhouse. This protocol required 16 to 
18 weeks and is entirely appropriate for mass production of various cassava genolypes and llirther genetic 
ffansformalion experiments. 

Keywords: Apical shoots. Callus culture, Manihot esculentum Crantz, Regeneration. Somalic embryos 




