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Linh vire k§ thuit dwoc dé cip

Sang ché dé cap dén phuong phép lai cac loai thude chi Theobroma d thu duoc
hat gidng lai, thuc v4t lai va san pham thuc vat lai. Cu thé, sang ché dé cap dén hat gidng
lai, thuc vat lai va san phém thuc vat lai cua Theobroma cacao va Theobroma
grandiflorum, cling nhu phuong phép san Xuét va x4c dinh hat gidng lai, thuc vat lai va
san phim thuc vat lai ndy. Sang ché cling d& cap dén thuc phdm, nhu san phim ca cao
thu dugc tir hat giéng lai, thuc vét lai va san phém thuc vat lai cia Theobroma cacao va

Theobroma grandiflorum, ciing nhu phuwong phép san xuat san pham ca cao nay.
Tinh trang k¥ thuat ciia sang ché

Chi Theobroma bao gbm 22 loai dugc phén loai thanh 6 nhém theo dic tinh hinh
thai:Andropetalum; Glossopetalum; Oreanthes;, Rhytidocarpus; Telmatocarpus; va
Theobroma (Cuatrecasas, 1964). Cac loai dai dién tr toan bd cac nhdm, ngoai trir
Andropetalum  (Theobroma  grandiflorum, Theobroma obovatum, Theobroma
subincanum, Theobroma speciosum, Theobroma sylvestre, Theobroma microcarpum,

Theobroma bicolor, Theobroma cacao) xuat hién tu nhién & Brazilian Amazon.

Ham luong axit béo va triaxylglyxerol clia bo ca cao khac biét dang ké giita cac
chét béo c6 trong hat gibng cta cac lodi Theobroma khac nhau (Carpenter et al., 1994;
Gilabert-Escriva et al., 2002). Cac thanh phin axit béo thong thuong cua cac lodi
Theobroma khéac nhau dugc thé hién trén Fig.1 (duoc trich din tir Bang 2 trong tai liéu
Gilabert-Escriva et al.).

Céac thuc vat lai tg nhién gilta cac loai Theobroma la hiém gdp, tuy nhién da cé
b4o céo vé hién tuong lai tr nhién nay, chi yéu gitra cac loai thudc nhém Glossopetalum
(Silva et al., 2004). Mét trong sé cac thuc vat lai ty nhién gia dinh nay (5 thuc vat lai
Theobroma grandiflorum va Theobroma subincanum) van tdn tai trong bd suu tap phdi -
maim CEPLAC & Marituba, Para state (Silva et al., 2004). Céc thuc vat lai tu nhién gitra

Theobroma cacao va Theobroma grandiflorum khdng ton tai.

Thir nghiém lai gitta cac loai thudc chi Theobroma da dugce thuc hién 14n dau vao

nam 1937 & Trinidad, nhung chi c6 mot vai két qua so by dugc bao cdo (Posnette 1945).
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Mot loat cac thi nghiém lai gita cac loai Theobroma & Brazil dugc thuc hién trong
khoang thoi gian tir 1945 dén1951, boi George O'Neill Addison va Rosendo Tavares tai
“Instituto Agronémico do Norte”, & Belem, Para, Brazil, va cac thuc vit lai nay dugc mo
ta chi tiét trong tai liéu Addison & Tavares 1951; 1952. Céc thuc vét lai nay bao gém

toan b6 cac loai thudc chi Theobroma & Brazil va chi Herrania lién quan (H. mariae).

Qua trinh lai gifra cc lodi Theobroma tir cac nhém riéng biét, 1in dau tién duoc
cho 14 v6 cung kho khén, da dugc chiing minh 1a co thé. C6 bao céo vé thuc vat truéng
thanh tir cac thyc vat lai gitta cac loai thudc nhom Glossopetalum va Andropetalum (cac
thuc vat lai gitta 7. angustifolium va 1. mammosum; va gitta 1. simiarum va T.
mammosum thu dugc & CATIE, Costa Rica (Cuatrecasas 1964)). Thuc vat lai ndi loai
thanh cong bao gém Theobroma cacao da thu dugc, theo bao céo (Silva et al., 2004),
dué6i dang qua lai gitta Theobroma cacao x T. mammosum, Theobroma cacao x T.
simiarum, va Theobroma cacao x Theobroma speciosum; thuc vt lai chua truéng thanh
te  Theobroma cacao x Theobroma microcarpum va Theobroma cacao x T.
angustifolium; va thuc vat lai truong thanh tt Theobroma cacao x Theobroma
grandiflorum. C6 bao co vé thuc vat lai chua truéng thanh tir Theobroma grandiflorum
(nhém Glossopetalum) va Theobroma cacao (nhém Theobroma) dugc xac dinh chi yéu

dua trén dac diém 1a (Martinson 1966).

Do do, cac thuc vét lai ndi loai bao gém Theobroma cacao va cac loai Theobroma
d3 dat duge muc do phat trién qua va thuc vat khac nhau (Silva et al. 2004). Nhin chung,
Theobroma cacao da dugce st dung lam thuc vat me, va thuc vat lai chua truéng thanh
gia dinh thanh cong d3 thu dwoc it nhét tir cac thuc vt lai bao gdm Theobroma
microcarpum (nhém Telmatocarpus), Theobroma angustifolium va Theobroma
grandiflorum (nhém Glossopetalum), nhung cac thuc vat nay da ngimg phat trién sau khi
dat dugc chiéu cao khoang 10 dén 15cm. Do d6, cac thuc vt lai gia dinh nay, bao gém
cac thuc vat lai da dugc ghi nhan gitta Theobroma cacao va Theobroma grandiflorum,
cho dén nay di tao ra thuc vat khong cé kha ning sinh truéng doc 1ap hoic ra hoa, qua,
va/hodc hat gibng. Hon nita, cho dén nay, cac hat thu dugc tir cac thuc vat lai cta
Theobroma cacao va Theobroma grandiflorum bt ky nay chua duge phan tich héa hoc,

hodc st dung de san xuat sdn pham ca cao, nhu ca cao léng.

Ban chét k§ thuit ciia sang ché
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Muc dich cia sang ché 13 d& cap dén thuc vat lai Theobroma, nhu thuc vat lai ctia
Theobroma cacao va Theobroma grandiflorum, va b0 phan ctia nd, nhu hoa, cling nhu
hat giéng thu dugc tir qué trinh lai chéo Theobroma cacao va Theobroma grandiflorum.
San pham lai, nhu hat gibng thu dugc tir qué trinh lai chéo Theobroma cacao va
Theobroma grandiflorum, c6 thanh phan héa hoc dugc cai bién, nhu ham lugng axit béo
duge cai tién va/hodc ham luong alkaloit duoc cai bién so v6i Theobroma cacao va/hoic
Theobroma grandiflorum. Theo mot sd phuong 4n, san phim lai ¢6 cac ddc tinh, nhu
ham luong axit palmitic thip hon Theobroma cacao; va/hodc ham lugng theobromin thap
hon Theobroma cacao. Theo cac phuong 4n khéc, san pham lai chira axit tetrametyluric.
Theo cac phuong an khéac, thuc vat lai va/hodc san phém lai chira mdt hodc nhidu chét
danh diu dang da hinh nucleotit don sau: w17s189(T/C), €0050s274(C/T),
CIR211s1036(T/A), w11s867(T/C), w8s204(T/C), c3s595(C/A), w3s41(G/T), w8s131
(T/C), w3s558(A/G), va tb hop bat ky ciia n6. Theo cdc phuong an khéc, thuc vat lai va
san pham thuc vt c6 mdt hodc nhidu dic tinh va/hodc chit danh ddu dang da hinh

nucleotit don néu trén.

Séang ché d& cap dén phuong phép san xuét thuc vét lai cia Theobroma, nhu thuc
vat lai clia Theobroma cacao va Theobroma grandiflorum, va b9 phan cia no, nhu hoa,
cling nhu phuong phép san xuat hat giéng tir qui trinh lai chéo Theobroma cacao va
Theobroma grandiflorum. Theo mot sb phuong 4n, phuong phap san xuét thue vat lai
Theobroma cacao va Theobroma grandiflorum va/hodc hat gidng cia thuc vat lai
Theobroma cacao v Theobroma grandiflorum bao gdm budc lai chéo gibng Theobroma
cacao va giéng Theobroma grandiflorum va thu nhén hat giéng tir d6, va chon loc hat
giéng va/hodc thuc vat thu dugce tr qué trinh lai chéo. Hat giéng va/hodc thuc vat c6 thé
duoc chon loc dua trén cac dic tinh sau, nhu hat gidng va/hodc thuc vét 6 ham lugng
axit paimitic thip hon Theobroma cacao; ham lugng theobromin thap hon Theobroma
cacao;, su ¢6 mit cla axit tetrametyluric; va/hodc mot hodc nhiéu chit danh du dang da
hinh nucleotit don sau: w17s189(T/C), e0050s274(C/T), CIR211s1036(T/A),
w11s867(T/C), w8s204(T/C), c3s595(C/A), w3s41l (G/T), w8s131 (T/C), w3s558(A/G),
va td hop bat ky ctia chiing. Sang ché ciing dé cap dén thuc vat lai va san phim thuc vat

(vi du hat giéng) duoc san xuit bing phuong phap nay.

Theo cac phuong 4n khac, sang ché d& cap dén phuong phép san xuét thuc vt lai

cua Theobroma cacao va Theobroma grandiflorum, bao gdm budc (a) xac dinh xem hat
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gibng duoc san xudt bang cich lai chéo gidng Theobroma cacao va gidng Theobroma
grandiflorum c6 mot hodc nhiéu dic tinh sau hay khéng: ham luong axit palmitic thip
hon Theobroma cacao; ham lugng theobromin thép hon Theobroma cacao; su cb6 mat
cla axit tetrametyluric; va/hodc mot hodc nhiéu chét danh dau dang da hinh nucleotit don
sau: wl17s189(T/C), e0050s274(C/T), CIR211s1036(T/A), w11s867(T/C), w8s204(T/C),
¢3s595(C/A), w3s41(G/T), w8s131(T/C), w3s558(A/G), va té hop bt ky cla ching; va
(b) gieo hat gibng c6 mdt hoic nhiéu dic tinh va/hodic chit ddnh diu dang da hinh
nucleotit don néu trén thu duge trong bude (a) dé thu dugc thuc vat lai ctia Theobroma
cacao va Theobroma grandiflorum. Séng ché cling @& cap dén thuc vat lai duge san xuit

bang phuong phap nay.

Theo cac phuong 4n khac, sng ché dé cap dén phuong phép sin xudt thuc vat lai
ciia Theobroma cacao va Theobroma grandiflorum, bao gdbm buéc (a) lai chéo gidng
Theobroma cacao va gidng Theobroma grandiflorum va thu nhan hat gibng tir d6; (b)
x4c dinh xem hat gidng thu dugc trong budc (a) c6 mdt hodc nhiéu dic tinh sau hay
khong: ham lugng axit palmitic thip hon Theobroma cacao; ham lugng theobromin thip
hon Theobroma cacao; su ¢d6 mit cia axit tetrametyluric; va/hodc mot hodac nhiéu chat
danh ddu dang da hinh nucleotit don sau: w17s189(T/C), e0050s274(C/T),
CIR211s1036(T/A), wl11s867(T/C), w8s204(T/C), ¢3s595(C/A), w3s41(G/T),
w8s131(T/C), w3s558(A/G), va td hop bat ky cta chung; va (c) gieo hat gibng c6 mot
hodc nhiéu dic tinh va/hodc chit danh ddu dang da hinh nucleotit don néu trén thu dugc
trong budc (b) dé thu dugc thuc vat lai cua Theobroma cacao va Theobroma

grandiflorum. Sang ché ciing dé xut thuc vat lai duge san xudt bang phuong phap nay.

Theo cac phuong 4n khéc, sdng ché dé cap dén phuong phap san xudt thuc vét lai
cia Theobroma cacao va Theobroma grandiflorum, bao gdm budc (a) lai chéo gibng
Theobroma cacao va gibng Theobroma grandiflorum va thu nhan hat gidng lai tir d6; (b)
gieo hat giéng lai thu dugc trén moi trudng sinh truéng va @ ching trong budng sinh
truéng cho dén khi thu duge cac thuc vat lai chua trudng thanh; (c) chuyén céc thuc vét
lai chua trudng thanh thu dugc vao gia thé thich hop; va (d) tiy ¥ ghép céac thuc vat lai
chua truéng thanh nay 1én thyc véat. Theo cdc phuong 4n khéc, sau bude (a), va trude
budce (b), miu hat dugc tach va thanh phan héa hoc va/hodc thanh phan chit danh du
dugc phéan tich. Theo cac phuong 4n khéc, chi hat giéng c6 mdt sb6 dic tinh nhét dinh,

nhu céc dic tinh vi/hodc chit danh ddu dang da hinh nucleotit don néu trén, dugc gieo
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trong budc (b). Sang ché ciing d& cip dén thuc vt lai dugc san xuét bang phuong phap
nay.

Sang ché dé cap dén phuong phap xac dinh, chon loc, sang loc va/hodc kiém
ching thuc vat lai cia Theobroma cacao va/hodc Theobroma grandiflorum hodc b phan
cta chung, ciing nhu hat gidng thu dugc tir Theobroma cacao va/hoac Theobroma
grandiflorum. Thyc vt lai, bd phén thuc vat va/hodc hat giéng 6 thé duogc xé4c dinh,
chon loc, sang loc va/hodc kiém ching dua trén mot sb dic tinh nhét dinh, nhu ham
luong axit palmitic thdp hon Theobroma cacao, ham lugng theobromin thdp hon
Theobroma cacao;, su ¢6 mit cua axit tetrametyluric; va/hodc mot hodc nhiéu chit danh
ddu dang da hinh nucleotit don sau: wl17s189(T/C), e0050s274(C/T),
CIR211s1036(T/A), wl11s867(T/C), w8s204(T/C), ¢c3s595(C/A), w3s41(G/T),
w8s131(T/C), w3s558(A/G), va td hop bat ky cta chung. Theo cac phuong 4n cu thé,
thuc vét lai, by phan thuc vat va/hodc hat giéng c6 thé duge x4c dinh, chon loc, sang loc
va/hodc kiém chung dua trén su c6 mit cia axit tetrametyluric va/hodc mot hodc nhiéu
chdt danh diu dang da hinh nucleotit don sau: w17s189(T/C), ¢0050s274(C/T),
CIR211s1036(T/A), wl11s867(T/C), w8s204(T/C), ¢3s595(C/A), w3s41(G/T),
w8s131(T/C), w3s558(A/G), va td hop bat ky ctia ching.

Sang ché d& cép dén phuong phép san xut thuc vét bao gdm budc (a) chon loc
thuc vat thé hé sau thu dugc tir qua trinh lai chéo gidng Theobroma cacao va gidng
Theobroma grandiflorum, trong do6 thﬁc vat thé hé sau hoic hat giéng ctia thuc vat thé hé
sau ¢6 mot hogc nhidu dic tinh sau: ham lugng axit palmitic thdp hon Theobroma cacao
ham lugng theobromin théip hon Theobroma cacao; su ¢c6 mit cla axit tetrametyluric;
va/hodc mot hodc nhiéu chit danh ddu dang da hinh nucleotit don sau: w17s189(T/C),
e0050s274(C/T), CIR211s1036(T/A), wl11s867(T/C), w8s204(T/C), c3s595(C/A),
w3s41(G/T), w8s131(T/C), w3s558(A/G), va td hop bat ky ctia chiing; va (b) lai chéo
thuc vat thé hé sau v6i mét thuc vat khac. Theo cac phuong an khac, phuong phap nay
con bao gdbm budc lai chéo gidng Theobroma cacao va gibng Theobroma grandiflorum.
Theo phuong 4n bat ky, thuc vét khac c6 thé 13 Theobroma cacao hoic Theobroma
grandiflorum, nhu mot trong s6 thuc vét cha me dugc st dung trong lai chéo Theobroma

cacao va Theobroma grandiflorum.

Sang ché dé cap dén phuong phép phan tich thuc vét lai hodc hat gidng lai cta
Theobroma cacao va Theobroma grandiflorum thu dugc bang cach lai chéo Theobroma
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cacao va Theobroma grandiflorum, bao gdm budc (a) lai chéo gibng Theobroma cacao
va gibng Theobroma grandiflorum va thu nhén hat gidng tir d6; (b) tich mau hat giong
ndy, va () phén tich thanh phan héa hoc va/hodc thanh phin gen ctia hat gidng nay. Theo
mot s& phuong 4n, 1/3 hat gidng duoc tach. Theo cé‘c phuong an khéc, it nhét 100mg hat
gidng dugc tach. Theo cdc phuong an khéc, phuong phap nay bao gbm budc phan tich
axit béo, flavanol, vd/hodc metyl xanthen. Theo cdc phuong 4n khac, phuong phéap nay
bao gdm budc phan tich axit palmitic, theobromin, va/hodc axit tetrametyluric. Theo cac
phuong an khac, phuong phdp nay bao gdm budc phén tich chit danh ddu dang da hinh
nucleotit don biéu thi dong thuc vét lai cua Theobroma cacao va Theobroma
grandiflorum, nhu w17s189 (T/C), €0050s274(C/T), CIR211s1036(T/A), w11s867(T/C),
w8s204(T/C), ¢3s595(C/A), w3s41(G/T), w8s131(T/C), w3s558(A/G), hodc t hop bét
ky ctia ching.

Séang ché dé cap dén san pham thu duogc bang, hoic c6 ngudn gdc tir, thue vat lai
hodc san phdm lai theo sang ché (vi du hat gidng thu dugc tir qué trinh lai chéo
Theobroma cacao va Theobroma grandiflorum), cu th8 13 thuc phdm. Theo mot sb
phuong an, sang ché @& xuit san pham ca cao, nhu ca cao léng, thu duge bang cach ché
bién qua thu dugc tir qua trinh lai chéo Theobroma cacao va Theobroma grandiflorum.
Theo cac phuong an khéc, sang ché ciing d& cap dén san phim ca cao c6 nhiét 4 nong
chay va/hodc nhiét do két tinh cao hon san phdm ca cao twong ung thu dugc chi tu
Theobroma cacao. Thco cac phuong an khac, sang ché d& xuit phuong phép sin Xuét san
phéin ca cao tur san phém thuc véat theo sang ché (vi du hat giéng thu dugc tir Theobroma
cacao va Theobroma grandiflorum). Theo cac phuong 4n khéc, sing ché ciing dé cap dén
phuong phap san xuét san phém ca cao cO nhiét do nong chay va/hodc nhiét do Kkét tinh

cao hon san phdm ca cao thu dugc chi tr Theobromq cacao.

Céc dAu hiéu va vu diém khéc cia sang ché s& dugc mo ta chi tiét hon duéi day.
MG ta vén tit hinh vé

Fig.1 12 bang thé hién ham lugng axit béo clia céc loai Theobroma khéc nhau.

Fig.2 12 hinh 4nh thé hién buéc thu phén dugc thuc hién theo mot khia canh clia
sang ché, trong d6 Fig.2A 13 hinh anh thé hién phuong phap bao vé duge ap dung cho ny
Theobroma cacao chua né mdt ngdy trude khi thu phin. Fig.2B 13 hinh nh thé hién hoa
ctia Theobroma grandiflorum dugc st dung lam ngudn phan hoa, Fig.2C 13 hinh anh thé
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hién phuong phép thu phén bing tay, va Fig.2D 14 hinh anh thé hién hoa cta Theobroma

cacao 5 ngly sau thu phin.

Fig.3 1a hinh anh thé hién phuong phap thu nhan hat gidng theo mot phuong 4n
ctia sang ché, trong d6 Fig.3A 13 hinh &nh thé hién qua thu dugc sau khi thu phin nhu
duoc thé hién trén Fig.2, Fig.3B 13 hinh anh thé hién thuc vAt lai sinh trudng trén moi
trrong sinh truong thuc vit than g8, va Fig.3C 12 hinh 4nh thé hién mAu hat dé dong kh.

Fig.4 12 hinh anh thé hién muc do khac biét gitta (A) hat gibng ciia Theobroma
cacao, (B) hat giéng ctia Theobroma grandiflorum, va (C-D) hat gidng lai thu duoc tir

qua lai, toan bd c4c hat nay khong chira vé ngoai.

Fig.5 12 hinh 4anh thé hién phuong phap thu nhan mAu hat @ phan tich, trong d6
mot doan 14 mam dugc st dung dé phén tich héa hoc, va doan con lai dugc trﬁ“)ng trén
moi truong sinh trudng.

Fig.6 13 hinh anh thé hién hat gidng lai chua trudng thanh duge thich nghi véi didu

kién khi hau trong budng im.
Fig.7 1a hinh 4nh thé hién hoa dugc san sinh béi thuc vat lai MCGH-067-002-31.

Fig.8A va Fig.8B 1a hinh anh thé hién thuc vat lai Tc x Tg dugc ghép 1én dinh
than r& cta Theobroma grandiflorum. Fig.8A 1a hinh anh thé hién thuc vét lai MCGH-
031-011-36, va Fig.8B 13 hinh 4nh thé hién thuc vét lai MCGH-023-009-11.

Fig.9 1a bang thé hién phén bd ham luong axit palmitic ctia cac thuc vat lai khac
nhau dugc danh gia bang phép kiém dinh Shapiro-Wilk & x4c sudt bang 5%. “Luong” thé

hién lugng hat giéng dugc danh gia cho mdi thuc vat lai cu thé.

Fig.10 12 bidu dd thé hién c4c thuc vat lai c6 phan bd ham lugng axit palmitic binh
thuong. S6 luogng thuc vt lai duge thé hién & phia trén mdi biéu dé, truc x tuong tng voi
ty 16 phan trim cta axit palmitic, va truc y tuong ng v6i mat d6 (hoic tan sudt) clia cac
tri sb. |

Fig.11 1a biéu dd thé hién cac thuc vat lai c6 phan bd ham luong axit palmitic
khong binh thuong. S6 lugng thuc vét lai dugc thé hién & phia trén mdi biéu do, truc x
tuong tmg v6i ty 16 phan trim cua axit palmitic, va truc y twong ng v6i mat do (hodc tan

suét) ciia cac tri sb.
Fig.12 12 biéu db thé hién thuc vt lai s6 31 (twong tng v6i NA-45 x MCGS-122),
-8-
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c¢6 phan bd ham lugng axit palmitic binh thuong dugce thé hién boi cac miu duge thu

nhén vao nam 2012 va 2013.

Fig.13 13 bidu dd thé hién thuc vét lai s 31, c6 phan bd ham luong theobromin

duogc thé hién bai cac mau dugc thu nhin vao nam 2012 va 2013.

Fig.14 12 biéu dd thé hién thuc vét lai sb 31, c6 phan bd ham lugng cafein binh

thuong dugc thé hién bai cac mﬁu_ duoc thu nhén vao nam 2012 va 2013.

Fig.15 13 bidu dd thé hién thuc vt lai s& 31, c6 phan bd ham luong axit

tetrametyluric dugce thé hién boi cac mau dugc thu nhn vao nam 2012 va 2013.

Fig.16 1a bang thé hién ham lugng cta catechin va epicatechin c6 trong hat gidng
thu dugc tr hai thuc vat lai sé 61 (tuong ing v6i ALMC5 x MCSG-46) va 64 (tuong tng
v6i LCT37A x MCSG-122).

Fig.17 1a bang thé hién ham lugng cta flavanol ca cao tbng sb c6 trong hat gidng

thu dugc tir hai thuc vat lai s6 61 va 64.

Fig.18A va Fig.18B la bang thé hién cac giéng Theobroma cacao va Theobroma

grandiflorum dugc su dung dé san xuét thuc vt lai.
Fig.19A va Fig.19B la bang thé hién 81 thuc vt lai duge danh gia.

Fig20A va Fig20B 1a bang thé hién kiéu gen cia Theobroma cacao va
Theobroma grandiflorum dugc st dung @& san xuit thuc vat lai chira 22 chat danh ddu

dang da hinh nucleotit don.

Fig.21A va Fig.21B 1a bang thé hién kiéu gen cua 81 thuc vét lai duge dénh gid
bang 11 chit danh d4u dang da hinh nucleotit don.

Fig.22 1a bang thé hién céc alen ctia 9 chit danh diu dang da hinh nucleotit don c6
ﬁong thuc vat lai dbi voi 12 dong thuc vt lai khac nhau.

Fig.23 1a dd thi thé hién ham lugng palmitic (C16:0) (thanh do thi) va theobromin
(dudng dd thi), va su c6 mit hodc vAng mit clia axit tetrametyluric déi voi thuc vat lai
NA-45 x MCGS-122.

Fig.24 13 db thi thé hién ham luong palmitic (thanh dd thi) va theobromin (dudng
dd thi) @ thu nhan hat gidng tir cac thuc vat lai sau: NA-45 x MCGS-122, EET400 x
MCSG-46, va MA-45 x MCSG-46.
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Fig.25A va Fig.25B 1a dd thi thé hién nhiét d6 néng chay cia ca cao léng tir
Theobroma grandiflorum (Tg), hat gidng lai thu dugc tir NA-45 x MCGS-122, EET400 x
MCSG-46, va MA-45 x MCSG-46 (bang 1-6), hat gidng khong lai thu duge tr NA-45 x
MCGS-122, EET400 x MCSG-46, va MA-45 x MCSG-46 (bang 7 va 8), va Theobroma
cacao (LRWA).

Fig.26A va Fig.26B 1a dd thi thé hién nhiét-do két tinh cua ca cao léng tir
Theobroma grandiflorum (Tg), hat gidng lai thu dugc tir NA-45 x MCGS-122, EET400 x
MCSG-46, va MA-45 x MCSG-46 (bang 1-6), hat gidng khong lai thu duge tr NA-45 x
MCGS-122, EET400 x MCSG-46, va MA-45 x MCSG-46 (béng 7 va 8), va Theobroma
cacao (LRWA).

Fig.27 1a dd thi thé hién thé hién nhiét d6 nong chdy cua ca cao long tir
Theobroma grandiflorum (Tg), hat gidng lai thu duoc tir NA-45 x MCGS-122, EET400
x MCSG-46, va MA-45 x MCSG-46 (bang 1-6), va Theobroma cacao (LRWA).

MO ta chi tiét sang ché

Sang ché d& cap dén phuong phép lai cac loai thudc chi Theobroma dé thu duge
hat giéng lai, thuc vat lai va by phéan thuc vat lai, cu thé sang ché dé cap dén phuong
phép lai Theobroma cacao va Theobroma grandiflorum. Sang ché dé cap dén hat gidng
13 va thuc vat lai, cling nhu hoa, qua va thuc vat lai mang hat ctia Theobroma. Sang ché
dé xuét phuong phap kiém chtng thuc vt thé hé sau thu dugc 13 thuc vt lai, va phuong
phdp x4c dinh va/hodc chon loc thuc vat lai cia Theobroma cacao va Theobroma
grandiflorum. Sang ché ciing d& xuit san phdm thuc vat lai Theobroma, nhu hat gidng
thu dugc tir qud trinh lai chéo Theobroma cacao va Theobroma grandiflorum, c6 thanh
phﬁn hoa hoc duge cai bién, nhu ham luong axit béo duge cai tién va/hodc ham lugng
alkaloit dugc cai bién. Sang ché ciing dé cap dén san phim c6 ngudn gbc tir hat giéng lai

hodc thuc vat lai, dic biét 1a thuc phém, nhu san phém ca cao.

Céic tac gia sang ché di ngac nhién phat hién thdy ring san phdm lai cia
Theobroma cacao va Theobroma Qandiﬂorum, nhu hat gidng thu dugc tir qué trinh lai
chéo Theobroma cacao va Theobroma grandiflorum, c6 cac dic tinh ndi troi. Vi du, san
pham lai cia Theobroma cacao va Theobroma grandiflorum theo sang ché c6 ham lugng
axit palmitic thip hon Theobroma cacao, va/hodc ¢6 ham lugng theobromin thip hon

Theobroma cacao. Hon nita, cac tac gia sang ché ciing da ngac nhién phat hién thay rang
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san pham lai ctia Theobroma cacao va Theobroma grandiflorum thich hop dé san xuét
san phém ca cao, vi du c0 nhiét d6 nong chdy va nhiét do két tinh cao hon Theobroma
cacao. C4c tic gia sang ché ciing d3 x4c dinh duge mot s6 chit danh ddu hoéa hoc va/hoic
chit danh du c6 thé dugc st dung dé xac dinh va/hoic chon loc thuc vat lai cua

Theobroma cacao va Theobroma grandiflorum.

Thuét nglt “thyc vat lai” dugc dung trong ban mo ta dé chi thuc vat chua truéng
thanh dutqcblai hoan toan va 12 thé dj hop ti so véi thuc vat cha me, cling nhu thuc vat

chua trudng thanh duoc lai mdt phan thu dugce tir qué trinh hoan vi gen.
Thuat ngt “hat gidng” dugc str dung thay thé v6i thuat ngit “hot”.
Thuét ngit “qua” dugc sir dung thay thé v6i thuat ngit “trai”.

Thuét ngit “sén pham ca cao c6 kha nang chiu nhiét” dugc dung trong ban md ta
dé chi san pham ca cao c6 nhiét dd nong chay cao hon san pham ca cao duge san xuat chi

ta Theobroma cacao.

Sang ché d& cap dén san phim lai Theobroma, nhu hat gibng thu duoc bing lai
chéo Theobroma cacao va Theobroma grandiflorum, va thuc vat dugc sinh trudng tir hat

gibng lai nay. San phdm lai thu dugc tir qud trinh lai chéo hai loai Theobroma khac nhau.

Céc loai Theobroma c6 thé dugc st dung bao gdm Theobroma angustifolium,
Theobroma bicolor, Theobroma cacao, Theobroma canumanense, Theobroma
grandiflorum, Theobroma mammosum, Theobroma microcarpum, Theobroma obovatum,
Theobroma simiarum, Theobroma speciosum, Theobroma stipulatum, Theobroma
subincanum, va Theobroma sylvestre. Cac loai dugc uu tién st dung bao gém

Theobroma cacao va Theobroma grandiflorum.

Cac giéﬁg Theobroma cacao cu thé ¢6 thé duge st dung bao gdbm ALMC 5, P7-
B, ICS39, NA168, ALMC 3, IP268, ICS40, N034, UF 677, NA-45, EET400,
P10B, PHS5, COCA 3370/5, GU114, AMAZ 12/4, FADA100, LCT 37F, RB37, AMAZ
1515, CA-1.4, CAB-0022, CAB-0266, CCN 10, CCN 51, COMUM, GU- 296H,
HUALLAGA-7, HUALLAGA-9, IAC-1, IP 38, LCTEEN-1621010, LCTEEN-37A,
L.CTEEN-37G, MOQ 4.25, PAIN 9 316, PAQUETA 01, PH 123, PH 9, RB 39, ROSA
MARIA, S THIAGO, SC-1, $J-02, UF-667, VB-1151, VB-1156, VB-276, VB-515, va
AMAZ 6.3. Trong sb do, cac gibng dugc uu tién bao gdm NA-45, ICS-39, ICS-40,
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NA-168, NO-34, P-10B, P-7B, PH-85,va ALMC-5. Mdi gidng Theobroma cacao
néu trén di biét trong linh vuc nay, va vat liéu (vi du phoi mam) cla cac giéng ndy cd
thé duoc truy cip thong qua cic co s& lwu trit khac nhau, nhu International Cocoa
Germplasm Database (http://www.icgd.rdg. Ac.uk/index.php), International Cocoa
Collection (IC3) (http://catie. Ac.cr/en/products-and-services/collections-and-germplasm-
banks/international-cocoa-collection), hodc International Cocoa Genebank, Trinidad

(ICG,T) (http:/sta.uwi.edu/cru/GeneticResources. Asp).

Céc gibng Theobroma grandiflorum cu thé ¢6 thé dugc sir dung theo sang ché bao
gdbm SUBCANUM, MCSG-17, MCSG-122, MCSG-174, MCSG-134, MCSG-74,
MCSG-148, MCSG-36, MCSG-42, MCSG-101, MCSG-30, MCSG-46, MCSG-69,
MCSG-89, MCSG-95, MCSG-11, MCSG-139, MCSG-150, MCSG-173, MCSG-2,
MCSG-28, MCSG-3, MCSG-37, MCSG-41, MCSG-47, MCSG-98, va MCSG-35. Trong
sb do, cac gibng dugc uu tién bao gom MCSG-36, MCSG-69, MCSG-89, MCSG-122,
MCSG-148, va MCSG-46. Toan bd cac gidng Theobroma grandiflorum dugc ky hiéu 1a
“MCSG” san c6 tr Mars Center for Cocoa Science, Itajuipe, Brazil. Céac gidng
Theobroma grandiflorum khéac co thé duoc st dung theo sang ché bao gdm Mamorano

va Mamau cultivars.

T hop cac gidng co6 thé tao ra thuc vat lai theo sang ché bao gébm 81 thuc vat lai
duge md ta trong Fig.19A va Fig.19B. Cac t6 hop dugc wu tién bao gdm 37 thuc vt lai
duoc md ta trong Fig.9. Trong sb d6, cac t6 hop dugc uu tién hon bao gdm NA-45 x
MCSG-36, ICS-39 x MCSG-69, ICS-40 x MCSG-89, NA-168 x MCSG-89, NA-45 x
MCSG-122, NO-34 x MCSG-89, P-10B x MCSG-122, P-7B x MCSG-69, PH-85 x
MCSG-148, NA-45 x MCSG-46, ALMC-5 x MCSG-122, va P-7B x MCSG-122.

Theo cac phuong an khéc, sang ché dé cap dén hat gibng lai va thuc vat sinh
truéng tir hat gidng nay, bao gbm: MCGH1015-001-13, MCGH-022-002-01, MCGH-
022- 003-03, MCGH-022-006-04, MCGH-022-020-11, MCGH-023-008-14,
MCGH-023-009-01, MCGH-023-009-11, MCGH-023-009-14, MCGH-023-013-02,
MCGH-023-014-03, MCGH-023-014-06, MCGH-023-024-14, MCGH-023-037 -05,
MCGH-023-037-07, MCGH-030-012-04, MCGH-031-006-19, MCGH-031-006-22,
MCGH-031-020-16, MCGH-031-028-34, MCGH-031-051-11, MCGH-031-052-34,
MCGH-031-057-07, MCGH-031-061-05, MCGH-031-066-01, MCGH-031-066-05,
MCGH-031-066-24, MCGH-031-070-1 0, MCGH-031-072-07, MCGH-031-073-04,
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MCGH-031-074-14, MCGH-031-079-06, MCGH-031-079-16, MCGH-031-081-02,
MCGH-031-092-09, MCGH-031-095-08, MCGH-031-096-04, MCGH-031-103-09,
MCGH-031-104-32, MCGH-031-11 0-15, MCGH-031-111-16, MCGH-031-113-11,
MCGH-031-113-19, MCGH-031-116-03, MCGH-031-119-04, MCGH-031-123-18,
MCGH-031-124-02, MCGH-031-69-06, MCGH-033-014-01, MCGH-034-002-12,
MCGH-034-006-01, MCGH-059-029-03, MCGH-059-041-13, MCGH-065-01 0-09,
MCGH-067-001-41, MCGH-067-002-31; hodc MCGH-067-003-06. Ba chit s& thir nhét
thé hién thuc vat lai (dugc thé hién trong cot thir nhét ctia Fig. 19A va Fig.19B), ba chit s6
thir hai thé hién s lwong qua trong thuc vat lai ndy, va hai chi s& cubi ciing thé hién sb
luong hat trong qua cu thé. Vi du, “MCGH-015-001-13" thé hién thuc vat lai sb 15 (tirc
12 NA-45 x MCSG-36), “001” thé hién 1 qué tir thuc vat lai s§ 15; va “13” thé hién 13

hat ctia 1 qua tir thuc vt lai sb 15.

Theo mdt sb khia canh, thuc vat me dugc st dung trong lai chéo la Theobroma
cacao. Vi du, nhu dugc thé hién trén Fig.2A-2D, hat pha‘in cua Theobroma grandiflorum
duoc ric 1én bd nhuy cia Theobroma cacao (co quan sinh san céi ctia hoa). Cac phuong
phap st dung dé chuyén hat phén d3 biét trong linh vuc ndy, va thudng bao gbm budc
bao vé hoa chua nd, vi du bing mang chin nhu mang nhya hodc mang thuy tinh (vi du,
xem Fig.2A), trong khoang thoi gian nhét dinh trude khi va cling tiy ¥ sau khi thu phén
b?mg tay. Hoa chua nd co thé duogc bao vé, vi du trong khoang 1 tuan trude khi thu phén,
t6t hon néu 3 ngay trude khi thu phén, t6t hon nita néu khoang 1 ngdy trudc khi thu phén.
Hoa d3 thu phén ciing c6 thé tiiy ¥ dugc bao vé, vi du trong khoang 1 dén 3 ngay sau thu
phéin.

Sau do, hoa cua thuc vat me da thu phén (vi dy, xem Fig.20) duoc dé truéng thanh
trong khoang thoi gian thich hop dé tao qua. Céc qua dugc thu hoach va tiép tuc ché bién
khi ching truéng thanh, thuong tir 100 dén 200 ngay sau thu phén, vi du tir 140 dén 160
ngay sau thu phén. Vi du vé céc qua thu dugc dugc thé hién trén Fig.3A-3C.

Hat giéng duoc thu nhan tir cdc qua. Hat gibng duoc 1am sach, va vo ngodi dugce
tach, vi du trong cac diéu kién vo trung. Hinh dang cia hat gidng tir Theobroma cacao
(Fig.4A), Theobroma grandiflorum (Fig.4B), va cac thuc vat lai khac nhau (Fig.4C-
Fig.4D) duogc so sanh. Hinh dang ctia hat gibng c6 thé tiy ¥ dugc quan sat bing phuong
phap xac dinh xem qua trinh lai chéo c6 dién ra khong.
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Hat gidng c6 thé dugc phan tich héa hoc va/hodc gen. Theo mot khia canh, mau 14
mAm dugc tach tir hat giéng va thanh phin héa hoc va/hoic thanh phan chét dénh d4u cua
mdi hat gibng duoc phéan tich, nhu dugc thé hién trén Fig.5. Khi phan tich héa hoc
va/hodc gen dugce thuc hién, luong vat liéu vira du co thé dugc tach tir 14 mam dé cho
phép phén tich dugc thyc hién ma khong anh huong dén kha nang séng sét cia phan hat
giéng con lai. Theo mot s§ khia canh, khoang 1/3 14 mAm hodc nhé hon duogc tich dé
phan tich. Theo cac khia canh khac, 100mg m6 dong kho hodc cao hon cia hat gidng
dugc st dung dé phan tich héa hoc va/hodc gen. Phén con lai cta 14 mam c6 thé dugc
sinh truéng trén moi trudng thich hop, vi du mdi truong sinh truéng thuc vt than gd.
Theo mdt sb khia canh, chi cac hat gidng dugc x4c dinh 12 hat gidng lai (vi du bang cach
s dung chit danh diu hoéa hoc vd/hodc chit danh diu dang da hinh nucleotit don)
va/hodc ¢6 dic tinh mong mubn (vi du ham lugng axit palmitic thip hon Theobroma
cacao) dugce sinh truong dé tao thuc vat chua trudng thanh vad/hodc thuc vat trudng
thanh. Theo cAc khia canh khéc, hat giéng dugc x4c dinh 12 hat gibng lai (vi du bang cach
st dung chit danh diu héa hoc vi/hoic chit danh diu dang da hinh nucleotit don)
va/hodc ¢6 dic tinh mong mudn (vi du ham lrong axit palmitic thip hon Theobroma
cacao) duge st dung dé san xuét san phdm ca cao. Theo céc khia canh khéc, hat gibng 13
san phAm cua qud trinh lai khoéng hoan toan (vi du hat gidng lai hodn vi) dugc sinh

truéng dé tao thuc vét chua trudng thanh va/hodc thuc vat trudng thanh.

Phén tich thanh phin héa hoc cua hat giéng c6 thé dugc thyc hién dé xéc dinh ham
lugng ctia cic axit béo, flavanol, va/hodc alkaloit khac nhau chira trong d6. Thong
thuong, miu c6 thé dugc siy két dong trude khi thuc hién phén tich héa hoc, do budce
nay tao diéu kién thuén loi cho viéc xit ly va thu duge két qua phan tich chinh xac. Ham
luong cta cac thanh phan héa hoc khac nhau cua hat gibng co thé dugc xac dinh bing cac

phuong phap da biét trong linh vyuc ndy.

Vi du, ham luong axit béo c6 thé dugc phan tich béng phuong phap chiét lipit str
dung dung méi, sau d6 dinh luong bing phuong phap sic ky (phuong phép sic ky khi (vi
du GC-FID, GS-MS), phuong phép sic ky khi-long (vi du GLC-FID, GLC-MS), va
phuong phéap sic ky 1éng hiéu ning cao (HPLC)). Vi dy, xem Christie, W.W., (1989)
Gas Chromatogrpahy and Lipids: A Practical Guide, The Oily Press, Dundee; Christie,
W.W. (1982) J. Lipid Res., 23, 1072-1075; Ciucanu, I. and Kerek, F., (1984) J.
Chromatography, 279, 493-506, dugc két hgp vao sang ché bang cach vién dan.
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Ham luong alkaloit va flavanol cé th8 dugc phan tich bing phuong phap chiét pha
long, sau d6 dinh luong bang phuong phip quang phd (vi du phuong phap quang phd tir
ngoai kha kién, IR, NIR, va Raman), phuong phép sic ky (vi du HPLC, GS-MS), hodc
phuong phép dién di mao quan. Vi duy, xem Blauch, J.L. and Stanley, M. T,
“Determination of Cafein va Theobromin in Coffee, Tea and Instant Hot Cocoa Mixes,”
Journal of Food Science, 48, (1983), pp. 745-747; G.E. Adamson et al., “HPLC method
for the Quantification of Proxyanidin in Cocoa and Chocolate Mau and Correlation to
Total Anti-oxidant Capacity,” J. Agric. Food Chern. 47, 1999, 4184-4188; M. A. Keirn et

“al., “HPLC separation and purification of cacao (Theobroma cacao L.) proxyanidin theo
degree of polymerization using a diol stationary phase,"’ J Agric. Food Chern. 54, 2006,

1571, dugc két hop vao sang ché bang cach vién dan.

Khi thinh phin héa hoc cta hat giéng di dugc phan tich, vi du nhu dugc thé hién
trén Fig.9-Fig.17, ham lugng cua cac hop chit quan tAm khic nhau c6 thé duogc so sanh
v6i thanh phan héa hoc ctia thuc vat cha me dé xac dinh, vi du khi hat gidng 12 hat giong
lai ¢6 tinh trang ctia mot hodc c& hai thyc vat cha me. Hon nita, phan tich thanh phﬁn hoa
hoc ¢6 thé duoc st dung dé chon loc hat gidng c6 thanh phan héa hoc quan tAm. Vi du,
ham lugng axit béo cta hat giéng ¢ thé duge so sanh véi ham luong axit béo clia mot
ho#c ca hai thuc vat cha me (xem Fig.1), hodc dic tinh thanh phﬁn hoéa hoc mong mudn

khac.

Vi du, theo mot sb khia canh, thuc vat lai cia Theobroma cacao va Theobroma
grandiflorum dugc phat trién c6 dic tinh ham luong axit béo duge cai bién nhu so véi
Theobroma cacao. Diac tinh ham luong axit béo dugc cai bién cu thé bao gdm, nhung
khong chi gidi han ¢, ham lugng axit béo chira nhiéu lién két khong no duoc gia ting (vi
du axit linoleic), va ham lugng axit béo no duoc giam (vi du axit palmitic); va ham lugng
axit béo no stearic dugc gia tdng, lién quan dén ham luong LDL thap hon c4c axit béo no -

khac.

Theo mot sb khia canh, ham luong cua axit linoleic dugc gia tang khoang 25%-
500%, 50%-250%, hoic 75%-100% so véi Theobroma cacao va/hodc Theobroma

grandiflorum.

Theo céc khia canh khac, ham luong cua axit palmitic cia thuc vat lai bét ky theo
sang ché dugc giam khoang 10%-95%, 25%-75%, hodc 50%-67% so véi Theobroma
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;*acao. Theo cac khia canh khéc, ham luong cua axit palmitic dugc do 1a ty 1€ phén tram
ctia tong ham lugng axit béo trong miu va ndm trong khoang tir 7% dén 20%, nam trong
khoéng tir 7% dén 19%, nam trong khoang tir 7% dén 18%, nam trong khoang tir 7% dén
17%, ndm trong khoang tir 7% dén 16%, hoic nim trong khoang tir 7% dén 15%. Theo
céc khia canh khéc, ham luong cia axit palmitic duge do 13 t 1& phan trim cia tong ham
lwong axit béo trong mau va nim trong khoang tir 10% dén 20%, nam trong khoang tir
10% dén 19%, ndm trong khoang tir 10% dén 18%, nim trong khoang tir 10% dén 17%,
nim trong khoang tir 10% dén 16%, hodc nim trong khoang tir 10% dén 15%. Theo céc
khia canh khac, ham lugng cta axit palmitic dugc do 1a ty 1€ phén trim cta téng ham
luong axit béo trong mau va nam trong khoang tlr 5% dén 15%, nam trong khoang tlr 5%
dén 12%, hodc nim trong khoang tir 5% dén 10%. Theo céc khia canh khéc, ham luong
cla axit palmitic dugc do 13 ty 18 phan trim cta téng ham luong axit béo trong mau va
nho hon 30%, 29%, 28%, 27%, 26%, 25%, 24%., 23%, 22%, 21%, 20%, 19%, 18%, 17%,
16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, hodc 8%.

Theo céac khia canh khac, ham lugng cua axit stearic dugce gia tdng khoang 10%-

100%, t6t hon néu 20%-70%, t6t hon nira néu 30%-40% so v6i Theobroma cacao.

Theo cac khia canh khac, hat giéng lai cia Theobroma cacao va Theobroma
grandiflorum dugc phat trién c6 dic tinh ham luong alkaloit dugc cai bién nhu so véi
Theobroma cacao. Pic tinh ham lugng alkaloit dugc cai bién cu thé bao gdm ham luong
cua metyl Xanthih (vi du theobromin, cafein, va axit tetrametyluric (TMUA, cling duoc
goi 1a theacrin hodc ATMU)) dugc cai bién. Theo mot sé khia canh, ham luong cia
cafein c6 thé duoc gia ting hoic giam khoang 10%-100%, khoéng 25%-75%, hodc
khoang 40%-60% so v6i Theobroma cacao. Theo mot s6 khia canh, ham lugng cia
cafein trong thuc vét lai bt ky theo sang ché nim trong khoang tir 1 dén 10mg/g, nAm
trong khoang tir 2 dén 8mg/g, hodc nim trong khoang tir 4 dén 6mg/g. Trong Theobroma

cacao, ham lugng cia cafein thudng nim trong khoang tir 2 dén 5mg/g.

Theo céc khia canh khac, ham lugng cua theobromin trong thuc vat lai bét ky theo
sang ché duge giam 10%-100%, 25%-75%, hodc 40%-60% so v6i Theobroma cacao.
Theo cé4c khia canh khéac, ham luong ctia theobromin nhé hon 5mg/g, nhé hon 4,5mg/g,
nh6 hon 4mg/g, nho hon 3,5mg/g, nh6 hon 3mg/g, nhé hon 2,5mg/g, nhé hon 2mg/g, nhé
hon 1,5mg/g, nhé hon 1mg/g, nhc’) hon 0,5mg/g, nhé hon 0,25mg/g, hodc nhdé hon
0,1mg/g. Theo cac khia canh khac, ham luong ctia theobromin nim trong khoang tir
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Omg/g dén 5mg/g, nim trong khoang tir 0,05mg/g dén 5mg/g, ndm trong khoang tir
0,10mg/g dén 5mg/g, naim trong khodng tir 0,5mg/g dén 5mg/g, ndm trong khoang tir
1mg/g dén 5mg/g, ndm trong khoang tir 1,5mg/g dén 5mg/g, ndm trong khoang tir 2mg/g
dén 5mg/g, nim trong khoang tir 2,5mg/g dén 5mg/g, nim trong khoang tir 3mg/g dén
5mg/g. Theo céc khia canh khac, ham lugng cua theobromin nam trong khoéng tr Omg/g
dén 4,5mg/g, ndm trong khoang tir 0,05mg/g dén 4,5mg/g, nam trong khoang tir
0,10mg/g dén 4,5mg/g, ndm trong khoang tlr 0,5mg/g dén 4,5mg/g, nim trong khoang tir
1mg/g dén 4,5mg/g, nam trong khoang tir 1,5mg/g dén 4,5mg/g, nam trong khoang tir
2mg/g dén 4,5mg/g, nam trong khoang tir 2,5mg/g dén 4,5mg/g, nam trong khoang tir
3mg/g dén 4,5mg/g. Theo cac khia canh khac, ham lugng cta theobromin nidm trong
khoang tir Omg/g dén 4mg/g, ndm trong khoang tir 0,05mg/g dén 4mg/g, nam trong
khoang tr 0,10mg/g dén 4mg/g, nim trong khoang tir 0,5mg/g dén 4mg/g, nim trong
khoang tor Img/g dén 4mg/g, nam trong khoang tir 1,5mg/g dén 4mg/g, ndm trong
khoang tr 2mg/g dén 4mg/g, nim trong khoing tir 2,5mg/g dén 4mg/g, nim trong
khoéng tir 3mg/g dén 4mg/g. Theo cic khia canh khac, ham lugng cua theobromin nim
trong khoang tir Omg/g dén 3,5mg/g, nim trong khoang tir 0,05mg/g dén 3,5mg/g, nim
trong khoang tir 0,10mg/g dén 3,5mg/g, nam trong khoang tir 0,5mg/g dén 3,5mg/g, nam
trong khoang tr 1mg/g dén 3,5mg/g, nim trong khoang tir 1,5mg/g dén 3,5mg/g, nam
trong khoang tir 2mg/g dén 3,5mg/g, nim trong khoang tir 2,5mg/g dén 3,5mg/g, nim
trong khoang tir 3mg/g dén  3,5mg/g. Trong Theobroma cacao, ham lugng cla

Theobromin ndm trong khoang tir 15 dén 40mg/g.

Theo cac khia canh khéc, sy ¢c6 mit cua axit tetrametyluric dugc x4ac dinh trong
thyuc vat lai hodc hat gibng lai bat ky theo sang ché. Theo mot s6 khia canh, ham luong
clia axit tetrametyluric ndm trong khoang tir 0,5mg/g dén 3mg/g, ndm trong khoang tir
0,5mg/g dén 2,5mg/g, ndm trong khoang tir 0,5mg/g dén 2mg/g, hodc nam trong khoang
tir 0,5mg/g dén 1,5mg/g. Theo cic khia canh khac, ham lugng cia axit tetrametyluric
nim trong khoang tir 1,0mg/g dén 3mg/g, ndm trong khoang tir 1,0mg/g dén 2,5mg/g,
nim trong khoang tir 1,0mg/g dén 2,0mg/g, hoic nim trong khoang tir 1,0mg/g dén
1,5mg/g. Trong Theobroma cacao, TMUA khong c6 mat.

Theo céic khia canh khéc, hat giong lai cia Theobroma cacao va Theobroma
grandiflorum dugc phét trién c6 dic tinh ham luong flavanol dugc cai bién nhu so v6i

Theobroma cacao. Céac dic tinh ham lugng flavanol dugc cai tién cu thé bao gom ham
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lugng flavanol téng sb, catechin, va epicatechin dugc cai bién. Theo mét sb khia canh,
ham luong cia flavanol téng s6 c6 thé dugc gia ting hodc gidm khoang 10%-100%,
25%-75%, hodc khoang 40%-60% so v6i Theobroma cacao. Theo céac khia canh khéc;
ham Iugng cua catechin c6 thé dugc gia ting hoic giam khoang 10%-100%, khoang
25%-75%, hodc khoang 40%- 60% so v6i Theobroma cacao. Theo céac khia canh khac,
‘ham luong cua epicatechin c6 thé dugc gia ting hodc gidm khoang 10%-100%, khoang
25%-75%, hodc khoang 40%-60% so v&i Theobroma cacao.

Theo mét sb khia canh, hat giéng lai ¢6 dic tinh bét ky néu trén dugc st dung dé
san xudt san phdm ca cao. Vi du, hat gidng lai ¢6 ham lhrong axit palmitic thap hon
Theobroma cacao vd/hoic ham lugng theobromin thip hon Theobroma cacao duge st

dung dé€ san xuat sdn pham ca cao.

Theo cac khia canh khac, sy ¢6 mit clia axit tetrametyluric dugce sir dung dé kiém
chimg xem hat giong c6 phai 1a két qua ciia qué trinh lai gitta Theobroma cacao va

Theobroma grandiflorum hay khong.

Theo cac khia canh khac, hat giéng lai chra axit tetrametyluric dugc sir dung dé

san xuat san pham ca cao.

Phén thich thanh phan gen cta hat gibng ciing ¢6 thé dugc thuc hién dé kiém
chimg xem hat gidng c6 phai 13 két qua clia qué trinh lai gifta hai thuc vat cha me hay
khéng. Vi du, phan tich ADN ctia miu 14 mam thu duge tir hat giéng c6 thé dugc thuc
" hién dé x4c dinh sy c6 mit cta hodc sy ving mit cia chit d4nh diu dic hiéu. Céac chit
d4nh ddu dang da hinh nucleotit don dic hiéu c6 thé duoc chon loc, vi du dua trén su
phan bd cta chung trong cac nhim sic thé cta cac thuc vt cha me duge lai chéo, dé cho
phép kiém chimg qua trinh lai da xuét hién trong bd gen. Theo mot sb khia canh, su ¢
mit cua hodc su ving mit ciia mot hoic nhiéu trong s 22 chét danh diu dang da hinh
nucleotit don dugc thé hién trong Fig.20A va Fig.20B dugc x4ac dinh. Theo cac khia canh
khac, su ¢c6 mat cua hodc su Véng mit cda mot hoac nhiéu trong s6 11 chit danh ddu dang
da hinh nucleotit don duoc thé hién trong Fig.21A va 21B dugc xéc dinh.

Theo cac khia canh khac, su c6 mit ciia hodc Véng mit cia mdt hodic nhidu (vi du
2,3,4,5,6,7, 8, hoic 9) trong sb 9 chit danh d4u sau dugc xac dinh: w17s189(T/C),
€0050s274(C/T), cIR211s1036(T/A), w11s867(T/C), w8s204(T/C), ¢3s595(C/A),
w3s41(G/T), w8s131(T/C), w3s558(A/G). Cac chit danh d4u dang da hinh nucleotit don
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nay dugc mo ta trong mot hodc nhiéu tai liéu sau, duge Kkét hop vao sang ché béng cach
vién dan: Borrone et al., Theor. Appl. Genet. 109 (3), 495-507 (2004); Pugh et al,,
Theor. Appl. Genet. 108 (6), 1151-1161 (2004); Kuhn et al., Tree Genetics & Genomes
6, 783-792 (2010); Livingstone et al., Mol Breeding (2011) 27:93-106; Kuhn et al., Tree
Genetics & Genomes 8, 97-111 (2012). Thong tin lién quan dén cac chat d4nh d4u dang
da hinh nucleotit don nay (vi du ma truy cap NCBI, td hop doan mdi/méu do va trinh tu
duoc st dung dé phat hién cac chit danh ddu dang da hinh nucleotit don nay) dugc thé
hién trong Bang 1. Cu thé, c4c chét danh ddu dang da hinh nucleotit don nay c6 thé dugc
phét hién, chon loc, sang loc, va/hodc phat hién bang cach st dung cic td hop doan mbi

va/hodc mau do duge mo ta trong Bang 1.
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Pé thyuc hién phén tich cht danh d4u dang da hinh nucleotit don, dic tinh gen cia
cac thuc vat cha me so v6i cac chit danh diu dang da hinh nucleotit don quan tdm cin
dugc danh gia trude tién. Céc gidng wu tién cta Theobroma cacao va Theobroma
grandiflorum ¢6 thé dugc st dung 1am céc thuc vat cha me dugc thé hién trén Fig.18A va
Fig.18B. Tét hon néu mdi thyc vat cha me c6 alen khic nhau déi v6i chat danh ddu dang
da hinh nucleotit don duoc chon, va & trang thai dong hop tt, d8 cho phép chit danh déu
dang da hinh nucleotit don nay dugc st dung dé danh gia két qua lai. Dic tinh gen cla
cac thuc vat cha me so vai 22 chit danh diu dang da hinh nucleotit don dugc thé hién
trén Fig.20A va Fig.20B. Thuc vAt thé hé sau & trang théi di hop tir & chat danh déu dang
da hinh nucleotit don déi véi cac chét danh d4u dang da hinh nucleotit don dap ting ti€u
chuin nay da trdi qua mot s6 muc do lai. Vi du vé 81 thuc vat lai chéo khac nhau dugc
tao ra bang cach st dung céc thuc vét cha me 1a cac gidng khac nhau cia Theobroma
cacao va Theobroma grandiflorum dugc thé hién trén Fig.19A-19B, va dic tinh gen cla
cac thuc vat lai nay so vé6i 11 cht danh ddu dang da hinh nucleotit don dugc thé hién trén
Fig.21A va 21B. Vi du vé 12 thuc vt lai khac nhau va dic tinh gen ctia chung so véi 9
chét danh du dang da hinh nucleotit don dugc thé hién trong Fig.22.

Hat giéng, va cu thé hat giéng duoc chon sau khi phén tich héa hoc va/hodc gen,
duoc gieo vao moi trudng sinh trudng thuc vat thich hop (vi du nhu duoc thé hién trén
Fig.5). Theo phuong an cu thé, moi trudng dugc sir dung trong budce (b) 1a moéi trudng
sinh truéng thuc vat than gd, nhu méi trudng sinh truéng thuc vat than gb (Lloyd and
McCown’s, 1981). Tuy nhién, moi truong bét ky c6 kha ning hd trg sinh trudng thuc vét

lai c6 thé duoc sir dung.

Hat giéng dugc U trong mdi trudong sinh truéng ¢ nhiét do thich hgp, nhu nim
trong khoang tir 20°C dén 35°C, t6t hon néu nam trong khoéng tlr 25°C dén 32°C, tbt
hon nita néu nim trong khoang tr 27°C dén 30°C. Theo mdt sb khia canh, hat giéng c6
thé dugc duy tri trong didu kién khong khi 4m, vi du trong méi trudng c6 do 4m tuong
d6i it nhat khoang 50%, do Am twong ddi it nhit khoang 70%, hodc do 4m twong dbi it
nhét khoang 85%. Tuy nhién, didu kién bat ky ¢6 kha ning hd trg sinh trudng thuc vat lai

c6 thé duoc st dung theo sang ché.

Hat gibng dugc dé phat trién thanh thuc vat chua truéng thanh trong cac diéu kién

nay. Thong thudng, qua trinh ndy kéo dai tir 5 dén 25 ngay, hodc tir 10 dén 15 ngay.
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Theo c4c khia canh khac, sau khi thuc vat lai chua truéng thanh da truéng thanh,
ching ¢6 thé duoc duy tri trong budng 4m vé&i do 4m cao, vi du do 4m tuong ddi it nhit
80%, tot hon néu d6 Am tuong dbi it nhit 90% d& cho phép chiing thich nghi véi diéu
kién khi hau (vi du nhu dugc thé hién trén Fig.6).

Céc thuc vat chua trudng thanh dugc chuyén vao va sinh truéng trén gia thé thich
hop. Theo mot sé khia canh, gia thé nay chira than bun, bot dira, peclit, va hdn hop cia
'chﬁng. Theo céc khia canh khac, mdi trudng niy chira bot dira va dit carolina (cé ban
trén thi truong; d4t carolina tiéu chuédn CE = 0,7ms/cm +/- 0,3; thanh phén: vermiculit
~ dang nd, réu bun, voi dung trong ndong nghiép, thach cao va phan bén vi lugng (NPK), do

pH = 5,5 +/-0,5)).

Céc thuc vat lai chua trudng thanh c6 thé duoc ghép vao cac thuc vat khac. Vi du,
thue vat thich hop dé ghép cac thuc vat lai chua trudng thanh bao gdm Theobroma
grandiflorum (vi du nhu dwoc thé hién trén Fig.8A va Fig.8B) va Theobroma cacao.
Theo mot sb khia canh, cac thuc vét lai chua truéng thanh dugc ghép vao than ré cla
Theobroma cacao VB-1151. Theo mot khia canh cu thé, cac thuc vat lai chua trudng
thanh tr P-7B x MCSG-122 hoic NA-45 x MCSG-122 dugc ghép vao than ré cla
Theobroma cacao, nhu VB-1151.

Thuc vt lai theo sang ché c6 thé duoc sinh truéng dén giai doan trudng thanh va
ra hoa (vi du nhu dugc thé hién trén Fig.7), qua/trai, va hat gidng. Hoa truéng thanh co
thé dugc ghép vao cac thuc vat khac (vi du Theobroma cacao) hodc than ré dic hiéu (vi

du VB-1151) nhu dugc md ta trong doan néu trén.

Phan thich thanh phﬁn gen cuda thuc vat lai cé thé dugc thuc hién & giai doan
truéng thanh bang cac phan tich miu thuc vat, nhu 14, than, 18, hodc mé hoa, dé kiém
chimg xem thuc vét lai ¢6 phai 1 két qua ctia qua trinh lai gifra hai thyc vat cha me hay
khong. Vi duy, phan tich ADN ctia miu nhu mau 14 thu duoc tir cac thuc vat cé thé duoc
thuc hién dé x4c dinh su c6 mit cta hoic su meg mit cta chit danh ddu dic hiéu duoc
md ta néu trén ddi véi hat giéng.

Sang ché dé cap dén phuong phap san xuét thuc vat lai ctia Theobroma cacao va
Theobroma grandiflorum va b phan cda nd, cling nhu san pham lai, nhu hat gidng thu
dugc bing cach lai chéo Theobroma cacao va Theobroma grandiflorum. Theo mdt s6

khia canh, phuong phép ndy bao gdm buéc lai chéo gibng Theobroma cacao vi
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Theobroma grandiflorum va thu nhan hat giéng tir 6, va chon loc hat giéng va/hogc thuc
vét thu dugc tir qua trinh lai chéo. Hat giéng va/hodc thuc vat co thé duoc chon loc dua
trén céc dic tinh theo sang ché, nhu xem ching c6 ham lugng axit palmitic thap hon
Theobroma cacao; ham lugng theobromin thép hon Theobroma cacao; sy c6 mit cla
_axit tetrametyluric; va/hodc mot hodc nhiéu chit danh ddu dang da hinh nucleotit don sau
hay khong: w17s189(T/C), €0050s274(C/T), CIR211s1036(T/A), wl1s867(T/C),
w8s204(T/C), c3s595(C/A), w3s41(G/T), w8s131(T/C), w3s558(A/G), va td hop bat ky
cta ching. Theo céac khia canh khéic, sang ché ciing d& xudt phurong phap xac dinh, chon
loc, sang loc va/hodc kiém chimg thuc vat lai cia Theobroma cacao va/hodc Theobroma
grandiflorum hodc san phdm thuc vét, nhu hat giéng thu dugc tir qud trinh lai chéo
Theobroma cacao va Theobroma grandiflorum, dua trén mot hodc nhiéu dic tinh néu

trén.

Theo cac phuong an khéc, sdng ché @& cap dén phuong phap san xut thuc vat lai
cia Theobroma cacao va Theobroma grandiflorum, bao gbm bude (a) lai chéo gidng
Theobroma cacao va gidng Theobroma grandiflorum va thu nhan hat gidng lai tir d6; (b)
gieo hat giéng lai thu dugc trén moi trudng sinh truéng va 0 ching trong budng sinh
trudng cho dén khi thu dugc cac thuc vat lai chua trudng thanh; (c) chuyén cac thuc vat
lai chua trudong thanh thu dugc vao gia thé thich hop; va (d) thy ¥ ghép cac thuc vat lai
chua truéng thanh nay 1én thyc vat. Theo cic phuong 4n khéc, sau bude (a), va trude
budce (b), miu hat gibng dugc tach va thanh phan hoéa hoc vd/hogc thanh phan chit danh
ddu dugc phan tich. Theo cac phuong an khac, chi hat gidng c6 mot sb dic tinh nhét
dinh, nhu céc dic tinh va/hodc chit d4anh ddu dang da hinh nucleotit don néu trén, dugc
gieo trong budc (b). Sang ché ciing dé xuat thuc vat lai duge san xuét bang phuong phap
nay.

Theo cac khia canh khéc, thuc vt lai thu duogc tir thye vat lai chéo bét ky theo
sang ché dugc lai chéo v6i mot thuc vat khac. Theo mot sb khia canh, thuc vat lai duogc
lai ngugc véi mot trong s6 cac thuc vat cha me cua n6 (Theobroma cacao hoic
Theobroma grandiflorum), va hat giéng duogc thu nhin. Theo cac khia canh khac, thuc
vat lai chua truong thanh duge ghép vao than r&, nhu dugc mo ta néu trén, va thuc vat
thu dugc duge lai chéo véi mot thuc vat khac hodc duge lai nguge voi mot trong sb cac

thuc vat cha me ctia né (Theobroma cacao hodc Theobroma grandiflorum).

Sang ché ciing dé cép dén phuong phéap tach qua khoi thuc vét lai ctia Theobroma

-23-



36687

cacao va Theobroma grandiflorum va ché bién né thanh san phdm ca cao. Theo céc khia
canh khéc, sang ché dé xuét san phim c6 ngudn gdc tir thuc vt lai, t6t hon néu hat giéng
thu dugc tir qua trinh lai chéo Theobroma cacao va Theobroma grandiflorum, chira axit
béo. Hat giéng nay c6 dac tinh ham luong axit béo dugc bién ddi nhu so v6i ham lugng
axit béo cua hat giéng duoc san sinh béi cac thuc vit cha me ma tir d6 thuc vt lai dugc
tao ra. Dic tinh ham lugng axit béo nay theo sang ché ¢6 uu diém do axit béo no, nhu
axit palmitic, c6 thé lién quan dén nguy co bénh tim mach cao, axit béo khong no, nhu
axit linoleic, c6 thé hitu ich dé 1am giam ham lugng cholesterol LDL va nguy co bénh
tim mach. Do d6, thuc vat lai, hodc hat gidng thu dugc tir qua trinh lai chéo Theobroma
cacao va Theobroma grandiflorum, theo sang ché tao ra nguyén liéu ban dau dic biét
thich hgp dé san xuét thuc phérn c6 dic tinh ham lugng cia axit béo, flavanol, va alkaloit
cua san phém thuc vat ma tr do thuc phrflm ndy dugc san xuét, nhu san phém banh keo,

bao gdm, nhung khéng chi giéi han & sdcdla va sdn pham chira ca cao.

Phuong phép ché bién dugce sir dung dé san xuét san phim ca cao bao gdm budc
tach 16p thit qua mot ph?m ho#c toan cta qua thu dugc tr thyce vat (vi du tir thuc vat lai
ctia Theobroma cacao va Theobroma grandiflorum), 1én men hat bang phuong phép vi
sinh vat hodc phuong phap hoa hoc, sdy kho hat bang cach phoi ning hoic siy biang may
sdy, bao gdm, nhung khong chi gi6i han &, may sdy Samoan, may sdy Buttner, va may

say san.

Theo mét s khia canh, hat d3 duoc sdy khé c6 thé duoc tiép tuc rang va sang dé
thu dugc nhan hat duge ché bién thanh ca cao 1ong hoic bo ca cao. Ca cao 1ong c6 thé
dugc ché bién thanh bot ca cao. Dich 1ong van chira bo ca cao, ¢ thé duge tron voi
dudng hodc chét 1am ngot tu nhién hodc téng hop khac. Theo mot s6 khia canh, hdn hop
thu duoc co thé & dang bdt nhdo.

Bot nhdo c6 thé duoc nghién, thy ¥ bing miy nghién kiéu truc lan, dé thu dugc
bot nhdo c6 kich ¢ hat nho hon. Theo cac khia canh khéc, stta ddc co thé dirge bd sung
va0, sau d6 hdn hop nay tiép tuc dugc ché bién thanh canh sita. H3n hop niy c6 thé duoc
tron trong may tao hinh, tuy y véi bo ca cao va chét nhii hoa. Bot nhio va canh sita cling
6 thé dugc tron véi bo ca cao va chét nhii hoa trong may tao hinh. May tao hinh dugc str
dung dé trén bao gdm, nhung khong chi giéi han &, may tao hinh Frissee, may tao hinh
Tourell, may tao hinh va tinh ché Macintyre, va hé théng Wiener.
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San phim cubi ciing clia quy trinh san xuét, va tlly ¥ nghién va tiép tuc ché bién
bot nhio 13 san phdm chira ca cao ding lam thyc phim, bao gdm, nhung khong chi gi6i

han &, s6cola, san pham s6cola, hodc san pham tuong tu soécdla.

San phdm ca cao duogc wu tién hién nay c6 thé duge san xuit bang cach sir dung
Qué tir cac thuc vat dugc nhén gidng theo phuong phap cla sang ché (vi du qua tir thuc
vat lai cia Theobroma cacao va Theobroma grandiflorum) bao gbm ca cao 16ng, sdcdla,
san phdm socola, san phdm tuong tu séc()la,. bot ca cao, va bo ca cao. Sang ché ciing d&

xuit san pham chira ca cao thu dugc bang phuong phap néu trén.

Theo mot sb khia canh, sang ché d xuit san phim ca cao c6 nhiét d0 nong chay
va/hodc nhiét do két tinh cao hon san pham thu duoc chi tir Theobroma cacao. Theo cac

khia canh khéc, sang ché dé xuat san phiam ca cao c6 kha nang chiu nhiét.
Vi du thwe hién sang ché

Cac phuong an khéc nhau cua sang ché s& dugc mo ta chi tiét hon thong qua cic
vi du sau. Tuy nhién, ngudi cé hiéu biét trung binh trong linh vuc nay sé hiéu rang cac
chi tiét cu thé khong bat budc dé thuc hién sang ché. Phin md ta cac phuong an cu thé
du6i day nhim muyc dich minh hoa va m6 ta. Céc phuong 4n nay khong nhim muc dich
gi6i han pham vi clia sang ché. Nhiéu cai bién va bién thé c6 thé dugc thuc hién dua trén
phan mo ta néu trén. Cac phuong 4n nay dugc thé hién va mé ta dé dé giai thich nguyén
1§ va thuc hanh sang ché, dé cho phép nguoi c6 hiéu biét trung binh trong linh vuc nay st
dung t6t nhét sang ché va cac phuong 4n khéc nhau véi cac cai bién khac nhau phu hop
v&i muc dich st dung cu thé.

Vidul

Vi du ndy mé ta cic thuc vat lai cia Theobroma cacao va Theobroma
grandiflorum va san pham lai, nhu hat gidng thu duge tir qua trinh lai chéo Theobroma

cacao va Theobroma grandiflorum, cling nhu déc tinh héa hoc va dic tinh gen cta thyc

vét lai va san pham lai nay.
1. Chon loc thuc vat cha me

Céc thuc vat cho hat phén duoc chon loc trong sb cac thuc vat tir bo suu tip
 Theobroma grandiflorum dugc luu trir ¢ trung tdm MCCS. Céc thuc vat me dugce chon tur

bd suu tap phoi mam ctia Theobroma cacao MCCS duya trén bang da dang gen clia thuc
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vat ca cao.

Céc gibng duge chon loc dé sir dung trong phat trién cac thuc vat lai dugc thé hién

trén Fig.18A va Fig.18B.
2. Thu phin

Qua4 trinh thu phn dugc thuc hién bing tay, bang cach diy hoa me bing 6ng trong
sudt _polyetylen trong 24 gig, trude khi chdi né (Fig.2A). Sau d6, cac hoa tir Theobroma
grandiflorum dugc thu nhén (Fig.28) va phén hoa cua chiing c‘hic_rc rac vao nhuy hoa cai
ctia Theobroma cacao (Fig.2C). Hoa d thu phin dwgc ddy mot 1an nita trong 24 gid

bang clng 6ng trong sudt polyetylen.

Sau 24 gid, qua trinh thu phin thanh cong dugc kiém chtng va qua trinh nay dugc
lap lai sau 5, 15, va-30 ngdy. Vi du vé hoa sau khi thu phén thanh cong duoc thé hién
trong Fig.20.

3. Thu nhén hat gidng lai

Céc hoa d3 thu phin dugc dé phat trién va cac qua truéng thanh duge thu hoach
sau 140 dén 160 ngdy thu phin, nhu duge thé hién trén Fig.3A. Sau khi thu hoach, cac
qua trudng thanh duoc chuyén vao phong thi nghiém, 1am sach bang nudc tay tring, ho
trén ngon lira va bd trong didu kién ta hat. Hat gidng duoc tach ra bang kep v6 tring va
v6 ngoai cua mdi hat giéng dugc bdc ra, va cac hat giéng thu duoc duoc thé hién trén

Fig.4A-Fig.4D.

Sau d0, cac hat giéng lai thu duoc duogc gieo trén moi truong sinh trudéng thuc vat
than gd (Lloyd and McCown’s, 1981) c6 thanh phan dugc thé hién trong Bang 1, va dit
vao budng sinh truéng & nhiét do nam trong khoang tir 27°C dén 3Q°C, va d6 4m tuong
d6i bang 70%, nhu dugc thé hién trén Fig.3B-Fig.3C.

Bang 1: Thanh phin méi trudng sinh truéng thyuc vat than gd
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Moi trwong dung dich Mbi trwong dung dich
sinh truéng thwe vat than gb I | sinh truéng thue vat thin gb 11
NH4NO; 20 g/L
Ca(NOs),.4H,0 27,8 g/L CaCl,.2H,0 19,2 g/L
M&bi trwong dung dich M0oi trwong dung dich
sinh truwéng thwe vat than gd II | sinh truwéng thuc vat thin g6 IV
K,S0, 49,5 g/L H;BO; 0,62 g/
Dung dich MS II KH,PO417 g/L
MgSO,.7H,0 37 g/L Na,Mo00,.2H,0 0,025 g/L
MnSO,H,0 2,23 g/ Dung dich MS IV
ZnS0,.7H,0 0,86 g/L Na,EDTA 3,73 g/L
CuS0,4.5H,0 0,0025 g/L FeS0O,.7H,0 2,78 g/L
Nbng d6 cudi cling (mg/L)
NH4NO; 400
Ca(NO;),.4H,0 556
K,S0,4 900
CaClz.ZHZO 96
H;BO; 6,2
KH,PO, 170
N32M004.2H20 0,25
MgS0,4.7H,0 370
MHSO4 H20 22,3
ZnS0O,4 7H,0 8,6
CuS04.5H,0 0,25
FeNaEDTA.3H,0 42,1

4. Phan tich héa hoc

Theo mot sé phuong 4n, sau khi thu nhan hat gidng lai va truéce khi gieo, mau
chira khoang 1/3 14 mam dugc cit tir hat gidng nhur dugc thé hién trén Fig.5 dé xac dinh
thanh phan héa hoc ciia hat gidng lai. Truée tién, mau dugce sdy két déng, va phan tich

héa hoc. Cac miu dugc phan tich vé ham luogng axit béo, flavanol, va alkaloit.

Thanh phan axit béo (vi du axit palmitic) dugc xac dinh bing phuong phép sic ky
khi mao quan. C4c axit béo nay dugc trans este hoa thanh este metyl cua axit béo tuong
ng ctia ching bang hdn hop metanol va tetrametylamoni hydroxit. Sau dé, cic este
metyl ciia axit béo dugc phén tach trén cét mao quin HP Innowax v6i thanh phan este
metyl cia axit béo dugc x4c dinh bang cach chuén héa dién tich. Qua trinh dinh luong
dugc thuc hién bang cach st dung dudng chudn ngoai. Chuin ngoai thudng duge st
dung 1 chét chudn d6i chiéu Nu-Chek GLC 68C. Céac dudng chudn tuyén tinh dugc xay
dung cho toan b céc thanh phﬁn, nho d6 xac dinh duoc mirc dd khac biét vé hé sb dap

tng turong doi cua cac axit béo.

Ham luong flavanol ca cao dugc xdc dinh bang phuong phip HPLC pha thuén.
Bt hat ca cao di dong kho dugc chiét bing hexan dé loai bd céc thanh phén lipit trude

khi chiét flavanol/proxyanidin. Tiép theo, flavanol/proxyanidin (DP1 - 10) dugc chiét tir
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cac mau di loai lipit béng hé dung méi axeton/nudc da dugce axit hoa. Sau do, cac dich
chiét dugc nap qua cot chiét pha ran, loc va chuyén vao binh sic ky dé phan tich bang
phuong phap HPLC pha thudn. Qué trinh dinh luong dugc thuc hién bang phuong phép
chudn ngoai, va dudng chudn duge xiy dung cho mdi phan doan flavanol/proxyanidin.
Céc tri sb ghi nhan ham lugng flavanol tong s& va proxyanidin ctia mau 13 tdng ciia cac

tri s6 dinh lirong duoc cho mdi phan doan oligome (DP1 - 10).

Ham luong alkaloit (theobromin, cafein va axit tetrametyluric) dugc xac dinh b'fmg‘
phuong phap HPLC pha d4o va phét hién bang UV & budc séng 274nm. Cc mau bot hat
dong khé duoc diéu ché bing cach hoa tan trong nudc néng (> 95°C), loc va phan tich
bing phuong phap HPLC. Puong chudn ngoai dugc sir dung dé dinh lwong alkaloit, va
khéi sécola NIST duge st dung 1am chit chuin thir hai dé danh gia va dam bao hiéu sut

ctia phuong phap va hé théng.

Phan bd ham luong axit palmitic trong cic hat gidng thu duge tir nam 2009 dén
2013 tir 37 thuc vat lai khac nhau nhu dugc thé hién trén Fig.9, dugc phan tich b%mg phép
kiém dinh Shapiro-Wilk. Bién “luong” trén Fig.9 thé hién s6 lugng hat gidng dugc phéan
tich cho mdi thuc vt lai. 4 thuc vat lai khong duoc phan tich béng phép kiém dinh nay,
do sb lugng mau (hat gidng) < 3. Ham lugng axit palmitic trung binh (tc 12 trung vi) cua
nhiéu thuc vat lai thp hon dang ké so véi ham lugng axit palmitic ctia Theobroma cacao

(xem Fig.1).

Céc dd thi thé hién phan b ham lugng axit palmitic trong cac hat gidng lai cia
cac thuc vat lai, ca binh thuong va khong binh thudng, dugc thé hién trén trén Fig.10-
Fig.11. Ham lugng axit palmitic cda céc thuc vét lai nay thdp hon déng ké so v6i ham

lugng axit palmitic cia Theobroma cacao (xem Fig.1).

Trong nam 2012 va 2013, metyxantin tr hat gidng dugc phén tich, dé h trg kiém
chimg két qua lai chéo ndi lodi. 957 miu dugc phan tich trong nim 2012, va 678 mau
trong nam 2013 (chi cdc mAu chira axit tetrametyluric dugc phén tich vé ham luong axit

palmitic).

Ham luong axit palmitic, axit tetrametyluric, theobromin, va cafein cua hat gidng
thu dugc trong nam 2012-2013 d6i véi NA-45 x MCGS-122, dugc thé hién trén Fig.12-
15. Két qua phan tich trén Fig.12 cho thdy phan b6 ham lugng axit palmitic 12 binh
thuong va ham lugng trung binh bang 15,36% trong nim 2012, va 17,24% trong nim
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2013, thip hon ham luong da biét cua Theobroma cacao (xem Fig.1).

Két qua phan tich trén Fig.13 cho thdy phan b ham lugng binh thuong cla
theobromin va ¢6 ham lugng trung binh bang 0,993mg/g trong nim 2012, thap hon
Theobroma cacao. Trong nam 2013, ham lugng trung binh bang 4,043mg/g va pic thir
hai ¢6 tri s6 ham lwong nim trong khoang tir 20 dén 30mg/'g dugc quan sat. Ham luong
- gia ting nay cia theobromin la do thuc té thuc vat lai ndy d3 san sinh mét sb hat gidng

khoéng lai.

K&t qua phan tich trén Fig.14 cho thiy phan b6 ham lugng binh thuong cta cafein
va ham lugng trung binh bang 11,26mg/g trong nam 2012, va 10,61mg/g trong nam

2013, cao hon ham luong da biét cua Theobroma cacao.

Két qua phan tich trén Fig.15 cho thiy phan bé ham lugng binh thuong cia axit
tetrametyluric va trong ndm 2012, toan b cac thuc vat thé hé sau 1a thuc vt lai do toan
bo cac thuc vat lai nay chira axit tetrametyluric. Mt khéac, trong ndm 2013, c6 mot )
thuc vat lai gia dinh chira ham lugng axit tetrametyluric tuong tu Theobroma cacao (tic
1a khong chira axit tetrametyluric), do d6 cac thuc vt thé hé sau nay khong dugc xem 13
thuc vat lai thuc su cua Theobroma cacao va Theobroma grandiflorum (xem phin mé ta

néu trén lién quan dén theobromin).

Ngoai ra, cac thuc vat riéng biét dugc phén tich v& ham lugng flavanol ca cao tong

s, cling nhu catechin va epicatechin, va cac két qua dugc thé hién trén Fig.16-Fig.17.
5. Qué trinh sinh truéng ctia hat gidng lai

Sau 10-15 ngdy trong budng sinh truéng, thuc vat lai chua trudng thanh dugc
dimg sinh truéng trong budng dm duge phat trén dé duy tri d6 4m twong dbi cao (100%)
cho dén khi chung dwoc thich nghi véi didu kién khi hau (Fig.6). Sau d6 ching duoc

trdng vao gia thé chia than bun, bot dira va peclit.

Chiéu cao cta thuc vét chua truéng thanh cling nhu s6 lugng 14 duoc theo ddi
trong timg thang. Kiéu hinh ciia chiing cling dugc ghi nhén & thoi diém nay. Nhiéu thuc
vat khong sinh trudng va ty 1€ chét cao. Tuy nhién, phu thudc vao t6 hop Theobroma
cacao x Theobroma grandiflorum cu thé mot sb thuc vat van séng sOt va dat duogc cac
chiéu cao khic nhau. Vi du, mdt s6 thuc vat lai nhd co kiéu hinh Theobroma

grandiflorum c6 chidu cao ndm trong khoang tir 16cm (MCGH-023-037-07) dén 22cm
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(MCGH-031-020-16), trong khi d6 mot s& thuc vat lai 16n c6 kiéu hinh Theobroma
grandiflorum c6 chiéu cao nim trong khoang tir 64cm (MCGH-023-013-02) dén 85cm
(MCGH-023-014-03). Toan b cac thuc vét lai c6 kiéu hinh Theobroma cacao phat trién
binh thuong va cé chidu cao ndm trong khoing tir 180cm (MCGH-023-017-03) dén
260cm (MCGH-059-014-12). Thyc vat lai c6 kiéu hinh Theobroma cacao ciing di ra

qua. Toan bo cac thuc vit lai ndy 1a khoang 5 nam tudi.

M@t sb thuc vat d3 ra hoa nhu duoc thé hién trén Fig.6. C4c hoa ndy c6 dic tinh
chung cua hai loai dugce sir dung dé lai, trc 13 trong trudng hop cu thé nay hoa c6 kiéu
hinh Theobroma grandiflorum nhung chiéu cao thdp hon (van cao hon Theobroma

cacao) va cudng hoa twong tu hoa ca cao.
6. Phan tich ADN

Céc manh 14 ctia cic thuc vat lai dugc thu nhian va ADN dugc chiét béng kit
DNeasy Plant Mini (Qiagen).

Kidu gen dugc phan tich bing cach st dung céc chét danh ddu dang da hinh
nucleotit don dugc phat trién cho Theobroma cacao (Kuhn et al. 2010).

51 dong Theobroma cacao va 25 dong Theobroma grandiflorum dugc phan tich
dé mo ta dic diém 81 thuc vat lai chéo giita Theobroma cacao va Theobroma
grandiflorum, va 22 chit danh ddu dang da hinh nucleotit don dugc st dung dé phan tich
ban dau (xem Fig.20A va Fig.20B). C4c manh 14 cua cac thuc vat lai dugc thu nhan va
ADN duqc chiét bang kit DNeasy Plant Mini (Qiagen). Trong s6 d6, 11 chét danh déu
dang da hinh nucleotit don dugc chon loc (xem Fig.21A va Fig.22B), sau d6 9 chét danh
ddu dang da hinh nucleotit don dugc chon loc (dugc thé hién trong Fig.22).

Theo mot vi du duge thé hién trén Fig.22, 9 chit danh d4u dang da hinh nucleotit
don, duogc phan b trong 6 nhiém sic thé khac nhau, dugc st dung trong phan tich thuc
vat thé hé sau ctia 12 thuc vat lai (86 c4 thé duoc phén tich), bao gém thuc vat lai tuo 7
thuc vat me Theobroma cacao khac nhau, va 5 thuc vat cho phén hoa Theobroma
grandiflorum khéac nhau. Cac chét d4anh diu dang da hinh nucleotit don dugc in dam 1a
hiru ich trong kiém ching qua trinh lai da dién ra. Vi dy, trong thuc vat lai s6 15 (NA-45
x MCSG-36), 5 chit danh diu dang da hinh nucleotit don sau 1a hitu ich trong xdc dinh
cac thuc vat lai: w17s189(T/C), e0050s274(C/T), CIR211s1036(T/A), w11s867(T/C), va
w8s204(T/C). Theo vi du cu thé, mot thuc vat thé hé sau tir thuc vat lai s6 15, & trang thai
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di hop tir ddi v6i 3 trong sb 5 chit danh diu dang da hinh nucleotit don nay
(w17s189(T/C), e0050s274(C/T), va wl1s867(T/C)), tirc la thuc vat thé hé sau nay c6 1
alen tr mbi thuc vat cha me & vi tri nucleotit dic hiéu. Theo d6, mot hodc nhiéu chit
d4nh d4u dang da hinh nucleotit don ndy dugc thé hién trong Fig.22 c6 thé dugc sir dung
trong xac dinh va kiém chtng céc thuc vat lai cla Theobroma cacao va Theobroma

grandiflorum.
7.Ghép thuc vt lai

Mot s thuc vat lai chua trudng thanh dugc ghép vao than ré clia Theobroma
grandiflorum, cac thuc vat con lai dugc ghép vao than 1& cta Theobroma cacao. Cac thuc
vat da phat trién t5t va dugc trdng trén thuc dia, nhw duge thé hién trén Fig.8A (MCGH-
031-011-36), va Fig.8B (MCGH-023-009-11). Trong trudng hep cu thé nay, thuc vét lai
dugc ghép vao than ré ctia Theobroma grandiflorum. Qua trinh ra hoa clia thyuc vat lai da

dat dugc, nhu dugce thé hién trén Fig.7 (MCGH-067-002-31 ).
Vidu?2

Trong nim 2010, ham lugng axit palmitic, axit tetrametyluric, va theobromin cua
cac hat gibng tir thuc vat lai s6 31 (NA-45 x MCGS-122) dugc phan tich bang cac
phuong phap néu trén. 10 qua va 211 hat gidng duoc thu nhan. Cac két qua duogc thé hién
trén Fig.23. D@ liéu nay cho thdy c6 mdi twong quan gifta ham lugng axit palmitic, axit
tetrametyluric, va theobromin. Cu thé, ham lwong axit palmatic thap 13 lién quan dén ham
lugng theobromin thép va su c6 mit cua axit tetrametyluric. Mat khac, ham luong axit
palmatic cao 1a lién quan dén ham luong theobromin cao va su ving mit ciia axit
tetrametyluric. Theo d6, khi khdng c6 axit tetrametyluric, ham luong theobromin thap (vi

du nho hon 5mg/g), thi cac ca thé c6 ham lugng axit palmitic thdp (vi du nho hon 15%).
Vidu3

Vi du nay so sanh ca cao léng thu duoc tu hat gidng cua thuc vat lai cla
Theobroma cacao va Theobroma grandiflorum va thuc vat khong lai, thuc vat
Theobroma cacao chuén (Low Roast West African-ELZ), va thuc vat Theobroma

grandiflorum.
Qua trinh 1én men vi sinh vat

Qu4 trinh 1én men vi sinh v4t cic qua truéng thanh tir NA-45 x MCSG-122,
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EET400 x MCSG46, va NA45 x MCSG-46 dugc thuc hién nhu sau. Céac qua dugc bd 1
ngdy sau khi thu hoach bén ngoai phong thi nghiém va cac hat dugc tach cin than va dat
vao cac tui ludi ni-long riéng, sau do dit vao trong cac tii kin c6 khoa kéo. Ddng thoi,
khéi thit qua méi dugc didu ché va chuyén vao binh dugc day nép ¢ nhiét d6 moi trudong
trong khoang 1-3 gid' dé hoat héa qua trinh 1én men. Sau do6 mdi thi chira cac hat dugc
chuyén vao phéng thi nghiém & d6 SmL khbi thit qua méi 1én men dugc bb sung vao tii
c6 khéa kéo ndy. Cac tii ndy dugc 1 & nhiét dd c6 kiém sodt. Vao ngay thir hai va thi tu,
dich nhiy ctia mbi tii c6 khoa kéo ndy duge tach va loai bo. Sau khi 1én men, céc hat
- dugce sdy bing cach phoi ning dén do Am nidm trong khoang tir 7 dén 8%. Sau khi sdy,
cac hat tir mbi t0i riéng duogc bdo quan trong cac tii day. Hat tir thuc vat Theobroma
cacao (Low Roast West African-Ell) va thuc vét Theobroma grandiflorum c6 béan trén thi
trudong, do d6 dé dang dugc 1én men.

Sau khi sy, 1/3 hat gidng dugc tach, déng kho (sdy két dong) va phan tich vé ham
lugng axit palmitic (C 16:0) bang phuong phap sic ky khi mao quin, va ham lugng
theobromin va axit tetrametyluric bang phwong phap HPLC pha dao, nhu duge mé ta néu

trén.

Dua trén ham lugng axit palmitic, cac hat dugc chia thanh 8 nhom hodc bang sau:

Bing 1 8,38 - 9,99% C16:0
Bing 2 10,00 - 10,99% C16:0
Bing 3 11,01 - 11,99% C16:0
Bing 4 12,00 - 12,98% C16:0
Bing 5 13,03 - 13,99% C16:0
Bing 6 13,26 - 15,37% C16:0
Bing 7 17,65 - 19,43% C16:0
Bing 8 19,62 - 22,07% C16:0

Céc nhém nay ciing duoc thé hién trong Fig.24. Ham lugng theobromin duoc thé
hién dudi dang cac dudng dd thi véi cac diém dit lidu cu thé, trong khi d6 ham lugng axit
palf;litic duoc thé hién dudi dang cic phan dd thi c6 mau (hodc thanh dd thi) trong mdi
bang. Dua trén ham lugng axit palmitic va theobromin thip, dd kiém ching dugc rang
cac hat & bang 1-6 13 hat giéng lai. Mit khac, dua trén ham lugng axit palmitic va
theobromin cao, d3 kiém chimg duoc rang cac hat & bang 7 va 8 khong phai 1 hat gidng

lai.
Phuong phép san xuit ca cao 1ong

Pé san xuit ca cao 16ng, cac hat dugc dit vao cic khay thép khéng gi va rang
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trong 16 Binder & nhiét d§ 121°C trong 21 phit. Cac hat dugc lam ngudi & nhiét do phong
va b sao cho nhin hat dugc tach khdi vo hat mot cach dé dang. Sau d6, chiing dugc nhat
bang tay dé loai bé toan bo vo. Sau d6, nhan hat (tbng cong 35g) dugc nghién trong may
nghién Restch RM200 trong 30 phiit. Cudi cling, ca cao 1ong dugc chuyén vao éng va
bao quan & nhiét d -20°C dé phan tich.

Ham lugng axit palmitic (C 16:0) va theobromin cira ca cao 16ng tir hat gidng ciia
~ céc thuc vat lai (biang B1-B6), cac thuc vat lai khong lai (bang B7-B8), Theobroma
cacao, va Theobroma grandiflorum dugc phan tich. Axit palmitic dugc tinh toan dudi
dang ty 16 phan trim cta ham lugng tbng cong cua axit béo, va theobromin dugc tinh

toan theo don vi mg/g. Cac két qua phan tich duge thé hién dudi day:

Bl B2 B3 B4 B5 | B6 B7 B8 Te Tg
Axit palmitic (C 16:0) | 14,03 | 14,6 | 15,52 | 16,52 | 17,8 | 18,35 | 24,51 | 26,21 | 25,8 | 6,49
Theobromin 0,07 | 0,06 | 0,08 | 0,05 |{0,04] 0,04 | 0,99 | 0,99 1.13 0

Céc két qua cho thiy ca cao léng tir hat gidng cta thuc vat lai Theobroma cacao
va Theobroma grandiflorum c6 ham lugng axit palmitic, va ham Iugng theobromin thap

hon Theobroma cacao.

Nhiét dd nong chay, nhiét do két tinh va dic tinh néng chdy ciing duge phén tich
theo phuong phap mo ta trong tai liéu Campos R. (2005) Experimental Methodology, in
Fat Crystal Networks, Editor Alejandro G. Marangoni, Marcel Dekker, USA pp. 267-
348.

Céc két qua duge thé hién trén Fig.25 (nhiét do nong chay), Fig.26 (nhiét do két
tinh), va Fig.27 (d3c tinh néng chay). Dit liéu nay cho thdy ca cao 10ng tir hat gidng ctia
thuc vat lai Theobroma cacao va Theobroma grandiflorum cé nhiét do nong chay cao
hon Theobroma cacao, nhiét dd két tinh cao hon Theobroma cacao, va thich hgp dé san

xut san phdm ca cao do dic tinh néng chay tuong tu Theobroma cacao.

P& san xuét san phim sdcdla 70%, vi du 30% dudng dugce bd sung vao ca cao
long. Phuong phép san xuét sdcola hodc caramel v.v. (khong chira xenlodextrin) da biét
trong linh vuc ndy va dugec md ta trong tai liéu Chocolate, Cocoa and Confectionery,

Bernard W. Minifie Third Edition, duoc két hop vao sang ché bang cach vién dan.
Vidu4

Vi du nay cho théy rr:ing thuc vat lai cia Theobroma cacao va Theobroma
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grandiflorum c6 thé dugc lai ngugc voi mot trong sb hai thuc vat cha me ciia no.
Chon loc thuc vat cha me

Thuc vét cha dugc chon loc tir mdt trong sb cac thyuc vat lai theo sang ché dya trén
dc tinh ham luong axit palmitic thép cta né, tinh trang hinh thai va phan tich ADN kiém
ching qué trinh lai gitta Theobroma cacao va Theobroma grandiflorum. Thyc vt me

dugc st dung trong lai ngugc 1a thuc vat Theobroma cacao.
Qua trinh thy phin

Qué4 trinh thy phin dugc thyuc hién bing tay bang cach diy hoa cta thuc vat me
bang cac dng polyetylen trong 24 gid, trude khi no hoa. Vao ngdy thu phan, cic ong
duoc léy ra va 6ng nhuy hoa cta thyc vat me dugc boc 10 bz:ing cach loai bd céac nhi 1ép.
Sau d6, phin hoa tir loai Herrania sp dugc nhung vao éng nhuy dé khic phuc sy khong
twong thich ctia phin hoa. Tiép theo, phin hoa tir hoa tuoi cua thyc vt lai duoc ric vio
6ng nhuy ctia thuc vat Theobroma cacao me. Ngoai ra, qua trinh thu phén khéng st dung
phén hoa tir loai Herrania sp. cling dugc thuc hién. Trong budce tiép theo, cac hoa di thu
phin dugc bao vé bang cung dng polyetylen dé ngin ngira qué trinh thu phén khong
mong mubn trong 24 gid. Sau khoéng thoi gian nay, éng duoc 14y ra va qué trinh thu

phén thanh cong dugc kiém chumg trong 30 ngay.
Thu nhén hat giéng lai

Khoang 140 dén 160 ngay sau thu phén cic qua trudng thanh duge thu nhén va
chuyén vao phong thi nghiém, & d6 chung dugc 1am sach bang nuée tiy tring, ho trén
ngon ltra va bd trong ti hit. Sau d6, hat gidng dugc tach khéi cac qua bing kep vO tring
va @it vao cac dia petri vO trung. Sau d6, vo hat gidng dugc boc ra va 1/3 hat gidng,
trong ng véi ving chia ndi nhil, duge cit va phan tich héa hoc v& ham luong axit béo.
Sau d6, phan con lai cia hat giérig dugc gieo vao mdi trudng sinh trudng thuc vt thin
g6 (Lloyd and McCown’s, 1981), va dé‘t vao budng sinh trudng & nhiét do khoang 27°C,
d6 4m tuong dbi bang 70% va cudng do chidu sang nim trong khoang tir 90 dén

120pmol.m™. giay".

Nguoi ¢6 hiéu biét trung binh trong linh vuc nay s& hiéu ring phan mé ta néu trén
chi nhim muc dich minh hoa v c4c cai bién chi tiét c6 thé dugc thuc hién trong pham vi

ctia sang ché. C4c patent va cong bd don dugc két hop vao sang che bang cach vién dan.
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Céc phuong 4n theo sang ché c6 thé dugc cai bién, thay d6i va bién dbi tvong duong vé
hinh thire va chirc ning, nhu dugc hiéu béi ngudi c6 hiéu biét trung binh trong linh vuc
nay.
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YEU CAU BAO HO
1. Phuong phédp san xuét thuc vat lai hodc hat gidng lai ctia Theobroma cacao va
Theobroma grandiflorum, bao gdm céc budc sau: (a) lai chéo gidng Theobroma cacao va
gibng Theobroma grandiflorum d thu dugc cac hat gidng thé hé sau tir d6; (b) phan tich
it nhét mét phan cac hat gidng thé hé sau néu trén vé sy c6 mit ciia chat danh déu dang
da hinh nucleotit don biéu thi dong thuc vit lai ctia Theobroma cacao va Theobroma
grandiflorum, trong d6 chit danh diu dang da hinh nucleotit don nay 13 w17s189(T/C),
e0050s274(C/T), CIR211s1036(T/A), c¢3s595(C/A), w3 s41(G/T), w8s131(T/C),
w3s558(A/G), hodc td hop bét ky cua chung; va (c) chon loc mot hoac nhiéu hat giéng lai
tir cac hat giéng thé hé sau dugc phén tich trong buédce (b) dé san xuét thuc vat lai hodc

hat giong lai mong muon.

2. Phuong phép theo diém 1, trong dé6 phwong phap ndy con bao gbdm budc trong hat

gidng dugc ch(_)n loc trong budc (c).

3. Phuong phap theo diém bét ky trong sb cac diém tir 1 dén 2, trong d6 it nhat mot trong
s6 cac didu kién sau duoc ap dung: (i) budc (a) bao gdm viéc ric phin hoa cua
‘Theobroma grandiflorum 1én co quan sinh san cai cia Theobroma cacao; (ii) budc (a)
con bao gdm viéc thu hoach qua truéng thanh sau 140 dén 160 ngay thu phan, va phan
tach hat tir qua nay; va/hodc (iii) budc (b) bao gbm bao gdm viéc phan tach mau 14 mam
tir hat giéng nay va phan tich thanh phan héa hoic va/hodc thanh phén gen cua cac hat
gidng nay.

4. Phuong phép theo diém 3, trong d6 buéc (b) con bao gdm viéc phan tach 1/3 14 mam
nay.

5. Phuong phép theo diém bét ky trong s6 cac diém tir 1 dén 4, trong d6 phuong phap nay
con bao gdbm buéde gieo cac hat gidng lai nay trén moi truong sinh truéng va U cac hat
gibng lai nay trong budng sinh truéng cho dén khi thu duogc cac thuc vat lai chua trudng
thanh.

6. Phuong phép theo diém 5, trong d6 mdi trudng sinh truéng 12 moi truong sinh trudng

thuc vat than gb.

7. Phuong phép theo diém 5 hoic 6, trong d6 phuong phap nay con bao gdm budc i cac

hat giéng lai ndy & nhiét d6 nim trong khoang tir 27°C dn 30°C va do 4m twong dbi
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bang 70%.

8. Phuong phép theo diém bét ky trong sb cac diém tir 5 dén 7, trong d6 cac hat gidng lai
nay dugc U trong 10 dén 15 ngay.

9. Phuong phép theo dié_m bét ky trong sb cac diém tir 5 dén 8, trong d6 phuong phap nay
con bao gdm bude duy tri cAc thuc vat lai chua trudng thanh nay trong budng 4m véi do

4m tuong dbi it nhét bang 90%.

10. Phuong phép theo diém bét ky trong sb cac diém tir 5 dén 9, trong d6 phuong phap
nay con bao gém bude chuyén cac thuc vat lai chua truéng thanh ndy sang gid thé thich

hop chira than bun, bét dira, peclit hodc hdn hop cla ching.

11. Phuong phép theo diém bit ky trong s6 cac diém tir 5 dén 10, trong d6 phurong phap
nay con bao gdm budc ghép cac thuc vat lai chua trudng thanh nay lén thuc vét

Theobroma cacao hodc Theobroma grandiflorum.

12. Phuong phap theo diém bt k¥ trong s6 céc diém tir 1 dén 11, trong d6 bude (b) con
bao gém viéc phan tich it nhit mot phﬁn cac hat giéng thé hé sau néu trén vé su ¢6 mat
clia axit tetrametyluric, va trong d6 mot hodc nhiéu hat giéng lai nay 13 mét hozc nhiéu
hat gidng thé hé sau chira axit tetrametyluric.

13. Phuong phap theo diém bét ky trong sb cac diém tir 1 dén 12, trong d6 mdt hodc
nhiéu hat giéng lai ndy 13 mot hodc nhidu hat giéng thé hé sau biéu hién chit dénh diu
dang da hinh nucleotit don biéu thi dong thuc vat lai cia Theobroma cacao va
Theobroma grandiflorum, trong do6 chit danh diu dang da hinh nucleotit don nay 1a
w17s189(T/C), €0050s274(C/T), CIR211s1036(T/A), ¢c3s595(C/A), w3s41(G/T),
w8s131(T/C), hodc w3s558(A/G).

14. Phuong phép theo diém bat ky trong sb cac diém tir 1 dén 13, trong d6 bude (b) con
bao gdbm mot hoic nhidu dic tinh sau d8 tir d6 it nhat mot phin céc hat gidng thé hé sau
néu trén dugc phén tich: (i) ham lugng axit palmitic thip hon Theobroma cacao; (ii) ham
luong theobromin thidp hon Theobroma cacao; va (iii) va sy c6 mit cia axit
tetrametyluric.

15. Phuong phép theo diém 14, trong d6 mot hogc nhiéu hat gidng lai nay 13 mot hozic
nhiéu hat giéng thé hé sau con c6 mot hoic nhiéu dic tinh sau: (i) ham luong axit

palmitic thdp hon Theobroma cacao; (ii) ham luong theobromin thip hon Theobroma
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Tmﬂ, vat Lugng Trung vi | Trung binh Do "2““" Tris6 P

Iai ‘ chuan :
1 1 26,31 29.75 7,28 0,00
P 16 18,95 19.70 4,71 0.00
3 35 22,16 2547 6,10 0.00
6 5 38,58 38,08 3.38 0.63
14 35 18,76 18,65 2,16 0,18
i5 11 19.55 19.96 2,35 0,37
16 9 24.87 26,69 5,96 0,02
18 5 22,36 22,38 1.43 0.59
20 4 23,11 23,12 0.46 6.67
22 131 18,89 19,59 3.01 0.00
23 152 18.98 19.22 3.63 6.00
24 2 37.66 37.66 4,43
16 1 24,11 24,11
27 9 20,31 20,26 0.89 0.33
28 25 24,63 24,76 4.34 0.09
30 116 25.23 23,67 5.68 6.00
31 20696 16,13 16.44 2,01 0,00
32 47 24,58 24,39 1.83 0,50
33 84 21,09 21,98 3,93 0,00
34 113 20,20 21,01 4.18 0,00
36 1 25,09 25,09
37 4 24,36 23.99 1.17 0,25
39 12 22,08 21.92 1.98 0,39
40 3 19,46 19.59 0,47 0.55

42 1 24,60 24,60
43 - 28,82 27,94 3.02 0,35
46 8 21,37 21,52 1.15 0.50
59 764 16,07 20,02 3,74 0,00
65 56 25.41 2549 1.54 0,96
67 66 18,73 18,98 1,35 0,85
75 273 19,18 19,23 2.28 0,00
76 68 20,78 20,71 1.79 0.27
77 76 16,23 19.87 4.06 0.00
78 34 27,78 25.38 482 0.00
79 5 18,10 17.61 1,18 0,35
80 53 20,27 2191 6.00 0,00
81 46 26,48 26,44 2,20 0.00

Fig.9
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et o Téng
Thye vat lai () Miu | © é:;f;ﬁ E’pégifjfm Catechin +
== = Epicatechin
ALMCS X MCSG-46 (61} | Todn bd hat 0.36 12,62 12,97
ALMCS X MCSG-46 (61) | Toan bd hat 0.23 14,37 14,60
ALMCS X MICSG-46 (61) | Toan bo hat 6,27 14,41 14,68
ALMCS5 X MCSG-46 (61) | Toan hg hat 0.34 14,99 15.33
ALMC5 X MCSG-46 (61) | Toan bg hat 0.28 17,39 - 17.67
ALMCS X MCSG-46 (61) | Toan bg hat 0.15 9.58 9.73
ALMCS X MCSG-46 (61) | Toan bo hat 0.24 14.86 15,10
ALMCS X MCSG-46 (61) | Toan b¢ hat 0,00 3,12 3.12
ALMC3 X MCSG-46 (61) | Toan bo hat 0.38 21,88 22.36
ATLMCS X MCSG-46 (61) | Toan bé hat 0.26 15,85 16,12
ALMCS X MCSG-46 (61) | Toan bo hat 0.65 11,72 11,77
ALMCS X MCSG-46 (61) | Toan bg hat 0.20 5,58 5,78
ALMCS5 X MCSG-46 (61) | Toan bg hat 0.18 20,52 20,70
ALMCS5 X MCSG-46 (61) | Toan bg hat 0.34 16,60 16,94
CALMCS X MCSG-46 (61) | Toan bo hat 0,05 11,61 11,66
LCT37A X MCSG-122 (64) | Toan bg hat 0,97 38.51 39,48
LCT37A X MCSG-122 (64) | Toan bd hat 1,47 28,48 29,96
LCT37A X MCSG-122 (64) | Toan bg hat 0.54 16,31 16.85
LCT37A X MCSG-122 (64) | Toan bo hat 1.08 19,33 20,41
LCT37A X MCSG-122 (64) | Toan bé hat 0.46 18,66 19,12
LCT37A X MCSG-122 (64) | Toan hé hat 0,37 12.86 13,24
LCT37A X MCSG-122 (64) | Toan bo hat .13 17,08 17,21
LCT37A XMCSG-122 (64) | Toan bo hat 0,68 21.88 22,56
LCT37A XMCSG-122 (64) | Toan bé hat 0,94 46,34 47,28
LCT37A X MCSG-122 (64) | Toan bg hat 0,91 47,85 48,76
LCT37A4 X MCSG-122 (64) | Toan bé hat 0.54 8,38 8.92
LCT37A X MCSG-122 (64) | Toan bg hat 1.46 15,87 17.33
LCT37A X MCSG-122 (64) | Toan bé hat 0.65 - 18,36 19.01
LCT37A X MCSG-122 (64) | Toan bé hat 0.27 16,20 16,46

Fig.16
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<110>

<120> Phuong phap san xudt thuc vat lai hodc hat gibng lai cua

36687

DANH MUC TRINH TU
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Theobroma cacao va Theobroma grandiflorum

<130>

<140>
<141>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

029196.00040

62/101,917
2015-01-09

36

PatentIn version 3.5
1

29

ADN

Trinh ty nhan tao

M6 ta trinh tu nhan tao: Oligonucleotit tdng hop

1

tgattacact gttacaccaa ctttagacg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

26

ADN

Trinh ty nhan tao

M6 ta trinh tu nhdn tao: Oligonucleotit téng hop

2

acgtgtaaag aaaggaggaa aacttt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

3

15

ADN

Trinh tuy nhan tao

Mé tad trinh tu nhan tao: Oligonucleotit téng hop

3

tcttgctgag atatc

<210>
<211>
<212>
<213>

<220>
<223>

4

16

ADN

Trinh ty nhan tao

M&6 ta trinh tu nhan tao: Oligonucleotit tdng hop
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<400> 4
tctcttgccg agatat

<210> 5

<211> 24

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> M6 tad trinh tu nhdn tao:

<400> 5
ctcaggttcc aaccattgat ttaa

<210> 6

<211> 21

<212> ADN

<213> Trinh ty nhdn tao

<220>

<223> M& t& trinh ty nhén tao:

<400> 6
ccgagatccc atggttaaca a

<210> 7

<211> 15

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> M6 ta trinh ty nhéan tao:

<400> 7
aagctgccac ggagt

<210> 8

<211> 15

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> M6 ta trinh tu nhan tao:

<400> 8
aagctgccat ggagt

<210> 9

<211> 26

<212> ADN

<213> Trinh tuy nhén tao

<220>

<223> M6 ta trinh tu nhén tao:

36687

Oligonucleotit tdng hop

Oligonucleotit tdng hogp

Oligonucleotit tdng hop

Oligonucleotit tdng hop

Oligonucleotit tdng hop
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<400> 9
aacttgtcag ctgtctctct ttcttg

<210> 10

<211> 22

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> M& ta trinh tu nhan tao:

<400> 10
cagaactgtg catgcttgaa gc

<210> 11

<211> 20

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> M& tad trinh ty nhén tao:

<400> 11
ctaaatgaat catccaaaga

<210> 12

<211> 18

<212> ADN

<213> Trinh tuy nhan tao

<220>

<223> M6 ta trinh tuy nhéan tao:

<400> 12
aaatgaatca cccaaaga

<210> 13

<211> 22

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> M& td trinh ty nhén tao:

<400> 13
aaaggcaatc cttacccaag gt

<210> 14

<211> 28

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> M6 ta trinh tu nhan tao:

<400> 14

36687

Oligonucleotit téng hop

Oligonucleotit tdng hop

Oligonucleotit tdng hop

Oligonucleotit tdng hop

Oligonucleotit téng hop
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aagaatgaac cactttgcag tagatagt 28

<210> 15

<211> 14

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> M6 ta trinh tu nhan tao: Oligonucleotit tdng hop

<400> 15
atgcccctgg ttgt 14

<210> 16

<211> 14

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> M® ta trinh tu nhan tao: Oligonucleotit tdng hop

<400> 16
atgcccctgt ttgt 14

<210> 17

<211> 26

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> M6 ta trinh tu nhan tao: Oligonucleotit tdéng hop

<400> 17
gttgttgttc tgttcaattc gtatga 26

<210> 18

<211> 25

<212> ADN

<213> Trinh tyu nhan tao

<220>
<223> M6 ta trinh tu nhan tao: Oligonucleotit tdng hop

<400> 18
atcaggaatg ctccaaaata atcaa 25

<210> 19

<211> 21

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> M6 ta trinh tu nhan tao: Oligonucleotit tdng hop

<400> 19
tgactacctt ttatgtgatc t 21

-74-



<210>
<211>
<212>
<213>

<220>
<223>

<400>
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20

19

ADN

Trinh ty nhdn tao

M& ta trinh tu nhan tao: Oligonucleotit tdéng hop

20

tgactgcctt ttatgtgat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

21

23

ADN

Trinh ty nhan tao

M& ta trinh tu nhan tao: Oligonucleotit tdéng hop

21

gccctgtcaa aaagaaggta ctg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

22

27

ADN

Trinh tu nhén tao

M& t& trinh tu nhan tao: Oligonucleotit tdng hop

22

ttactgttgc tttccatttt ctaagtg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

23

19

ADN

Trinh ty nhé&n tao

M& ta trinh tu nhan tao: Oligonucleotit téng hop

23

ttctgaggta tcattccca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

24

17

ADN

Trinh tu nhan tao

M6 ta trinh tu nhan tao: Oligonucleotit tdng hop

24

ttctgaggca tcattcc
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

25

25

ADN

Trinh tu nhén tao

M& ta trinh tu nhan tao:

25

cacttagaaa atggaaagca acagt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

26

27

ADN

Trinh tu nhé&n tao

M6 ta trinh tu nhan tao:

26

acctagagcc agatgatgaa ttgtatt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

27

20

ADN

Trinh ty nhén tao

M& tad trinh tu nhdn tao:

27

ttcctgagac ttgtacttga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

28

18

ADN

Trinh ty nhédn tao

M6 td trinh ty nhén tao:

28

ttcccgagac ttgtactt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

29

27

ADN

Trinh tyu nhén tao

M6 td trinh tu nhan tao:

29

tgctggtggc aagaagtatt atattag

36687

Oligonucleotit téng hop

Oligonucleotit téng hop

Oligonucleotit téng hop

Oligonucleotit tdng hop

Oligonucleotit téng hop

-76-

25

27

20

18

27



<210> 30

<211> 27

<212> ADN

<213> Trinh tu nhé&n tao

<220>

<223> M6 ta trinh ty nhén tao:

<400> 30
cagatcctca ttcaatacct gtatcaa

<210> 31

<211> 15

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> M6 ta trinh ty nhén tao:

<400> 31
ctctgcatca ttggt

<210> 32

<211> 15

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> M6 ta trinh ty nhén tao:

<400> 32
ctctgcctca ttggt

<210> 33

<211> 25

<212> ADN

<213> Trinh tu nhédn tao

<220>

<223> M6 ta trinh ty nhén tao:

<400> 33
accttaattt tatgggaaac gaggt

<210> 34

<211> 25

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> M6 téd trinh ty nhén tao:

<400> 34
ccaaacaaaa tcttaatgca ctgtg

36687

Oligonucleotit téng hop

Oligonucleotit téng hgp

Oligonucleotit téng hop

Oligonucleotit téng hop

Oligonucleotit téng hop
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<210> 35

<211> 17

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> M6 ta trinh ty nhan tao:

<400> 35
aatctgtgct gactgat

<210> 36

<211> 16

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> M6 td trinh ty nhan tao:

<400> 36
caatcagtgc tgactg
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Oligonucleotit téng hop

Oligonucleotit téng hop
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