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NGHIEN CUU DA DANG DI TRUYEN TAP BOAN CAY
CA CAO (Theobroma cacao L.) VIET NAM DUA TREN
MOT SO DAC TiNH HINH THAI VA BOAN TRINH TU
ADN-ITS GEN NHAN

Lam Thi Viét Hd!, Truong Trong Ngon?, Ha Thanh Toan?

TOM TAT

Nghién cttu khao sat bo suu tap sau muoi ba (63) giong ca cao Viét Nam (7heobroma cacao L.) dang trong
tai cac dia phuong khac nhau Dik Lik, Dong Nai, Bén Tre va Can Tho. Da dang di truyén bé suu tap duoc
khao sat bing ghi nhan cac dic tinh hinh thai thuc vat va 1ap gian dd pha heé bang cip méi ITS1-4. Khao sat
dac tinh hinh thai thuc vat dua vao cac dac tinh hinh thai va mau sic cta co quan sinh duong (14) va co quan
sinh san (hoa, trai). Két qua ghi nhan duoc 5 hinh dang 14 dai khac nhau ctia bo suu tap (oval, broad,
deltoid, elliptic va sub-lanceolate); 63 giéng ca cao Viet Nam biéu hién 3 dang trai khac nhau Angoleta,
Amelonado va Cundeamor, mau trai va 1a non biéu hién 02 mau nau do va vang xanh; trai chin thé hién hai
mau khac nhau, dé va xanh. Giong TD11 c6 cdu tric 3 cap bau noan khac biét so véi 02 cdp ctia 62 giong
con lai. Phan tich di truyén ghi nhan su khac biét trong viing ITS gitta cac giong khong 16n, phan chia thanh
3 nhém bao gém nhém Domestic Trinitario Cultivars (38 giong), Indigenous Cultivars (20 giéng), Peru
Cultivars (5 giong). Day 1a nghién ctru dau tién cong bé vé dac tinh hinh thai thuc vat va cay di truyén pha
hé ctia b suu tip cay ca cao Viét Nam.

Tukhoa: Ca cao, di truyén pha hé, ITS1-4, hinh thai thure vat.

1. GIOI THIEU

Ca cao (Theobroma cacao 1.) 1a loai cay cong
nghiép co gia tri, thich hop trong tai mién Nam Viét
Nam do khi hau va diéu kién thé nhuong (Wood va
Lass, 2008; Efombagn et al, 2009; Phuoc, 2009;
Nguyén va ctv., 2011). Hat ca cao c6 gia tri kinh té va
dinh duong (Wood va Lass, 2008; Efombagn et al,
2009). Thuc phdm c6 ngudn goc tir hat ca cao (thuc
phdm dwoc san xuit tir nguyén liu hat ca cao) da
duoc tiéu thu tir hon 2600 nam trudéc (Wood va Lass,
2008; Afoakwa et al, 2016). Hat ca cao Viét Nam
duoc xép vao loai hat c6 kich c& to (Lam va ctv.,
2016), duoc xép vao nhém nudc co chat luong san
pham cao nhu Ghana, Ivory Coast, Brazil. Theo bao
c4o cta Cuc Trong trot, tinh dén nam 2013 dién tich
ca cao ca nuoc la 22.110 ha. Trong do6 dién tich vung
trong 16n nhat 1a PBSCL va Tay Nguyeén, san luong
hat ca cao kho khoang 4.000 tdn/nim. Theo thong
ke, nhu cau tiéu dung so co la ctia Viet Nam vao

! Khoa Néng nghiép va Sinh hoc tng dung, Truong Pai hoc
Cén Tho

2 Vién Nghién ciru va Phat trién CNSH, Truong Dai hoc
Can Tho

khoang 5.250 tan/nam va hau hét déu nhap khau tu
nudc ngoai.

Chat luong hat ca cao phu thudc vao giéng
(Hargy, 1960; Alex-Alan va Raul, 2007; Motamayor,
2008). Tai Viét Nam, c6 rat nhiéu giéng ca cao du
nhap tt Nam My, Pong Nam A (Phuoc, 2009), cung
v6i su ghép, thap cay cua nha vuon, tao nén bo suu
tap cac giong ca cao Viét Nam da dang. Chua c6 tai
liéu nao duwoc cong bo chimg minh nguén géc cta
cac giong ca cao Viet Nam. Vi vdy, muc tiéu cta
nghién ctru nay tién hanh khao sat phan loai dua trén
phan tich hinh thai trai, két hop voi gidi phau mo
nhidm x4ac dinh cac giong ca cao thuoéc nhém nao, tao
tién dé cho cac nghién ctru vé cay giong ca cao niang
sudt va chat lvong t6t phuc vu cho viéc xuat khiu hat
ra thi treong thé gioi.

Cac cong b khoa hoc cho thdy tAm quan trong
ctia khao sat hinh thai thuc vat, quan sat ghi nhan
cac diac tinh hinh thai cing la mét trong nhiing
phuong phap nghién ctru di truyén (Nguyén va ctv,
2011; Lam va ctv., 2016). Ngay nay, cung v6i su phat
trién vuot bac ctia nganh sinh hoc phén tir hién dai,
di truyén cta quéan thé thuc vat da duoc nghién ctu
bang viéc giai trinh tu bd gen; két qua thu thap duoc
chinh xac dén cép bo gen cta loai. Poan méi ITS
(Interal transcribed Spacer) da va dang duogc tung
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dung rong rai trong cac nghién ctru di truyén pha he
thuc vat.

2. PHUONG PHAP NGHIEN CUU

2.1. Vat liéu va phuong phap nghién ctru

Sau muoi ba (63) giong ca cao thu thap tir cac
dia phuong trong ca cao khac nhau (Bang 1) duoc st
dung 1am vat liéu nghién ctru. Mau thi nghiém hinh
thai thuc vat sau thu thap duoc trix trong thung lanh
dua vé Phong thi nghiém hinh thai thuc vat, Khoa
Sinh hoc va phan tich ngay trong ngay hom sau. Mau
thi nghiém (DNA) cta 63 giong ca cao, bao quan tu -
18°C dung cho céac phan tich di truyén.

Mau thu thap (63 giong) cho thi nghiém hinh
thai thuc vat bao gém:

Co quan sinh duong: 14 ca cao (quan sat mau sic
14 non). L4 non va hoa duoc thu vao thoi diém 6-7 gio
sang.

Co quan sinh san: hoa ca cao (nhi, nhuy, bao
phan, 14 dai); trai chin ctia méi giong. Nu hoa (dai 5-6
cm, rong 3-4 cm) duoc thu ngau nhién vao sang som.

Bang 1. Ky hiéu giéng va noi thu thap

Mai gidng S6 | Ngudn goc | Noi
lwong thu
thap
CT1-CT9 7 Colombia | Can
Tho
Cac giong TD lai ghép 11 Viéet Nam | Trang
Bom
ICS/PA/NA/AMAZ/IM 16 Peru Dong
C/UIT Nai
TD du nhap (TD1-TD14) 14 Malaysia Bén
Tre
EET/SIAL/MO/APA/P 15 |Trinidad/Ec| Dik
OUND/MAN uador Lik

2.2. Phuong phdp quan sat dic tinh hinh thai
thuc

Phuong phap giai phau va mo ta ciu trac mo:
phuong phap nhuém hai mau son phen luc iod
Carmin alune’ 0.1N va Vert de Mirande 0.01N (Easu,
1964; Nguyén Nghia Thin, 2006). Tiéu ban duoc dat
trén lame va day bang lamen; quan sat bing kinh ltp
Motic SMZ-168 Stereo zoom Microscope va kinh
hién vi Olympus CX41- C5050 (Phong thi nghiém
thuc vat, B6 mon Sinh hoc, Khoa Su pham, Truong
Dai hoc Can Tho). L4 dai, bao phan duoc chup bing
kinh lap Binocular microscope trén nén den (Engels,
1983; Lachenaud et al, 1994). Hat phin duoc quan

sat bang may Tabletop Microscope TM-1000 (Hitachi
High Technology) (PTN Microscope Electro- BM
Moi Truong) (Efombagn ef al,, 2009).

Phuong phap mo ta dic tinh hinh thai cta trai
(pod) dua vao phuong phap Toxopeus (personal
communication) mé ta 4 trai khoe manh, khong sau
bénh va trudng thanh (Hardy, 1960; Bekele, 2006).

Bang 2. Phan loai nhém cacao theo hinh théi trai

Nhom Dac diém hinh thai cia trai (pod)

Forastero |- Amelonado: kich thuéc va khéi luong
trung binh, da tron lang, mau xanh.

- Agoleta: trai san sti, qua xanh.

- Qua xanh khi non, chin mau vang. La
non mau xanh nhat

Criollo - Cundeamor: trdi dai va nhon
(elongate), qua mau d6, nau sam. La
non mau nau do.

(Theo: Cuatrecasae, 1964; Hamon P., 2003;
Barley, 2005; Pham Héng Dtc Phuéc, 2009; Nguyén
Bao Ve, 2011).

2.3. Phuong phap ly trich DNA

Hoéa chat:

- CTAB extraction buffer (pH 8.0): 20 g/1 CTAB,
1.4 M NaCl, 0.1 M TRIS

0.02 M Na2EDTA.

- CTAB precipitation buffer: 5 g/1 CTAB,
Proteinasease K (20 mg/ml), Chloroform, NaCl

solution (1.2 M), Isopropanol, 70% ethanol, MQ
water.

T DM .- M. Delta
Amelonado

(%)

TD2. Highland
Agoleta

TD3_ Hiahland

Cundeamor

TD4o- M. Delta

1D3. M. Deltn
Mau xanh Mau dé
Forastero Criollo

Hinh 1. Hinh dang va mau trai ca cao ciia 63 giéng
khao sat
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Phuong phap CTAB-Proteinase K (Gryson et al.,
2007; Lam va ctv., 2019)

CTAB buffer (pH 8.0) bao gom CTAB (20 g/L),
NaCl (1,4 M), Tris (0,1 M) va Na,EDTA (0,02 M).
CTAB precipitation buffer chita CTAB (G g/L) va
NaCl (0,04 M). Thém 1,5 mL CTAB extraction buffer
(lam néng 65°C) vao 300 mg mau va tron déu. Hon
hop 1 30 min 65.

B6 sung Proteinasease K (10 puL, 20 U/mg) va
tiép tuc 1 30 min 65°C. Sau ly tdm 10 p 12.000
(Microcentrifuge-Eppendorf 5415D), hut 16p dich ndi
trén vao tube moi, bé sung mot luong tuong duong
chloroform.

Huyén phu duwoc ly tam 12.000 xg trong 15 p.
Chuyén 16p dich ndi trén vao 6ng ly tAm moi, thém 2
lan thé tich CTAB precipitation buffer va ¢ & nhiét do
khi quyén 60 p, tiép tuc ly tam 15 p at 12.000 xg.

Dich néi dugc hat bo va DNA ttia duoc hoa tan
bang 350 pL NaCl (1.2 M). B6 sung 350 pL
chloroform, huyén phu ly tdm 10 p & 12.000 xg va
pha nuoc duoc chuyén vao tube moi. 0,6 thé tich
isopropanol duoc thém vao va tron dao nguoc tube,
gitt huyén phu 6n dinh 20 p.

Sau khi ly tam 15 p 12.000 xg, dich néi duoc loai
bé. CTAB duoc hoan toan loai bd bang thém 500 uL
ethanol 70% v/v.

Chat néi duoc hut bd, vét DNA duoc hoa tan
trong 100 pL ctia Milli-Q.

2.4. Phuong phap PCR
Poan moi Oligonucleotide

Moi forward ITS1 (CTT GGT CAT TTA GAG
GAA GTA A), Tm=68.4 (Gardes va Bruns, 1993).

Mbi reverse ITS4 (TCC TCC GCT TAT TGA
TAT GC), Tm = 61.5 (White et al., 1990).

Hén hop 20 pL chia 2 pL DNA san phdm va 18
pL thé tich master mix chita 10,2 pL nu6c cat 2 1an, 4
pL thé tich 5xGoTaq PCR buffer (Promega), 0,8 uL
moéi moi (10 pM), 2 pL dANTPs (5 mM) va 0,2 pL
GoTaq DNA polymerase (5 U).

Phan ung PCR:

Cap moi ITS1-4: khéi dau bing giai doan bién
tinh DNA & nhiét @6 95°C trong 5 phuit, theo sau la 30
chu ky gia nhiét véi cac giai doan: bién tinh DNA &
95°C trong 1 phut 30 gidy, gan mdi & 54°C trong 60
gidy, téng hop DNA & 72°C trong 1 phut 30 giay va

két thuc phan tng PCR bang giai doan 6n dinh san
pham & 7 phut 72°C; luu trix & 40°C.

Chuong trinh gia nhiét cho phan tmg PCR bang
may Gene Amp PCR System 9700.

Phan tich san pham PCR:

San pham PCR duoc dién di bang bo dién di Bio-
RAD kem PC, st dung gel agarose 1,5% 1XTAE
buffer. San phdm nhuém vé6i 1 ng/pL ethidium
bromide, chup hinh gel duéi tia UV bang may Bio-
RAD Gel Doc. Hinh anh bang duoc phan tich bang
phin mém Quantity One software. Thang chuin
Lamda Hind III va GeneRulerTM100 bp DNA ladder
Plus duoc dung dé uoc luong kich thudc ctia doan
DNA.

Phan tich di truyén pha hé:

Mau DNA duoc ly trich, tiép tuc nhan ban ving
trinh ty dich bing ky thuat PCR sit dung ciap moéi
ITS1/1TS4 (kich thudce 250bp-300bp). San phdm PCR
duoc tinh sach va gidi trinh tu truc tiép soi doi, st
dung bo kit giai trinh ty va may ABI PRISM® 3100
Avant Genetic Analyzer. Phan tich di truyén béang
chuong trinh Clustal W (Bioedit 7.0) va phan mém
Mega 6.0. Xay dung cay phat sinh ching loai bang
phan mém PAUP* 4.0 b10 theo hai phuong phap:
Maximum Likelihood (ML). Cac viing 18S, 28S ¢ hai
dau va 5.8S & giita da bi loai bo trong phan tich, cac
khoang tréng duoc xtr Iy nhu dit lieu ving mat. Gia
tri bootstrap xac dinh véi s6 1an nhéac lai mau 1a 1000.

3. KET QUA VA THAO LUAN

3.1. Pa dang di truyén dua trén diic diém hinh
thai thuc vat

3.1.1. Dic diém co quan sinh duong

(@ (b}

Hinh 2. Mau 14 non d6 nau (a) va xanh (b). Khoang
do=3cm
La ca cao:
C6 02 giong ca cao: giéng trai mau cam dé khi
xanh va cam d6 dam khi chin, diéu nay ciing thé hieén
trén mau sic 14 - 14 non c6 mau nau dé. Nguoc lai,

NONG NGHIEP VA PHAT TRIEN NONG THON - KY 1-THANG 6/2021 29



KHOA HOC CONG NGHE

giéng con lai trai c6 mau xanh khi non va chin mau
vang, 14 non ciing thé hién mau vang xanh nhat
(Hardy, 1960; Garcia et al., 2014). Trong mau la non
clia 63 giong, c6 7 giong 14 non c6 mau nau dé TD3,
TD6, TD10, TD15, ICS1, TD31, TD17; 56 giong con
lai mau 14 non c¢6 mau xanh (Hinh 2).

3.1.2. Pic diém co quan sinh san

Cau truc hoa ca cao:

Hoa ca cao duoc quan sat.

H A
'\ 3

0 4 N

Hinh 3. C4u tric ctia hoa ca cao (a); nhi duc (b); bau
noan (c); khoang do = 0,05 cm (a, b) ; = 0,5 mm (c)

Hat phan

Hinh thai phan hoa duoc tng dung nhiéu trong
nghién ctu hinh thai hoc, dic biét 1a phan loai thuc
vat va nghién ctru vé da dang cta hé thuc vat. Hat
phan duoc phan loai dua trén dic diém vé hinh dang,
kich thudc, tinh d6i xtmg va kién trdc bé mat vo
(Trinh Thi Lam, 2009).

ba tién hanh nghién cttu dac diém hinh thai hat
phan cta 63 giong ca cao, déu c6 hat phan 3 ranh,
nhiéu 16 gai, 1a dac tinh thuoc cay hai 14 mam, bo
Malvales, ho Sterculiaceae. Két qua tuong déng véi
cong bo trudce (Santos et al., 2012).

@

T

Hinh 4. Hat ph4n hinh ciu chup bing SEM (a)
khoang do = 500 y1m; hat phan x 500 (b) khoang do =
200 pm; hat phan x 2,000 (c) khoang do = 30 pm

La ddi

Cac nghién ciu da cong bo 14 dai hoa ca cao co
mau vang va da dang vé hinh dang (Soria va
Enriquez, 1981; Lachenaud et al., 1999; Lachenaud va
Oliver, 2005; Swanson, 2008). Lachenaud da ghi
nhan duoc bay (7) hinh dang 14 dai cta hoa ca cao
trong bo suu tap ca cao & French Guiana (Lachenaud

va Oliver, 2005). Cac hinh dang khac nhau thé hién
su da dang vé céu tric cia hoa, co quan sinh san ctia
nhom Theobroma.

09 9 9
0o 0

Hinh 5. Cac hinh dang 14 dai cfia hoa ca cao (1)
lanceolate, (2) eliptic, (3) deltoid, (4) ovate, (5) sub
lanceolate, (6) broad, (7) rhombic (Lachenaud va
Oliver, 2005)

ba ghi nhan duoc nam (5) dang 14 dai caa bo
suu tap 63 giong ca cao (Hinh 6, bang 3).

il il

Hinh 6. C4c hinh dang 14 dai ctia bd suu tap ca cao Viét
Nam: (a) oval, (b) broad, (c) deltoid, (d) elliptic, (€)
sub-lanceolate (N Goran, 1994; Santos et al., 2012)

Bang 3. S6 lirong hinh dang 14 dai ctia bo stru tip ca
cao Viét Nam: (a) oval, (b) broad, (c) deltoid, (d)
elliptic, (e) sub-lanceolate

Giong Hinh dang )
Ovate | Broad | Deltoid | Elliptic Sub- lwong
lanceolate
CT 0 0 2 4 1 7
TD 9 4 3 4 5 25
Khac 13 5 12 1 1 31
Téng | 21 9 17 9 7 63
Bao phan

Thi nghiém ghi nhin duoc c6 sau muoi hai (62)
gidng c6 cdu truc 2 cap doi bao phan; tuy nhién
giong TD11 trong tai Trang Bom c6 céu tric dac biét
gbdm 3 cap bao phan (Hinh 7).
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Hinh 8. MAu cit ngang (a) trai va (b) hat
3.2. Phan tich di truyén pha hé

> Domestic Tinitario cultivars
(38 accessions)

© d)

Hinh 7. Bao phin gém 3 cip (a, b) ciia giong TD11
va 2 cap (c, d) cta 62 gidng khac

3.1.3. Hinh dang va mau sdc cia trdi ca cao

Hinh dang tréi cia 63 mau duoc ghi nhan thuoc
3 kiéu Amelonado, Angoleta va Cundeamor. (Bang
4). Dang con lai Calabacillo khong thé hién trong 63

mau ca cao quan sat. Indigenous cultivars

- Hinh dang trai (20 accessions)
Bang 4. Hinh dang trai ciia 63 giong ca cao :
Giong Hinh dang So ‘
luong ‘ Cultvated from Peru
Cundeamor | Amelonado | Angoleta (5 accessions)
CT 3 1 3 7
1D 8 4 13 25 Hinh 9. Biéu 5 Dendrogram phan tich chubi ITS
Others 19 8 14 31 clia 63 giéng cacao; d6 bién dong 2%
Total 20 13 30 63
- Mau trai
Bang 5. Mau séc trai chin clia 63 gidng ca cao
Giong Mau (trai chin) |S6 luong
bo/tim | Vang
CT 0 7 7
TD 6 18 25
Khac 1 31 31
Téng cong 7 56 63
- Hat (mau va hinh dang)

Hinh 10. M4u DNA dién di, thang chuin lamda
hind III

Thi nghiém ghi nhan hinh oval ctia hat va mau
nau tim khi chin ctia ca 63 mau quan sat (Hinh 8).
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>CT8

TTGATTAATGAATATTCTATTCGATTTTTCTTCAACTTGGAATCGATTCACAACAATTCT
TTTTATTTTTCATATAAATGGATTTTGCATTTGCATATAATATAAATAAAAAAATATGGG

>IMC105

TTTTCCTCTTACTATAAATTT-CATT-GTTGTC-GGTGACATGTATAACGGGACTCTATC
TTTATTCTCGTCCGATTAATCCGTTTTTCAAAAGATTTATCAGACTATGGAGTGAATGAT

So d6 pha hé duoc vé sau khi phan tich cac trinh
tu; két qua co thé phan chia thanh 3 nhém chinh
(Hinh 9):

- Nhém Domestic Trinitario: gdm c6 38 giong ca
cao thu tai 5 vung tréong khac nhau. Trong do cé
nhom giong CT duoc ghép tai Can Tho. Két qua cho
thdy nhém CT va TD c6 méi quan hé di truyén gan,
két qua nay tuong dong véi cong bo ctia Dung (2005)
két luan giong CT6, TD7 va TD14 quan hé di truyén
gan; cling nhu 3 giong TD6, TD8, TD11 c6 mdi quan
hé di truyén gan. Giéng CT3 c6 ning suit cao, c6 thé
ghép voi TD9 c6 mui vi thom ngon, tao cay lai mang
dic tinh tét. Nhom SIAL339, LCTEENG62/S,
POUND16A, IMC105, PA8, PA70, AMAZ1515, SCA9,
NA33 va PA137 c¢6 moi quan he di truyén gan voi
nhom TD, c6 thé lai ghép tao cay lai mang dic tinh
tot (trai Amelonado va trai Angoleta, mang dac tinh
nhom Forastero lai voi Trinitario).

- Nhom Indigenous: gém 20 giong, chi so
bootstrap ctia nhém 1a 100%. Giong NA, SCA va IMC
c6 moi quan hé di truyén gan, diéu nay tuong tu voi
cong bo caa Ji (Ji et al.,, 2012), chimg minh bing
Snips vé cha me cac gidng ndy xuat phat tir viing ca
cao Upper Amazon Foratero. Hon nira, Aikpokpodion
et al. (2010) ching minh ring giong PA va IMC c6
moéi quan hé di truyén gan va thudc nhom
Indigenous cultivation. Két qua twong thich voi
Sounigo va Motamayor (Sounigo et al., 2005; Sereno
et al., 2006; Motamayor et al., 2008) chiing minh cac
giong nay co ngudn goc tir Amazon (Costa Rita va
cac nuéc Nam My). Trong nhoém nay CT5, TD14 Va
TD15 c6 méi quan hé di truyén gan véi nhom PA, he
s6 62%, nhom nay duoc goi tén “scavina. PA”, két qua
tuong déng véi cong bo cta Barley (2005). Cac giong
thuoc nhom nay thuoc dac tinh nhoém Foarstero, két
qua tuong tu voi cong bo ctia Smulders (Smulders et
al. 2010), chtng minh SCA6 va IMC67 thuoc giong
Forastero.

- Nhom Peru cultivars (NA33, SCA9, CT5, PA156
va EET376): ca 5 loai nay c6 ngudn goc da dang.

Theo Phuéc (2009), chiing co6 ngudn goc tir Peru va
Costa Rica; cac tac gid cong bo NA, PA va SCA co
nguoén goéc tir Amazon va thudc nhom Indigenous
(Sounigo et al.,, 2005; Bartley, 2005); vi viay vung
ITS1-4 cho thidy m6i quan hé di truyén gan gitta 5
giong. Dic biet giong NA33 duoc gioi thiéu 1a giong
ca cao chat luong cho chuong trinh lai ghép ca cao tir
10 nam qua.

Biéu do Dendrogram trén cho thiy su khac biét
trén toan vung ITS (bao gom ving ITS1 va ITS4) cta
63 giong ca cao dang trong tai Viet Nam la khong
16m, tuy nhién c6 thé thay cac giong duoc chia thanh
ba nhém chinh theo nguén gdc xuat xit va du nhap.

4. KET LUAN VA BE NGHI

4.1. Két luan

Dic tinh hinh thai thuc vat ctia bo suu tap giong
ca cao Viét Nam duoc ghi nhan:

- Mau 14 non khac nhau: 7 giong mau d6 khi non,
cac giong con lai mau xanh.

- Giéng TD11 c6 ciu tao gém 3 bao phan; khac
v6i 62 giong con lai co ciu tao 02 cap bao phan.

- Hinh thai trai thuoc 3 nhém: Amelonado (13
giong), Angoleta (30 giong) va Cuademore (20
giong).

Phan tich di truyén pha hé duoc két qua:

- Mot ving trinh ty day da ITS thuoc hé gen ca
cao Viét Nam da duoc xac dinh va bé sung cho Ngan
hang trinh ty ADN gen ca cao quoc té (KR864819-
KR864772).

- Phan tich quan hé di truyén st dung trinh tu
ITS cho thay bd suu tip 63 giéng ca cao dang trong
tai Viet Nam chia thanh 3 nhém di truyén: Nhom
Domestic Trinitario (38 giong), nhom Indigenous (20
giong), nhém Peru (5 giong).

4.2. Bé nghi

Phan tich di truyén pha hé bang cac chi thi phan
tir khac.
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GENETIC RELATIONSHIPS AMONG VIETNAMESE COCOA VARIETIES COLLECTION
(Theobroma cacao L) BASED ON MORPHOLOGY CHARACTERIZATION AND
PHYLOGENETIC TREE

Lam Thi Viet Ha, Truong Trong Ngon, Ha Thanh Toan
Summary

This study examined the morphological traits of 63 cocoa varieties (7heobroma cacao L.) that have been
cultivated in cocoa regions in Vietnam Dak Lak, Dong Nai, Ben Tre and Can Tho. Their morphological
features were individually evaluated and analysed. This included leaf characteristics, pods and flower
features. The Vietnamese cocoa flower showed a diversity of morphological characteristics including five
shapes of ligule (oval, broad, deltoid, elliptic and sub-lanceolate) and each stamen also had a bilobed anther
with the exception of trilobed anther for TD11. Three kinds of fruit shapes were identified, namely
Angoleta, Amelonado and Cundeamor, and these were of varied colours yellow and red in ripe. Additionally,
an anatomical analysis on the midrib structure of the leaves from the 63 varieties showed high similarities.
The colour of young leaves was observed as being green and red. Their phylogenetic relationships were
identified using ITS primers (internal transcribed spacer): Domestic Trinitario Cultivars (38 accessions),
Indigenous Cultivars (20 accessions), and Cultivars from Peru (5 accessions). The present study is the first
report of phylogenetic relationships of Vietnamese cocoa collections.

Keywords: Cocoa, genetic relationships, ITS14, morphology characteristic.
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