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Linh vuwe siang ché dé cap
Sang ché @& cap dén phuong phép san xuét axit béo nhidu lién két chua bio hoa

mach dai, cu thé 13 axit docosahexaenoic, trong té bao thuc vat ti td hop.

Tinh trang k§ thuit ciia sing ché

Axit béo omega-3 nhiéu lién két chwa bdo hoa mach dai (LC-PUFA) hién nay da
dugc biét mot cach rong rai la cac hop chét quan trong cho strc khode con ngudi va dong
vat. Céc axit béo nay c6 thé ¢6 duoc tir cac ngudn thirc dn hodc bang cach chuyén héa
axit béo linoleic (LA, 18:20)6) hodc a-linolenic (ALA, 18:30)3), ca hai axit ndy déu
duoc coi 14 cac axit béo thiét yéu trong ché do an cua nguoi. Trong khi nguoi va céc
loai dong vat c6 xuong séng khéc c6 thé chuyén héa LA hodac ALA, thu duoc tir cic
nguén géc thwre vat thanh C22, ching tién hanh sy chuyén héa nay voi tbe do rat cham.
Hon nira, phén 16n trong x& hoi hién dai, ché d6 an uéng 12 mét can béng trong do it
nhét 90% axit béo nhiéu lién két chua bdo hoa (PUFA) 14 thude nhém axit béo w6, thay
vi ty 1€ axit béo 06:3 duge coi 1 Iy tudng 1a 4:1 hodc thap hon (Trautwein, 2001).
Ngudn tir thirc 4n trye tiép cia LC-PUFA nhu axit eicosapentaenoic (EPA, 20:50)3) va
axit docosahexaenoic (DHA, 22:6(0) cho nguoi phan 16n 1a tir ¢4 hodc diu c4. Do @6,
cac chuyén gia vé sirc khoe da khuyén cdo viée thudng xuyén dua cé c6 mirc LC-PUFA
cao vao ché do thuc an cho ngudi. Vi du ngdy cang nhiéu céc loai ddu LC-PUFA ¢6
ngudn gde tir c4 duge dwa vao cdc san phim thirc an va trong cac ché phim cong thire
cho tré. Tuy nhién, do sy sut gidm clia ngu trudng trén toan ciu va ca & mirc qudc gia,
can c6 cac ngudn khéc cho céc loai ddu ting cudng sirc khoe nay.

Trai nguoc voi dong vat, cac cdy ra hoa khong c6 kha ning tdng hop axit béo
nhiéu lién két chua bdo hoa c6 chidu dai mach dai hon 18 carbon. Cu thé 13, hoa mau va
céc cdy vudn v6i cdc cdy hat kin khac khong c6 cac enzym cén thiét dé téng hop céac
axit béo ®3 mach dai nhu EPA, axit docosapentaenoic (DPA, 22:503) va DHA ¢6
ngudn gdc tir ALA. Do d6, muc dich quan trong trong nganh cong nghé sinh hoc thuc
vét 12 tao ra cdc cAy hoa mau sinh ra céc lugng di LC-PUFA, do d6 1a ngudn thay thé
céc hop chat nay.
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Con dudng sinh téng hop LC-PUFA
Con dudng sinh téng hop LC-PUFA & cac sinh vt nhu vi tdo, réu va nim

thuong xay ra 1a mot loat cic phan Umg kéo dai va khir bdo hoa phu thudc vao oxy
(Fig.1). Con dudng thong thuong nhét sinh ra EPA & céc sinh vat nay bao gdm phan
tmg khir bdo hoa-A6, phan ing kéo dai-A6 va phan Gng khir bdo hoa-A5 (goi 1a con
duong khir bdo hoa-A6) trong khi con duong it thong dung hon st dung phéan tng khir
bdo hoa-A9, phan g khir bdo hoa-A8 va phan tng khir bdo hoa-A5 (c6 tén goi 1a con
dudng khtr bdo hoa vi tri A9). C4c phan tmg khir bio hoa va kéo dai lién tiép c6 thé bt
d4u hodc véi co chit axit béo w6 LA, dugc thé hién dang biéu db 1a phén trén bén trai
trong Fig.1 (06) hodc véi co chit ALA ©3 cho dén EPA, thé hién 14 phin dudi bén phai
trong Fig.1 (®3). Néu phan tmg khtr bdo hoa —vi tri A6 dAu tién dugc thyc hién trén co
chit 6 LA, san phdm LC-PUFA cua mdt loat ba enzym nay s€ 1a axit béo w6 ARA.
Céc sinh vt tdng hop LC-PUFA c6 thé chuyén héa axit w6 thanh axit béo ©3 bing m3-
desaturaza, thé hién 13 buéc Al7-desaturaza trong Fig.1 dé chuyén hoa axit arachidonic
(ARA, 20:406) thanh EPA. Mot s6 enzym trong ho w3-desaturaza c6 thé tc dung trén
nhidu co chit tir LA dén ARA. Céac w3-desaturaza thuc vat thuong xtc tac dic hiéu
phén g khtt bdo hoa-A15 khtt LA thanh ALA, trong khi w3-desaturaza cia nim va
nim men c6 thé xuc tac dic hidu cho phan tng khir bdo hoa-A17 khir ARA thanh EPA
(Pereira et al., 2004a; Zank et al., 2005). Mdt sd bdo céo goi ¥ ring cac m3- desaturaza
khong dic hiéu c6 thé ton tai, ching c6 thé chuyén hoa mot loai rt nhidu co chit w6
thanh c4c san phdm ®3 twong tng cta ching (Zhang et al., 2008).

Su chuyén hoa EPA thanh DHA & cac sinh vat nay xday ra béi phan ung kéo dai-
A5 EPA dé tao ra DPA, sau d6 phan ting khir bdo hoa-A4 dé tao ra DHA (Fig.1). Nguoc
lai, dong vat c6 vi stt dung con dudng "Sprecher" chuyén héa DPA thanh DHA béi ba
phan ng riéng biét doc 1ap véi A4-desaturaza (Sprecher et al., 1995).

Céc tién-desaturaza thuong duoc tim théiy & thuce vat, réu, vi tdo, va cac dong vt
bac thdp nhu Caenorhabditis elegans phin 16n chdp nhan co chit axit béo dugc este
héa & vi tri sn-2 ciia co chat phosphatidylcholin (PC). Do d6, cac desaturaza dugc biét
1a céc tién-desaturaza axyl-PC, duoc lién két lipit, (Domergue et al., 2003). Nguoc lai,
tién-desaturaza ctia dong vét cao cip hon thuong chap nhan co chat axyl-CoA, trong d6
co chét axit béo dugc lién két véi CoA ma khong phai 1a PC (Domergue et al., 2005).

Mot s6 desaturaza cua vi tdo va mot desaturaza thuc vat da dugc biét 1a sir dung co chat

2
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axit béo dugc este héa véi CoA (Béang 2).

MB&i phan g kéo dai PUFA gbm c6 bdn buée duoc xic tac bdi phic protein da
thanh phin: diu tién, phan ng ngung tu gy két hop don vi 2C tir malonyl-CoA vao
axit béo, gdy hinh thanh chit trung gian p-ketoaxyl. Sau d6 né dwgc khir bdi NADPH,
sau d6 dehydrat héa dé thu duoc chit trung gian enoyl. Chit trung gian nay cudi cing
duoc khir 14n thir hai dé tao ra axit béo kéo dai. Nguoi ta thuong cho ring budc ngung
tu trong bdn phan vng nay 1a dic hiéu vé co chit trong khi cc budc khéc thi khong.
Trén thuc hanh, diéu nay c6 nghia 12 co ché kéo dai & ciy tu nhién c6 kha ning kéo dai
PUFA véi diéu kién 13 enzym ngung tu (dic trung duoc goi 1a “elongaza') dic hiéu
véi PUFA duge dua vao, mac du hiéu qué cia co ché kéo dai trong cdy tu nhién dé kéo
dai cac co chit PUFA khong c6 trong tu nhién c6 thé 1a thap. Nam 2007, da cong bd
viée x4c dinh va dic diém cua dehydrataza kéo dai chu ky ctia ndm men (Denic va
Weissman, 2007).

Phan tng khir bdo hoa PUFA & thuc vét, réu va vi tdo x4y ra trong ty nhién véi co
chét axit béo chu yéu 14 trong nhém axyl-PC trong khi phan tng kéo dai xay ra vdi co
chét trong nhom axyl-CoA. Viéc van chuyén axit béo tir phan tir axyl-PC dén chit
mang CoA dugc tién hanh bdi phospholipaza (PLA) trong khi viéc van chuyén axit béo
axyl-CoA dén chit mang PC dugc tién hanh bdi lysophosphatidyl-cholin
axyltransferaza (LPCAT) (Fig.21) (Singh et al., 2005).

San xuét LC-PUFA theo thiét ké

Hau nhu viéc thiét ké LC-PUFA chuyén héa dc tién hanh béi con dwong khir

bdo hoa/kéo dai A6 ua khi. Su sinh tdng hop axit y-linolenic (GLA, 18:30)6) & cdy

thudc 14 14n déu tién duge bdo céo vao nim 1996 st dung A6-desaturaza tur vi khuén
lam Synechocystis (Reddy va Thomas, 1996). Gén day, GLA da duogc tao ra trong céc
ciy hoa mau nhu cdy rum (73% GLA trong dau ép hat; Knauf et al., 2006) va d4u nanh
(28% GLA; Sato et al., 2004). Viéc san xuit LC-PUFA nhu EPA va DHA lién quan
dén viéc thiét ké phirc tap hon do gdm ting s6 budc khir bio hoa va kéo dai hon. Viée
san xudt EPA trong cdy mit d4t 1in dau tién dugc bio cdo bdi Qi et al. (2004) ngudi
dua gen mé hdéa A9-elongaza tir Isochrysis galbana, A8-desaturaza tir Euglena gracilis
va A5-desaturaza tir Mortierella alpina vao Arabidopsis thu dugc dén 3% EPA. Sau d6
1a Abbadi et al. (2004) béo cdo vé viéc tao ra dén 0,8% EPA trong hat cdy lanh sir dung

gen ma hoa A6-desaturaza va A6-elongaza tur Physcomitrella patens va AS-desaturaza
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tr Phaeodactylum tricornutum.

Béo cdo diu tién vé viéc san xuit DHA, va cho dén nay muc tao ra VLC-PUFA
cao nhét 13, 14 trong WO 04/017467 trong d6 mé ta viéc tao ra 3% DHA & mim dau
nanh, ma khong phai 13 hat, bing cich dwa gen ma hoa A6-desaturaza Saprolegnia
diclina, A6-desaturaza Mortierella alpina, AS5-desaturaza Mortierellaalpina, A4-
desaturaza Saprolegnia diclina, Al7-desaturaza Saprolegnia diclina, A6-elongaza
Mortierella alpina va A5-elongaza Paviova lutheri. Miac EPA t6i da trong mim cling
sinh ra mitc DHA 12 19,6%, thé hién rang hiéu qua chuyén hoa EPA thanh DHA 13 kém
(WO 2004/071467). Phat hién nay twong ty v6i nhitng didu da dugc cong bd béi Robert
et al. (2005), trong d6 lugng tir EPA thanh DHA 13 thap, véi hiéu sudt 3% EPA va 0,5%
DHA ¢ Arabidopsis st dung A5/6-desaturaza Danio rerio, A6-elongaza Caenorhabditis
elegans, va AS5-elongaza va Ad-desaturaza Paviova salina. Ciing trong nam 2005, Wu et
al. cong bd viéc tao ra 25% ARA, 15% EPA, va 1,5% DHA & Brassica juncea st
dung A6-desaturaza Pythium irregulare, AS5-desaturaza Thraustochytrid, A6-elongaza
Physcomitrella patens, cia Al2- desaturaza Calendula officianalis, A5-elongaza
Thraustochytrid, ~Al7-desaturaza Phytophthora infestans, LC-PUPA elongaza
Oncorhyncus mykiss, A4-desaturaza cua Thraustochytrid va LPCAT cua
Thraustochytrid (Wu et al., 2005). So Iugc vé nd luc dé tao ra cac hoa mau c¢6 hat dau
téng hop ©3 LCPUFA duoc néu trong Venegas- Caleron et al. (2010) va Ruiz-Lopez et
al. (2012). Nhu duoc chi ra bai Ruiz-Lopez et al. (2012), cac két qua thu dugc cho dén
nay dé tao ra DHA & thuc vat bién ddi gen chua dat dén duoc muc nhu trong dau ca.

Do d6 van ton tai nhu ciu vé quy trinh san xuit LC-PUFA hiéu qud hon nira &

céc té bao tai to hop, dic biét la DHA trong hat ctia cac cdy hat dau.

Ban chét k§ thuat ciia sang ché

Sang ché dé xuét phuong phap va cdy dé tao ra lipit c6 mirc DHA cao.

Theo phwong 4n ddu tién, sang ché d& xudt lipit chiét tach tir cdy, chira axit béo &
dang este hoa, cac axit béo bao gdm axit oleic, axit palmitic, axit béo ©6 bao gdm axit
linoleic (LA), axit béo ®3 bao gdm axit alinolenic (ALA), va axit docosahexaenoic
(DHA), va tuy chon mdt hoac nhiéu axit stearidonic (SDA), axit eicosapentaenoic
(EPA), axit docosapentaenoic (DPA) va axit eicosatetraenoic (ETA), trong d6 mirc

DHA trong téng ham luong axit béo ctia lipit chiét tach nim trong khoang tir 7% dén
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20%.
Theo mdt phuong 4n, lipit chiét tich c6 mot hodc nhidu hogc tit ca céc dic diém
sau
i) mirc axit palmitic trong tong ham lwong axit béo cla lipit chiét tach ndm trong

khoang tir 2% dén 18%, nam trong khoang tir 2% dén 16%, hodc nam trong khoang tir
2% dén 15%,

ii)  muc axit myristic (C14:0) trong tong ham lugng axit béo cua lipit chiét tach 1a
thap hon khoang 6%, thip hon khoang 3%, thap hon khoang 2%, hoic thap hon khoang
1%,

iii) muc axit oleic trong tbng ham luong axit béo cua lipit chiét tach nim trong
khoang tir 1% dén 30%, nam trong khoang tir 3% dén 30%, nim trong khoang tir 6%
dén 30%, nim trong khoang tir 1% dén 20%, nim trong khoang tir 30% dén 60%, nim
trong khoang tir 45% dén 60%, hoic 1a khoang 30%,

iv)  muc axit linoleic (LA) trong tbng ham luong axit béo cta lipit chiét tach nim
trong khoang tur 4% dén 35%, nam trong khoang tir 4% dén 20%, hodc nim trong
khoang tir 4% dén 17%,

v)  muc axit o—linolenic (ALA) trong tbng ham lugng axit béo cua lipit chiét tach
nim trong khoang tir 4% dén 40%, nim trong khoang tir 7% dén 40%, nim trong
khoéng tir 10% dén 35%, ndm trong khoang tir 20% dén 35%, ndm trong khoang tir 4%
dén 16%, hodic ndm trong khoang tir 2% dén 16%,

vi)  muc axit y-linolenic (GLA) trong téng ham lugng axit béo cua lipit chiét tach
1 thip hon khoang 4%, thip hon khoang 3%, thip hon khoang 2%, thdp hon khoang
1%, thip hon khoang 0,5%, nim trong khoang tir 0,05% dén 7%, nim trong khoang tir
0,05% dén 4%, nim trong khoang tir 0,05% dén 3%, hoic nim trong khoang tir 0,05%
dén 2%,

vii) muec axit stearidonic (SDA) trong tong ham lugng axit béo cua lipit chiét tach
1a thip hon khoang 7%, thip hon khoang 6%, thép hon khoang 4%, thip hon khoing
3%, ndm trong khoang tir 0,05% dén 7%, nim trong khoang tir 0,05% dén 6%, nim
trong khoang tir 0,05% dén 4%, nim trong khodng tr 0,05% dén 3%, hodc ndm trong
khoang tir 0,05% dén 2%,

viii) muc axit eicosatetraenoic (ETA) trong tbng ham luong axit béo cua lipit chiét

tach 1a thip hon khoang 6%, thip hon khoang 5%, thip hon khoang 4%, thip hon
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khoang 1%, thdp hon khoang 0,5%, nim trong khoang tir 0,05% dén 6%, nim trong
khoang tir 0,05% dén 5%, nam trong khoang tir 0,05% dén 4%, nim trong khoang tir
0,05% dén 3%, hodc nim trong khoang tir 0,05% dén 2%,

ix) mirc axit eicosatrienoic (ETrA) trong tdng ham lrgng axit béo ctia lipit chiét
tach 13 thip hon khoang 4%, thip hon khoang 2%, thdp hon khoing 1%, nim trong
khoang tlr 0,05% dén 4%, ndm trong khoang tir 0,05% dén 3%, nim trong khoang tir
0,05% dén 2%, hodc ndm trong khoang tir 0,05% dén 1%,

X)  muc axit eicosapentaenoic (EPA) trong tong ham lugng axit béo cta lipit chiét
tach 1a thdp hon khoang 4%, thdp hon khoang 3%, thdp hon khoing 2%, nim trong
khoang tir 0,05% dén 10%, ndm trong khoang tir 0,05% dén 5%, ndm trong khoang tir
0,05% dén 3%, hodc nim trong khoang tir 0,05% dén 2%,

xi) muc axit docosapentaenoic (DPA) trong téng ham lugng axit béo cta lipit
chiét tach 1a thip hon khoang 4%, thdp hon khoang 3%, thip hon khoing 2%, nim
trong khoang tir 0,05% dén 8%, nam trong khoang tir 0,05% dén 5%, nam trong khoang
tir 0,05% dén 3%, hodc nim trong khoang tir 0,05% dén 2%,

xii) mic DHA trong tbng ham luong axit béo ciia lipit chiét tich 1a khoang 8%,
khoang 9%, khoang 10%, khodng 11%, khoang 12%, khoang 13%, khoang 14%,
khoang 15%, khoang 16%, khoang 17%, khoang 18%, nim trong khoang tir 8% dén
20%, nam trong khoang tir 10% va 20%, nim trong khoang tir 11% dén 20%, nim
trong khoang tir 10% dén 16%, hodc nim trong khoang tir 14% dén 20%,

xiii) lipit chira axit m6-docosapentaenoic (22:5 ALT10.13.18) trong ham luong axitbéo
cda no,

A4,7,10,13,
5 1316y trong

xiv) lipit ndy vé co ban khéng c6 axit w6-docosapentaenoic (22:
thanh phén axit béo clia no,

xv) lipit ndy vé co ban khong c6 SDA, EPA va ETA trong thanh phan axit béo cuia
no,

xvi) muc toan bd axit béo bdo hoa trong tdng ham lugng axit béo cua lipit chiét
tach nim trong khoéng tir 4% dén 25%, nim trong khoang tir 4% dén 20%, nim trong
khoang tir 6% dén 20%, nim trong khoang tlr 4% dén 60%, nim trong khoang tir 30%
dén 60%, hodc ndm trong khoang tir 45% dén 60%,

xvil) mtrc toan bd axit béo mét lién két chwra bao hoa trong tdng ham luong axit béo

cta lipit chiét tach ndm trong khoang tir 4% dén 35%, ndm trong khoang tir 8% dén



49265 7/340

25%, hodc ndm trong khoang tir 8% dén 22%,

xviii) mirc toan b axit béo nhidu lién két chua bdo hoa trong tdng ham lugng axit
béo ctia lipit chiét tach ndm trong khoang tir 20% dén 75%, nam trong khoang tir 50%
dén 75%, hodc ndm trong khoang tir 60% dén 75%,

Xix) muc toan bd axit béo w6 trong tbng ham Iwong axit béo cua lipit chiét tach
nim trong khoang tir 35% dén 50%, nam trong khoang tir 20% dén 35%, nam trong
khoang tir 6% dén 20%, thip hon khoang 20%, thip hon khoang 16%, thdp hon khoang
" 10%, nam trong khoang tir 1% dén 16%, nim trong khoang tir 2% dén 10%, hodc nim
trong khoang tir 4% dén 10%,

Xx) miuc axit béo w6 mdi trong tdng ham lugng axit béo cta lipit chiét tach 1a thép
hon khoang 10%, thap hon khoang 8%, thip hon khoang 6%, thip hon 4%, nim trong
khoang tir 1% dén 20%, nim trong khoang tir 1% dén 10%, nam trong khoang tir 0,5%
dén 8%, hoic nam trong khoang tir 0,5% dén 4%,

xxi) muc toan bd axit béo w3 trong tbng ham Iwong axit béo cla lipit chiét tach
nim trong khoang tir 36% dén 65%, nim trong khoang tir 40% dén 60%, nim trong
khoang tir 20% dén 35%, ndm trong khoang tir 10% dén 20%, dén 25%, dén 30%, dén
35% hodc dén 40%,

xxii) muc axit béo ®3 maéi trong téng ham luong axit béo cua lipit chiét tach nim
trong khoang tir 9% dén 33%, nam trong khoang tir 10% dén 20%, nam trong khoang tir
20% dén 30%, nim trong khoang tir 12% dén 25%, dén 13%, dén 15%, dén 17% hodc
dén 20%,

xxiii) ty 1& toan bd axit béo w6: toan bd axit béo w3 trong ham luwgng axit béo cla
lipit chiét tach nim trong khoang tir 1,0 dén 3,0, nim trong khoang tir 0,1 dén 1, nim
trong khoang tir 0,1 dén 0,5, thip hon khoang 0,50, thip hon khoang 0,40, thép hon
khoang 0,30, thép hon khoang 0,20, thép hon khoang 0,15, khoang 1,0, khoang 0,1
hodc khoang 0,2,

xxiv) ty 1é cua axit béo ©6 méi: axit béo @3 méi trong ham luong axit béo cua lipit
chiét tach nam trong khoang tur 1,0 dén 3,0, nim trong khoang tu 0,1 dén 1, n3m trong
khoang tir 0,1 dén 0,5, thdp hon khoang 0,50, thép hon khoang 0,40, thép hon khoang
0,30, thé'lp hon khoang 0,20, tha‘ip hon khoang 0,15, khoang 0,1, khoéng 0,2 hodc
khoang 1,0,

xxv) thanh phan axit béo cua lipit 12 dya trén hiéu sudt chuyén héa axit oleic thanh



49265 8/340

LA b&i Al2-desaturaza it nhat 1a khoang 60%, it nhat khoang 70%, it nhat khoang 80%,
nim trong khoang tir 60% dén 98%, nim trong khoang tir 70% dén 95%, hodc ndm
trong khoang tir 75% dén 90%,

xxvi) thanh phan axit béo cua lipit 12 dya trén hiéu suit chuyén héa ALA thanh SDA
boi A6-desaturaza it nhit 12 khoang 30%, it nhit khoang 40%, it nhét khoang 50%, it
nhét khoang 60%, it nhit khoang 70%, nim trong khoang tir 30% dén 70%, ndm trong
khoang tir 35% dén 60%, hodc nim trong khoang tir 50% dén 70%,

xxvii) thanh phén axit béo ciia lipit 13 dua trén hiéu sudt chuyén héa SDA thanh axit
ETA boi A6-elongaza it nhét 13 khoang 60%, it nhit khoang 70%, it nhit khoang 75%,
nim trong khoang tir 60% dén 95%, nam trong khoang tir 70% dén 88%, hodc nim
trong khoang tir 75% dén 85%,

xxviii) thanh phén axit béo cta lipit 13 dwa trén hiéu suét chuyén héa ETA thanh
EPA béi A5-desaturaza it nhat 1a khoang 60%, it nhit khoang 70%, it nhét khoang 75%,
nim trong khoang tir 60% dén 99%, nim trong khoang tir 70% dén 99%, hoic ndm
trong khoang tir 75% dén 98%,

xxix) thanh phén axit béo ciia lipit 1a dwa trén hiéu suét chuyén hoa EPA thanh
DPA béi A5-elongaza it nhét 12 khoang 80%, it nhit khoang 85%, it nhit khoang 90%,
nim trong khoang tir 50% dén 95%, hodc nim trong khoang tir 85% dén 95%,

xxx) thanh phin axit béo cia lipit 12 dya trén hiéu suit chuyén héa DPA thanh
DHA béi A4-desaturaza it nhét 13 khoang 80%, it nhit khoang 90%, it nhit khoang
93%, nim trong khoang tir 50% dén 95%, nim trong khoang tir 80% dén 95%, hoic
nim trong khoang tir 85% dén 95%,

xxxi) thanh phin axit béo ctia lipit 12 dya trén hidu suét chuyén héa axit oleic thanh
DHA it nhit 13 khoang 10%, it nhit khoang 15%, it nhit khoang 20%, nim trong
khoang tir 10% dén 50%, nam trong khoang tir 10% dén 30%, hodc nam trong khoéng
tir 10% dén 25%,

xxxii) thanh phn axit béo ctia lipit 12 dua trén hiéu suit chuyén héa LA thanh DHA
it nhét 1a khoang 15%, it nh4t khoang 20%, it nhit khoang 22%, it nhat khoang 25%,
nim trong khoang tir 15% dén 50%, nim trong khoang tir 20% dén 40%, hoic nim
trong khoang tir 20% dén 30%,

xxxiii) thanh phén axit béo cua lipit 1a dya trén hiéu spét chuyén héa ALA thanh
DHA it nhit 1a khoang 17%, it nhit khoang 22%, it nh4t khoang 24%, nim trong
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khoang tir 17% dén 55%, nim trong khoang tir 22% dén 35%, hodc nam trong khoang
tlr 24% dén 35%,

xxxiv) toan bd axit béo trong lipit chiét tich ¢6 lwgng C20:1 it hon 1%,

xxxv) ham lugng triaxylglyxerol (TAG) trong lipit it nhét 12 khoang 70%, it nhét
khoang 80%, it nhit khoang 90%, it nhét 12 95%, nim trong khoang tir 70% dén 99%,
hodc nim trong khoang tir 90% dén 99%,

xxxvi) lipit chira diaxylglyxerol (DAG),

xxxvii) lipit chira it hon khoang 10%, it hon khoang 5%, it hon khoang 1%, hodc
nim trong khoang tir 0,001% dén 5%, 1a axit béo tu do (khong este héa) va/hoic
phospholipit, hodc v& co ban khong c6 ching,

xxxviii) it nhit 70%, hoic it nhit 80%, DHA dugc este héa & dang TAG 1a & vi tri
sn-1 hodc sn-3 cia TAG,

xxxix)  kiéu TAG chira DHA nhiéu nhét trong lipit 12 DHA/18:3/18:3 (TAG
58:12), va

xl) lipit chita tri-DHA TAG (TAG 66:18).

Theo phuong 4n khac, lipit chiét tach 1a & dang dau, trong d6 it nhit khoang
90%, hodc it nhit khoang 95%, it nhit khoang 98%, hoic nim trong khoang tir 95% va
khoang 98%, theo trong luong ciia dau 13 lipit.

Theo mot phuong an dugc uu tién, lipit hodc dau, 6t hon 13 diu hat, c¢6 cac dic
diém sau: trong tbng ham luong axit béo cla lipit hodc diu, mitc DHA nim trong
khoang tir 7% dén 20%, mirc axit palmitic ndm trong khoang tir 2% dén 16%, muc axit
myristic 12 thip hon khoang 6%, mitc axit oleic nim trong khoang tir 1% dén 30%, mirc
LA nim trong khoang tir 4% dén 35%, c6 mit ALA, c6 mit GLA, mic SDA nim trong
khoang tir 0,05% dén 7%, muc ETA 1a thip hon khoang 4%, mic EPA nim trong
khoang tir 0,05% dén 10%, mirc DPA nim trong khoang tir 0,05% dén 8%, murc toan
bo axit béo bdo hoa trong téng ham lugng axit béo cua lipit chiét tich nim trong
khoang tir 4% dén 25%, muc toan bd axit béo mot lién két chua bdo hoa trong téng ham
lugng axit béo ca lipit chiét tach nim trong khoang tir 4% dén 35%, mitc toan bd axit
béo nhidu lién két chua bao hoa trong tdng ham lwong axit béo ciia lipit chiét tach nim
trong khoang tir 20% dén 75%, ty 1é cua toan b axit béo ®6: toan bd axit béo w3 trong
ham luong axit béo cua lipit chiét tach ndm trong khoang tir 0,05 dén 3,0, ty 1¢ cua axit

béo 06 méi: axit béo ®3 méi trong ham lugng axit béo cua lipit chiét tich nim trong
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khoang tir 0,03 dén 3,0, t6t hon 14 thip hon khoang 0,50, thanh phan axit béo cua lipit
dua trén hiéu sudt chuyén hoa axit oleic thanh LA boi A12- desaturaza it nhit 1 khoang
60%, hiéu sudt chuyén hoa SDA thanh axit ETA bdi A6- elongaza it nhit 14 khoang
60%, hiéu suit chuyén hoa EPA thanh DPA bdi AS- elongaza nim trong khoang tir
50% dén 95%, hiéu suit chuyén héa DPA thanh DHA béi A4-desaturaza nim trong
khoang tir 50% dén 95%, hiéu suit chuyén hoéa axit oleic thanh DHA it nhét 14 khoéng
10%, va ham lugng triaxylglyxerol (TAG) cua lipit it nhit 1 khoang 70%, va tiy chon
lipit vé co ban khong c6 cholesterol va/hoic lipit chira tri-DHA TAG (TAG 66:18).
Theo m{t phwong an dugc wu ti€n hon, lipit hodc dau, t6t hon 1a diu hat, c6 cac
dic diém sau: trong téng ham Iuong axit béo cia lipit, mirc DHA nim trong khoang tir
7% dén 20%, mirc axit palmitic ndm trong khoang tir 2% dén 16%, mirc axit myristic 13
thdp hon khoang 2%, mitc axit oleic nim trong khoang tir 1% dén 30%, mic LA nim
trong khoang tir 4% dén 35%, mirc ALA nim trong khoang tir 7% dén 40%, mirc GLA
1a thip hon khoang 4%, mic SDA nim trong khoang tir 0,05% dén 7%, mirc ETA
12 thip hon khoang 4%, mitc ETrA nim trong khoang tir 0,05% dén 4%, mirc EPA nim
trong khoang tir 0,05% dén 10%, mic DPA nim trong khoang tir 0,05% dén 8%, mirc
toan bo axit béo bdo hoa trong tdng ham lugng axit béo ciia lipit chiét taich ndm trong
khoang tir 4% dén 25%, mirc toan b axit béo mot lién két chua bio hoa trong téng ham
lugng axit béo cua lipit chiét tach nim trong khoang tir 4% dén 35%, mirc toan b axit
béo nhiéu lién két chua bdo hoa trong tbng ham lwong axit béo clia lipit chiét tach nim
trong khoang tir 20% dén 75%, mirc axit béo ®6 méi trong tbng ham luong axit béo cta
lipit chiét tich nim trong khoang tir 0,5% dén 10%, mirc toan bd axit béo »3 trong tng
ham luong axit béo cia lipit chiét tich ndm trong khoang tir 36% dén 75%, mirc axit
béo 3 méi trong téng ham lwong axit béo ciia lipit chiét tich nam trong khoang tir 9%
dén 33%, ty 18 clia toan bo axit béo w6: todn bd axit béo w3 trong ham lugng axit béo
cua lipit chiét tach nim trong khoang tir 0,05 dén 3,0, ty 1€ cua axit béo w6 mdi: axit
béo 3 méi trong ham lugng axit béo cia lipit chiét tich nim trong khoang tir 0,03 dén
3,0, thanh phan axit béo cua lipit dua trén hiéu suit chuyén héa axit oleic thanh LA boi
A12-desaturaza it nhét 12 khoang 60%, hiéu suit chuyén héa SDA thanh axit ETA boi
A6-elongaza it nhét 13 khoang 60%, hiéu sudt chuyén héa ETA thanh EPA b&i AS5-
desaturaza it nhit 1a khoang 60%, hi¢u suét chuyén hoa EPA thanh DPA bdi AS-
elongaza nim trong khoang tir 50% dén 95%, hiéu sudt chuyén héa DPA thinh DHA

10
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boi Ad-desaturaza nim trong khoang tir 50% dén 95%, hiéu suét chuyén héa axit oleic
thanh DHA it nhét 12 khoang 10%, hiéu suét chuyén héa LA thanh DHA it nhét 1a
khoang 15%, hiéu sut chuyén héa ALA thanh DHA it nhit 12 khoang 17%, va téng
ham lugng axit béo trong lipit chiét tach c6 C20:1 vé6i lwong it hon 1%, ham luong
triaxylglyxerol (TAG) ctia lipit it nhit khoang 70%, lipit v& co ban khong c6
cholesterol, va lipit chtra tri-DHA TAG (TAG 66:18). Tét hon 13, lipit hodc du 1a diu
cai va/hodc khong bi xur Iy bang quy trinh chuyén héa este sau khi n6 duoc chiét tir cay
hodc bd phan ctia cay. Theo mdt phuong an cu thé, lipit hodic diu cai vé co ban cé thé
duoc xir Iy @& chuyén héa céc axit béo trong dau thanh cac alkyl este nhu metyl hoac
etyl este. Cac quy trinh xir Iy tiép theo c6 thé dugc ap dung dé 1am giau DHA trong lipit
hodc dau.

Theo mot phuong an, lipit hodc dau, tot hon 1a dAu hat, c6 céc dic diém sau:
trong tong ham luong axit béo cia lipit, mirc DHA nim trong khoang tir 7% dén 20%,
muc axit palmitic nim trong khoang tir 2% dén 16%, mirc axit myristic 14 thip hon
khoang 2%, mitc axit oleic nam trong khoang tir 30% dén 60%, t6t hon ndm trong
khoang tir 45% dén 60%, mirc LA ndm trong khoang tir 4% dén 20%, mic ALA nim
trong khoang tir 2% dén 16%, mic GLA 14 thip hon khoang 3%, mtc SDA 14 thip hon
khoang 3%, mtrc ETA 14 thip hon khoang 4%, mirc ETrA thip hon khoang 2%, mirc
EPA 1la thép hon khoadng 4%, mic DPA la thép hon khoang 4%, muc toan bd axit béo
bdo hoa trong tdng ham lwgng axit béo cua lipit chiét tich ndm trong khoang tir 4% dén
25%, mirc toan by axit béo mot lién két chwa bdo hoa trong tdng ham luong axit béo
ctia lipit chiét tach nim trong khoang tir 30% dén 60%, hodic nim trong khoang tir 40%
dén 60%, mirc toan bd axit béo nhiéu lién két chua bao hoa trong tong ham luong axit
béo ctia lipit chiét tach nim trong khoang tir 20% dén 75%, muc axit béo ©6 méi trong
téng ham lugng axit béo ciia lipit chiét tAch nim trong khoang tir 0,5% dén 10%, mirc
toan b axit béo w3 trong tdng ham luong axit béo ciia lipit chibt tich nim trong
khoang tir 10% dén 20%, mirc axit béo ®3 mdi trong tbng ham lugng axit béo cua lipit
chiét tach ndm trong khoang tir 9% dén 20%, ty 18 ctia toan bd axit béo w6: toan bo axit
béo w3 trong ham lugng axit béo ctia lipit chiét taich ndm trong khoang tir 0,05 dén 3,0,
t6t hon 14 thép hon khodang 0,50, ty 1€ cua axit béo w6 mdi: axit béo ®3 mdi trong ham
lugng axit béo cua lipit chiét tich nim trong khoang tir 0,03 dén 3,0, ham luong

triaxylglyxerol (TAG) cua lipit it nhit 13 khoing 70%, lipit v& co ban khong c6
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cholesterol, va lipit chira tri-DHA TAG (TAG 66:18). Tét hon 13, lipit hodc diu v& co
ban khong c6 SDA, EPA va ETA va/hoic 12 diu cai va/hodc khong bi xtt ly bang quy
trinh chuyén hoa este sau khi n6 dugc chiét tir cdy hodc bd phén cdy. Theo mdt phuong
an cu thé, lipit hodc diu cai sau d6 c6 thé dugc xit Iy dé chuyén héa céc axit béo trong
dau thanh alkyl este nhu metyl hodc etyl este. Viéc xir Iy tiép theo nita c6 thé dugc ap
dung dé dé 1am giau ham lrgng DHA trong lipit hozc dau.

Theo mdt phuong 4n duoc wu tién hon, lipit hodc dau, t6t hon 1a dau hat, c6 cac
dic diém sau: trong téng ham lugng axit béo cuia lipit hodc diu, mic DHA nim trong
khoang tir 7% dén 20%, murc axit palmitic nim trong khoang tir 2% dén 16%, mirc axit
myristic 13 thip hon khoang 6%, muc axit oleic nim trong khoang tir 1% dén 30%, mirc
LA ndm trong khoang tir 4% dén 35%, c6 mit ALA, ¢6 mit GLA, mic SDA nim trong
khoang tir 0,05% dén 7%, mitc ETA la thdp hon khoang 6%, mitc EPA ndm trong
khodng tir 0,05% dén 10%, mirc DPA nim trong khoang tir 0,05% dén 8%.

Theo phuong 4n mé rong, lipit chiét tach con bao gdm mot hodc nhidu sterol, t6t
hon 14 sterol thuc vét.

Theo phwong én khac, lipit chiét tach 13 & dang dau, va chira sterol véi luong it
hon khoéng 10mg sterol/g dau, it hon khoang 7mg sterol/g dau, nim trong khoang tur
1,5mg dén 10mg sterol/ g dau, hoic nim trong khoang tir 1,5mg dén 7mg sterol/ g dau.

Vi du vé sterol c6 thé ¢6 trong lipit chiét tach bao gbm, nhung khong gigi han &,
mdt hodc nhidu hodc tit ca campesterol/24-metylcholesterol, A5-stigmasterol, eburicol,

B-sitosterol/24-etylcholesterol, A5-avenasterol/isofucosterol, A7-stigmasterol/stigmast-

7-en-3B-ol, va A7-avenasterol.

Theo mot phuong 4n, loai thyc vét duge néu trong Bang 26, nhu cai diu, va muc
sterol 1a nhu dugc néu trong Bang 26 d6i v6i cc loai thuc vat cu thé.

Theo mdt phwong 4n, lipit chiét tich chira cholesterol v&i lugng it hon khoang
0,5mg cholesterol/g diu, it hon khoang 0,25mg cholesterol/g diu, nim trong khoang tir
Omg dén 0,5mg cholesterol/g ddu, hoic nidm trong khoang tir Omg dén 0,25mg
cholesterol/g diu, hodc v& co ban khong cé cholesterol.

Theo phuong 4n mé rdng, lipit 1a dau, t5t hon 1a diu tir hat dau. Vi du v& cac diu
nhu viy bao gdm, nhung khong han ché &, diu Brassica sp. nhu diu cai, diu
Gossypium hirsutum, diu Linum usitatissimum, ddu Helianthus sp., ddu Carthamus

tinctorius, ddu Glycine max, diu Zea mays, dau Arabidopsis thaliana, diu Sorghum
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bicolor, dau Sorghum vulgare, diu Avena sativa, dau T rifolium sp., diu Elgesis
guineenis, dau Nicotiana benthamiana, diu Hordeum vulgare, dau Lupinus
angustifolius, ddu Oryza sativa, diu Oryza glaberrima, dau Camelina sativa, diu
Crambe abyssinica, ddu Miscanthus x giganteus, hoic ddu Miscanthus sinensis.

Séng ché ciing dé xuét lipit chiét tach tir cdy, t6t hon 14 dau chiét tir hat cai dau,
chira c4c axit béo & dang este hoa, céc axit béo chira axit oleic, axit palmitic, axit béo
w6 chira axit linoleic (LA), axit béo ®3 bao gdm axit a-linolenic (ALA), va axit
docosahexaenoic (DHA), va tuy chon mdt hoic nhiéu axit stearidonic (SDA), axit
eicosapentaenoic (EPA), axit docosapentaenoic (DPA) va axit eicosatetraenoic (ETA),
trong d6 lipit c6 cdc dic diém sau trong toan bd thanh phén axit béo ciia lipit;

(i)  muc DHA la khoing 3%, khoang 4%, khoang 5%, khoang 6% hoic
khoang 7%

(i)  mirc axit palmitic nim trong khoang tir 2% dén 16%,

(ili) mirc axit myristic 1a thip hon khoang 2%,

(iv) mbc axit oleic nim trong khoéng tr 30% dén 60%, tbt hon nim
trong khoang tir 45% dén 60%,

(v)  mitc LA nim trong khoang tir 4% dén 20%,

(vi) mitc ALA nim trong khoang tlr 2% dén 16%,

(vii) muc GLA 14 thip hon khoang 4%,

(viii) mirc SDA la thip hon khoang 6%, hoic thip hon khoang 4%,

(ix) mic ETA 1a thip hon khoang 6%, hoic thip hon khoang 4%,

(x)  muc ETrA thip hon khoang 1%,

(xi) muc EPA 1a thdp hon khoang 10% va/hodc muc EPA 1a tir 0,5-2,0 1in so
v6i mirc DHA,

(xii) muc DPA 1a thdp hon khoang 4%,

(xiii) mirc toan bd axit béo bdo hoa trong tdng ham lugng axit béo cua lipit
chiét tach nam trong khoéang tir 4% dén 25%,

(xiv) murc toan bd axit béo mét lién két chua bao hoa trong tong ham luong axit
béo clia lipit chiét tach ndm trong khodng tir 30% dén 70%,

(xv) mic toan b axit béo nhiéu lién két chwa bao hoa trong tong ham luong
axit béo cta lipit chiét tdch ndm trong khoang tir 15% dén 75%, t6t hon nim trong

khoéang tir 15% dén 30%,
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(xvi) mirc axit béo 06 méi trong tdng ham lugng axit béo cua lipit chiét tach
nim trong khoang tir 0,5% dén 10%,

(xvii) mirc toan bd axit béo ©3 trong tbng ham lugng axit béo cua lipit chiét
tach nim trong khoang tir 10% dén 20%,

(xviii) mirc axit béo @3 méi trong téng ham lvong axit béo cua lipit chiét tach
nim trong khoang tir 3% dén 20%,

(xix) ty 1& cta toan bo axit béo m6: toan bd axit béo @3 trong ham lwong axit
béo ctia lipit chiét tich ndm trong khoang tir 0,05 dén 3,0, t6t hon 13 thip hon khoang
0,50,

(xx) ty 1€ cta axit béo w6 mébi: axit béo ®3 mdi trong ham lugng axit béo cia
lipit chiét tdch ndm trong khoéng tir 0,03 dén 3,0, ‘

(xxi) ham lugng triaxylglyxerol (TAG) trong lipit it nhét 1a khoang 70%, va
(xxii) lipit v& co ban khong c6 cholesterol. Theo mét phuong én, lipit chtra tri- DHA
TAG (TAG 66:18). Tt hon nita 1a, lipit v& co ban khong c6 SDA va ETA, va/hoidc
khong bi xtt Iy bing quy trinh chuyén héa este sau khi né duge chiét tir cdy hodc bd
phén cay.

Theo khia canh khéc, sang ché d& xuit lipit chiét tach tur cdy, chira c4c axit béo &
dang este hoa, axit béo bao gdm axit oleic, axit palmitic, axit béo ©6 bao gdm axit
linoleic (LA), axit béo ®3 bao gdm axit a-linolenic (ALA) va axit docosahexaenoic
(DHA), va mét hodc nhiéu axit stearidonic (SDA), axit eicosapentaenoic (EPA), axit
docosapentaenoic (DPA) va axit eicosatetraenoic (ETA), trong d6 (i) mic DHA trong
tong ham lugng axit béo ca lipit chiét tach ndm trong khoang tir 7% dén 20%, (ii) mtc
axit palmitic trong tbng ham luong axit béo cua lipit chiét tdich nim trong khoéang tir 2%
dén 16%, (i) mirc axit myristic (C14:0) trong tong ham lugng axit béo cta lipit chibt
tach 1 thip hon 6%, (iv) mic axit oleic trong téng ham luong axit béo ctia lipit chiét
tich nam trong khoang tir 1% dén 30% hoic nim trong khoang tir 30% dén 60%, (v)
mirc axit linoleic (LA) trong téng ham lugng axit béo cua lipit chiét tdch nim trong
khodng tir 4% dén 35%, (Vi) muc axit o-linolenic (ALA) trong téng ham luong axit béo
cta lipit chiét tach ndm trong khoang tir 4% dén 40%, (vii) mérc axit eicosatrienoic
(ETrA) trong tdng ham lugng axit béo cua lipit chiét tach 1a thdp hon 4%, (viii) mirc
toan by axit béo bdo hoa trong téng ham luong axit béo cta lipit chiét tach nim trong

khoang tir 4% va 25%, (ix) ty 1¢ cta toan b0 axit béo w6: toan bo axit béo m3 trong ham
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luong axit béo cta lipit chiét tach nim trong khoang tir 1,0 dén 3,0 hoic nim trong
khoéng tr 0,1 dén 1, (x) ham lugng triaxylglyxerol (TAG) trong lipit it nhit 13 70%, va
(xi) it nhit 70% DHA dugc este hoa & dang TAG 13 & vi tri sn-1 hodc sn-3 ctia TAG.

Theo mot phuong an, lipit theo sang ché c6 mot ho#c nhidu hoic t&t ca céc dac
diém sau:

1) mirc axit palmitic trong téng ham lrong axit béo cua lipit chiét tach nim
trong khoang tir 2% dén 15%,

ii) mirc axit myristic (C14:0) trong tdng ham luong axit béo cua lipit chiét
tach 1a thip hon 1%,

iii)  muc axit oleic trong tong ham lugng axit béo cla lipit chiét tach nim
trong khoang tir 3% dén 30%, ndm trong khoang tir 6% dén 30%, tir 1% dén 20%, ndm
trong khoang tir 45% dén 60%, hoic 1a khoang 30%,

iv) mirc axit linoleic (LA) trong téng ham lwong axit béo cua lipit chiét tach
nam trong khoang tir 4% dén 20%, hoc nim trong khodng tir 4% dén 17%,

V) murc axit a-linolenic (ALA) trong tong ham luong axit béo cua lipit chiét
tach nim trong khoéng tir 7% dén 40%, nim trong khoéng tr 10% dén 35%, nim trong
khoang ttr 20% dén 35%, hodc nim trong khoang tir 4% va 16%,

vi) mirc axit y-linolenic (GLA) trong tdng ham luong axit béo cta lipit chiét
tach 1a thip hon 4%, thip hon khoang 3%, thip hon khoang 2%, thap hon khoéng 1%,
thip hon khoang 0,5%, nim trong khoang tir 0,05% dén 7%, tir 0,05% dén 4%, hodc
niam trong khoang tir 0,05% dén 3%, hoic nim trong khoang tir 0,05% dén 2%,

vii)  mirc axit stearidonic (SDA) trong tong ham luong axit béo cta lipit chiét
tach 12 thap hon khoang 4%, thip hon khoang 3%, nim trong khoéng tir 0,05% dén 7%,
nim trong khoang tir 0,05% dén 4%, nim trong khoéng tir 0,05% dén 3%, ho#ic nim
trong khoang tir 0,05% dén 2%,

viii)  mirc axit eicosatetraenoic (ETA) trong tong ham lwong axit béo cua lipit
chiét tach 1a thip hon khoang 4%, thip hon khoéng 1%, thip hon khoang 0,5%, nim
trong khodng tir 0,05% dén 5%, tir 0,05% dén 4%, tir 0,05% dén 3%, hoic nim trong
khoang tir 0,05% dén 2%,

ix) murc axit eicosatrienoic (ETrA) trong téng ham luong axit béo cua lipit
chiét tach 1a thép hon khoéang 2%, thép hon khoang 1%, nam trong khoang tir 0,05%
dén 4%, nim trong khodng tir 0,05% dén 3%, hodic nim trong khoang tir 0,05% dén
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2%, hodc ndm trong khoang tir 0,05% dén 1%,

X) mirc axit eicosapentaenoic (EPA) trong tbng ham lugng axit béo cua lipit
chiét tach 1a thdp hon 4%, thip hon khoang 3%, thédp hon khoang 2%, nim trong
khoang tir 0,05% dén 10%, ndm trong khoang tir 0,05% va 5%, hodc nim trong khoang
tir 0,05% dén 3%, hogic ndm trong khoang tir 0,05% dén 2%,

Xi) mirc axit docosapentaenoic (DPA) trong tbng ham luong axit béo cua
lipit chiét téch 1a thip hon 4%, thép hon khoang 3%, thép hon khoang 2%, nim trong
khoéng tir 0,05% dén 8%, tir 0,05% dén 5%, hodic nim trong khoéng tir 0,05% tir 3%,
hodc nim trong khoang tir 0,05% dén 2%,

xii)  mitc DHA trong tdng ham lugng axit béo cta lipit chiét tach 1a khoéang
8%, khoang 9%, khoang 10%, khoang 11%, khodng 12%, khoang 13%, khoang 14%,
khoang 15%, khoang 16%, khoang 17%, khoang 18%, nim trong khoang tr 8% dén
20%, nim trong khoang tir 10% dén 20%, nim trong khoang tir 11% dén 20%, nim
trong khodng tir 10% dén 16%, hogc nim trong khoang tir 14% dén 20%,

xiii)  lipit chira axit ®6-docosapentaenoic (22:5A4’7’1°’13’16) trong ham luong axit
béo ciia no,

xiv)  lipit vé co ban khong cé axit w6-docosapentaenoic (22:5A4’7’1°’13’16) trong
thanh phén axit béo cua no,

xv)  lipit v& co ban khong c6 SDA, EPA va ETA trong thanh phén axit béo
cua no,

xvi)  muc toan bd axit béo bio hoa trong tbng ham lugng axit béo cta lipit
chiét tich ndm trong khoang tr 4% dén 20%, hoiic nim trong khoang tr 6% dén 20%,

xvii) mirc toan bd axit béo mot lién két chua bio hoa trong tbng ham lugng
axit béo cta lipit chiét tich nim trong khoang tir 4% dén 35%, tir 8% dén 25%, hoic
nim trong khoang tir 8% dén 22%,

Xviii) mtrc toan by axit béo nhiéu lién két chwa bio hoa trong tong ham lugng
axit béo cua lipit chiét tach nim trong khoéang tir 20% dén 75%, nim trong khoang tir
50% dén 75%, hodic ndm trong khoang tir 60% dén 75%,

XiX)  muc toan b axit béo w6 trong téng ham luong axit béo cua lipit chiét
tach nim trong khoang tir 35% dén 50%, nim trong khoang tir 20% dén 35%, nim
trong khoang tir 6% va 20%, thip hon 20%, thip hon khoang 16%, thip hon khoang

10%, ndm trong khoang tir 1% dén 16%, n3m trong khoang tr 2% dén 10%, hodc nim

16



49265 17/340

trong khoang tir 4% dén 10%,

XX) murc axit béo w6 méi trong tdng ham luong axit béo cia lipit chiét
tach I thp hon khoang 10%, thép hon khoang 8%, thép hon khoang 6%, thip hon 4%,
nim trong khoang tir 1% dén 20%, nim trong khoang tr 1% dén 10%, nim trong
khoang tir 0,5% dén 8%, hodc nim trong khoang tir 0,5% dén 4%,

Xxi) muc toan bd axit béo 3 trong téng ham lugng axit béo cua lipit chiét
tach ndm trong khoang tir 36% dén 65%, between 40% dén 60%, nim trong khoang tir
20% dén 35%, nim trong khoang tir 10% dén 20%, khoang 25%, khoang 30%, khoang
35% hodc khoang 40%,

xxii) mirc axit béo ®3 méi trong téng ham lugng axit béo cua lipit chiét tach
nim trong khoang tir 9% dén 33%, nim trong khoang tir 10% dén 20%, nim trong
khoang tr 20% dén 30%, nim trong khoang tir 12% dén 25%, khoang 13%, khoang
15%, khoang 17% hodc khoang 20%,

xxiii) ty 1é clia toan bo axit béo w6: toan bd axit béo @3 trong ham luong axit
béo cta lipit chiét tich nim trong khoang tir 0,1 dén 0,5, thip hon khodng 0,50, thip
hon khoang 0,40, thip hon khoang 0,30, thip hon khoang 0,20, thép hon khoéng 0,15,
khoéng 1,0, khodng 0,1 hogc khoang 0,2,

xxiv) ty 1¢ cla axit béo w6 mdi: axit béo m3 méi trong ham lugng axit béo cia
lipit chiét tach nim trong khoang tir 1,0 khoang 3,0, ndm trong khoang tir 0,1 khoang
1, nim trong khoang tir 0,1 khoang 0,5, thép hon khoang 0,50, thép hon khoang
0,40, thip hon khoang 0,30, thdp hon khoang 0,20, thip hon khoang 0,15, khoang 0,1,
khoang 0,2 hodc khoang 1,0,

xxv)  thanh phén axit béo cita lipit 12 dua trén hiéu suit chuyén héa axit oleic
thanh DHA it nhét 1a khoang 10%, it nhit khoang 15%, it nhat khoang 20%, nim trong
khoang tr 10% dén 50%, ndm trong khoang tr 10% dén 30%, hodic nim trong khoang
tir 10% dén 25%,

xxvi) thanh phén axit béo ctia lipit 12 dya trén hiéu sudt chuyén héa LA thanh
DHA it nhit 1a khoang 15%, it nhét khoang 20%, it nhét khoang 22%, it nhat khoang
25%, nam trong khoang tir 15% dén 50%, nim trong khoang tlr 20% dén 40%, hoic
ndm trong khoang tir 20% dén 30%,

xxvii) thanh phan axit béo ctia lipit 1 dva trén hiéu suét chuyén héa ALA thanh
DHA it nhét 1a khoang 17%, it nhét khoéng 22%, it nhét khoéng 24%, nim trong
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khoang tir 17% dén 55%, nim trong khoéng tir 22% dén 35%, hodc nim trong khoang
tr 24% dén 35%,

xxviii) toan bd axit béo trong lipit chiét tach c6 C20:1 véi luong it hon 1%,

xxix) ham lugng triaxylglyxerol (TAG) trong lipit it nhét 14 khoang 80%, it
nhét khoang 90%, it nhét 95%, nim trong khoéng tr 70% dén 99%, hoic nim trong
khoang tlr 90% dén 99%,

xxx) lipit chira diaxylglyxerol (DAG),

xxxi) lipit chira it hon khoang 10%, thap hon khoang 5%, thip hon khoang 1%,
hodc nim trong khodng tir 0,001% dén 5%, axit béo tu do (khong este hoa) va/hoic
phospholipit, hogc vé co ban khong c6 chiing,

xxxii) it nhat 80%, DHA duoc este héa & dang TAG 1a & vi tri sn-1 hodc Vi tri
sn-3 trong TAG,

xxxiii) kiéu TAG chira DHA nhidu nhit trong lipit 13 DHA/18:3/18:3 (TAG
58:12), va

xxxiv) lipit chita tri-DHA TAG (TAG 66:18).

Déi v6i khia canh trén, theo mt phuong 4n

i) lipit 12 & dang dau, trong d6 dau nay chitra mot hodc nhiéu sterol nhu mot
hodc nhiéu hodc tit ca céc campesterol, AS-stigmasterol, eburicol, B-sitosterol, A5-
avenasterol, A7-stigmasterol va A7-avenasterol, va tity chon dau nay chira it hon 10mg
sterol/g dau va/hodc diu vé co ban khong c6 cholesterol, va/hoic

ii) lipit 1a & dang dau tir hat dAu nhu 13 hat diu Brassica sp hoic hat cai dau.

Theo khia canh khéc, sang ché dé xuit quy trinh san xuét lipit chiét tach tir cdy,
quy trinh ndy bao gdém cac budc

i) thu hoach bd phén cdy chua lipit, lipit ndy chira c4c axit béo & dang este hoa,
céc axit béo bao gbm axit oleic, axit palmitic, axit béo ®6 bao gbém axit linoleic (LA),
axit béo w3 bao gdm axit a-linolenic (ALA), va axit docosahexaenoic (DHA), va tiy
chon mdt hodc nhidu axit eicosapentaenoic (EPA), axit stearidonic (SDA), axit
docosapentaenoic (DPA) va axit eicosatetraenoic (ETA), trong d6 mitc DHA trong téng
ham lugng axit béo cuia lipit chiét duoc trong bd phén céy 1a khoang tir 7% dén 20%, va

ii) chiét lipit tir bo phan cy nay,
trong d6 mic DHA trong tong ham lugng axit béo cua lipit chiét tach nim trong

khoang tir 7% dén 20%.
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Theo mot phuong an dugc vu tién, lipit chiét tach co mot hodc nhiéu dic diém
néu trén.

Theo mot phwong 4n, trong d6 bo phan cay 12 hat, t6t hon 14 hat dAu. Vi du v& hat
ndy bao gdm, nhung khong han ché &, hat Brassica sp., Gossypium hirsutum, Linum
usitatissimum, Helianthus sp., Carthamus tinctorius, Glycine max, Zea mays,
Arabidopsis thaliana, Sorghum bicolor, Sorghum vulgare, Avena sativa, Trifolium sp.,
Elaesis guineenis, Nicotiana benthamiana, Hordeum vulgare, Lupinus angustifolius,
Oryza sativa, Oryza glaberrima, Camelina sativa, hodc Crambe abyssinica, t&t hon 1a
hat Brassica napus, B. juncea hoidc C. sativa.

Theo phuong 4n khéc, hat ndy chita DHA véi lugng it nhat khoang 18mg, it nhit
khoang 22mg, it nhat khodng 26mg, nim trong khodng tir 18mg dén 100mg, nim trong
khoéng tir 22mg dén 70mg, hoic ndm trong khoang tir 24mg dén 50mg, trong mdi gam
hat.

Theo phuong 4n m& rdng, bd phén cdy chira polynucleotit ngoai sinh ma héa mét
trong céc by enzym sau;

i) w3-desaturaza, A6-desaturaza, A5-desaturaza, A4-desaturaza, A6-elongaza va
AS-elongaza,

ii) Al5-desaturaza, A6-desaturaza, A5-desaturaza, A4-desaturaza, A6-elongaza
va A5-elongaza,

iii) Al2-desaturaza, A6-desaturaza, AS-desaturaza, A4-desaturaza, A6-elongaza
va A5-elongaza,

iv) Al2-desaturaza, ®3-desaturaza hodc AlS5-desaturaza, A6-desaturaza, A5-
desaturaza, A4-desaturaza, A6-elongaza va A5-elongaza,

v) m3-desaturaza, A8-desaturaza, A5-desaturaza, A4-desaturaza, A9-elongaza va
A5-elongaza,

vi) Al5-desaturaza, A8-desaturaza, A5-desaturaza, A4-desaturaza, A9-elongaza
va AS-elongaza,

vii) Al2-desaturaza, A8-desaturaza, A5-desaturaza, A4-desaturaza, A9-elongaza
va AS-elongaza, hodc

viii)) Al2-desaturaza, m3-desaturaza hodc AlS5-desaturaza, A8-desaturaza, A5-
desaturaza, A4-desaturaza, A9-elongaza va A5-elongaza,

va trong d6 mdi polynucleotit dugc dugce lién két diéu khién véi mot hodc nhiéu
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gen khéi ddu c6 kha ning didu khién qué trinh biéu hién cta polynucleotit trong té bao
ctia by phan cay.

Theo mdt phwong 4dn rong hon, bd phan ciy c6 mdt hodc nhidu hodc tit ca cac
dic diém sau:

i) Al2-desaturaza chuyén hoa axit oleic thanh axit linoleic trong mot hodc nhiéu
t& bao ctia cdy v6i hiéu sudt it nhat 1a khoang 60%, it nhit khoéng 70%, it nht khoang
80%, nim trong khoang tir 60% dén 98%, ndm trong khoang tir 70% dén 95%, hoic
nim trong khoang tir 75% dén 90%,

ii) ®3-desaturaza chuyén héa axit béo w6 thanh axit béo ®3 trong mot hodc
nhiéu té bao ciia cdy v6i hiéu sudt it nhit 1a khoang 65%, it nhat khoang 75%, it nhét
khoang 85%, nim trong khoang tlr 65% dén 95%, ndm trong khoang tir 75% dén 95%,
hodc nim trong khoang tir 80% dén 95%,

iii) A6-desaturaza chuyén héa ALA thanh SDA trong mot hozc nhiéu té bao cia
cdy voi hiéu sut it nhét 1a khoang 30%, it nhit khoang 40%, it nhat khoang 50%, it
nhét khoéng 60%, it nhat khoang 70%, nim trong khoang tir 30% dén 70%, nim trong
khoang tir 35% dén 60%, hodc nim trong khoang tr 50% dén 70%,

iv) A6-desaturaza chuyén hoa axit linoleic thanh axit y-linolenic trong mot hodc
nhiéu té bao cua cdy véi hidu suét thdp hon khoang 5%, thap hon khoang 2,5%, thap
hon khoang 1%, nam trong khoang tir 0,1% dén 5%, nim trong khoang tir 0,5% dén
2,5%, hodc nim trong khoang ttr 0,5% dén 1%,

v) A6-elongaza chuyén hoa SDA thanh ETA trong mdt hozc nhiéu té bao cua
cdy v6i hidu sudt it nhét 1a khoang 60%, it nhit khoang 70%, it nhét khoang 75%, nim
trong khoang tir 60% dén 95%, nam trong khoang tir 70% dén 88%, hodc nim trong
khoang tir 75% dén 85%,

vi) AS-desaturaza chuyén héa ETA thanh EPA trong mot hodc nhidu té bao cua
cdy v6i hiéu sut it nhit 1a khoang 60%, it nhét khoang 70%, it nhit khoang 75%, it
nhét khoang 80%, it nht khoang 90%, nim trong khodng tir 60% dén 99%, ndm trong
khoang tlr 70% dén 99%, hoic nim trong khoang tir 75% dén 98%,

vii) AS5-elongaza chuyén héa EPA thanh DPA trong mét hodc nhiéu té bao cua
cdy v6i hiéu suét it nhit 1a khoang 80%, it nhit khoang 85%, it nhét khoang 90%, nim
trong khoang tir 50% dén 95%, hoic nim trong khoang tir 85% dén 95%,

viii) A4-desaturaza chuyén héa DPA thanh DHA trong mot hodc nhidu té bao
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clia cdy v6i hiéu suét it nhét 12 khoang 80%, it nhit khoang 90%, it nhat khoang 93%,
nim trong khoang tr 50% dén 95%, nim trong khoang tir 80% dén 95%, hodc nim
trong khoang tir 85% dén 95%,

ix) hiéu suét chuyén hoa axit oleic thanh DHA trong mét hodc nhiéu t& bao cia
bd phan cdy it nhét 1a khoang 10%, it nht khoang 15%, it nhat khoang 20%, ndm trong
khoang tir 10% dén 50%, nim trong khoang tir 10% dén 30%, hodc nam trong khoéng
tir 10% dén 25%,

Xx) hiéu suit chuyén hoa LA thanh DHA trong mot hodc nhiéu té bao bd phin
cdy it nhit 1a khoang 15%, it nhdt khoang 20%, it nhét khoang 22%, it nhit khoang
25%, nam trong khoang tir 15% dén 50%, nim trong khoang tr 20% dén 40%, hoic
nim trong khoang tir 20% dén 30%,

xi) hiéu sudt chuyén hoa ALA thanh DHA trong mdt hodc nhidu t€ bao bd phan
cy it nhét 12 khoang 17%, it nhét khoang 22%, it nhit khoang 24%, nim trong khoang
tir 17% dén 55%, nim trong khoang tir 22% dén 35%, hoic nim trong khoang tlr 24%
dén 35%,

xii) mot hogc nhidu t& bao clia bd phén cdy chira it nhat khoang 15%, it nhat
khoang 20%, nam trong khoang tr 15% dén 30%, hodc nim trong khoang tir 22,5% dén
27,5%, nhidu axit béo @3 hon céc té bao tuong ing khong c6 polynucleotit ngoai sinh
nay,

xiii) A6-desaturaza wu tién khit bdo hoa axit a-linolenic (ALA) twong tmg thanh
axit linoleic (LA),

xiv) A6-elongaza ciing c6 hoat tinh A9-elongaza,

xv) Al2-desaturaza ciing c6 hoat tinh A15-desaturaza,

xvi) A6-desaturaza ciing c6 hoat tinh A8-desaturaza,

xvii) A8-desaturaza cling c6 hoat tinh A6-desaturaza hodc khong c6 hoat tinh
A6-desaturaza,

xviii) Al5-desaturaza ciing c6 hoat tinh w3-desaturaza trén GLA,

xix) m3-desaturaza ciing c6 hoat tinh A15-desaturaza trén LA,

xxX) m3-desaturaza khir bdo hoa ca LA va/hodc GLA,

xxi) @3-desaturaza wu tién khir bdo hoa GLA twong ing thanh LA,

xxii) muc DHA trong bd phén cdy la dya trén hiéu sudt chuyén héa axit oleic

thanh DHA trong bd phan cdy ndy it nhit 12 khoang 10%, it nhit khoang 15%, it nhét
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khoang 20%, ndm trong khoang tir 10% dén 50%, nim trong khoang tir 15% dén 30%,
ho#c nim trong khoang tir 20% dén 25%,

xxiii) muc DHA trong bd phan cdy 1a dua trén hidu sut chuyén hoa LA thanh
DHA trong bd phan cdy it nhét 1a khoang 15%, it nhét khoang 20%, it nhit khoang
22%, nam trong khoang tir 15% dén 60%, nim trong khoang tir 20% dén 40%, hoic
nim trong khoang tir 22% dén 30%,

xxiv) muc DHA trong bd phén cdy 14 duwa trén hiéu suét chuyén hoa ALA thanh
DHA trong bd phan cdy it nhit 1a khoang 17%, it nhit khoang 22%, it nhit khoang
24%, ndm trong khoang tir 17% dén 65%, nim trong khoang tir 22% dén 35%, hodc
nim trong khoang tir 24% dén 35%

xxx) mdt hoic nhidu hoic tit ca cic desaturaza hoat tinh trén co chit axyl-CoA
cao hon so v6i co chét axyl-PC twong tng,

xxxi) A6-desaturaza c6 hoat tinh A6-desaturaza trén ALA cao hon so véi LA 1a
co chét axit béo,

xxxii) A6-desaturaza c6 hoat tinh A6-desaturaza trén ALA-CoA 13 co chét axit
béo cao hon so véi trén ALA dugc ge"ln v6i vi tri sn-2 cia PC 14 co chét co chét axit
béo,

xxxiii) A6-desaturaza c6 hoat tinh A6-desaturaza cao hon it nhat khoang 2 1an,
hoat tinh cao hon it nhét 3 14n, hoat tinh cao hon it nhét 4 14n, hodc hoat tinh cao hon it
nhét 5 14n, trén ALA 13 co chit so vé6i LA,

xxxiv) A6-desaturaza cé hoat tinh trén ALA-CoA lam co chét axit béo cao hon
so voi trén ALA duogc gén v&i vi tri sn-2 ciia PC 1am co chét axit béo,

xxxv) A6-desaturaza c6 hoat tinh cao hon it nhét khoang 5 14n so vé6i hoat tinh
A6-desaturaza hodc it nhét 10 14n, trén ALA-CoA lam co chit axit béo so v6i trén ALA
duoc gén V61 vi tri sn-2 cia PC lam co chét axit béo,

xxxvi) desaturaza 13 tién-desaturaza,

xxxvii)A6-desaturaza cd hoat tinh AS5-desaturaza trén ETA khong phédt hién
duoc.

Theo mot phuong an rdng hon, bd phén cdy c6 mot hodc nhiéu hodc tit ca cac
dic diém sau:

i) Al2-desaturaza bao gém céc axit amin c6 trinh tu nhu dugc néu trong SEQ

ID NO: 10, manh hoat tinh sinh hoc ctia nd, hodc trinh ty axit amin tuong déng it nhét
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1a 50% véi SEQ ID NO: 10,

ii) ®3-desaturaza bao gdm céc axit amin c6 trinh tw nhu dugce néu trong SEQ ID
NO: 12, manh hoat tinh sinh hoc ctia né, hodc trinh ty axit amin tuong dé)ng it nhét 1a
50% véi SEQ ID NO: 12,

iii) A6-desaturaza bao gdm axit amin c6 trinh tu nhu dugc néu trong SEQ ID
NO: 16, manh hoat tinh sinh hoc ctia né, hodc trinh ty axit amin tuong déng it nhét 1a
50% va6i SEQ ID NO: 16,

iv) A6-elongaza bao gdm axit amin c6 trinh tu nhu dwgc néu trong SEQ ID NO:
25, manh hoat tinh sinh hoc ctia n6 nhu SEQ ID NO: 26, hodc trinh ty axit amin tuong
ddng it nhét 12 50% vé6i SEQ ID NO: 25 va/hoic SEQ ID NO: 26,

v) AS5-desaturaza bao gdm axit amin c6 trinh tu nhu dugc néu trong SEQ ID
NO: 30, manh hoat tinh sinh hoc ctia n6, hodc trinh tu axit amin twong ddng it nhét 1a
50% vai SEQ ID NO: 30,

vi) A5-elongaza bao gdm axit amin c6 trinh tw nhu duge néu trong SEQ ID NO:
37, manh hoat tinh sinh hoc cua n6, hodc trinh tu axit amin twong dé)ng it nhét 1a 50%
véi SEQ ID NO: 37,

vii) A4-desaturaza bao gdm axit amin ¢ trinh tw nhu dwgc néu trong SEQ ID
NO: 41, manh hoat tinh sinh hoc cta né, hodc trinh ty axit amin twong d&‘)ng it nhit 1a
50% véi SEQ ID NO: 41.

Theo mét phwong an, bd phén cdy con bao gdm polynucleotit ngoai sinh ma héa
diaxylglyxerol axyltransferaza (DGAT), monoaxylglyxerol axyltransferaza (MGAT),
glyxerol-3-phosphat axyltransferaza (GPAT), 1-axyl-glyxerol-3-phosphat
axyltransferaza (LPAAT) t6t hon 14 LPAAT c6 thé st dung co chit axyl-CoA béo
nhidu lién két chua bdo hoa C22, axyl-CoA:lysophosphatidylcholin axyltransferaza
(LPCAT), phospholipaza A, (PLA;), phospholipaza C (PLC), phospholipaza D (PLD),
CDP-cholin diaxylglyxerol cholin phosphotransferaza (CPT), phoshatidylcholin
diaxylglyxerol axyltransferaza (PDAT), phosphatidylcholin:diaxylglyxerol cholin
phosphotransferaza (PDCT), axyl-CoA synthaza (ACS), hodc két hop hai hodc nhidu
enzym nay.

Theo phuong an khac, by phén cdy con bao gbm polynucleotit ngoai sinh hoic
dot bién duge dua vao didu hoa xudi dong su san sinh va/hodc hoat tinh ctia enzym ndi

sinh trong t& bao cta bd phan cdy dugc chon tr FAE1, DGAT, MGAT, GPAT,
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LPAAT, LPCAT, PLA,, PLC, PLD, CPT, PDAT, thioesteraza nhu FATB, hodc A12-
desaturaza, hodc két hop hai hogc nhiéu enzym nay.

Theo phuong 4n m& rong, it nhit mot, hodc tit ca cac gen khdi dau 13 gen khéi
d4u dic hiéu véi hat. Theo mot phuong an, it nhit mot, hodc tit ca cac gen khéi dau
duoc thu 1dy tir qué trinh sinh tbng hop dau hoic gen tich lily nhu oleosin, ho#c tir cac
gen protein tich trif trong hat nhu conlinin.

Theo phuong 4n khac, (cic) gen khéi ddu diéu khién qué trinh biéu hién
polynucleotit ngoai sinh ma héa A4-desaturaza va A5 -elongaza khoi dong qua trinh biéu
hién polynucleotit trong hat dang phat trién cua bo phan cdy trudce khi, hodc dat dén
ngudng biéu hién trudc khi, (cic) gen khdi diu didu khién qué trinh biéu hién
polynucleotit ngoai sinh ma héa Al12-desaturaza va ®3-desaturaza.

Theo phuong 4n mé rong, polynucleotit ngoai sinh dugc lién két dong hoéa tri
trong phan tor ADN, t5t hon 14 phan t&r T-ADN, dugc sat nhdp vao hé gen cua té bao
ctia bd phén cdy va t6t hon 1a trong d6 s6 lwong phan tt ADN dugc sat nhdp vao hé gen
ctia t& bao cua bd phan cy la khong nhiéu hon mot, hai hodc ba, hodc 1a hai hodc ba
phan tur.

Theo mot phuong an khac nita, cdy bao gbm it nhét hai polynucleotit ngoai sinh,
doc 1ap mdi polynucleotit ma hoa A6-desaturaza c6 trinh ty axit amin giéng hodc khic
nhau.

Theo phuong 4n md& rdng, téng ham luong dau cta bo phan ciy bao gém
polynucleotit ngoai sinh it nhét 13 khoang 40%, hodc it nhét khoang 50%, hogc it nhét
khoang 60%, hodc it nhét khoang 70%, hodc nam trong khoéng tr 50% dén 80% tong
ham lwong diu ctia bo phén cdy twong tng khong c6 polynucleotit ngoai sinh nay. Theo
céc phuong 4n ndy, ham lugng dau tdi da c6 thé 1a khoang 100% ham luong dau cia bd
phén cay kiéu dai twong ung.

Theo phuong 4n khac, lipit 1a & dang dAu, t6t hon 13 dAu hat tr hat dau, va trong
d6 triaxylglyxerol c6 mit vé6i lugng it nhét khoang 90%, hodc it nhét khoang 95%, it
nhét khoang 98%, hodc nam trong khoang tir 95% dén 98%, theo trong lugng lipit.

Theo phwong 4n m& rdng, quy trinh nay con bao gdm viée xu ly lipit dé 1am ting
muc DHA & dang phé‘m tram tong ham lugng axit béo. Vi du, viée xir ly l1a buédce chuyén
hoa este. Vi du, lipit nhu diu cai c6 thd dwoc xir ly dé chuyén héa céc axit béo trong

dau thanh alkyl este nhu metyl hodc etyl este, sau d6 ¢6 thé duoc cAt phén doan dé lam
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giau DHA trong lipit hodc dau.

Hon nita, sang ché dé xuét quy trinh tao ra lipit chiét tach tir cay, quy trinh nay
bao gdm céc budc

i) thu hoach bd phén ciy, tdt hon 13 hat cai dau, bao gém lipit, lipit nay bao gém
cac axit béo & dang este hoa, cac axit béo nay bao gf?)m axit oleic, axit palmitic, axit béo
@6 bao gdm axit linoleic (LA), axit béo ©3 bao gdm axit a-linolenic (ALA), va axit
docosahexaenoic (DHA), va tity chon mdt hodc nhiéu axit eicosapentaenoic (EPA), axit
stearidonic (SDA), axit docosapentaenoic (DPA) va axit eicosatetraenoic (ETA), trong
d6 mtrc DHA trong tdng ham lugng axit béo cua lipit chiét duoc trong bd phén cay la
khoang 3%, khoang 4%, khoang 5%, khoang 6% hodc khoang 7%, va

i) chiét lipit tir bd phan cay nay,

trong do lipit chibt tach c6 cic dic didm sau trong tong ham lugng axit béo cia
lipit;

i) mirc DHA 1a khoang 3%, khoang 4%, khoang 5%, khoang 6% hodc khoang
7%,

ii) muc axit palmitic nam trong khoang tir 2% dén 16%,

iii) murc axit myristic 1a thip hon khoang 2%,

iv) mirc axit oleic nam trong khoang tir 30% dén 60%, t6t hon nim trong
khoang tir 45% dén 60%,

v) mutc LA nim trong khoang tir 4% dén 20%,

vi) mic ALA nim trong khoang tir 2% dén 16%,

vii) muc GLA 1a thip hon khoang 4%,

viii) mirc SDA 1a thip hon khoang 6%, hodc thap hon khoang 4%,

ix) mic ETA la thip hon khoang 6%, hodc thip hon khoéng 4%,

x) mirc ETrA thip hon khoang 1%,

xi) mitc EPA 1a thdp hon khoang 10% va/hoic mirc EPA 1a 0,5-2,0 lan mirc
DHA,

xii) muc DPA 14 thdp hon khoang 4%,

xiii) muc toan bd axit béo bdo hoa trong tong ham lugng axit béo cua lipit
chiét tach ndm trong khodng tir 4% dén 25%,

xiv) muc toan bd axit béo mdot lién két chua bdo hoa trong tdng ham lugng axit

béo cua lipit chiét tach nam trong khoang tr 30% dén 70%,
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xv) mic toan bd axit béo nhidu lién két chwa bio hoa trong tdng ham lugng axit
béo cua lipit chiét tach nam trong khoang tir 15% dén 75%, tot hon nim trong khoang
tir 15% dén 30%,

xvi) mic axit béo w6 mdi trong tbng ham lugng axit béo cua lipit chiét tach
nim trong khoang tir 0,5% dén 10%,

xvii) muc toan b axit béo w3 trong tbng ham lugng axit béo cua lipit chiét tach
nim trong khoéang tir 10% dén 20%,

xviii) mirc axit béo ®3 moi trong tbng ham lugng axit béo cla lipit chiét tich
ndm trong khoang tir 3% dén 20%,

xix) ty 1é clia toan b axit béo 6: toan bd axit béo w3 trong ham lugng axit béo
cua lipit chiét tach nam trong khoang tir 0,05 dén 3.0, t6t hon 1a thdp hon khoang 0,50,

xx) ty 1 ciia axit béo w6 mdi: axit béo ©3 moi trong ham luong axit béo cua
lipit chiét tach nim trong khoang tir 0,03 dén 3,0,

xxi) ham lhrong triaxylglyxerol (TAG) trong lipit it nhét 14 khoang 70%, va

xxii) lipit vé co ban khong c6 cholesterol. Theo mot phuong an, lipit chura tri-
DHA TAG (TAG 66:18). Tét hon nita 13, lipit vé co ban khéng c6 SDA va ETA,
va/hodc khong bi xi ly bing quy trinh chuyén hoéa este sau khi n6 duge chiét tir cay
hodc bd phén cay.

Sang ché ciing dé xuét quy trinh tao ra lipit chiét tach tr cdy, quy trinh nay bao
gdm céc budc sau:

(i) thu hoach b phan cdy chira lipit, lipit bao gdm cic axit béo & dang este hoa,
cac axit béo ndy bao gdm axit oleic, axit palmitic, axit béo w6 bao gdm axit linoleic
(LA), axit béo @3 bao gbm axit a-linolenic (ALA) va axit docosahexaenoic (DHA), va
mdt hodc nhidu axit stearidonic (SDA), axit eicosapentaenoic (EPA), axit
docosapentaenoic (DPA) va axit eicosatetraenoic (ETA), trong d6 (i) mic DHA trong
tbng ham lugng axit béo cua lipit chiét tach nim trong khoang tir 7% dén 20%, (ii) mirc
axit palmitic trong tbng ham lugng axit béo cua lipit chiét tach nim trong khoang tir 2%
dén 16%, (iii) muc axit myristic (C14:0) trong tong ham lugng axit béo cla lipit chiét
tach 1a thip hon 6%, (iv) muc axit oleic trong tong ham lugng axit béo cia lipit chiét
tich nim trong khoang tir 1% dén 30% hogc tir 30% dén 60%, (v) mirc axit linoleic
(LA) trong tong ham lugng axit béo cla lipit chiét tach nim trong khoang tir 4% dén

35%, (vi) muc axit a-linolenic (ALA) trong tdng ham Iuong axit béo clia lipit chiét tach
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nim trong khoang tir 4% dén 40%, (vii) muc axit eicosatrienoic (ETrA) trong tdng ham
lugng axit béo cla lipit chiét tach 1a thip hon 4%, (viii) murc toan bd axit béo bao hoa
trong tbng ham luong axit béo cua lipit chiét tach nim trong khoang tir 4% va 25%, (ix)
ty 18 clia toan bd axit béo @6: toan bd axit béo w3 trong ham luong axit béo cia lipit
chiét tach nim trong khoang tir 1,0 dén 3,0 hoic nim trong khoang tir 0,1 dén 1, (x)
ham lugng triaxylglyxerol (TAG) trong lipit it nhét 1a 70%, va (xi) it nhat 70% DHA
dugc este hoa & dang TAG 1a & vi tri sn-1 hodc sn-3 trong TAG, va

(ii) chiét lipit tir bd phan cay nay,
trong d6 miac DHA trong tbng ham Iuwong axit béo cia lipit chiét tach 13 khoang 7% dén
20%.

Sang ché ciing dé xuét lipit, hoic dau chira lipit, duge tao ra boi quy trinh theo
sang ché.

Theo khia canh khéc, sang ché dé xuét quy trinh dé tao ra etyl este ctia axit béo
nhidu lién két chua bdo hoa, quy trinh nay bao gbm budc chuyén hoa este
triaxylglyxerol trong lipit chiét tach tir cdy, trong do lipit chiét tach tir cdy nay bao gdm
cac axit béo & dang este hoa, cac axit béo nay bao gbm axit oleic, axit palmitic, axit béo
@6 bao gbdm axit linoleic (LA), axit béo ©3 bao gbm axit o-linolenic (ALA), va axit
docosahexaenoic (DHA), va tuy chon mot hodc nhiéu axit stearidonic (SDA), axit
eicosapentaenoic (EPA), axit docosapentaenoic (DPA) va axit eicosatetraenoic (ETA),
trong d6 mic DHA trong tbng ham lugng axit béo cua lipit chiét tach nim trong
khoang tir 7% tir 20%, bing céch 4y tao ra etyl este.

Theo mdt phuong 4n dwoc wu tién, lipit chiét tich c6 mot hogc nhiéu dic diém
néu trén.

Theo khia canh khéc, sang ché dé xut quy trinh dé tao ra etyl este cua axit béo
nhidu lién két chua bdo hoa, quy trinh nay bao gbm chuyén hoa este triaxylglyxerol
trong lipit chiét tach tir cdy, trong do lipit chiét tach tir ciy nay bao gdm céc axit béo
duoc este hoa & dang triaxylglyxerol, cac axit béo bao gdm axit oleic, axit palmitic, axit
béo w6 bao gdm axit linoleic (LA), axit béo ©3 bao gbm axit o-linolenic (ALA) va axit
docosahexaenoic (DHA), va mot hodc nhiu axit stearidonic (SDA), axit
eicosapentaenoic (EPA), axit docosapentaenoic (DPA) va axit eicosatetraenoic (ETA),
trong d6 (i) mirc DHA trong téng ham lugng axit béo cta lipit chiét tach 12 khoang 3%,
khoang 4%, khoang 5%, khoang 6% hodc nam trong khoang tir 7% dén 20%, (ii) mirc
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axit palmitic trong tbng ham luong axit béo ctia lipit chiét tach nam trong khoang tir 2%
dén 16%, (iii) muc axit myristic (C14:0) trong téng ham lugng axit béo cua lipit chiét
tach 14 thip hon 6%, (iv) mirc axit oleic trong tbng ham luong axit béo ciia lipit chiét
tach ndm trong khoang tir 1% dén 30% hozic nim trong khoang tir 30% dén 60%, (v)
mutc axit linoleic (LA) trong tdng ham lwong axit béo ciia lipit chiét tich nim trong
khoéng tir 4% dén 35%, (vi) mirc axit a-linolenic (ALA) trong tbng ham lugng axit béo
cta lipit chiét tich nim trong khoang tir 4% dén 40%, (vii) mirc axit eicosatrienoic
(ETrA) trong tong ham lugng axit béo cla lipit chiét tach 1a thap hon 4%, (viii) mirc
toan bd axit béo bdo hoa trong téng ham lugng axit béo cua lipit chiét tach nim trong
khoang tir 4% dén 25%, (ix) ty 1€ cua toan bd axit béo m6: toan bd axit béo w3 trong
ham luong axit béo cua lipit chiét tich nim trong khoang tir 1,0 va 3,0 hodc nam trong
khoang tir 0,1 dén 1, (x) ham hrong triaxylglyxerol (TAG) trong lipit it nhét 1a 70%, va
(xi) it nhét 70% DHA dugc este hoa & dang TAG 1a & vi ti sn-1 hodic sn-3 trong TAG,
bang cach d6 tao ra etyl este.

Theo mét phuong 4n, lipit chiét tach tir cAy niy c6 mot hoic nhidu hoic tat ca cac
dac diém sau:

i) murc axit palmitic trong téng ham lugng axit béo ctia lipit chiét tach nim
trong khodng tir 2% dén 15%,

i) muc axit myristic (C14:0) trong tbng ham luong axit béo ctia lipit chiét
tach 14 thap hon 1%,

xxxv) mirc axit oleic trong téng ham lugng axit béo cua lipit chiét tach nim
trong khoang tir 3% dén 30%, nim trong khoang tir 6% dén 30%, tir 1% dén 20%, ndm
trong khoang tir 45% dén 60%, hozc 1a khoang 30%,

xxxvi) muec axit linoleic (LA) trong tdng ham lugng axit béo cua lipit chiét tach
nim trong khoang tir 4% dén 20%, hoic nim trong khoang tir 4% dén 17%,

xxxvii) muc axit o-linolenic (ALA) trong tbng ham luong axit béo cta lipit
chiét tach nim trong khoang tir 7% dén 40%, nim trong khoang tir 10% dén 35%, nim
trong khoang tir 20% dén 35%, hodc nim trong khoang tir 4% dén 16%,

xxxviii) mirc axit y-linolenic (GLA) trong tdng ham lugng axit béo cia lipit
chiét tach 1a thip hon 4%, thap hon khoang 3%, thip hon khoang 2%, thip hon khoang
1%, thip hon khoang 0,5%, ndm trong khoang tir 0,05% dén 7%, tir 0,05% va 4%, hodc
tir 0,05% dén 3%, hogc tir 0,05% dén 2%,
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xxxix) mirc axit stearidonic (SDA) trong tbng ham luong axit béo cua lipit chiét
tach 12 thép hon khoang 4%, thdp hon khoang 3%, ndm trong khoang tir 0,05% dén 7%,
ndm trong khoang tir 0,05% dén 4%, nim trong khoang tir 0,05% dén 3%, hoic tir
0,05% dén 2%,

x1) murc axit eicosatetraenoic (ETA) trong tong ham lugng axit béo cua lipit chiét
tich 1a thip hon khodng 4%, thip hon khoang 1%, thip hon khoang 0,5%, nim trong
khoang tir 0,05% dén 5%, nim trong khoang tir 0,05% dén 4%, nim trong khoang tir
0,05% dén 3%, hoic ndm trong khoang tir 0,05% dén 2%,

xli) murc axit eicosatrienoic (ETrA) trong tbng ham lugng axit béo cua lipit chiét
téch 1a thép hon khoang 2%, thip hon khoang 1%, ndm trong khoang tir 0,05% dén 4%,
tir 0,05% dén 3%, hodic tir 0,05% dén 2%, hodc tir 0,05% dén 1%,

xlii) mirc axit eicosapentaenoic (EPA) trong tbng ham lugng axit béo cia lipit
chiét tach 13 thip hon 4%, thip hon khoing 3%, thip hon khoang 2%, tir 0,05% dén
10%, tir 0,05% dén 5%, hodc tir 0,05% dén 3%, hodc tir 0,05% dén 2%,

xliii) murc axit docosapentaenoic (DPA) trong tbng ham lugng axit béo cua lipit
chiét tach 1a thap hon 4%, thip hon khoang 3%, thap hon khoang 2%, tir 0,05% dén
8%, tir 0,05% dén 5%, hodc tir 0,05% dén 3%, hodc tir 0,05% dén 2%,

xliv) mic DHA trong tbng ham lugng axit béo clia lipit chiét tach 1a khoang 8%,
tir 9%, tir 10%, tir 11%, tir 12%, tlr 13%, tir 14%, tir 15%, tir 16%, tir 17%, tir 18%, nim
trong khoang tir 8% dén 20%, nam trong khodng tir 10% dén 20%, nam trong khoéng tir
11% dén 20%, nim trong khoang tir 10% dén 16%, hodc nim trong khoang tir 14% dén
20%,

5A46710.13.16) trong ham lugng axit

x1v) lipit chira axit w6-docosapentaenoic (22:
béo cuia no,
§ATI0I316Y (ono

xlvi) lipit v& co ban khong c6 axit w6-docosapentaenoic (22:
ham luong axit béo clia no, |

xlvii) lipit vé co ban khong c6 SDA, EPA va ETA trong thanh phén axit béo clia
no,

xlviii) mirc toan bd axit béo bdo hoa trong tbng ham luong axit béo cua lipit
chiét tach nim trong khoéang tir 4% dén 20%, hodc nam trong khoang tir 6% dén 20%,

xlix) muc toan bd axit béo mot li€n két chwra bdo hoa trong tdng ham lugng axit

béo cua lipit chiét tach nam trong khoang tir 4% dén 35%, nam trong khoéng tir 8% dén
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25%, hodc tir 8% dén 22%,

) mirc toan bd axit béo nhidu lién két chua bdo hoa trong téng ham luong axit
béo cua lipit chiét tach nam trong khoang tr 20% dén 75%, nam trong khoang tir 50%
dén 75%, hodc nim trong khoang tir 60% dén 75%,

i) mirc toan bd axit béo w6 trong tbng ham luong axit béo cua lipit chiét tach
ndm trong khoang tir 35% dén 50%, nim trong khoang tir 20% dén 35%, nam trong
khoang tir 6% dén 20%, thip hon 20%, thip hon khoang 16%, thdp hon khoang 10%,
ndm trong khoang tir 1% dén 16%, ndm trong khoang tir 2% dén 10%, hodc nam trong
khoang tir 4% dén 10%,

lii) muc axit béo w6 mdi trong tng ham luong axit béo cua lipit chiét tach 1a
thip hon khoang 10%, thip hon khoang 8%, thip hon khoang 6%, thip hon 4%, nim
trong khoang tir 1% dén 20%, nim trong khoang tlr 1% dén 10%, ndm trong khoang tir
0,5% dén 8%, hoidc nam trong khoang tir 0,5% dén 4%,

liii) mac toan b axit béo ®3 trong tong ham lugng axit béo cua lipit chiét tach
nm trong khoang tir 36% dén 65%, tir 40% dén 60%, nim trong khoéng tir 20% dén
35%, nim trong khoang tir 10% dén 20%, khoang 25%, khoang 30%, khoang 35%
hodc khoang 40%,

liv) murc axit béo ®3 mdi trong tbng ham lugng axit béo cua lipit chiét tach nim
trong khoang tir 9% dén 33%, nim trong khoang tlr 10% dén 20%, nim trong khoang tir
20% dén 30%, nim trong khoang tir 12% dén 25%, khoang 13%, khoang 15%, khoéng
17% hoic khoang 20%,

1v) ty 18 clia toan bd axit béo w6: toan bd axit béo w3 trong ham lugng axit béo
ctia lipit chiét tich ndm trong khoang tir 0,1 dén 0,5, thép hon khoang 0,50, thip hon
khoang 0,40, thip hon khoang 0,30, thip hon khoang 0,20, thép hon khoang 0,15,
khoang 1,0, khoang 0,1 hodc khoang 0,2,

Ivi) ty 18 cta axit béo w6 mdi: axit béo ®3 méi trong ham lugng axit béo cua
lipit chiét tach nam trong khoang tr 1,0 dén 3,0, ndm trong khoéng tir 0,1 dén 1, nim
trong khoang tir 0,1 dén 0,5, thdp hon khoang 0,50, thip hon khoang 0,40, thip hon
khoang 0,30, thép hon khoang 0,20, thép hon khoang 0,15, khoang 0,1, khoang 0,2
hoic khoang 1,0,

Ivii) thanh phan axit béo cua lipit 1a dwa trén hiéu suit chuyén héa axit oleic

thanh DHA it nhat 12 khoang 10%, it nhit khoang 15%, it nhat khoang 20%, nam trong
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khoang tir 10% dén 50%, ndm trong khoang tr 10% dén 30%, hodc nam trong khoang
tir 10% dén 25%,

Iviii) thanh phin axit béo cta lipit 12 dya trén hiéu sudt chuyén héa LA thanh
DHA it nhét 1a khoang 15%, it nhit khoang 20%, it nhit khoang 22%, it nhit khoang
25%. ndm trong khoang tir 15% dén 50%, nim trong khoang tir 20% dén 40%, hodc
ndm trong khoang tr 20% dén 30%,

lix) thanh phén axit béo cta lipit 12 dya trén hiéu sudt chuyén héa ALA thanh
DHA it nhét 1a khoang 17%, it nhdt khoang 22%, it nhit khoang 24%, ndm trong
khoang tir 17% dén 55%, nidm trong khoang tir 22% dén 35%, hodc nim trong khoang
tir 24% dén 35%,

1x) toan bd axit béo trong lipit chiét tach c6 C20:1 véi lugng it hon 1%,

1xi) ham lugng triaxylglyxerol (TAG) trong lipit it nhét 12 khoang 80%, it nhét
khoang 90%, it nhat 95%, nim trong khoang tir 70% dén 99%, hodc nim trong khoang
tir 90% dén 99%,

Ixii) lipit chtra diaxylglyxerol (DAG),

Ixiii) lipit chira it hon khoang 10%, thdp hon khoang 5%, thip hon khoang 1%,
hodc nam trong khoang tir 0,001% dén 5%, axit béo tu do (khong este hoa) va/hodc
phospholipit, hodc vé co ban khong c6 ching,

Ixiv) it nhit 80%, DHA dugc este hoa & dang TAG 1a & vi tri sn-1 hodc sn-3
trong TAG,

Ixv) kiéu TAG chira DHA nhiéu nhét trong lipit 1a DHA/18:3/18:3 (TAG 58:12),
va

1xvi) lipit chtra tri-DHA TAG (TAG 66:18).

Vi khia canh néu trén, theo mdt phuong an, mot hodc nhiéu hoidc tAt ca cac dic
diém sau day:

i) lipit 1a & dang déu, trong d6 déu bao gém mot hodc nhiéu sterol nhu mdt hoic
nhidu hodc tit ca campesterol, A5-stigmasterol, eburicol, B-sitosterol, AS-avenasterol,
A7-stigmasterol va A7-avenasterol, va tuy chon diu nay bao gbm thip hon 10mg
sterol/g dau va/hogc dau nay vé co ban khong c6 cholesterol,

i) lipit1a & dang dau tr hat diu nhu hat dau 1a hat ddu Brassica sp hodc hat cai
dau,

i) mic DHA trong téng ham lugng axit béo cia lipit chiét tach tir cdy 1
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khoang 3%, khoang 4%, khoang 5%, khoang 6%, hodc nim trong khoang tir 7% dén
20%.

Theo khia canh khac, sang ché dé xuét cu tric gen kham chira theo thir tw gen
thir nhit, gen thir hai, gen tht ba, gen tht tu, gen th ndm va gen thir sdu tat ca dugc
lién két ddng hoa tri trén phan tit ADN don,

trong d6 gen thu nhét, thir hai va thir ba dugc gin v6i nhau thanh cum gen tha

-nhét va gen thit tu, thit ndm, va thir sdu duoc gén v6i nhau thanh cum gen th hai,

trong d6 mdi gen chira gen khoi dAu, ving ma hoa va gen két thic phién ma
va/hodc ving polyadenyl héa sao cho mdi gen khoi diu duoc lién két diéu khién véi
vung ma hda va gen két thuc phién ma va/hogc ving polyadenyl hoa,

trong d6 mdi gen khéi diu doc 14p gidng hodc khac véi gen khéi diu khac sao
cho phén ttr ADN bao gém ba, bdn, nim hoic sau gen khéi dAu khac nhau,

trong d6 mdt hodc nhiéu hodc tit ca gen khoi dau 14 khac loai v6i ving ma hoa
ma n6 dugc lién két diéu khién vao do,

trong d6 hudng phién ma cia gen thu nhét 14 xa véi gen thit ba va nguge véi
huéng phién ma cta gen thu ba,

trong d6 huéng phién ma cia gen thir tu 1a xa véi gen thr sdu va nguoc voi
hudng phién mé cua gen thir sau,

trong d6 huéng phién ma cuia gen thit hai l1a gidng véi gen thir nhét hoic gen thir
ba,

trong d6 hudng phién ma cia gen thtr nim la gibng véi gen thit tu hodc gen thir
sau,

trong d6 gen két thuc phién ma va/hoic ving polyadenyl hoéa clia gen thir hai
duoc ngén cach voi gen khoi dAu cua gen thir nht hoic gen thu ba, bét ctr gen nio gin
hon, b&i gen dém dau tién c6 ¢& tir 0,2 dén 3,0 kilobazo,

trong d6 cum gen thir nhét dugc ngin cach voi cum gen thtr hai béi gen dém thir
hai ¢6 ¢& tir 1,0 dén 10,0 kilobazo, va

trong d6 gen két thic phién ma va/hodc ving polyadenyl héa cua gen thr nam
dugc ngin cach véi gen khéi dAu cua gen thir tu hodc thir sau, bét ky gen nao gan hon,
bdi gen dém thr ba c6 ¢& tir 0,2 dén 3,0 kilobazo.

Theo mét phuong an, phan tt ADN bao gbdm gen thir bay dugc ngin cach véi

cum gen thir nhit hodic cum gen thir hai, bat ky gen nao gan hon, bdi gen dém c6 cd tir
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1,0 dén 10,0 kilobazo.

Theo phuong an khéc, phan tt ADN bao gdm hai hozc nhidu gen két thuc phién
mi va/hoidc ving polyadenyl héa khéac nhau.

Theo mot phuong 4n rong hon, it nhét mét trong cac gen dém chira ving gén co
chit (MAR).

Theo phuong 4n mé rong, phan tir ADN bao gbm ving bién phai va bién tréi
nam hai bén sudn cac gen va 1a phan tt T-ADN.

Theo phuong an khéc, c4u tric gen 14 trong té bao Agrobacterium hodc dugce sat
nhdp vao hé gen cua té bao thuc vat.

Theo mot phuong éan duge uwu tién, it nhit mot trong cidc gen ma héa gen
desaturaza axit béo hodc gen elongaza axit béo.

Theo phuong 4n khéc, cAu tric gen bao gdm cic gen mé hoa b cac enzym duogc
néu trong day, va/hodc trong d6 mot hodc nhidu gen ma hoéa enzym dugc néu trong diy.

Theo khia canh khéc, sing ché dé xuét polynucleotit phan tich va/hodc ngoai
sinh bao gdm:

i) trinh ty nucleotit dugc chon tir SEQ ID NO bat ky: 1 dén 9, 11, 14, 18, 22, 23,
28, 34, 35, 39 hoic 45, va/hodc

ii) trinh ty nucleotit twrong ddng it nhét 95% hoic tuong ddng 99% véi mdt hodc
nhidu trinh tu dugc néu trong SEQ ID NO: 1 dén 9, 11, 14, 18, 22, 23, 28, 34, 35, 39
hoéc 45.

Theo phuong an dugc wu tién cu thé, polynucleotit phan tach va/hodc ngoai sinh
bao gbm:

i) trinh tu nucleotit ciia SEQ ID NO: 2, va/hodc

ii) trinh tu nucleotit tuong ddng it nhat 95% hodc tuong ddng 99% véi trinh ty
dugc néu trong SEQ ID NO: 2.

Theo khia canh khic, sang ché dé xudt vecto hodc cdu tric gen bao gém
polynucleotit theo sang ché va/hoic cAu triic gen theo sang ché.

Theo mét phuong én, trinh tu nucleotit dugc chon tir SEQ ID NO bét ky: 11, 14,
18, 22, 23, 28, 34, 35, 39 hoic 45, hojc trinh tw nucleotit twrong ddng it nhét 1a 95%
hoiic twong ddng 99% véi mot hogc nhiéu trinh tw duge néu trong SEQ ID NO: 11, 14,
18,22, 23, 28, 34, 35, 39 hoic 45, dugc lién két didu khién v6i gen khéi dau.

Theo khia canh khéc, sang ché @& xuét t& bao cha bao gbm polynucleotit ngoai
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sinh ma héa mot trong cac b enzym sau,

i) ®3-desaturaza, A6-desaturaza, A5-desaturaza, Ad-desaturaza, A6-elongaza va

A5-elongaza,

ii) Al5-desaturaza, A6-desaturaza, A5-desaturaza, A4-desaturaza, A6-elongaza
va AS5-elongaza,

iii) Al2-desaturaza, A6-desaturaza, A5-desaturaza, A4-desaturaza, A6-elongaza
va A5-elongaza,

iv) Al2-desaturaza, ®3-desaturaza hodc Al5-desaturaza, A6-desaturaza, AS-
desaturaza, A4-desaturaza, A6-elongaza va AS-elongaza,

v) ®3-desaturaza, A8-desaturaza, A5-desaturaza, Ad4-desaturaza, A9-elongaza va
AS5-elongaza,

vi) Al5-desaturaza, A8-desaturaza, AS-desaturaza, A4-desaturaza, A9-elongaza
va A5-elongaza,

vii) Al2-desaturaza, A8-desaturaza, A5-desaturaza, A4-desaturaza, A9-elongaza
va A5-elongaza, hodc

viii) Al2-desaturaza, @3-desaturaza hodc Al5-desaturaza, A8-desaturaza, AS-
desaturaza, A4-desaturaza, A9-elongaza va AS-elongaza,
va trong d6 mdi polynucleotit duoc lién két didu khién véi mot hodc nhidu gen khéi dau
¢6 kha ning diéu khién qué trinh biéu hién ciia polynucleotit néu trén trong té bao.

Theo mt phuong an, té€ bao nay bao gdm lipit nhu dwoc xac dinh trén, hodc
trong d6 mot hodc nhiéu hodc tit ca desaturaza hodc elongaza c6 mot hodc nhiéu dic
diém nhu duoc xac dinh trén.

Theo khia canh khéc, sang ché d& xudt t& bao chi bao gom:

i) polynucleotit ngoai sinh dAu tién ma hoa Al2-desaturaza bao gbém axit amin
¢6 trinh tw nhu dugc néu trong SEQ ID NO: 10, manh hoat tinh sinh hoc cta nd, hoac
trinh tu axit amin twong dong it nhét 12 50% v6i SEQ ID NO: 10, va

ii) polynucleotit ngoai sinh thtr hai ma hoa ®3-desaturaza bao gdm axit amin c6
trinh tu nhu duge néu trong SEQ ID NO: 12, ménh hoat tinh sinh hoc ctia nd, hogc trinh
tw axit amin twrong ddng it nhét 1a 50% véi SEQ ID NO: 12,

trong d6 mdi polynucleotit dugc lién két didu khidn v6i mot hodc nhiéu gen khéi
dAu c6 kha nang didu khién qué trinh biéu hién ctia polynucleotit néu trén trong té bao.

Theo khia canh khéc, sang ché dé xuat t& bao chi bao gébm mot ho#c nhiéu

34



polynucleotit theo sang ché, céu tric gen theo sang ché, hodc vecto hodc ciu tric gen
theo sang ché.

Theo mot phuong an, té bao nay 1a té bao cy, trong mot bd phan ciy va/hodc la
té bao hat cay truéng thanh.

Theo mdt phuong an, cdy hodc hat cay 14n lugt 14 ciy hat dau hoc hat dau.

Séang ché cling d& xuét sinh vat bién dbi gen khong phai 1a ngudi bao gbm té bao
theo sang ché. Tt hon 13, sinh vat bién dbi gen khong phai 1a nguoi 12 cay bién ddi gen,
tdt hon 14 cay hat dAu hodc Arabidopsis thaliana. Theo mot phuong én, cdy 1a cay
Brassica, tbt hon 13 B. napus hodc B. juncea, hodc cdy khong phai la Arabidopsis
thaliana.

Theo khia canh khac, sang ché dé xuét cdy hat dau bao gbm:

a) lipit trong hat cia nd, lipit chira céc axit béo & dang este hoa, va

b) polynucleotit ngoai sinh ma héa mot trong cac bo enzym sau;

i) Al2-desaturaza, w3-desaturaza nidm va/hodc Al5-desaturaza nim, A6-
desaturaza, A5-desaturaza, Ad-desaturaza, A6-elongaza va A5-elongaza, hodc

ii) Al2-desaturaza, m3-desaturaza nim va/hoic Al5-desaturaza nim, A8-
desaturaza, A5-desaturaza, Ad-desaturaza, A9-elongaza va A5-elongaza,

trong d6 mdi polynucleotit dugc lién két didu khién v6i mot hodc nhidu gen khéi
d4u dic hiéu voi hat c6 kha nang diéu khién qu4 trinh biéu hién cta polynucleotit nay
trong hat dang phat trién cua hat, trong d6 céc axit béo bao gbm axit oleic, axit palmitic,
axit béo ©6 bao gdm axit linoleic (LA) va axit y-linolenic (GLA), axit béo w3 bao
gdm axit a-linolenic (ALA), axit stearidonic (SDA), axit docosapentaenoic (DPA) va
axit docosahexaenoic (DHA), va tity chon axit eicosapentaenoic (EPA) va/hodc axit
eicosatetraenoic (ETA), va trong d6 mic DHA trong tbng ham lugng axit béo cua lipit
nim trong khoang tir 7% dén 20%.

Vi du vé cdy hat diu bao gdm, nhung khong han ché &, Brassica sp., Gossypium
hirsutum, Linum usitatissimum, Helianthus sp., Carthamus tinctorius, Glycine max, Zea
mays, Arabidopsis thaliana, Sorghum bicolor, Sorghum vulgare, Avena sativa,
Trifolium sp., Elaesis guineenis, Nicotiana benthamiana, Hordeum vulgare, Lupinus
angustifolius, Oryza sativa, Oryza glaberrima, Camelina sativa, hodc Crambe
abyssinica. Theo mdt phuong én, céy hat dau 13 cay cai dau, Glycine max, Camelina

sativa hoic Arabidopsis thaliana. Theo mdt phuwong an thay thé, cay hat déu khong phai
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1a A. thaliana.

Theo mot phuong an, mot hodc nhiéu desaturaza c6 kha ning st dung co chét
axyl-CoA. Theo mot phuong an duge uu tién, mot hodc nhiéu A6-desaturaza, AS5-
desaturaza, A4-desaturaza va A8-desaturaza, néu c6, c6 kha ning st dung co chét axyl-
CoA, t6t hon 13 mdi i) A6-desaturaza, AS-desaturaza va A4-desaturaza hodc ii) AS-
desaturaza, Ad-desaturaza va A8-desaturaza c6 kha nidng sir dung co chét axyl- CoA.
Theo mot phuong 4n, Al2-desaturaza va/hodc @3-desaturaza c6 kha nang st dung co
chét axyl-CoA. Tét hon 13, co chit axyl-CoA 1a ALA-CoA, ETA-CoA, DPA- CoA,
ETrA-CoA, LA-CoA, GLA-CoA, hoic ARA-CoA.

Theo mot phuong 4n, hat gia, duoc thu hoach cua céy ¢6 ham lugng DHA it nhét
1a khoang 28mg trong mdi gam hat, t6t hon 12 it nhat khoang 32mg trong mdi gam hat,
it nhat khoang 36mg trong mdi gam hat, it nhét khoang 40mg trong mdi gam hat, tbt
hon nita 12 it nhit khoang 44mg trong mdi gam hat hodc it nhét khoang 48mg trong
mdi gam hat. Ham lwong DHA t8i da c6 thé ndm trong khoang tir 80 dén 100mg trong
mdi gam hat, hodc khodng 80mg hoic khoang 100mg trong mdi gam hat.

Theo khia canh khéc, sang ché dé xuét cdy Brassica napus, B. juncea hodc
Camelina sativa c6 kha ning tao ra hat chira DHA, trong d6 hat gia, dugc thu hoach cua
cdy nay c6 ham lugng DHA it nhét 13 khoing 28mg trong mdi gam hat, t6t hon 1a it
nhét khoang 32mg trong mdi gam hat, it nhat khoang 36mg trong mdi gam hat, it nhét
khoang 40mg trong mdi gam hat, t6t hon nita 12 it nhit khodng 44mg trong mdi gam hat
hodic it nhit khoang 48mg trong mdi gam hat. Ham lugng DHA ¢6 thé nim trong
khoang tir 80 dén 100mg trong mdi gam hat, hodc khoang 80mg hodc khoang 100mg
trong mdi gam hat.

Theo khia canh khéc, sang ché dé xuét t& bao ciy clia ciy theo sang ché bao gdm
polynucleotit ngoai sinh.

Sang ché cling d& xudt bo phan cdy, t6t hon 12 hat, c6 mot hodc nhiéu dic diém
sau. )
i) tir ciy theo sang ché,

ii) bao gdm lipit dugc néu trong day,

iii) dwgc st dung trong quy trinh theo sang ché,

iv) bao gbm cAu tric gen theo sang ché, hoic

v) bao gdbm bo polynucleotit ngoai sinh dugc néu trong day.

Theo khia canh khéc nita, sang ché dé xuat hat Brassica napus, B. juncea hodc
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Camelina sativa trudng thanh, dugc thu hoach bao g6m DHA va ham lugng Am nim
trong khoang tir 4% dén 15% theo trong lugng, trong d6 ham lugng DHA cua hat it
nhit khoang 28mg trong mdi gam hat, t6t hon 1a it nhit khoéng 32mg trong mdi gam
hat, it nhit khoang 36mg trong mdi gam hat, it nhét khoang 40mg trong mdi gam hat,
t6t hon nira 13 it nhit khoang 44mg trong mdi gam hat hodc it nhét khoang 48mg trong
mdi gam hat. Him luong DHA c6 thé nim trong khoang 80mg dén 100mg trong mdi
gam hat, hodc khoang 80mg hodc khoang 100mg trong mdi gam hat.

Theo mot phuong 4n, té bio theo sing ché, sinh vat bién dbi gen theo sang ché,
cdy hat dau theo sang ché, ciy Brassica napus, B. juncea hoic Camelina sativa theo
sang ché, b phén céy theo sang ché, hoic hat theo sang ché, c6 thé dugce str dung dé
tao ra lipit chiét tach c6 mot hodc nhiéu hoic tAt ca cac dic diém dugc néu trong day.

Theo khia canh khéc nita, sang ché dé xuét phwong phép tao ra té bao theo sang
ché, phuong phap nay bao gbém

a) dua vao té bao nay, t5t hon 1a té bao khong c6 kha ning téng hop LC-PUFA,
chu trac gen theo sang ché, polynucleotit phan tach va/hodc ngoai sinh theo séng ché,
vecto hodc cdu trac gen theo sang ché, mot hoic nhiéu t6 hop cta polynucleotit ngoai
sinh néu trong day,

b) tiy chon, biéu hién gen hoc (c4c) polynucleotit trong té bao nay;

¢) tuy chon, phéan tich thanh phén axit béo clia té bao, va

d) tuy chon, luva chon té bao biéu hién gen hodc (céc) polynucleotit.

Theo mot phuong 4n, lipit trong té bao nay c6 mot hodc nhidu dic diém néu
trong day.

Theo phuong an khéc, ciu tric gen, polynucleotit phan tach va/hodc ngoai sinh,
vecto, cdu trac gen hoic su két hop cuia cac polynucleotit ngoai sinh, dugc sat nhap 6n
dinh vao hé gen cuia té bao.

Theo phuong 4n mé rdng, té bao 12 té bao ciy, va phuong phap nay con bao gdm
budc phuc hdi cdy bién nap tir té bao & budc a).

Theo phuong 4n khéc, gen va/hodc polynucleotit ngoai sinh duge biéu hién tam
thoi trong té bao nay.

Sang ché ciing d@ xuét té bao dugc tao ra boi phuong phép theo sang ché.

Theo khia canh khéc, sang ché d& xuét phuong phép tao ra hat, phuong phéap nay
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bao gdm cac bude

a) trong cdy theo sang ché, hoic cay cung cipbod phan duge néu trong day, t6t
hon 1 trén canh ddng ndm trong quin thé it nhat 1000 cdy nay hodc trong dién tich it
nhét 1 héc ta dugc trdng v6i mat do trong cdy chuén,

b) thu hoach hat tr cdy hodc céc cdy, va

¢) tuy chon, chiét lipit tir hat nay, t6t hon 12 dé tao ra diu vé6i hiéu sudt DHA
tbng cong it nhét 13 60kg DHA/héc ta.

Theo mot phwong 4n, cdy, té bao cdy, bd phan ciy hodc hat theo sing ché c6 mot
hoic nhiu dic diém sau

i) dau nhu dugc néu trong day,

ii) b6 phén cay hodc hat c6 thé duoc st dung trong quy trinh theo sdng ché,

iii)  polynucleotit ngoai sinh ndm trong céu tric gen theo sang ché,

iv)  polynucleotit ngoai sinh bao gdm polynucleotit ngoai sinh theo séng ché,

V) t& bao cay 1a té bao theo sng ché, va

vi)  hat dugc tao ra theo phuong phap theo sang ché.

Theo khia canh khac, sang ché dé xudt phuong phdp tao ra mét hodc nhiéu
desaturaza axit béo va/hodc elongaza axit béo, hodc mot hodc nhiéu desaturaza axit béo
va mot hodic nhidu elongaza axit béo, phuong phap nay bao gbm biéu hién trong té bao
hodc hé bidu hién khong phai té bao cAu triic gen theo sang ché, polynucleotit phan tach
va/hodc ngoai sinh theo sing ché, vecto hodc cdu triic gen theo sang ché, mot hoic
nhiéu t6 hop clia polynucleotit ngoai sinh néu trong day, t6t hon 14 trong hat dau dang
phét trién trong cay hat dau trén canh dong.

Theo khia canh khéc, sang ché dé xuét lipit, hodc dau, duoc tao ra béng, hodc thu
duoc tir, sit dung quy trinh theo sang ché, t& bao theo sang ché, sinh vat bién @i gen
theo sang ché, cdy hat dau theo séng ché, ciy Brassica napus, B. juncea hodc Camelina
sativa theo sang ché, bd phan cdy theo sang ché, hat theo sang ché, hoic cay, té bao
cdy, bd phén cdy hodc hat theo sang ché.

Theo mét phuong 4n, lipit hodc diu thu dugc bing céch chiét dau tir hat dau. Vi
du v& diu tir hat diu bao gdm, nhung khong han ché &, dau cai (Brassica napus,
Brassica rapa ssp.), dau mu tac (Brassica juncea), dAu ho Brassica khac, ddu huéng
duong (Helianthus annus), déu hat lanh (Linum usitatissimum), dau dau nanh (Glycine

max), dau rum (Carthamus tinctorius), dau ngd (Zea mays), dau cay thudc 14 (Nicotiana
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tabacum), ddu lac (Arachis hypogaea), dAu co, dau hat bong (Gossypium hirsutum), dau
dira (Cocos nucifera), du 18 tAu (Persea americana), déu 6liu (Olea europaea), dau
ciy diéu (Anacardium occidentale), dau mécca (Macadamia intergrifolia), dau qua
hanh (Prunus amygdalus) hodc dau hat Arabidopsis (Arabidopsis thaliana).

Theo khia canh khéc, sang ché @& xuAt axit béo dugc tao ra bdi, hodc thu dugc
tir, bang cach st dung quy trinh theo sang ché, t& bao theo sang ché, sinh vat bién ddi
gen theo sang ché, cay hat dau theo séng ché, cay Brassica napus, B. juncea hodc
Camelina sativa theo séng ché, bd phan cay theo sang ché, hat theo sang ché, hoic cay,
t& bao ciy, bd phan cdy hodc hat theo sang ché. Tot hon 13, axit béo la DHA. Axit béo
¢6 thé 12 & dang hdn hop céc axit béo ¢ thanh phén axit béo nhu md ta trong day. Theo
mdt phwong 4n, axit béo khong duoc este hoa.

Sang ché cling d& xuét bot hat thu duge tir hat theo sdng ché. Bot hat duoc wu
tién bao gdm, nhung khong han ché &, bot hat Brassica napus, B. juncea, Camelina
sativa hoic Glycine max. Theo modt phuong an, bt hat bao gbm polynucleotit ngoai
sinh va/hodic cdu tric gen duge néu trong déy.

Theo khia canh khac, sang ché dé xut ché phim chira mot hodc nhiéu lipit hodc
dau theo sang ché, axit béo theo sang ché, cdu triic gen theo sang ché, polynucleotit
phan tach va/hodc ngoai sinh theo sang ché, vecto hodc céu triic gen theo sang ché, té
bao theo sang ché, sinh vat bién ddi gen theo sang ché, cay hat diu theo sang ché, cay
Brassica napus, B. juncea hodc Camelina sativa theo sang ché, bo phan cay theo sing
ché, hat theo séang ché, cay, té bao cdy, bd phan cdy hodc hat theo sang ché, hodc bot hat
theo sang ché. Theo céc phuong 4n, sang ché nay bao gbm chit mang thich hgp cho
tmng dung dugc pham, thuc phim hozc nong nghiép, hop chit xtr ly hat, phan bon, thuc
phim hoic thanh phén thirc dn khéc, hodc protein hogc vitamin bd sung.

Sang ché ciing d& xuét san phim dinh dudng, m§ pham hoic hoa chit bao gdbm
mdt hodc nhiéu lipit hodc diu theo sang ché, axit béo theo sang ché, cdu trac gen theo
sang ché, polynucleotit phén tach va/hodc ngoai sinh theo sang ché, vecto hodc chu tric
gen theo sang ché, té bao theo sang ché, sinh vét bién dbi gen theo sang ché, cay hat
dau theo sang ché, cay Brassica napus, B. juncea hodc Camelina sativa theo sang ché,
bd phén cdy theo sang ché, hat theo sang ché, cay, té bio cay, bd phan cdy hodc hat theo
sang ché, bot hat theo sang ché, hodc ché phém theo sang ché.

Theo khia canh khéc, sang ché d& xuét phuong phép tao ra san phim dinh dudng,
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phuong phap nay bao gbm tron mot hodc nhidu lipit hodc diu theo sang ché, axit béo
theo sang ché, cAu tric gen theo sang ché, polynucleotit phan tich va/hodc ngoai sinh
theo sang ché, vecto hodc cAu triic gen theo sang ché, té bao theo sang ché, sinh vat
bién @i gen theo sang ché, cay hat dau theo séng ché, cay Brassica napus, B. juncea
hoic Camelina sativa theo sdng ché, bd phan cay theo sang ché, hat theo sang ché, cay,
té bao ciy, b0 phén cdy hodc hat theo sang ché, bot hat theo sang ché, hoic ché phém
theo sang ché, voi it nhit mét thanh phﬁn thirc dn khac.

Theo khia canh khac, sang ché d& xuét phuong phap diéu tri hoic phong tinh
trang bénh ma PUFA s& c6 loi, phuong phép nay bao gdm st dung cho d6i twong mot
hoic nhiéu lipit hodc dau theo sang ché, axit béo theo sang ché, ciu tric gen theo sang
ché, polynucleotit phan tach va/hodc ngoai sinh theo sang ché, vecto hodic ciu tric gen
theo sang ché, té bao theo sang ché, sinh vat bién dbi gen theo sang ché, cay hat diu
theo sang ché, cdy Brassica napus, B. juncea hodc Camelina sativa theo sang ché, bd
phén cdy theo sang ché, hat theo sang ché, cay, té bao cdy, bd phén cdy hodc hat theo
séng ché, bot hat theo séng ché, ché phim theo sang ché, hodc san phdm dinh dudng
theo sang ché.

Vi du vé tinh trang bénh ma PUFA s€& c6 lgi bao gém, nhung khong han ché &,
chung loan nhip tim, bénh nguyén bao mach, bénh viém, bénh hen, bénh vay nén,
chimg loing xwong, bénh sdi than, AIDS, bénh xo clng rai rac, viem kh6p dang thép,
bénh Crohn, bénh tdm than phan liét, bénh ung thu, hoi ching ngd doc rugu & thai nhi,
rdi loan ting dong gidm chu ¥, X0 nang, axit phenylpyruvic-niéu, trAm cam don cuc, hoi
ching xung-hén, bénh lodn dudng chét tring thuong than, bénh mach vanh tim, bénh
cao huyét dp, bénh di thao dudng, bénh béo phi, bé¢nh Alzheimer, bénh téc phdi man
tinh, bénh viém rudt két man loét, bénh tai phat hep van tim sau bénh nguyén bao mach,
bénh cham, bénh huyét 4p cao, bénh két tu tiéu clu, bénh chiy méu da day, bénh lac ndi
mac tir cung, hdi ching tidn kinh nguyét, hoi ching mét moi kinh nién, suy nhugc mén
tinh sau khi nhidm virut hogc bénh mit.

Sang ché ciing d& xuét viéc sir dung mot hodc nhiéu lipit hodc déu theo sang ché,
axit béo theo sing ché, cAu tric gen theo sing ché, polynucleotit phén tich va/hodc
ngoai sinh theo sang ché, vecto hodic cdu tric gen theo sang ché, t& bao theo sang ché,
sinh vat bién dbi gen theo sang ché, cay hat diu theo séng ché, cay Brassica napus, B.

juncea hodc Camelina sativa theo sang ché, bd phan cay theo sang ché, hat theo sang
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ché, cdy, té bao cdy, bd phin cdy hodc hat theo sang ché, bot hat theo séng ché, ché
phim theo sang ché, hodc san phim dinh dudng theo sing ché dé san xuét thubc dé
diéu tri hodc phong tinh trang bénh ly ma PUFA sé& ¢6 loi. Viéc san xuét thube c6
thé bao gém tron diu theo sang ché voi chit mang dugc dung, dé diéu tri tinh trang
bénh nhu mo ta trong day. Phuong phdp nay c6 thé bao gbm dau tién 1a tinh ché dau
va/hodc chuyén hoa este, va’/hoac cAt phan doan dAu dé 1am ting mic DHA. Theo mét
phuong an cu thé, phuong phap nay bao gbm viée xu 1y lipit hodc du nhu diu cai dé
chuyén héa axit béo trong dAu thanh alkyl este nhu metyl hodc etyl este. Viéc xir ly tiép
nhu cét phan doan hodc ¢6 thé chung cit dé lam giau DHA trong lipit hodc dau. Theo
mdt phuong an duoc uu tién, thudc nay bao gdm etyl este cia DHA. Theo mét phuong
4n wu tién hon nita, mirc etyl este cia DHA trong thubc nam trong khoang tir 30% dén
50%. Thubc ndy con ¢6 thé bao gdm etyl este ciia EPA, nhu tir 30% dén 50% tdng ham
luong axit béo trong thudc nay. Thudc nay thich hop dé st dung cho ddi tugng ngudi
hodc dong vat dé diéu tri cac tinh trang bénh 1y nhu mo ta trong day.

Theo khia canh khéc, sang ché @& xuit phuong phép kinh doanh hat, phuong
phap nay bao gbm viéc thu 14y theo séng ché, va kinh doanh hat thu dugc vi myc dich
muc dich doanh thu.

Theo mdt phuong an, viéc thu 14y hat bao gbm viée trdng cdy theo sang ché
va/hodc thu hoach hat tir cdy.

Theo phuong 4n khéc, viéc thu léy hat con bao gém viéc dua hat vao vat chua
va/hodc bao quan hat.

Theo phuong an md rong, viéc thu 14y hat con bao gbm van chuyén hat dén mot
dia diém khac.

Theo mot phuong an khac nita, phuong phép nay con bao gdm van chuyén hat
dén mot dia diém khac sau khi hat dugc béan.

Theo phwong 4n m& rdng, viéc mua ban dugc thuc hién bang phuong tién dién tir
nhu may tinh.

Theo khia canh khac nita, sang ché d& xuét quy trinh dong hdp hat bao gdm:

a) xén, vun thanh lubng va/hodc git phin trén mit @4t cua cay chira hat theo
sang ché,

b) dap va/hodc sang cac bd phan cia cdy dé tach riéng hat khoi bd phan cdy con

lai, va
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¢) sang va/hodic phan loai dugc tach riéng trong bude b), va déng hat da duge
sang va/hodc phan loai vao cac hdp, theo d6 tao ra cac hdp chira hat.

Theo mot phuong an, khi thich hop, lipit hodc dau, t6t hon 1a dau hat, theo sang
ché hodc hiru dung theo sing ché, c6 do béo dugc néu trong Bang trong phan Vi dy,
nhu hat 14 ciia Bang 16.

Phuong 4n bt ky & ddy s& duge dua vao 4p dung cé sta d6i thich hop thanh
phuong an khéc bét ky trir khi c6 quy dinh khac.

Sang ché khong bi giéi han pham vi & cac phuong an cu thé dugc md ta trong
day, cac phuong 4n dugc chi nhdm muc dich minh hoa. C4c san pham, ché phim, va
phuong phép tuwong duong vé mit chtc ning rd rang s& nim trong pham vi sng ché,
nhu md ta trong day.

Trong toan bd ban mo ta, trir khi duoc ghi chi khac, khi nhic dén mot bude riéng
1é, ché phém chira vat chit, nhém céc budc hoic nhém céc ché phém chtra vat chit s&
bao gdm ca nghia sb it va s6 nhidu (te 12 mot hodc nhiéu) budc, ché phdm chura vat
chét, nhém céc budc hodc nhém cac ché phdm chira vat chét.

Sau day sang ché s& dugc md ta boi cac vi du khong giGi han pham vi sau ddy va

tham khao cac hinh vé& kém theo.

MO ta vin tit cac hinh vé

Fig.1. Con dudng sinh tbng hop DHA wa khi.

Fig.2. Ban dd ving 1ong T-ADN & gifta bién phai va bién trai cua pJP3416-GA7.
RB ky hiéu 1a bién phai; LB, bién trai; TER, gen két thic phién ma/ ving polyadenyl
héa; PRO, gen khéi dau; Viung mé héa duge thé hién bén trén miii tén, gen khéi dau va
gen két thic bén duéi. Micpu-A6D, Micromonas pusilla A6-desaturaza; Pyrco-AGE,
Pyramimonas cordata A6-elongaza; Pavsa-ASD, A5-desaturaza Pavlova salina; Picpa-
®3D, o3-desaturaza Pichia pastoris; Pavsa-A4D, Ad-desaturaza P. salina; Lackl-
A12D, Al2-desaturaza Lachancea kluyveri; Pyrco-ASE, AS-elongaza Pyramimonas
cordata. NOS @& chi gen két thiic phién ma/ving polyadenyl hoéa Agrobacterium
tumefaciens nopalin synthaza; FP1, gen khoi dAu cit napin Brassica napus; FAEL, gen
khoi ddu Arabidopsis thaliana FAEL; Lectin, gen két thuc phién ma/ving polyadenyl
héa Glycine max lectin; Cnll va Cnl2 dé chi gen khéi du hodc gen két thic Linum

usitatissimum conlininl hogic conlinin2. MAR dé chi vung gin co chit Rb7 tir
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Nicotiana tabacum.

Fig.3. Ban dd ving 1dng T-ADN giita bién phai va bién trai cia pJP3404. Céc ky
hiéu 1a nhu trong Fig.2.

Fig.4. Ban dd ving 1dng gifta bién phai va bién trai ciia pJP3367. Cac ky hiéu 1a
nhu trong Fig.2.

Fig.5. Muc DHA 1a phén trim cla toan bd axit béo trong lipit hat tir nhiéu hat
Arabidopsis thaliana bién dbi gen doc 1ap & ca thé hé T, va T3. Céc cay T, trong ngodc
dugc chuyén sang Ts. Cac ciy dbi chimg 4. thaliana Columbia va fad2 dot bién ciing
dugc thé hién.

Fig.6. Ham lugng dau (trong lugng/trong lwgng) so véi ham lugng DHA, la
phan trim phén trim toan b axit béo cua lipit tir hat Arabidopsis thaliana bién ddi gen.

Fig.7. Gel RT-PCR dic trung thé hién sy biéu hién kém ctia gen A6-desaturaza
tuong g voi cac gen bién ddi khéc trong T-ADN cua mam B. napus dugc gy bién
nap bing pJP3416-GA7. Céc vét tir bén trdi thé hién san pham RT-PCR: 1, gen dénh
dau kich thuéc ADN; vét 2, A12 desaturaza; vét 3, @3-desaturaza; vét 4, A6-desaturaza
(biéu hién kém); vét 5, A6-elongaza; vét 6, AS-desaturaza; vét 7, A5-elongaza; vét 8,
A4-desaturaza.

Fig.8. Phan trim cia ALA dugc V& dd thi voi phan trim ctla axit oleic, mdi
duong 13 phan trim cua toan b axit béo trong lipit thu duoc tir mam sinh dudng
Brassica napus bién dbi gen 35S:LEC2.

Fig.9. Phan b vi tri phan tich bsi NMR trén A) dau c4 ngir va, B) dau hat
Arabidopsis bién di gen DHA. Céc dinh ky hiéu ‘DHA-alpha’ thé hién lugng DHA c6
& vi trf sn-1 va vi tri sn-3 cita TAG (khong c6 dbi ching vi tri, n6 s& bang 66% téng
DHA) trong khi cac dinh danh ddu ‘DHA-beta’ thé hién lwong DHA & vi trf sn-2 cta
TAG (khong ¢6 dbi chimg no s& bang 33% DHA).

Fig.10. Phan tich LC-MS cua dang triaxylglyxerol chira DHA trong hat 4.
thaliana bién d6i gen dang phat trién (mau x4m) va gia (mau den). Con sb dimg sau
DHA dé chi téng sb nguyén ti carbon va tbng sb lién két doi trong hai axit béo khac.
Do d6, DHA/34:1 ciing c¢6 thé dugc ky hiéu 1a TAG 56:7, v.v..

Fig.1l. Ban d0 ving I1dng T-ADN & giita bién phai va bién trdi cua
pORE04+11ABGBEC_béu diia EPA_doan 16ng. Ky hiéu 1a nhu trong Fig.2; SSU, gen

khoi dau cua tiéu don vi nhod Arabidopsis thaliana rubisco.
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Fig.12. Ban dd vecto kép pIP3364 thé hién vi tri gi6i han Nofl trong d6 Al2-
desaturaza nghién ctru dugc tach dong vao do.

Fig.13. Biéu dd dang hop thu dugc bang SigmaPlot thé hién phan trim cia axit
béo 20:4w6 (ARA) trong lipit hat ciia nhém hat Arabidopsis T2 duogc gdy bién nap bing
pFN045-pFN050. Pudng bién ciia m8i hop gn nhét véi mirc 0 chi mirc phan vi phan
tram 25, dudng bén trong mdi hop danh d4u mtrc trung binh, va dudng bién cua mdi
hop xa v6i mitc 0 nhét chi mirc phan vi phan trdm 75. Thanh béo 15i thé hién trén va
duéi mbdi hop chi ra mitc phan vi phan trim 90 va 10.

Fig.14. Mtrc trung binh cia ARA & dang phan trim tdng ham lugng axit béo
trong lipit hat ctia hat Arabidopsis T2 dugc gy bién nap bing pFN045-pFN050.

Fig.15. Biéu dd dang hop thé hién phan trimaxit béo 20:206 (EDA) trong lipit
hat ciia nhém hat Arabidopsis T2 dugc gy bién nap bang pFN045-pFNO50. Biéu d6
dang hop thé hién gi4 tri nhu mo ta trong Fig.13.

Fig.16. Biéu d6 dang hop thé hién phan trim cia ARA trong lipit hat cia nhém
hat Arabidopsis T4 dugc gy bién nap bang pFN045-pFNO050. Biéu dd dang hop thé
hién gi4 tri nhu mo ta trong Fig.13.

Fig.17. Mtc trung binh ciia ARA & dang phan trim tdng ham lugng axit béo
trong lipit hat cia nhom hat Arabidopsis T4 dugc gay bién nap bang pFN045-pFN050.

Fig.18. Biéu dd dang hop thé hién phan tram EDA trong lipit hat ciia nhém hat
* Arabidopsis T4 dugc gy bién nap bing pFN045-pFNO50. Biéu @b dang hop thé hién
gi4 tri nhu mo ta trong Fig.13.

Fig.19. (A) CAu tric sterol thuc vat co ban c6 vong va chudi bén danh sb. (B)
Chu trac hoa hoc ciia mot sb sterol thyc vat.

Fig.20. Cay hé théng sinh hoc ctia cdc LPAAT da biét.

Fig.21. Céc enzym trao d6i axyl khac nhau s& van chuyén cac axit béo giita PC,
nhém CoA, va nhéom TAG. Pugc sura ddi tir Singh et al. (2005).

Ky hiéu danh sdch trinh tw

SEQ ID NO: 1 — trinh tu nucleotit pJP3416-GAT.

SEQ ID NO: 2 — trinh ty nucleotit pGA7- mod_B.

SEQ ID NO: 3 — trinh tu nucleotit pGA7- mod_C.

SEQ ID NO: 4 — trinh ty nucleotit pGA7- mod_D.

SEQ ID NO: 5 — trinh ty nucleotit pGA7- mod_E.
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SEQ ID NO: 6 — trinh ty nucleotit pGA7- mod_F.

SEQ ID NO: 7 — trinh ty nucleotit pGA7- mod_G.

SEQ ID NO: 8 - pORE04+11ABGBEC_D4u diia_EPA_trinh tu nucleotit 10ng.

SEQ ID NO: 9 - Khung doc m& t6i wu hoa theo codon d& biéu hién A12
desaturaza Lachancea kluyveri & thuc vat.

SEQ ID NO: 10 - Lachancea kluyveri A12-desaturaza.

SEQ ID NO: 11 - Khung doc mé t6i wu hoa theo codon dé biéu hién w3
desaturaza Pichia pastoris & thuc vat.

SEQ ID NO: 12 - ©3 desaturaza Pichia pastoris.

SEQ ID NO: 13 - Khung doc m¢ ma héa A6-desaturaza Micromonas pusilla.

SEQ ID NO: 14 - Khung doc m& tdi wu héa theo codon dé biéu hién A6-
desaturaza Micromonas pusilla & thuc vat (phién ban 1).

SEQ ID NO: 15 - Khung doc m¢ t6i wu hoa theo codon dé biéu hién A6-
desaturaza Micromonas pusilla & thuc vat (phién ban 2).

SEQ ID NO: 16 - A6-desaturaza Micromonas pusilla.

SEQ ID NO: 17 - Khung doc mé mid héa A6-desaturaza Ostreococcus
lucimarinus.

SEQ ID NO: 18 - Khung doc m& t6i wu hoa theo codon dé biéu hién AG-
desaturaza Ostreococcus lucimarinus & thuc vat.

SEQ ID NO: 19 - A6-desaturaza Ostreococcus lucimarinus.

SEQ ID NO: 20 - A6-desaturaza Ostreococcus tauri.

SEQ ID NO: 21 - Khung doc mé mé hoa Pyramimonas cordata A6-elongaza.

SEQ ID NO: 22 - Khung doc mé t6i wu héa theo codon dé biéu hién AG-
elongaza Pyramimonas cordata & thuc vat (bi cit cut & ddu 3’ va mi hoa elongaza chirc
nang) (phién béan 1).

SEQ ID NO: 23 - Khung doc m¢& t6i wu hoa theo codon dé biéu hién A6-
clongaza Pyramimonas cordata & thyc vat (bi c4t cut & ddu 3’ va mi hoa elongaza chirc
nang) (phién ban 2).

SEQ ID NO: 24 - Khung doc m& t6i wu hoa theo codon dé biéu hién A6-
elongaza Pyramimonas cordata & thyc vt (bi cht cut & ddu 3’ va ma hoa elongaza chirc

nang) (phién ban 3).
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SEQ ID NO: 25 - A6-elongaza Pyramimonas cordata.

SEQ ID NO: 26 — A6-elongaza Pyramimonas cordata bi cit cut.

SEQ ID NO: 27 - Khung doc m& ma héa Pavlova salina A5-desaturaza.

SEQ ID NO: 28 - Khung doc mé i uu héa theo codon dé bi€u hién A5-
desaturaza Pavlova salina & thuc vét (phién ban 1).

SEQ ID NO: 29 - Khung doc mé i wu héa theo codon dé bicu hién AS-
desaturaza Pavlova salina & thuc vét (phién ban 2).

SEQ ID NO: 30 - A5-desaturaza Pavlova salina.

SEQ ID NO: 31 - Khung doc mé ma héa AS-desaturaza Pyramimonas cordata.

SEQ ID NO: 32 - A5-desaturaza Pyramimonas cordata.

SEQ ID NO: 33 - Khung doc m¢ ma héa AS-elongaza Pyramimonas cordata.

SEQ ID NO: 34 - Khung doc mé& t81 wu héa theo codon dé bidu hiénA5-elongaza
Pyramimonas cordata & thuc vét (phién ban 1).

SEQ ID NO: 35 - Khung doc mé t6i wu héa theo codon dé biéu hiénAs-elongaza
Pyramimonas cordata & thuc vét (phién ban 2).

SEQ ID NO: 36 - Khung doc mé tdi wu hoéa theo codon dé biéu hién AS-
elongaza Pyramimonas cordata & thyc vat (phién ban 3).

SEQ ID NO: 37 - A5-elongaza Pyramimonas cordata.

SEQ ID NO: 38 - Khung doc m¢& ma héa A4-desaturaza Pavlova salina.

SEQ ID NO: 39 - Khung doc mé t6i wu hoa theo codon dé biéu hién A4-
desaturaza Pavlova salina & thyc vét (phién ban 1).

SEQ ID NO: 40 - Khung doc m¢& t6i wu hoa theo codon dé bidu hién A4-
desaturaza Pavlova salina & thuc vat (phién ban 2).

SEQ ID NO: 41 - Ad-desaturaza Pavlova salina.

SEQ ID NO: 42 - Khung doc m¢& ma héa A9-elongaza Isochrysis galbana.

SEQ ID NO: 43 - A9-elongaza Isochrysis galbana.

SEQ ID NO: 44 - Khung doc m¢ md hoa A9-elongaza Emiliania huxleyi
CCMPI516.

SEQ ID NO: 45 - Khung doc m& t81 wu hoa theo codon dé biéu hién Emiliania
huxleyi A9-elongaza & thuc vt.

SEQ ID NO: 46 - A9-elongaza Emiliania huxleyi CCMPI1516.
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
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SEQ ID NO:
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
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47 - Khung doc m& ma héa A9-elongaza Paviova pinguis.
48 - A9-elongaza Pavlova pinguis.

49 - Khung doc mé ma hoa A9-elongaza Pavlova salina.
50 - A9-elongaza Paviova salina.

51 - Khung doc mé ma hoa A8-desaturaza Paviova salina.
52 - A8-desaturaza Paviova salina.

53 — gen tc ché virut P19.

54 — Gen tc ché virut V2.

55 — Gen e ché virut P38.

56 — Gen tc ché virut Pe-PO.

57 — Gen trc ché virut RPV-PO.

58 — Khung doc m& ma hoa gen trc ché virut P19.

59 — Khung doc m& ma hoa gen rc ché virut V2.

60 — Khung doc m& ma hoa gen rc ché virut P38.

61 — Khung doc m¢ ma hoa gen ¢ ché virut Pe-PO.

62 — Khung doc mé ma hoa gen e ché virut RPV-PO.

63 - LPAAT2 Arabidopsis thaliana.

64 — LPAAT Limnanthes alba.

65 — LPAAT Saccharomyces cerevisiae.

66 — LPAAT Micromonas pusilla.

SEQ ID NO: 67 — LPAAT Mortierella alpina. SEQ ID NO: 68 — LPAAT

Braccisa napus.

SEQ ID NO:

69 — LPAAT Brassica napus.

SEQ ID NO: 70 - o3 desaturaza Phytophthora infestans. SEQ ID NO: 71 - @3

desaturaza Thalassiosira pseudonana.

SEQ ID NO:

72 - ®3 desaturaza Pythium irregulare.

MG ta chi tiét sang ché

Cac k¥ thuat tdng quat va dinh nghia

Trir khi ¢6 quy dinh khéc, tit ca cac thuat ngit k§ thuat va khoa hoc st dung &

day s€ duoc hiéu theo nghia nhu dugc hiéu théng thudng véi cac chuyén gia trong linh

vuc nay (vi du, trong nudi cy té bao, di truyén phén tt, tdng hop axit béo, ciy bién ddi
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gen, hda hoc protein, va héa sinh).

Trur khi ¢6 quy dinh khéc, ky thut protein tai td hop, nudi cdy t& bio, va mién
dich hoc st dung trong sang ché 13 cac quy trinh chuln, da biét r6 v6i cac chuyén gia
trong linh vuc nay. Cac k§y thuat nay dugc md ta va giai thich trong cac ngudn tai liéu
nhu, J. Perbal, A Practical Guide to Molecular Cloning, John Wiley and Sons (1984),
J. Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbour
Laboratory Press (1989), T.A. Brown (ngudi bién tap), Essential Molecular Biology: A
Practical Approach, Volumes 1 and 2, IRL Press (1991), D.M. Glover and B.D. Hames
(ngudi bién tap), DNA Cloning: A Practical Approach, Volumes 1-4, IRL Press
(1995 va 1996), F.M. Ausubel et al. (ngudi bién tap), Current Protocols in Molecular
Biology, Greene Pub. Associates and Wiley-Interscience (1988, bao gbm tAt ca cac tai
liéu cdp nhat cho dén nay), Ed Harlow va David Lane (nguoi bién tdp), Antibodies: A
Laboratory Manual, Cold Spring Harbour Laboratory, (1988), va J.E. Coligan et al.
(ngudi bién tap), Current Protocols in Immunology, John Wiley & Sons (bao gbm tit ca
cac tai liu cap nhat cho dén nay).

Thuat ngit “va/hodc”, vi du, “X va/hodc Y s& dugc hiéu c6 nghia 1a hodc “X va
Y” ho#c “X hodc Y” va s€ dugce hiéu theo ca nghia “va” va “hodc”.

Nhu st dung trong day, thuat ngit “khoang”, trlr khi c6 quy dinh khac, 1a dé chi
" 4/- 10%, tdt hon nita 12 +/- 5%, tét hon nita 1a +/- 1% gia tri dugc néu.

Trong subt ban mo ta, tr "bao gém", hoic céc tir trong ty nhu "chira", s& dugc
hidu 12 ngy ¥ su gdm c6 mot yéu t6, s6 nguyén hodc bude dd néu, hodc nhém cic yéu
t, s6 nguyén hodc budc, nhung khong c6 nghia loai trr yéu t6, sd nguyén hoic budc
bét ky khéc, hoic nhém céc yéu td, sd nguyén hodc bude.

Dinh nghia

Nhu st dung trong déy, thuét ngit "lipit chiét tach tir cay" va “lipit thuc vat dugc
phan tach” 1a dé chi ché phdm lipit da duge chiét tach tir, vi du bang céch ép, cay hodc
b6 phan ctia n6 nhu hat. Lipit chiét tach ¢6 thé a ché phdm twong dbi thd thu dugc bing
céich, vi du, ép hat cay, hodc ché pham tinh khiét hon trong d6 phan 16n, néu khong phai
13 tAt ca, mot hodc nhiéu hodc mdi trong sb6 nudc, axit nucleic, protein va carbohydrat
¢6 ngudn gbc tir nguyén lidu cay da duoc loai bé. Vi du vé cac phuong phap tinh ché
duoc mo ta sau ddy. Theo mot phuong 4n, lipit thyc vat duoc phan tach hodc duoc chiét

tach bao gdm lipit véi luong it nhit khoang 60%, it nhét khoang 70%, it nhét khoang
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80%, it nhit khoang 90%, hodc it nhét khoang 95% (trong luong/trong lugng) theo
trong luong cia ché pham. Lipit c6 thé 14 rén hodc 16ng & nhiét do phong, khi & dang
long né duogc coi 1a dau. Theo mot phuong 4n, lipit chiét tach theo sang ché khong duge
phdi hop véi lipit khac nhu DHA dugc sinh ra boi ngudn khac (vi dy, DHA tir dau ca).
Theo mdt phuong an, sau khi chiét, mot hoic nhiéu hoidc tAt ca cac ty 1€ sau, axit oleic
voi DHA, axit palmitic voi DHA, axit linoleic véi DHA, va toan b axit béo w6: toan
b axit béo ®3, khong bién ddi nhiéu (vi du, bién doi khong qua 10% hodc 5% so véi
ty 1€ trong hat hodc té bao nguyén ven. Theo phuong 4n khac, lipit chiét tach tir cay
duoc tiép xic véi quy trinh, nhu quy trinh hydro hoéa hodc phan doan, nhitng quy trinh
ndy c6 thé 1am thay i ty 18 cita mot hoge nhiéu hogc it ca, axit oleic véi DHA, axit
palmitic v6i DHA, axit linoleic v6i DHA, va toan bd axit béo w6: toan b axit béo w3,
so voi ty 1€ trong té bao hoidc hat nguyén ven. Khi lipit chiét tach tir cdy theo sang ché &
trong dau, diu ndy con co thé chira cac phan tir khong phai axit béo nhu sterol.

Nhu st dung trong day, thut ngit "dAu thyc vat chiét tach" va “dau thuc vat phan
tach” 1a dé chi mot chit hodc ché phdm chira lipit chiét tach tir cay hodc lipit thyuc vat
dugc phén tach va la chét 1ong & nhiét do phong. Déu nay thu duge tir cdy hodc bd phan
ctia n6 nhu hat. Dau chiét tich hodc phén tach c6 thé 1a ché pham tuong d6i thd thu
duoc bang cach, vi du, ép hat ciy, hodc ché phém tinh khiét hon trong d6 hau hét, néu
khong phai la tAt ca, mot hoic nhiéu hodc mdi thanh phé‘m nudc, axit nucleic, protein va
carbohydrat co ngudn gbc tlr nguyén liu cly da dugc loai bo. Ché phdm nay c6 thé bao
gdm céc thanh phin khéc ¢6 thé 1a lipit hogc khong phai lipit. Theo mt phuong an, ché
phém dau bao gbm lipit v6i lugng nam trong khoang tir it nhét khoang 60%, it nhét
khoang 70%, it nhat khoang 80%, it nhat khoang 90%, hogc it nhét khoang 95% (trong
lugng/trong luong) chiét tir cdy. Theo mdt phuong an, dAu chiét tach theo sang ché
khong duoc phéi hop véi diu khac nhu DHA dugc tao ra boi ngudn khéc (vi dy, DHA
tir ddu c4). Theo m{t phuong én, sau khi chiét tach, ty 1€ cia mot hodc nhiéu hodc tat
ca, axit oleic véi DHA, axit palmitic v6i DHA, axit linoleic véi DHA, va toan b axit
béo ©6: toan bd axit béo ®3, khong duge bién ddi dang ké (vi dy, su bién doi khong
cao hon 10% hodc 5%) so vdi ty 1€ trong té bao hodc hat nguyén ven. Theo phuong én
khac, dau thuc vat chiét tach khong dugc tiép xtic v6i quy trinh, nhu hydro héa hodc
phan doan, quy trinh nay c6 thé bién dbi ty 1é ctia mot hodc nhiéu hodc tit ca, axit oleic

v&i DHA, axit palmitic véi DHA, axit linoleic v6i DHA, va toan b axit béo w6: toan
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bo axit béo 3, so véi ty 1€ trong t€ bao hodc hat nguyén ven. Déu thyuc vat chiét tach

theo sang ché c6 thé chtra phan tir khong phai axit béo nhur sterol.

3\
A

Nhu st dung trong ddy, “dau” 1a ché phdm chira chi yéu 12 lipit va Ia chét 1ong &
nhiét d6 phong. Vi du, ddu theo sang ché tdt hon 1a chira lipit v6i lugng it nhat 1a 75%,
it nhit 80%, it nhit 85% hodc it nhit 90% theo trong luong. Dic trung, dau tinh khiét
chira it nhit 90% triaxylglyxerol (TAG) theo trong lugng cta lipit trong dau. Cac thanh
phén phu cta diu nhu diaxylglyxerol (DAG), c4c axit béo tw do (FFA), phospholipit va
sterol ¢6 thé c6 mat nhur mo ta trong day.

Nhu str dung trong day, thudt ngit "axit béo" l1a dé chi axit (hodc axit hitu co),
thuong 1 c¢6 dudi dai béo, hodc bdo hoa hodc chua bdo hoa. Pic trung cac axit béo co
chubi lién két cacbon-cacbon c6 chiu dai it nhat 8 nguyén tt, t6t hon nira 1a c6 chidu
dai it nhit 12 carbon. Cac axit béo c6 nhidu trong ty nhién nhét c6 sb chin nguyén ti
carbon ch&n do sy sinh téng hgp ching bao gbm axetat c6 hai nguyén tir carbon. Cic
axit béo c6 thé c6 thé & trang thdi tu do (khong este hoa) hodc ¢ dang este hoa nhu mot
phén ctia dang gin két triglyxerit, diaxylglyxerit, monoaxylglyxerit, axyl- CoA (thio-
ester) hodc dang gfn két khac. Axit béo co thé dugc este hoéa thanh phospholipit nhu
dang phosphatidylcholin, phosphatidyletanolamin, phosphatidylserin,
phosphatidylglyxerol, phosphatidylinositol hodc diphosphatidylglyxerol.

"Axit béo bio hoa" khong chira lién két doi bat ky hodc cac nhom chirc khéc
trong mach. Thuét ngit "bdo hoa" 1a dé chi hydro, trong d6 tAt ca cac carbon (ngoai
nhém axit carboxylic [-COOH]) chira nhidu hydro nhét c6 thé. N6i cach khic, dau
omega (®) chira 3 hydro (CH3-) va mdi carbon trong mach chira 2 hydro (-CH2-).

"Axit béo chura bio hoa" 1 c6 dang twong tu nhu axit béo bdo hoa, ngoai trir 1a
c6 mot hodc nhiéu nhom chitre alken trong mach, véi mbi alken thé phén lién két don "-
CH2-CH2-" ctia mach bing phan lién két doi"-CH=CH-" (d6 13, lién két doi carbon v6i
carbon khéac). Hai nguyén tit carbon bén canh trong mach dugce lién két v6i bén khac
ctia lién két d6i c6 thé c6 cAu hinh cis hodc trans.

Nhu st dung trong ddy, thuat ngit "axit béo mot lién két chua bdo hoa" 1a dé chi
axit béo bao gdm it nhit 12 nguyén tir carbon trong mach carbon ctia n6 va chi c6 mot
nhém alken (lién két d6i cacbon-cacbon) trong mach. Nhu str dung trong day, thuat ngt
"axit béo nhiéu lién két chua bdo hoa” hoic "PUFA" la & chi axit béo bao gbm it nhat

12 nguyén ti carbon trong mach carbon ctia n6 va it nhét hai nhém alken (lién két doi
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cacbon-cacbon).

Nhu str dung trong diy, thudt ngit "axit béo nhidu lién két chua bio hoa mach
dai" va "LC-PUFA" 13 dé chi axit béo bao gdm it nht 20 nguyén tir carbon trong mach
carbon ctia nd va it nhét hai lién két d6i cacbon-cacbon, va do do bao gém VLC-
PUFA. Nhu sir dung trong ddy, thuat ngit "axit béo nhidu lién két chua bdo hoa mach
rét dai" va "VLC-PUFA" 1a d chi axit béo bao gdm it nhét 22 nguyén tit carbon trong
mach carbon ciia né va it nhat ba lién két doi cacbon-cacbon. Thong thudng, sé lugng
nguyén tir carbon trong mach carbon cia céc axit béo la dé chi mach carbon khong
phan nhanh. Néu mach carbon phén nhéanh, s6 luong nguyén tir carbon khong bao gdm
nguyén tir carbon trong cdc nhém bén. Theo mot phwong an, axit béo nhiéu lién két
chua bdo hoa mach dai 13 axit béo @3, d6 1a ¢ vi tri chua bdo hoa (lién két ddi cacbon-
cacbon) trong lién két cacbon-cacbon thir ba tir diu metyl cta axit béo nay. Theo
phuong 4n khéc, axit béo nhiéu lién két chua bdo hoa mach dai 13 axit béo @6, nd cb vi
tri chua bdo hoa (lién két ddi cacbon-cacbon) trong lién két cacbon-cacbon thir sau tir
diu metyl cuia axit béo. Theo phwong 4n mé& rong, axit béo nhidu lién két chua bio hoa
mach dai dugc chon tir nhém bao gém; axit arachidonic (ARA, 20:4A5,8,11,14; ®6),
axit eicosatetraenoic (ETA, 20:4A8,11,14,17, ®3), axit eicosapentaenoic (EPA,
20:5A5,8,11,14,17; ®3), axit docosapentaenoic (DPA, 22:5A7,10,13,16,19, ®3), hodc
axit docosahexaenoic (DHA, 22:6A4,7,10,13,16,19, ©3). LC-PUFA ciing c6 thé 1a axit
dihomo-y-linoleic (DGLA) hodc axit eicosatrienoic (ETrA, 20:3A1 1,14,17, ®3). D4 biét
13 ring LC-PUFA dugc tao ra theo séng ché c6 thé 12 hdn hop cla bét ky chét néu trén
hodc t4t ca chiing va c6 thé bao gdbm LC-PUFA khac hodc dan xuét cia bt ky LC-
PUFA. Theo mot phuong 4n dugc wu tién, axit béo o3 it nhat 1a DHA, tot hon 13, DPA
va DHA, hodc EPA, DPA va DHA.

Hon nita, nhu sit dung & ddy thugt ngit "axit béo nhidu lién két chua bao hoa
mach dai" va "axit béo nhidu lién két chua bdo hoa mach rit dai" 1a dé chi axit béo &
trang thai tu do (khong este hoa) hodc ¢ dang este hoa nhu phan lién két voi triglyxerit,
diaxylglyxerit, monoaxylglyxerit, axyl-CoA hodc dang lién két khac. Axit béo c6 thé
dugc este héa 1a phospholipit nhu dang phosphatidylcholin ~ (PC),
phosphatidyletanolamin, phosphatidylserin, phosphatidylglyxerol, phosphatidylinositol
hoic diphosphatidylglyxerol. Do d6, LC-PUFA ¢6 thé 1a hdn hop cua cac dang trong

lipit cia té bao hodc dAu tinh khiét hoge lipit dwoc chiét tir t& bao, md hodc mot co
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quan. Theo cac phuong 4n dugc uu tién, sang ché d& xuit diu chira it nhit 75% hoic it
nhét 85% triaxylglyxerol, c6 phin con lai 1a & dang khéc ctia lipit nhu d4 néu, c6 it nhit
triaxylglyxerol néu trén chira LC-PUFA. Dau nay sau d6 c6 thé dugc tinh ché tiép hozic
xit Iy tiép, vi du bang cach thity phan bing bazo manh dé giai phong cac axit béo tr do,
hodc biang cach chung cét hoic twong tu.

Nhu st dung trong ddy, “toan bd axit béo ®6” hodc “tdng ham lugng axit béo
®6” hodc twong tu 13 dé chi tdng cia tit ca axit béo w6, este héa va khong este hoa,
trong lipit chiét tach, dau, té bao tai t5 hop, bd phan cdy hodc hat, 1 ham lugng xéc
dinh, thé hién 12 phan tram cta tdng ham hrong axit béo. Cac axit béo 06 bao gdm (néu
cd) LA, GLA, DGLA, ARA, EDA va ©v6-DPA, va ngoai trir axit béo w3 bét ky va axit
béo mot lién két chua bao hoa.

Nhu st dung trong day, “axit béo w6 méi” hodc “ham luong axit béo w6 méi”
hoiic twong tu 14 dé chi téng cia tit ca cic axit béo 6 trir LA, este hoa va khong este
héa, trong lipit chiét tach, diu, té bao tai tb hop, bd phan ciy hodc hat, 1a ham lugng
xac dinh, thé hién 13 phén trim cla tong ham lugng axit béo. Cac axit béo w6 méi 1a
cac axit béo duogc tao ra trong té bao, cdy, bo phan cdy va hat theo sang ché béng cach
biéu hién céu tric gen (polynucleotit ngoai sinh) dugc dwa vao trong té bao, va bao gdbm
(néu c6) GLA, DGLA, ARA, EDA va ©06-DPA, nhung ngoai trir LA va axit béo 3 bét
ky va cac axit béo mot lién két chua bdo hoa. Tong ham lwong axit béo ©6 va ham
lugng axit béo w6 méi vi du dugc xac dinh biang cach chuyén héa axit béo trong mau
thanh FAME va phén tich b6i GC, nhu m6 ta trong Vi du 1.

Nhu st dung trong day, “toan bd axit béo ®3” hodc “tdng ham luong axit béo
®3” hodc twong tu 1a dé chi tong cuia tAt ca cac axit béo @3, este héa va khong este hoa,
trong lipit chiét tach, dau, té bao tai td hop, bd phan cdy hodc hat, 1a ham luong xac
dinh, thé hién 14 phin trim cta téng ham lugng axit béo. Céc axit béo 3 bao gbm (néu
c6) ALA, SDA, ETrA, ETA, EPA, DPA va DHA, va ngoai trir axit béo w6 bét ky va
chc axit béo mt lién két chua bao hoa.

Nhu st dung trong ddy, “axit béo ®3 mdi” hodc “tong ham lugng axit béo w3
mé6i” hodc twong tr 1a @ chi téng cla tht ca cdc axit béo ®3 trit ALA, este hoa va
khong este hoa, trong lipit chiét tach, diu, té bao tai to hop, bd phan cdy hoic hat, 1a

ham luvgng xac dinh, thé hién 1a phr?m tram cua téng ham lugng axit béo. Cac axit béo
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®3 méi 1a cac axit béo duogc tao ra trong té bao, ciy, b6 phan cdy va hat theo sang ché
bing cach biéu hién ciu tric gen (polynucleotit ngoai sinh) dugce dwa vao trong té bao,
va bao gdm (néu c6) SDA, ETrA, ETA, EPA, DPA va DHA, nhung ngoai trir ALA va
axit béo 06 bit ky va cac axit béo mot lién két chua bdo hoa. Téng ham luong axit
béo @3 va tbng ham lugng axit béo ®3 méi vi du duge x4c dinh bang cach chuyén hoa
axit béo trong miu thinh FAME va phén tich bang GC, nhu md ta trong Vi du 1.

Cac protein desaturaza, elongaza va axyl transferaza va gen ma hoa ching c6 thé
dugce st dung theo sang ché 14 enzym bat ky da biét trong linh vuc hodc ddng phan
hoic din xuit cua ching. Vi du vé& gen niy va kich thudc protein ma héa duge néu
trong Bang 1. Cic enzym desaturaza di duoc dd dugc chi ra 1a tham gia vao qua trinh
sinh tong hop LC-PUFA tAt ca cac chit trong nhém c6 tén la “tién” desaturaza.

Nhu st dung trong day, thuit ngit “tidn-desaturaza” 1a dé chi mot trong nhém
enzym dua lién két dbi vao gilta nhém carboxyl va mot phan chua bio hoa da tdn tai
trede d6 cia mach axyl cua lipit, c6 dic trung cAu trac 13 su ¢6 mit cia khu vuc sic td
bao b5 tan cung 1a N, cing véi khu vuce desaturaza axit béo ddc trung bao gdm ba hop
histidin c6 tinh bao tén cao (Napier et al., 1997).

Hoat tinh cia elongaza hodc desaturaza bét ky dé st dung theo sang ché c6 thé
dugc thir nghiém bing cach biéu hién gen mi hoa enzym trong té bao, vi du, té bao nim
men, t& bao thuc vét hodc tét hon 1a trong mam sinh dudng hodc cay bién dbi gen, va
xac dinh réng té bao, mam hoic ciy c6 ting kha niing san sinh LC-PUFA so véi té bao,
mam hoic ciy c6 thé so sanh trong d6 enzym khong duge biéu hién hay khong.

Theo mét phuong an, mot hodc nhiu desaturaza va/hodc elongaza @ sir dung
theo séang ché c6 thé dugc tinh ché tir vi tao, tirc 13 tuong déng vé trinh ty axit amin v6i
polypeptit ¢ thé dugc tinh ché tir vi tao.

Trong khi mdt s6 enzym nhét dinh dwgc md ta cu thé & day 1a "c6 chirc ning
kép", su khong c6 mat cua thuét ngir nay tAt nhién khong c6 y 1a enzym cu thé khéng c6
hoat tinh khong phai nhu dugc xéc dinh cu thé.

Desaturaza

Nhu sir dung trong déy, thuit ngir "desaturaza" 1a dé chi enzym c6 kha ning dua
lién két ddi cacbon-cacbon vao trong nhém axyl cia co chét axit béo dic trung & dang
este hoa nhu, vi du, axyl-CoA este. Nhom axyl c6 thé dugc este hoéa thanh phospholipit
nhu phosphatidylcholin (PC), hodc thanh protein mang axyl (ACP), hodc theo mot
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phuong an dugc uu tién thanh CoA. Desaturaza thuong c6 thé dugc phan nhom thanh
ba nhém sau day. Theo mdt phuong an, desaturaza la tién-desaturaza.

Nhu st dung trong ddy, "A4-desaturaza" la dé chi protein tién hanh phan Gng
desaturaza ma dua lién két d6i cacbon-cacbon & lién két cacbon-cacbon thir 4 tir diu
carboxyl cua co chit axit béo. "Ad-desaturaza" it nhét 1 c6 kha ning chuyén héa DPA
thanh DHA. Buéc khir bio hoa dé tao ra DHA tir DPA dugc xuc tic béi A4-desaturaza
& sinh vat khong phai 1a dong vét c6 vi, va gen mé hoa enzyme nay da dugc phan tach
tir loi sinh vat don bao nudc ngot Euglena gracilis va loai nuge man T hraustochytrium
sp. (Qiu et al., 2001; Meyer et al., 2003). Theo mot phuong 4n, A4- desaturaza bao gdm
axit amin c6 trinh ty nhu duwoc néu trong SEQ ID NO: 41, hodac A4-desaturaza
Thraustochytrium sp., manh hoat tinh sinh hoc cia né, hodc trinh ty axit amin tuong

ddng it nhat 1a 80% v6i SEQ ID NO: 41.
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Bang 1. Gen tach dong lién quan dén quy trinh sinh téng hop LC-PUFA
Enzym Kiéu sinh vat |Loai S6 hiéu luu trit:. Protein (aa)  [Tai liéu tham khdo
A4-desaturaza |Sinh vat don bao |[Euglena gracilis AY278558 541 Meyer et al., 2003
Tao Pavlova lutherii AY?332747 445 Tonon et al., 2003
Isochrysis galbana AAV33631 433 Pereira et al., 2004b
Pavlova salina AAY 15136 4477 Zhou et al., 2007
Thraustochytrid [Thraustochytrium aureum |AAN75707 515 N/A
AAN75708
AAN75709
AAN75710
Thraustochytrium sp. AAMO09688 519 Qiu et al. 2001
ATCC21685
A5-desaturaza | Pong vat c6 vi [Nguoi AF199596 444 Cho et al., 1999b Leonard
et al., 2000b
Giun Caenorhabditis elegans AF11440, 447 Michaelson et al., 1998b;
NM_069350 Watts va Browse, 1999b
Nim Mortierella alpina AF067654 446 Michaelson et al., 1998a;
Knutzon et al., 1998
Pythium irregulare AF419297 456 Hong et al., 2002a
Dictyostelium discoideum |AB022097 467 Saito et al., 2000
Saprolegnia diclina 470 WO002081668
Tao cat Phaeodactylum IAY 082392 169 Domergue et al., 2002
tricornutum
Téo Thraustochytrium sp IAF489588 439 Qiu et al., 2001
Thraustochytrium aureum 439 W0O02081668
Isochrysis galbana 4472 WO002081668
Réu Marchantia polymorpha  |AY583465 484 Kajikawa et al., 2004
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Enzym Kiéu sinh vt Loai S4 hiéu luu trir:. protein (aa) Tai liéu tham khao
A6-desaturaza bong vatco v |[Nguoi NM_013402 444 Cho et al., 1999a;
Leonard et al., 2000
Mus musculus INM_019699 444 Cho et al., 1999a
Giun tron Caenorhabditis elegans 770271 443 Napier et al., 1998
Thuc vat Borago officinales U79010 448 Sayanova et al., 1997
Echium IAY055117 Garcia-Maroto et al., 2002
AYO055118
Primula vialii AY234127 453 Sayanova et al., 2003
Anemone leveillei IAF536525 446 'Whitney et al., 2003
Réu Ceratodon purpureus AJ250735 520 Sperling et al., 2000
Marchantia polymorpha AY583463 481 Kajikawa et al., 2004
Physcomitrella patens CAA11033 525 Girke et al., 1998
Nam Mortierella alpina AF110510 457 Huang et al., 1999;
AB020032 Sakuradani et al., 1999
Pythium irregulare IAF419296 459 Hong et al., 2002a
Mucor circinelloides IAB052086 467 INCBI*
Rhizopus sp. AY320288 458 Zhang et al., 2004
Saprolegnia diclina 453 WO002081668
Tao cét Phaeodactylum tricornutum  |AY082393 477 Domergue et al., 2002
Vi khuén Synechocystis 11421 359 Reddy et al., 1993
Tao Thraustochytrium aureum 156 'WO002081668
AS/A6- ca Danio rerio IAF309556 444 Hastings et al., 2001
desaturaza c6
churc nang kép
C20 AS8- Tao Euglena gracilis AF139720 419 Wallis va Browse, 1999
desaturaza
Thuc vét orago officinales AAG43277 446 Sperling et al., 2001
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Enzym Kiéu sinh vat Loai S6 hiéu Iwu trit:. protein (aa) Tai liéu tham khao
IA6-elongaza Giun tron Caenorhabditis elegans INM_069288 288 Beaudoin et al., 2000
Réu \Physcomitrella patens AF428243 290 Zank et al., 2002
Marchantia polymorpha AY583464 290 Kajikawa et al., 2004
NAam Mortierella alpina IAF206662 318 Parker-Barnes et al., 2000
Tao Pavlova lutheri** 501 WO 03078639
Thraustochytrium AX951565 271 WO 03093482
Thraustochytrium sp** AX214454 271 WO 0159128
PUFA- " Pong vatcé vii  [Nguoi IAF231981 299 Ieonard et al., 2000b;
elongaza Leonard et al., 2002
Rattus norvegicus ABO071985 299 Inagaki et al., 2002
Rattus norvegicus** AB071986 267 Inagaki et al., 2002
Mus musculus IAF170907 279 Tvrdik et al., 2000
Mus musculus IAF170908 292 Tvrdik et al., 2000
Ca Danio rerio AF532782 291 (282) Agaba et al., 2004
Danio rerio** INM_199532 266 Lo et al., 2003
Giun Caenorhabditis elegans 768749 309 Abbott et al., 1998
Beaudoin et al., 2000
Tao Thraustochytrium aureum™**  |AX464802 272 WO 0208401-A2
Pavlova lutheri** 320 WO 03078639
A9-elongaza Téo Isochrysis galbana IAF390174 263 Qi et al., 2002
Euglena gracilis 258 WO 08/128241
A5-elongaza Tao Ostreococcus tauri AAV67798 300 Meyer et al., 2004
Pyramimonas cordata 268 WO 2010/057246
Pavlova sp. CCMP459 AAV33630 277 Pereira et al., 2004b
Pavlova salina AAY15135 302 Robert et al., 2009
Tao cét Thalassiosira pseudonana AAV67800 358 Meyer et al., 2004
Ca Oncorhynchus mykiss CAMS55862 295 WO 06/008099
Réu archantia polymorpha BAE71129 348 Kajikawa et al., 2006

* http://www.ncbi.nlm.nih.gov/ ** Chirc nang chua dugc chimng minh
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Nhu st dung trong day, "AS5-desaturaza" 1a dé chi protein thyc hién phan tmg
desaturaza ma dua lién két d6i cacbon-cacbon vio lién két cacbon-cacbon thir nim tinh
tir ddu carboxyl ciia co chét axit béo. Vi du vé A5-desaturaza dwgc néu trong Ruiz-
Lopez et al. (2012) va Petrie et al. (2010a) va trong Bang 1 trong diy. Theo mot
phuong 4n, A5-desaturaza bao gdm axit amin c6 trinh tw nhu dugc néu trong SEQ ID
NO: 30, méanh hoat tinh sinh hoc ciia n6, hoic trinh ty axit amin twong ddng it nhat 1a
80% v&i SEQ ID NO: 30. Theo phuong 4n khic, A5S—desaturaza bao gdm axit amin c6
trinh ty nhu dugc néu trong SEQ ID NO: 32, manh hoat tinh sinh hoc ctia nd, hodc trinh
tw axit amin twong ddng it nhét 1a 53% véi SEQ ID NO: 32. Theo phuong 4n khic,
AS—desaturaza 1a tir loai Thraustochytrium hodc Emiliania huxleyi.

Nhu st dung trong day, "A6-desaturaza" 1a @& chi protein thuc hién phan wng
desaturaza dua lién két doi cacbon-cacbon vao lién két cacbon-cacbon thir sdu tinh tir
dau carboxyl cia co chit axit béo. Vi du vé A6-desaturaza dugc néu trong Ruiz-Lopez
et al. (2012) va Petrie et al. (2010a) va trong Bang 1 trong day. A6-desaturaza dugc wu
tién 1a tt Micromonas pusilla, Pythium irregulare hodc Ostreococcus taurii.

Theo mét phuong 4n, A6—desaturaza con c6 dic trung 12 c6 it nhat hai, tt hon 13
tAt ca ba dic diém sau va tdt hon 1a trong té bao cdy: i) hoat tinh A6-desaturaza trén axit
o-linolenic (ALA, 18:3A9,12,15, ®3) cao hon so véi axit linoleic (LA, 18:2A9,12,06)
1am co chét axit béo; ii) hoat tinh A6-desaturaza trén ALA-CoA 1am co chét axit béo
cao hon so véi trén ALA duoc g'Z'm v6i vi trf sn-2 cia PC 1am co chét axit béo; va iii)
hoat tinh A8-desaturaza trén ETrA. Vi du vé A6-desaturaza nhu vay dugc néu trong
Bang 2.

Theo mét phwong 4n, A6—desaturaza c6 hoat tinh cao hon trén co cht ®3 so véi
co chit w6 trong tng va c6 hoat tinh trén ALA dé tao ra axit octadecatetraenoic (axit
stearidonic, SDA, 18:4A6,9,12, 15, ®3) véi higu suat it nhat 12 30%, t5t hon nira it nhit
12 40%, hodc t6t nhét hon Ia it nhit 50% khi dugc bidu hién tir polynucleotit ngoai sinh
trong t& bao téi t6 hop nhu t& bao cy, hodc it nhit 35% khi dwoc biéu hién trong té bao
ndm men. Theo mot phuong &n, A6-desaturaza c6 hoat tinh cao hon, vi du, it nhét hoat
tinh A6-desaturaza cao hon khoang 2 14n, trén co chét axit béo ALA hon 13 LA. Theo
phuong 4n khéc, A6-desaturaza c6 hoat tinh cao hon, vi dy, hoat tinh A6-desaturaza cao

hon it nhét khoang 5 14n hoic hoat tinh cao hon it nhét 10 14n trén ALA-CoA lam co

58

58/340



49265

chét axit béo hon so v&i trén ALA duoc gén véi vi trf sn-2 cia PC 1am co chét axit béo.
Theo phuong 4n mé& rong, A6-desaturaza cé hoat tinh trén ca co chit axit béo ALA-
CoA va trén ALA dugc gén v6i vi tri sn-2 ctia PC.

Bang 2. Desaturaza chtng minh 13 ¢6 hoat tinh trén co chét axyl-CoA

Enzym Kiéu sinh vat Loai Séhigulvu | C& Thi liéu tham khao
trif:. protein
(aa)
A6- desaturaza Téo Mantoniella CAQ30479 449 |Hoffmann et al., 2008
squamata
Ostreococcus tauri| AAW7T0159 | 456 |Domergue et al., 2005
Micromonas pusilla, EEH58637 Petrie et al., 2010a
(SEQID NO: 13)
A5- desaturaza Tao Mantoniella CAQ30478 482 |Hoffmann et al., 2008
squamata
Thuc vat Anemone leveillei N/A Sayanova et al., 2007
®3- desaturaza Nim Pythium FW362186. 1 359 Xue et al., 2012;
aphanidermatum W02008/054565
Nim Phytophthora sojae| FW362214. 1| 363 Xue et al., 2012;
(oomycete) W02008/054565
Nim Phytophthora | FW362213.1| 361 Xue et al., 2012;
(oomycete) ramorum W02008/054565
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Theo mot phuong 4n, A6-desaturaza c6 hoat tinh AS5-desaturaza khdng phat hién
duoc trén ETA. Theo phwong 4n khic, A6-desaturaza bao gdm axit amin c6 trinh ty nhu
duogc néu trong SEQ ID NO: 16, SEQ ID NO: 19 hoidc SEQ ID NO: 20, manh hoat tinh
sinh hoc clia né, hoic trinh ty axit amin twong ddng it nhat 12 77% véi SEQ ID NO: 16,
SEQ ID NO: 19 hogc SEQ ID NO: 20. Theo phuong 4n khac, A6-desaturaza bao gdm
axit amin c6 trinh tg nhu dugc néu trong SEQ ID NO: 19 hodc SEQ ID NO: 20, manh
hoat tinh sinh hoc ciia né, hogc trinh ty axit amin twong ddng it nhat 12 67% véi mot
hodc ca hai SEQ ID NO: 19 hoac SEQ ID NO: 20. A6-desaturaza ciing c6 thé ¢6 hoat
tinh A8-desaturaza.

Nhu sir dung trong déy, "A8-desaturaza" 14 dé chi protein thyc hién phan tng
desaturaza dua lién két d6i cacbon-cacbon vao lién két cacbon-cacbon thir 8 tinh tir dau
carboxyl ciia co chat axit béo. A8-desaturaza it nhét 12 c¢6 kha ning chuyén héa ETrA
thanh ETA. Vi du vé A8-desaturaza dugc néu trong Bang 1. Theo mét phuong 4n, A8-

desaturaza bao gém axit amin c6 trinh ty nhu dugc néu trong SEQ ID NO: 52, manh
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hoat tinh sinh hoc ctia né, hodc trinh ty axit amin tuong déng it nhat 12 80% vé6i SEQ
ID NO: 52.

Nhu st dung trong ddy, "03-desaturaza" 13 dé chi protein thuc hién phan @ng
desaturaza dua lién két d6i cacbon-cacbon vao lién két cacbon-cacbon thir ba tinh tir
dAu metyl ctia co chit axit béo. Do d6, m3-desaturaza c6 thé chuyén héa LA thanh ALA
va GLA thanh SDA (tit ca cdc axit béo C18), hoic DGLA thanh ETA va/hoic ARA
thanh EPA (cac axit béo C20). Mot s6 m3-desaturaza (nhém I) c6 hoat tinh chi trén co
chit C18, nhu ®3-desaturaza thuc vat va khuén lam. ®3-desaturaza nhu vay cling la
Al5-desaturaza. ®3-desaturaza khdc c6 hoat tinh trén co chat C20 khong c6 hoat tinh
(nhém II) hodic mot sd hoat tinh (nhém III) trén co chit C18. @3-desaturaza nhu vay
cling 1a Al7-desaturaza. w3-desaturaza dugc uu tién la kiéu nhém III chuyén héa LA
thanh ALA, GLA thanh SDA, DGLA thanh ETA va ARA thanh EPA, nhu ®3-
desaturaza Pichia pastoris (SEQ ID NO: 12). Vi du vé m3-desaturaza bao gdbm @3-
desaturaza dugc mo ta bdi Pereira et al. (2004a) (w3-desaturaza Saprolegnia diclina,
nhém II), Horiguchi et al. (1998), Berberich et al. (1998) va Spychalla et al. (1997)
(w3-desaturaza C. elegans, nhém III). Theo m¢t phuong 4n dugc uvu ti€n, ®3-
desaturaza 13 m3-desaturaza nim. Nhu sir dung trong day, “o3-desaturaza nim” 13 dé
chi ®3-desaturaza 12 tir ngudn gbc ndm, bao gdm ngudn gbc mdc nudc, hodc bién thé
clia né ma trinh ty axit amin ciia bién thé twong ddng it nhat 12 95% véi né. Gen mi héa
mdt s m3-desaturaza da dugc phén tich tir ngudn gdc ndm nhu, vi du, tir Phytophthora
infestans (S6 hiéu luu trir: CAJ30870, W02005083053; SEQ ID NO: 70), Saprolegnia
diclina (S hiéu luu trit: AAR20444, Pereira et al., 2004a & Patent My sé 7211656),
Pythium irregulare (W02008022963, Group II; SEQ ID NO: 72), Mortierella alpina
(Sakuradani et al., 2005; S8 hiéu luu trit: BAD91495; W02006019192), Thalassiosira
pseudonana (Armbrust et al., 2004; Sé hiéu luu trir: XP_002291057; W02005012316,
SEQ ID NO: 71), Lachancea kluyveri (cling c6 tén 1a Saccharomyces kluyveri; Oura et
al., 2004; S6 hiéu luu trit: AB118663). Xue et al. (2012) md t& w3-desaturaza tir mdc
nudc Pythium aphanidermatum, Phytophthora sojae, va Phytophthora ramorum la
nhitng enzym c6 kha ning chuyén héa co chét axit béo w6 thanh axit béo ®3 twong
g, v&i vu tién cho co chat C20, tirc 14 ching c6 hoat tinh A17-desaturaza manh hon

hoat tinh A15-desaturaza hoat tinh. C4c enzym nay khong c6 hoat tinh Al2-desaturaza,
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nhung c6 thé sir dung cic axit béo trong ci axyl- CoA va phén phospholipit 1am co
chét.

Theo mot phuong 4n dugc wu tién hon, 3-desaturaza ndm 13 @3-
desaturaza/Al5-desaturaza Pichia pastoris (cling c6 tén la Komagataella pastoris)
(Zhang et al., 2008; S hiéu luu trir: EF116884; SEQ ID NO: 12), hoic polypeptit
twong dong it nhat 13 95% véi né.

Theo mt phuong én, ®3-desaturaza it nhét 1a c6 kha ning chuyén héa ARA
thanh EPA, DGLA thanh ETA, GLA thanh SDA, cd ARA thanh EPA va DGLA thanh
ETA, ca ARA thanh EPA va GLA thanh SDA, hodc tit ca ba kha ning nay.

Theo mdt phuong 4n, w3-desaturaza c6 hoat tinh Al7-desaturaza trén axit béo
C20 c6 it nhit ba lién két d6i cacbon-cacbon, tot hon 1a ARA. Theo phuong 4n khic,
w3-desaturaza c6 hoat tinh Al5-desaturaza trén axit béo C18 c6 ba lién két d6i carbon-
carbon, tdt hon 1a GLA. Tét hon 13, c6 cd hai hoat tinh nay.

Nhu sir dung trong ddy, "Al12-desaturaza" 1a dé chi protein thuc hién phan @ng
desaturaza dua lién két d6i cacbon-cacbon vao lién két cacbon-cacbon thir 12 tinh tir
dAu carboxyl ctia co chét axit béo. Pac trung, Al12-desaturaza 14n lugt chuyén héa hoic
oleoyl-phosphatidylcholin hodc oleoyl-CoA thanh linoleoyl- phosphatidylcholin (18:1-
PC) hoac linoleoyl-CoA (18:1-CoA). Phan nhém st dung co chét lién két PC duoc goi
la Al2-desaturaza phu thudc phospholipit, phdn nhém sau 1a Al12-desaturaza phu thudc
axyl-CoA. Al2-desaturaza thyuc vt va nim thudng thudc phan nhém dau tién, trong khi
Al2-desaturaza dong vat thuéc nhém sau, vi du Al2-desaturaza dugc ma hda bdi cic
gen c tich dong tir con tring béi Zhou et al. (2008). Nhiéu trinh tyr Al2-desaturaza
khéc c6 thé duoc x4c dinh d& dang bing cach tra ctru dir liéu trinh tu.

Nhu sir dung trong ddy, "Al5-desaturaza" 1a dé chi protein thuc hién phan ting
desaturaza dua lién két d6i cacbon-cacbon vao lién két cacbon-cacbon thir 15 tinh tir
du carboxyl ctia co chét axit béo. Mot sé gen mi héa AlS-desaturaza di dugc tich
dong tir loai thyc vat va ndm. Vi du, US5952544 md ta axit nucleic md héa Al5-
desaturaza thuc vat (FAD3). Céc enzym bao gém motip axit amit cé dac trung 1a A15-
desaturaza thyc vat. W0200114538 mo ta gen ma héa FAD3 dau nanh. Nhiéu trinh ty
Al5-desaturaza khac c6 thé duoc xé4c dinh dé dang b%lng céach tra ctru dir li€u trinh tu.

Nhu str dung trong ddy, "Al7-desaturaza" 1a @& chi protein thuc hién phan ting
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desaturaza dua lién két ddi cacbon-cacbon vao lién két cacbon-cacbon thir 17 tinh tir
dAu carboxyl cia co chét axit béo. Al7-desaturaza ciing dugc coi 12 w3-desaturaza néu
né hoat dong trén co chit C20 dé dwa lién két ®3 thanh chua bio hoa.

Theo mot phuong dn dugc wu tién, Al2-desaturaza va/hodc AlS5-desaturaza la
Al12-desaturaza ndm hodc Al5-desaturaza ndm. Nhu st dung trong ddy, “Al2-
desaturaza nim” hodc “Al5-desaturaza nim” 1a dé chi Al2-desaturaza hoic Al5-
desaturaza tir ngudn gdc nim, bao gdm ngudn gdc mdc nude, hoic bién thé ciia n6 c6
trinh tw axit amin cta bién thé twong ddng it nhat 12 95% véi né. Cac gen ma héa mot
s6 desaturaza da dugc phén téch tir ngudn gbc nadm. US 7211656 mo ta A12 desaturaza
tir Saprolegnia diclina. W02009016202 md ta desaturaza ndm tr Helobdella robusta,
Laccaria bicolor, Lottia gigantea, Microcoleus chthonoplastes, Monosiga brevicollis,
Mycosphaerella fijiensis, Mycospaerella graminicola, Naegleria gruben, Nectria
haematococca, Nematostella vectensis, Phycomyces blakesleeanus, Trichoderma resii,
Physcomitrella patens, Postia placenta, Selaginella moellendorffii va Microdochium
nivale. W02005/012316 mo ta Al2-desaturaza tir Thalassiosira pseudonana va nim
khdc. WO2003/099216 md ta gen ma héa Al2-desaturaza nim va Al5-desaturaza duoc
phén tach tir Neurospora crassa, Aspergillus nidulans, Botrytis cinerea va Mortierella
alpina. W02007133425 m6 ta A15 desaturaza ndm dugc phan tich tir: Saccharomyces
kluyveri, Mortierella alpina, Aspergillus nidulans, Neurospora crassa, Fusarium
graminearum, Fusarium moniliforme va Magnaporthe grisea. A12 desaturaza dugc uu
tién 1a tr Phytophthora sojae (Ruiz-Lopez et al., 2012).

Mot phan nhém khéc cia Al2-desaturaza ném, va Al5-desaturaza ném, 1a
A12/A15-desaturaza nim c6 chirc ning kép. Gen mi héa enzym dd duoc tich dong tir
Fusarium monoliforme (S6 hiéu Iwu tri: DQ272516, Damude et al., 2006),
Acanthamoeba castellanii (S6 hiéu luu trit: EF017656, Sayanova et al.,, 2006),
Perkinsus marinus (W02007042510), Claviceps purpure (S6 hiéu luu trit: EF536898,
Meesapyodsuk et al., 2007) va Coprinus cinereus (S6 hidu Iuu trit: AF269266, Zhang et
al., 2007).

Theo phuong 4n khéc, m3-desaturaza c6 it nhit mot s§ hoat tinh trén, t6t hon 13
hoat tinh cao hon, trén co chit axyl-CoA so véi co chit axyl-PC tuong tng. Nhur sir

dung trong ddy, “co chat axyl-PC tuwong tng” 12 dé chi axit béo dugc este héa & vi trf
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sn-2 cta phosphatidylcholin (PC) trong d6 axit béo 1a axit béo gidng nhu trong co chét
axyl-CoA. Vi du, co chit axyl-CoA c6 thé 1a ARA-CoA va co chat axyl-PC tuong ting
1 trong sn-2 ARA-PC. Theo mot phuong 4n, hoat tinh cao hon it nhét 12 2 1dn. Tét hon
14, ®3-desaturaza c6 it nhit mot sé hoat tinh trén ca co chit axyl-CoA va co chét axyl-
PC tuong ung cua né va c6 hoat tinh trén ca co chit C18 va C20. Vi du vé @3-
desaturaza d3 duoc biét trong s6 cdc desaturaza nAm d3 dugc tich dong néu trén.

Theo phwong 4n mé rong, m3-desaturaza bao gdm axit amin c6 trinh ty nhu duoc
néu trong SEQ ID NO: 12, twong ddng it nhat 1a 60% véi SEQ ID NO: 12, t6t hon 1a
twong ddng it nhat 90% hoic it nhit 95% véi SEQ ID NO: 12.

Theo mdt phuong 4n rdng hon, desaturaza dé str dung theo sdng ché c6 hoat tinh
cao hon trén co chét axyl-CoA so véi co chit axyl-PC tuong tng. Theo phuong 4n
khéc, desaturaza dé str dung theo sdng ché c6 hoat tinh trén co chat axyl-PC cao hon so
véi co chit axyl-CoA twong Gmg, nhung c6 mot s hoat tinh trén ca hai co chit. Nhu da
néu so luoc trén, “co chit axyl-PC twong tng” 1a dé chi axit béo dugc este héa & vi tri
sn-2 ctia phosphatidylcholin (PC) trong d6 axit béo 1a gidng nhur axit béo trong co chét
axyl-CoA. Theo mot phuong 4n, hoat tinh cao hon it nhit 13 hai 1an. Theo mdt phuong
dn, desaturaza la AS hodc A6-desaturaza, hodc ®w3-desaturaza, vi du vé né duoc dua ra,
nhung khong giéi han &, cdc enzym néu trong Bang 2. Dé kiém tra co chit ma
desaturaza hoat dong trén d6, cu thé 1a co chét axyl-CoA hoc axyl-PC, céc thit nghiém
dugc tién hanh trong t& bao ndm men nhu mo ti trong Domergue et al. (2003) va
(2005). Cciing c6 thé suy ra co chit axyl-CoA tiém ning cta desaturaza khi elongaza
duoc biéu hién cung voi desaturaza, c6 hiéu sudt Chuyén héa enzym trong té bao thuc
vat it nhit 12 khodng 90% trong d6 elongaza xiic tic sw kéo dai sin phidm ctia
desaturaza. Trén co s& ndy, A5-desaturaza va Ad-desaturaza dugc biéu hién tir chu tric
GA7 (Vi du 2 va 3) va bién thé ctia n6 (Vi du 5) c6 kha ning khir bdo hoa co chét axyl-
CoA, ETA-CoA va DPA-CoA tuong tng ctia ching.

Elongaza

Béng ching héa sinh goi ¥ ring qud trinh kéo dai axit béo gdm c6 4 budc: héa
16ng, khir, dehydro héa va 1an khir thir hai. Trong pham vi ctia sdng ché, "elongaza" 1a
dé chi polypeptit xic tic budc héa long trong sw c6 mit ciia cdc thanh phan khic cua
phtre kéo dai, trong diéu kién sinh 1y thich hop. Ciing da chi ra rang ddi héi s biéu hién

khéic loai hodc cung loai trong té bao chi ctia thanh phén héa 16ng ("elongaza") cua
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phirc protein kéo dai dé kéo dai mach axyl dic trung. Do d6, elongaza dua ra c6 kha
ning thiic diy thanh cong hoat tinh khir va dehydro héa tur thé chi1 bién ddi gen dé thuc
hién phéan rng kéo dai axyl thanh cong. Tinh déc hiu cua phan tng kéo dai theo d¢ dai
mach va d6 bdo hoa cua co chit axit béo duoc cho 1a ndm & thanh phﬁn héa long.
Thanh phén nay ciing dugc cho la bi han ché téc d6 trong phan ting kéo dai.

Nhu st dung trong ddy, "AS5-elongaza" it nhit 12 c6 kha ning chuyén héa EPA
thanh DPA. Vi du v& A5-elongaza bao gdm enzym duoc boc 16 trong WO2005/103253.
Theo mdt phuong dn, AS-elongaza c6 hoat tinh trén EPA dé tao ra DPA véi hiéu suit it
nhét 12 60%, t6t hon nita 1a it nhit 65%, tSt hon nita 1a it nhit 70% hogc t6t nhat la it
nhit 80% hoic 90%. Theo phuong 4n mé rong, AS-elongaza bao gdm trinh ty axit amin
nhu dugc néu trong SEQ ID NO: 37, manh hoat tinh sinh hoc ctia né, hodc trinh tu axit
amin twong déng it nhit 12 47% v6i SEQ ID NO: 37. Theo phuong 4n mé rong, A6-
elongaza 1a tir Ostreococcus taurii hodc Ostreococcus lucimarinus (US2010/088776).

Nhu st dung trong ddy, "A6-elongaza” it nhat 12 c6 kha ning chuyén héa SDA
thanh ETA. Vi du v& A6-elongaza bao gdm enzym dwgc néu trong Bang 1. Theo mdt
phuong 4n, elongaza bao gdm axit amin c6 trinh tw nhu duge néu trong SEQ ID NO:
25, manh hoat tinh sinh hoc cua né (nhu manh nhu néu trong SEQ ID NO: 26), hodc
trinh ty axit amin twong ddng it nhit 1a 55% véi mot hodc ca hai SEQ ID NO: 25 hoic
SEQ ID NO: 26. Theo mt phuong 4n, A6-elongaza 1a ttv Physcomitrella patens (Zank
et al., 2002; S6 hiéu luu trit: AF428243) hoic Thalassiosira pseudonana (Ruiz- Lopez
et al., 2012).

Nhu st dung trong ddy, "A9-elongaza" it nhat 12 c6 kha ning chuyén héa ALA
thanh ETrA. Vi du vé A9-elongaza bao gdm céc enzym dugc néu trong Bang 1. Theo
mdt phuong 4n, A9-elongaza bao gém axit amin c6 trinh ty nhu duge néu trong SEQ ID
NO: 43, manh hoat tinh sinh hoc ctia né, hodc trinh ty axit amin tuong déng it nhit 1a
80% v6i SEQ ID NO: 43. Theo phuong 4n khic, A9-elongaza bao gém axit amin c6
trinh ty nhu dugce néu trong SEQ ID NO: 46, manh hoat tinh sinh hoc cua nd, hodc trinh
tir axit amin twong ddng it nhét 12 81% véi SEQ ID NO: 46. Theo phwong 4n khic, A9-
elongaza bao gE‘)m axit amin c6 trinh ty nhu dugc néu trong SEQ ID NO: 48, manh hoat
tinh sinh hoc ctia nd, hodc trinh ty axit amin tuwong déng it nhit 12 50% véi SEQ ID

NO: 48. Theo phuong 4n khic, A9-elongaza bao gdm axit amin ¢ trinh ty nhu dugc
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néu trong SEQ ID NO: 50, manh hoat tinh sinh hoc clia nd, hodc trinh ty axit amin
twong ddng it nhit 1a 50% véi SEQ ID NO: 50. Theo phuong 4n mé rdng, A9- elongaza
c6 hoat tinh trén co chit @6 cao hon co chit 3 trong tmg, hoic ngugc lai.

Nhu st dung trong ddy, thudt ngit “c6 hoat tinh trén co chit @6 cao hon co chit
©3 twong tng” 1a @& chi hoat tinh tuong d6i ctia enzym nay trén co chét 1a khac véi téc
dung cua 3 desaturaza. Tt hon 13, co chét 6 12 LA va co chat @3 1a ALA.

Elongaza c6 hoat tinh A6-elongaza va A9-elongaza it nhét 12 c¢6 kha ning (i)
chuyén héa SDA thanh ETA va (ii) chuyén héa ALA thanh ETrA va c6 hoat tinh A6-
elongaza hoat tinh cao hon hoat tinh A9-elongaza. Theo mdt phuong 4n, elongaza c6
hiéu suit chuyén héa trén SDA dé tao ra ETA it nhét 13 50%, t6t hon nita la it nhat
60%, va/hoic hiéu suat chuyén héa trén ALA dé tao ra ETrA it nhit 1a 6% hoic t5t hon
nita 12 it nhit 9%. Theo phwong 4n khéc, elongaza c6 hoat tinh A6-elongaza cao hon it
nhit khoang 6,5 14n so v&i hoat tinh A9-elongaza. Theo phuong 4n mé& rong, elongaza
cé hoat tinh A5-elongaza khdng phat hién dugc.

Cdc enzym khdc

Nhu st dung trong diy, thuit ngt "1-axyl-glyxerol-3-phosphat axyltransferaza"
(LPAAT), cling c6 tén la axit lysophosphatidic-axyltransferaza hodc axylCoA-
lysophosphatidat-axyltransferaza, 13 dé chi protein axyl héa sn-1-axyl-glyxerol-3-
phosphat (sn-1 G-3-P) & vi tri sn-2 d tao ra axit phosphatidic (PA). Do d6, thuat ngf
"hoat tinh 1-axyl-glyxerol-3-phosphat axyltransferaza" la dé chi su axyl héa (sn-1 G-3-
& vi tri sn-2 dé tao ra PA (EC 2.3.1.51). LPAAT duogc wu tién 1a cdc enzym c6 thé sur
dung C22 axyl-CoA nhiéu lién két chua bdo hda 1am co chét dé chuyén nhém axyl C22
nhiéu lién két chwa bdo hda vao vi trf sn-2 ciia LPA, tao ra PA. Cic LPAAT nhu vay
duwogc minh hoa trong Vi du 13 va c6 thé duoc thir nghiém nhu mo ta trong ddy. Theo
mot phuong dn, LPAAT hitu dyng theo sang ché bao gbém axit amin c6 trinh tw nhu
dwoc néu trong trinh ty bit ky SEQ ID NO: 63 dén 69, méanh hoat tinh sinh hoc ctia né,
hodc trinh ty axit amin twong ddng it nhat 12 40% véi mot hogc nhiéu trinh ty bit ky
trong s&6 SEQ ID NO: 63 dén 69. Theo mét phuong 4n duge wu tién, LPAAT hitu dung
theo sdng ché bao gdm axit amin c6 trinh tw nhu duge néu trong trinh ty bét ky trong sb
SEQ ID NO: 64, 65 va 67, manh hoat tinh sinh hoc ctia né, hodc trinh ty axit amin
twong ddng it nhét 13 40% v&i mot hoic nhidu trinh ty bét ky trong s6 SEQ ID NO: 64,
65 va 67.
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Nhu st dung trong day, thudt nglt “diaxylglyxerol axyltransferaza” (EC 2.3.1.20;
DGAT) 12 dé chi chuyén nhém axyl béo tir axyl-CoA vao co chét diaxylglyxerol dé tao
ra triaxylglyxerol. Do d6, thudt ngit “hoat tinh diaxylglyxerol axyltransferaza” la dé chi
su chuyén axyl-CoA vio diaxylglyxerol dé tao ra triaxylglyxerol. C6 ba kiéu DGAT da
biét 14n luot c6 tén goi 1a DGAT1, DGAT2 va DGAT3. DGATI polypeptit dic trung
c6 10 khu vuc xuyén mang, DGAT2 dic trung c¢6 2 khu vuc xuyén mang, trong khi d6
DGATS3 dac trung 1a tan dugce. Vi du vé DGAT!1 polypeptit bao gbm polypeptit dugc
ma héa bdi gen DGATI1 tr Aspergillus fumigatus (S6 hidu luu trir: XP_755172),
Arabidopsis thaliana (CAB44774), Ricinus communis (AAR11479), Vernicia fordii
(ABC94472), Vernonia galamensis (ABV21945, ABV21946), Euonymus alatus
(AAV31083), Caenorhabditis elegans (AAF82410), Rattus norvegicus (NP_445889),
Ngudi (NP_036211), ciing nhu bién thé va/hodc thé dot bién cta né. Vi du vé DGAT2
polypeptit bao gdm polypeptit dwrgc mi héa béi gen DGAT? tr Arabidopsis thaliana
(S6 hidu luu trit: NP_566952), Ricinus communis (AAY16324), Vernicia fordii
(ABC94474), Mortierella ramanniana (AAK84179), Ngudi (Q96PD7, Q58HTS), Bos
taurus (Q70VDS), Mus musculus (AAK84175), Micromonas CCMP1545, cling nhu
bién thé vi/hoic thé dot bién cia né. Vi du v& DGAT3 polypeptit bao gdm polypeptit
dugc ma héa bdi gen DGATS3 tur ciy lac (Arachis hypogaea, Saha, et al., 2006), cling
nhu bién thé va/hodc thé dot bién cua nd.

Polypeptit/Peptit

Thuét ngit "tai t& hop" d& cap dbi vai polypeptit 1a & chi polypeptit dugc tao ra
boi t& bao, hodc trong hé bidu hién khong phai té bao, véi lwgng didu chinh hodc & tdc
d6 duge diéu chinh, so vé6i trang thai tg nhi€n cua né néu né dugc tao ra theo cach tu
nhién. Theo mot phuong 4n, té bao nay 12 t& bao trong tu nhién khong tao ra polypeptit.
Tuy nhién, t& bao nay c6 thé 12 t& bao chira gen khong phai ndi sinh, gen nay khién cho
luong dugc didu chinh cta polypeptit dwoc san xuat. Polypeptit t4i tb hop theo séng ché
bao gém polypeptit trong té bao, md, co quan hodc sinh vét, hodc hé biéu hién khong
phai té bao, trong d6 né dugc tao ra tirc 1a polypeptit khong dugc tinh ché hodc duoc
tach tr khéi thanh phén khéc cua té bao bién ddi gen (tai tb hop) ma né dugc tao ra
trong t& bao ndy, va polypeptit dugc tao ra trong cic té bao nay hodc hé biéu hién
khong phai té bao, sau d6 hé nay duogc tinh ché it nhit mot s thanh phan khic.

Thuét ngit "polypeptit" va "protein" thudng dugce sir dung thay thé nhau.
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Polypeptit hodc nhém polypeptit c6 thé duge x4c dinh béi muc twong ddng (%
do twong déng) cua trinh ty axit amin ctia né véi trinh ty axit amin ddi chiing, hodc cé
% &6 twong ddng cao v&i mot trinh tyr axit amin d6i chimg cao hon véi trinh ty khéc.
% d6 twong ddng cua polypeptit véi trinh ty axit amin d6i ching dic trung dwoc xic
dinh biing phan tich GAP (Needleman va Wunsch, 1970; chuong trinh GCG) v6i céc
théng sé kha ning tao ra GAP=5, va kha ning m& rdng ciia GAP=0,3. Trinh ty truy vén
c6 chilu dai it nhit 13 15 axit amin, va phan tich trit tw GAP hai trinh ty trén mdt ving
it nhat 15 axit amin. Tt hon nita 13, triinh ty truy vin c6 chidu dai it nhat 1a 50 axit
amin, va phan tich GAP sip xép hai trinh tir trén mot viing c6 chidu dai it nhét 1a 50 axit
amin. T4t hon nita 13, trinh ty truy vAn c6 chiéu dai it nhét 1a 100 axit amin va GAP
phéan tich sap xép hai trinh ty trén viing cé chidu dai it nhit 12 100 axit amin. Tt hon
nita 13, trinh ty truy vAn c6 chiéu dai it nhit 1a 250 axit amin va phan tich GAP sép xép
hai trinh tw trén ving c6 chidu dai it nhit 1a 250 axit amin. Tt hon nita 13, GAP phan
tich sip xép hai trinh tw trén toan bo chidu dai cta chiing. Polypeptit hoic nhém
polypeptit c6 thé c6 chung hoat tinh enzym, hodc hoat tinh khéc so v6i, hodc khong c6
hoat tinh, ctia polypeptit di chimg. Tét hon 13, polypeptit c6 hoat tinh enzym {t nhit 1a
10%, 1t nhét 50%, it nhét 75% hodc it nhit 90% hoat tinh ctia polypeptit d6i ching.

Nhu st dung & ddy manh c6 "hoat tinh sinh hoc" 1a mot phin cta polypeptit néu
¢ day gitt dugc hoat tinh x4c dinh ctia polypeptit d6i chimg c6 chidu dai dy da, vi du
c6 hoat tinh desaturaza va/hodc elongaza hoac hoat tinh enzym khac. Manh hoat tinh
sinh hoc nhu st dung & day khong phai 1 polypeptit c6 chiéu dai day di. Manh hoat
tinh sinh hoc ¢6 thé 13 méanh c6 ¢ bit ky mién sao chiing giit dugc hoat tinh x4c dinh.
Tét hon 13, manh hoat tinh sinh hoc gift dugc it nhit 10%, it nhit 50%, it nhit 75%
hodc it nh4t 90%, hoat tinh ciia protein chiu dai ddy du.

Lién quan dén polypeptit hoic enzym da xdc dinh, s& biét 5 12 con sb % twong
ddng cao hon con sd dugc ndu & day s& 1a phuong 4n duge wu tién. Do d6, khi ¢6 thé 4p
dung, khi néi dén con sd phan trim % tdi thiéu, t5t hon 1 polypeptit/enzym bao gdm
trinh tw axit amin twong ddng it nhét 13 60%, t6t hon nira 1a it nhat 65%, tot hon nita 12
it nhat 70%, t6t hon nita 12 it nhit 75%, t6t hon nita 14 it nhat 76%, tét hon nita 1a it nhét
80%, tt hon nita 12 it nhit 85%, tt hon nita 1a it nhat 90%, tét hon nita 12 it nhat 91%,
t8t hon nira 1 it nhét 92%, t5t hon nita 12 ft nhit 93%, tot hon nita 12 it nhat 94%, tét

hon nita 13 it nhét 95%, t&t hon nita 12 it nhat 96%, t6t hon nita 12 it nhét 97%, tdt hon
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nita 12 it nhét 98%, t6t hon nita 12 it nhat 99%, t4t hon nita 12 {t nhét 99,1%, tét hon nita
12 it nhAt 99,2%, t&t hon nita 12 it nhit 99,3%, tét hon nita 12 it nhat 99,4%, t5t hon nita
12 it nhit 99,5%, t&t hon nira 12 it nhit 99,6%, tot hon nita 1a it nhat 99,7%, tot hon nita
12 it nhét 99,8%, va t8t hon nita 12 twong ddng it nhit 99,9% véi SEQ ID NO c6 lién
quan dugc chon.

Bién thé/thé dot bién trinh ty axit amin cta polypeptit dugc néu & ddy cé thé
dwoc didu ché bang cach dwa cic thay ddi nucleotit thich hop vao axit nucleic néu trong
day, hodc bang céch tdng hop in vitro polypeptit mong mudn. Bién thé/thé dot bién bao
gém, vi du, doan x6a, doan léng hodc doan thé chta cic géc ndm trong trinh ty axit
amin. C6 thé két hop doan x6a, doan 16ng va doan thé d tao ra ciu tric cudi ciing, véi
diéu kién 12 san phim peptit cudi ciing c6 hoat tinh enzym mong mudn.

Peptit dot bién (bién ddi) c6 thé dwoc diéu ché bang cich st dung k§ thuat bt ky
da biét trong Iinh vuc nay. Vi du, polynucleotit néu & ddy c6 thé dwoc dwa vao k¥ thuat
dot bién gen in vitro hoic k¥ thuat chuyén dich ADN nhu d3 dugc md ta rong rai boi
Harayama (1998). Cac san phdm c6 ngudn géc tir ADN dot bién/bién dbi c6 thé duoc
sang loc dé dang bdi cac k¥ thuat dd duoc md ta & day dé x4c dinh liéu ching c6, vi du,
hoat tinh desaturaza hodc elongaza hay khong.

Khi thiét ké thé dot bién trinh tw axit amin, viéc dinh vi vi tri dot bién va ban chit
clia dot bién s& phu thudc vao céc déc diém can dugc diéu chinh. Céc vi trf dot bién c6
thé dugc diéu chinh riéng biét hoac hang loat, vi duy, bz"mg cach (1) dAu tién thé boi cac
lua chon axit amin bao tdn va sau d6 béi nhiu lwa chon co ban hon phu thudc vao Kkét
qua thu dugc, (2) xb6a céc géc dich, hoac (3) léng cac géc khéc vao gﬁn ké véi vi trf da
dat.

Poan x6a trinh tw axit amin thuong 12 tir 1 dén 15 gdc, t6t hon nita 1 tir 1 d¢én 10
gbc va dic trung tir khoang 1 dén 5 gbc gin nhau.

Cic d6t bién doan thé c6 it nhat mot gbc axit amin trong phan tir polypeptit bi
loai va géc khac duoc Iéng vao vi tri nay. Céc vi tri dugc quan tam nhét trong k¥ thuét
dot bién doan thé bao gbm vi tri khong duoc bio tdn nim giita desaturaza hoic
elongaza c6 trong ty nhién. Tét hon 13, cdc vi tri nay dugc thé theo cach twong dbi bao
ton dé giit dugc hoat tinh enzym. Céc phép thé bao tdn nhu vay dwgc trinh bay trong
Béng 3 dudi tiéu dé "céc gbc thé vi du".

Theo mét phwong 4n dugc wu tién, polypeptit dot bién/bién thé chi c6, hoic
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khong c6 qud, mot hodc hai hodc ba hoac bbn thay dbi axit amin bao tén so véi
polypeptit c6 trong tyr nhién. Chi tiét vé céc thay dbi axit amin bao tén duoc cung cip
trong Bang 3. Cdc chuyén gia trong linh vuc nay s& biét 15, céc thay d6i nho nhu vay c6
thé dy dodn 12 khong 1am thay ddi hoat tinh cta polypeptit khi dugc biéu hién trong té
bao tai tb hop.

Polypeptit c6 thé duoc tao ra theo nhidu cch, bao gdm viéc tao ra va thu héi
polypeptit tw nhién hozc polypeptit t4i td hop theo phuong phip da biét trong linh vyc
ndy. Theo mot phuong 4n, polypeptit tai t& hop dugc tao ra bang cdch nudi cdy té bao
c¢6 kha nang biéu hién polypeptit trong cic diéu kién c6 hidu qua dé sinh ra polypeptit
ndy, nhu t& bao chi néu trong ddy. Té bio dwoc wu tién hon dé sinh ra polypeptit 13 té
bao ciy, ddc biét 1a hat cua cay.

Polynucleotit

Séng ché ciing d& xudt vi/hoic sit dung polynucleotit, vi du, c6 thé 1a gen,
polynucleotit tach, ciu tric gen kham nhu phan tir T-ADN, hoic ADN kham. N6 c6 thé
12 ADN hoic ARN cua dong gdc hé gen hoidc tdng hop, soi kép hodc sgi don, va két
hop véi carbohydrat, lipit, protein hodc nguyén liéu khéc dé thyc hién tic dung cu thé
néu trong day. Thuit nglr "polynucleotit" dugc st dung thay thé & ddy véi thuat ngit
"phén tir axit nucleic". Thudt ngit "polynucleotit tach" c6 nghia I polynucleotit ma, néu
thu duoc tir nguén géc tu nhién thi trudc d6 da duoc tich tir trinh tu polynucleotit ma
n6 két hop hoic lién két ciing khi & trang thai ty nhién ctia né, hoic polynucleotit khong
c6 trong ty nhién. Tét hon 13, polynucleotit tach it nhit 1a 60% khong c6, t6t hon nita 12
it nhit 75% khong c6, va tdt hon nita 12 it nhit 90% khong c6 céc thanh phan khic ma

n6 lién két ciing trong tu nhién.

Bang 3. Cac gbc thé vi du.

Goc ban dau Géc thé vi dy
Ala (A) val; leu; ile; gly
Arg (R) lys
Asn (N) gln; his
Asp (D) glu
Cys (C) ser
Gln (Q) asn; his
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Glu (E) asp
Gly (G) pro, ala
His (H) asn; gln
Ile (I) leu; val; ala
Leu (L) ile; val; met; ala; phe
Lys (K) arg
Met (M) leu; phe
Phe (F) leu; val; ala
Pro (P) gly
Ser (S) thr
Thr (T) ser
Trp (W) tyr
Tyr (Y) trp; phe
Val (V) ile; leu; met; phe, ala

Theo mdt phwong 4n, polynucleotit theo sing ché 1a khoéng cé trong tw nhién. Vi
du vé polynucleotit khdng c6 trong tw nhién bao gbm, nhung khong han ché &, céc
polynucleotit dugc dwoc giy dot bién (nhu bing cich st dung cdc phuong phdp md ta
trong day), va polynucleotit trong d6 khung doc mé ma héa protein dugc lién két diéu
khién v6i gen khéi ddu ma trong ty nhién né khéng gin vao (nhu trong cAu tric mé ta
trong day).

Nhu str dung trong day, thuat ngit "gen" duoc dua vao voi y nghia rong nhét ciia
né va bao gdm trinh ty deoxyribonucleotit bao gdm viing phién ma v, néu dugc phién
m3, ving ma héa protein, ctia gen cu tric va bao gdm trinh tw dugc dit sit véi ving
m3 héa trén ca ddu 5’ va 3’ véi khoang cdch it nhit 1a khoang 2 kb véi hai diu nay va
c6 vai trd trong sy biéu hién gen. V& vén dé ndy, gen niy bao gbm céc trinh ty tin hiéu
kiém so4t nhu trinh tw tin hiéu khéi ddu, trinh tw tin hidu ting cudng, tin hidu két thic
va/hoic polyadenyl héa thuong di cung véi gen néu ra, hodc trinh ty tin hi¢u kiém sodt
khéc loai trong trudng hop nay gen s& duoc goi 1a "gen kham". Céc trinh ty duoc dit &
diu 5’ ctia viing ma héa protein va c6 mit trén mARN dugc goi 12 c4c trinh ty 5’ khong
dich ma. Trinh ty duoc dat & dau 3’ hodc xubi dung cta vung ma hoa protein va c6 mat
trén mARN duoc goi 1a trinh ty 3’ khong dich ma. Thuét ngit "gen" bao g6m ca dang

cDNA va hé gen ctia gen. Dang hé gen hodc dong vo tinh ctia gen chira ving mé héa c6
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thé bi ngét quang bdi cdc trinh tw khdng ma hda c6 tén 12 "intron" hodc "ving xen vao"
hodc "trinh tuy xen vao." Cac intron 1a cdc doan gen duoc phi€én ma vao trong ARN nhan

(hnRNA). Intron c6 thé chira céc yéu & diéu hoa nhu gen ting cudng. Intron dugce tich

’
"=

riéng ra hodc "cat ra" tir ban sao trong nhan hodc ban sao so bd; do do céc intron la
khong c6 trong ban sao ARN thong tin (mARN). mARN hoat ddng trong qua trinh dich
mi dé xdc dinh 16 trinh tu hodc thw tu cla axit amin trong polypeptit méi sinh. Thuat
ngit "gen" bao gdm phan tir tong hop hoic dung hgp mi héa tAt ca hoic mot phin
protein theo sdng ché dugc mo ta & ddy va trinh ty nucleotit bd sung véi trinh tw bét ky
néu trén.

Nhu sir dung trong ddy, "ADN kham" hozc “céu tric gen khim” 1a dé chi phan
tir ADN bét ky khong phai 12 phan tir ADN tu nhién & vi trf ty nhién ctia né, ciing dugc
goi 0 day la "cAu tric ADN". Pic trung, ADN kham hodc gen khdm bao gém trinh tur
didu hda va phién ma hoic trinh ty mi héa protein khdng duoc thy 1a lién két didu
khién cling nhau trong ty nhién tirc 1a chiing 1a khac loai v6i nhau. Theo d6, ADN kham
hoic gen kham c6 thé bao gdm trinh ty diéu hoa va trinh tw ma héa cé ngudn gdc tlr céc
nguén khéc nhau, hodc trinh ty diéu hoa va trinh twy mi héa cé nguén géc tr cung
ngudn gbc, nhung sip xép theo cich khic nhu dugc tim thdy trong tu nhién.

Thuét ngit "ndi sinh" dugc st dung & day 1a dé chi mot chit binh thudng c6 mit
hodic duoc tao ra trong, vi du, cdy khong bién dbi & ciing giai doan phat trién nhu ciy
dang nghién ctru. "Gen ndi sinh" 12 & chi mot gen tu nhién & vi trf ty nhién cia ching
trong hé gen cia mot sinh vat. Nhu st dung trong ddy, "phan tir axit nucleic t4i t5 hop",
"polynucleotit tdi t& hop" hoic cich dién dat khic cia ching 13 dé chi phan tir axit
nucleic d3 dugc xay dung cu tric hoic bién dbi bang k¥ thuat ADN t4i t6 hop. Thuat
ngit "polynucleotit ngoai lai" hodc "polynucleotit ngoai sinh" hodc "polynucleotit khéc
loai" va twong tu 1a d& chi axit nucleic bt ky dugc dua vio trong hé gen cua té bao
bing phuong phép thi nghiém. Gen ngoai lai hoic ngoai sinh c6 thé 1a cdc gen duogc
16ng vao trong sinh vt khong tw nhién, gen tw nhién dua vao mét vi tri méi trong thé
chii tw nhién, hodc gen kham. "Gen bién dbi" 12 gen d4 dugc dwa vao trong hé gen bing
quy trinh bién nap. Thuat ngit "bién dbi di truyén", "bién ddi gen" va céch dién dat khic
cta chiing bao gbm viéc dua cdc gen vao trong té bao bang cich bién nap hoic tai nap,
gay dot bién gen trong cac té bao va bién dbi hoic diéu chinh qué trinh diéu hoa gen

trong té bao hodc sinh vat ma c4c tic dong nay dugc thuc hién hodc trong thé hé con

71

71/340



49265

cta chiing. “Ving hé gen” nhu st dung & day 1a @ chi vi trf nim trong hé gen trong d6
gen bién dbi, hoic nhém cic gen bién ddi (ciing dwoc goi 1a cum gen), da duoc 16ng
vao trong t& bao, hoic dang tién than ciia né. Viing nhu vay chi bao gdm c4c nucleotit
da duoc dwa vao bang cdch can thiép clia con ngudi nhu cdc phuong phdp duge md ta
trong day.

Thuit ngit "ngoai sinh" trong ndi dung polynucleotit 1a dé chi polynucleotit khi
c6 mat trong t& bao v6i luong bién dbi so véi trang thédi ty nhién cua né. Theo mot
phuong 4n, té bao nay 1a t& bao khong phai tw nhién bao gdm polynucleotit nay. Tuy
nhién, té bio nay cé thé 1a té bao chira polynucleotit khong phai 12 ndi sinh gay bién dbi
lugng san sinh polypeptit @ ma héa. Polynucleotit ngoai sinh theo sdng ché bao gdbm
polynucleotit chua dugc tich khoi cdc thanh phin khéc ciia t& bo bién ddi gen (tdi o
hop), hozc hé biéu hién khong phai té bao, trong d6 né c6 mit, va polynucleotit dugc
tao ra trong cic té bao nhu vay hodc hé khong phai té bao nhu vay sau d6 duoc tinh ché
khoi it nhat mot s6 thanh phan khéc. Polynucleotit ngoai sinh (axit nucleic) c6 thé 1a soi
dudi théng st nhau cta céc nucleotit c6 trong tu nhién, hodc chira hai hodc nhiéu sgi
-dudi thing sét nhau cta cdc nucleotit tir cdc ngudn khéc nhau (c6 trong ty nhién vi/hodc
tbng hop) dugc gin dé tao ra polynucleotit don 1&. Polynucleotit khdm nhu vay dic
trung bao gdm it nhat mot khung doc mé ma héa polypeptit theo séng ché dugc lién két
diéu khién véi gen khéi ddu thich hop dé diéu khién sy phién mi ctia khung doc mo
ndy trong té bao nghién ciru.

Nhu st dung trong ddy, thuét ngit “polynucleotit ngoai sinh khéc” hoic c4ch dién
dat khéc c6 nghia 1a trinh ty nucleotit ctia mdi polynucleotit 12 khic biét it nhat mot, tbt
hon 12 nhiéu, nucleotit. Polynucleotit ma héa cdc ARN cé thé hodc c6 thé khdng duoc
dich m3 thanh protein trong té bao. Theo mot vi dy, wru tién rang mdi polynucleotit ma
héa mdt protein vdi mot hoat tinh khéac nhau. Theo vi du khéc, mbi polynucleotit ngoai
sinh 12 twong ddng it hon 95%, it hon 90%, hoic it hon 80% véi polynuclotit ngoai sinh
khdc. Tét hon 13, polynucleotit ngoai sinh ma héa céc protein/enzym chitc ning. Hon
nita, vu tién 12 polynucleotit ngoai sinh khéc nhau 13 khong tring 1&n nhau trong d6 mdi
polynucleotit 12 mdt ving riéng biét, vi dy, cla axit nucleic van chuyén ngoai nhidm sic
thé, viing nay khong c6 doan triing véi polynucleotit ngoai sinh khic. Téi thiéu, mdi
ngoai sinh polnucleotit ¢6 vi trf khoi dong va ngung phi€n ma, cling nhu gen khoi dau

duoc chi dinh. M4t polynucloeotit ngoai sinh ddc 1ap cé thé bao g@)m hodc c6 thé khong
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bao gdm intron.

Dbi v6i polynucleotit d xdc dinh, s& rd rang con s % twong ddng cao hon
nhitng con sb d néu trén s& 12 phuong 4n duge wu tién. Do d6, khi c¢6 thé 4p dung, khi
néi dén con sé % tuwong ddng téi thiéu, uu tién rang polynucleotit bao gdm trinh tu
polynucleotit twong ddng it nhat 1a 60%, t&t hon nita 12 it nhit 65%, ot hon nita 1a it
nhét 70%, t8t hon nita 12 it nhit 75%, tdt hon nira 12 it nhat 80%, tt hon nita 1a it nhat
85%, tdt hon nita Ia it nhit 90%, tét hon nita 12 it nhit 91%, tdt hon nita 1a it nhat 92%,
t8t hon nira 13 it nhét 93%, t8t hon nita 12 it nhdt 94%, t5t hon nita 13 it nhdt 95%, tdt
hon nita 12 it nhit 96%, t6t hon nira 12 it nhit 97%, tét hon nita la it nhat 98%, 6t hon
nita 13 it nhit 99%, t5t hon nita 12 it nhit 99,1%, tot hon nita la it nhit 99,2%, tt hon
nita 13 it nhét 99,3%, t6t hon nira 12 it nhét 99,4%, 6t hon nita 12 it nhit 99,5%, tt hon
niva 12 it nhat 99,6%, t5t hon nita 12 it nhit 99,7%, tot hon nita 1a it nhat 99,8%, va tot
hon nita 12 it nhat 99,9% véi SEQ ID NO c6 lién quan dugc chon.

Polynucleotit theo sang ché c6 thé lai chon loc, trong cic diéu kién nghiém ngit,
thanh polynucleotit ma héa polypeptit theo sédng ché. Nhu str dung trong déy, cic diéu
kién nghiém ngat 1a (1) st dung trong qua trinh lai tdc nhin gy bién tinh nhu formamit,
vi du, formamit 50% (thd tich/thé tich) v6i albumin huyét thanh bd 0,1% (trong
lwong/thé tich), Ficoll 0,1%, polyvinylpyrolidon 0,1%, dém natri phosphat 50mM & d§
pH =6,5 v6i NaCl 750mM, natri xitrat 75mM & 42°C; hodc (2) sit dung formamit 50%,
5 x SSC (NaCl 0,75M, natri xitrat 0,075M), natri phosphat 50mM (46 pH =6,8), natri
pyrophosphat 0,1%, dung dich 5 x Denhardt's, ADN tinh tring ca héi dugc chiéu am
(50 g/ml), SDS 0,1% va dextran sulfat 10% & 42°C trong 0,2 x SSC va SDS 0,1%
va/hoac (3) sit dung cudng dd ion thép va nhiét d6 cao dé rra sach, vi du, NaCl 0,015
M/natri xitrat 0,0015M/SDS 0,1% & 50°C.

Polynucleotit theo sing ché c6 thé c6, so v6i cdc phan tlr cé trong tu nhién, mot
hodc nhiéu d6t bién 12 doan x6a, doan léng, hodc doan thé géc nucleotit. Polynucleotit
6 cdc dot bién so véi trinh ty ddi chimg hodc 13 ¢6 trong tw nhién (dwgc néi rang, duogc
tach tr ngudn ty nhién) hoic téng hop (vi du, bing céch thuc hién phép dot bién gen
truc tiép tai vi tri hodc k¥ thuat chuyén dich ADN trén axit nucleic nhu md ta & trén).
Do d6, o rang 1a polynucleotit theo sang ché hoic 1a c6 thé tir ngudn gbc c6 trong tir
nhién hodc c6 thé 1a tai td hop. Polynucleotit dugc wu tién 1a cdc polynucleotit ¢ céc

viung ma héa dugce t81 wu héa theo dé dich ma trong té bao thuc vat, nhu da biét trong
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linh vuc nay.

Vecto t4i td hop

Mot phuong 4n theo séng ché bao gdm vecto tai td hop, bao gbm it nhat mot
phén tir polynucleotit néu trong day, 16ng vao trong vecto bat ky c6 kha ning phan phdi
phan tir polynucleotit vao trong t& bao chii. Vecto ti t4 hop bao gdm vecto biéu hién.
Vecto tdi t& hop chira trinh tw polynucleotit khéc loai, d6 13, trinh ty polynucleotit
khong c6 trong ty nhién bén canh phan tir polynucleotit néu trong day, ma t6t hon 1a
ching c6 ngudn gbc tir loai khong phai loai ma (cdc) polynucleotit nay bit ngudn tir
d6. Vecto c6 thé hodc 12 ARN hoic 1a ADN va dic trung 13 plasmit.

Vecto plasmit dac trung bao g6m c4c trinh tu axit nucleic bd sung dé lya chon,
khuéch dai, va bién nap d& dang cét xét biéu hién trong té bao nhan khong dién hinh, vi
du, vecto c¢6 ngudn gbe tir pUC, vecto c6 ngudn gbc tir pSK, vecto cé ngudn gbc tir
pGEM, vecto ¢6 ngudn gdc tir pSP, vecto ¢6 ngudn gbc tir pBS, hodic t6t hon 1a vecto
kép chira mot hodc nhiéu viing T-ADN. Trinh ty axit nucleic bd sung bao gém céc dong
gbc sao chép dé tu sao chép vecto, gen danh d4u chon loc dugc, tot hon 12 ma héa tinh
khang khéng sinh hoic thubc diét cé, vi trf da tdch dong don nhit mang lai nhiéu vi trf
dé 15ng trinh tu axit nucleic hodic gen mi héa vao trong cAu triic axit nucleic, va trinh tir
1am ting cudng mic bién nap cia té bao nhan khong dién hinh va nhan dién hinh (dic
biét 1a thyc vat). Vecto tdi td hop c6 thé bao gdm nhiéu hon mdt polynucleotit néu trong
day, vi du ba, bén, nim hogc séu polynucleotit néu & day két hop, tét hon 12 céu tric
gen kham theo sdng ché, mdi polynucleotit dugc lién két didu khién véi trinh ty diéu
khién bidu hién c6 thé didu khién trong té bao quan tim. TSt hon 1, nhidu hon mot
polynucleotit néu trong day, vi du 3, 4, 5 hodc 6 polynucleotit, duoc lién két ddng héa
tri v6i nhau trong vecto téi t6 hop riéng, tot hon 1a trong mdt phén tir T-ADN don, phén
tir ndy sau d6 c6 thé duge dua vio dang phan tir don vao trong té bao dé tao ra té bao ti
t3 hop theo sdng ché, va tdt hon 12 dugc st nhap vio hé gen clia té bao t4i t6 hop, vi du
& cdy bién d6i gen. Theo d6, polynucleotit dwogc nbi nhu vay s& ciing nhau dwoc thira
hudng locus gen don 1 trong thé hé con cua té bao hodc cay tdi t6 hop. Vecto hoic cay
tdi t& hop c6 thé bao gdbm hai hoic nhidu vecto tii t6 hop, mdi vecto chira nhidu
polynucleotit, vi du trong d6 mdi vecto tai t hop chira 3, 4, 5 hoiic 6 polynucleotit.

"Lién két didu khidn" nhu st dung & ddy 1a dé chi mot lién hé chic ning gifta hai

hodc nhiéu doan axit nucleic (vi du, ADN). Pic trung, né 1a dé chi lién hé chirc ning
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cua yéu td didu hoa phién ma (gen khoi dau) véi trinh tw duoc phién ma. Vi du, gen
khoi ddu duogc lign két didu khién véi trinh ty ma héa, nhu polynucleotit néu trong day,
néu né kich thich hodc diéu hoa su phién ma ca trinh ty ma héa trong té bao thich hop.
N6i chung, cdc yéu té diéu hoa phién mi gen khoi ddu duoc lién két diéu khién véi
trinh ty dugc phién ma, chung & bén canh v& mat vat 1y véi trinh ty dwge phién ma, tic
13, ching hoat ddng cis. Tuy nhién, mot sd yéu td diéu hoa phién mi, nhu gen ting
cuong, can phai khdng & canh nhau v& mat vat Iy hodc khong dat gﬁn voi trinh ty ma
héa ma ching lam tdng sy phién ma.

Khi c6 nhiéu gen khéi diu, mdi gen khéi ddu doc 1ap c6 thé gidng hodc khic
nhau. Céc phén tur tai td hop nhu ADN kham hodac cAu triic gen cling c6 thé chira (a)
mot hodc nhidu trinh ty tin hiéu tiét ma héa trinh ty peptit tin hiéu, khién cho polypeptit
bidu hién & dy c6 thé duoc tiét tir té bao sinh ra polypeptit niy hodc ching cung cip
cho viéc dinh huéng cia polypeptit biéu hién, vi du dé giit polypeptit trong luéi ndi bao
(ER) trong té bao hoic chuyén vao lap thé, va/hoic (b) chira trinh ty dung hop din dén
su biéu hién phén t&r axit nucleic 1a protein dung hop. Vi du vé céc doan trinh tu tin
hiéu thich hop bao gdm doan trinh ty tin hiéu bit ky c6 kha ning diéu khién su tiét hoic
dinh huéng ciia polypeptit néu trong ddy. Cac phan tir t4i tb hop ciing c6 thé bao gdm
céc trinh tu xen vao va/hodc trinh ty khong duoc dich ma xung quanh va/hodc nam
trong trinh ty axit nucleic cuia phan tlr axit nucleic néu trong day.

Pé x4c dinh dac diém thuln loi thé bién nap, cAu tric axit nucleic mong muén
bao gém gen ddnh dau chon loc dugc hodc sang loc dugc, hodc ngoai ching ra, nhu
polynucleotit ngoai lai hodc ngoai sinh. "Gen d4nh ddu" c6 nghia 12 gen truyén phenotip
riéng biét cho té bao bidu hién gen danh déu nay va do d6 cho phép céc té bao di bién
nap duoc phan biét v6i céc té bao khong c6 gen ddnh diu nay. Gen danh du chon loc
duoc mang déc diém khién cho c6 thé "lva chon" dya trén tinh khang véi tdc nhén chon
loc boi dic diém nay (vi du, thudc diét co, khéang sinh, chiéu xa, nhiét, hoic cic phuong
thtrc xtt 1y khdc c6 hai cho té bao khong dwogc gy bién nap). Gen d4nh déu c6 thé sang
loc duoc (hodc 1a gen bdo cdo) c6 dac diém 12 c6 thé x4c dinh thong qua viéc quan sét
hoiac kiém tra, tic 13, bﬁng cach "sang loc" (vi dy, B- glucuronidaza, luciferaza, GFP
hodc enzym hoat tinh khic khdng c6 trong té bao khong dugc giy bién nap). Gen danh
dAu va trinh tr nucleotit duge quan tim khong cin phai dugc lién két. Viéc Iua chon

thyc t& gen ddnh du 12 khong bét budc mién sao né cé chirc ning (tirc 13, c6 tinh chon
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loc) khi két hop véi céc té bao dugc chon nhu té bao cay.

Vi du v& gen dénh diu chon loc duge ciia vi khudn 13 cdc gen ddnh diu mang
tinh khidng khdng sinh nhu khing ampixilin, erythromyxin, cloramphenicol ho#c
tetraxyclin, tt hon 12 khéng kanamyxin. C4c gen d4nh ddu chon loc dugc vi dy dé Iwa
chon thé bién nap thuc vat bao gém, nhung khéng han ché &, gen hyg ma héa tinh
khdng B hygromyxin; gen neomyxin phosphotransferaza (nptlI) mang tinh khéng
kanamyxin, paromomyxin, G418; gen glutathion-S-transferaza tir gan chudt mang tinh
khang glutathion c6 ngudn gbc tir thudc diét co, vi du, dugc md ta trong EP 256223;
gen glutamin synthetaza khi dwoc biéu hién, mang tinh khang chat tic ché glutamin
synthetaza nhu phosphinothrixin, vi du, dugc mdé td trong WO 87/05327, gen
axetyltransferaza tir Streptomyces viridochromogenes mang tinh khdng tdc nhin chon
loc phosphinothrixin, vi du, nhu dugc moé td trong EP 275957, gen ma héa 5-
enolshikimat-3-phosphat  synthaza (EPSPS) mang tinh dung nap N-
phosphonometylglyxin, vi du, nhu dugc mo ta trong tai liéu Hinchee et al. (1988), gen
bar mang tinh khang bialaphos, vi du, nhu dugc md ta trong WO91/02071; gen nitrilza
nhu bxn t Klebsiella ozaenae mang tinh khang bromoxynil (Stalker et al., 1988); gen
dihydrofolat reductaza (DHFR) mang tinh khéng metotrexat (Thillet et al., 1988); gen
axetolactat synthaza (ALS) dot bién, mang tinh khéng imidazolinon, sulfonylure hozc
cdc hoa chit (rc ché ALS (EP 154,204); gen anthranilat synthaza d¢t bién mang tinh
khéang 5-metyl tryptophan; hodc gen dalapon dehalogenaza mang tinh khang thubc diét
co.

Céc gen d4nh diu c6 thé sang loc bao gdm, nhung khong han ché &, gen uidA ma
héa enzym B-glucuronidaza (GUS) cta co chét tao mau da dugc biét, gen protein huynh
quang xanh (Niedz et al., 1995) hoic din xuét cta ching; gen luciferaza (luc) (Ow et
al., 1986), cho phép phét hién tin hiéu phét quang sinh hoc, va cc gen khic da biét
trong linh vyuc nay. "Phén tir bdo cdo" duoc sir dung trong sang ché c6 nghia 12 phan tir
m3, v6i ban chét héa hoc ciia né, tao ra tin hiéu phan tich c6 thé xac dinh cho phép xac
dinh gen khoi dau hoat tinh bi san phim protein.

Tt hon 13, cAu tric axit nucleic duge sat nhép 4n dinh vao trong hé gen cua té
bao, nhu té bao ciy. Theo d6, axit nucleic c6 thé bao gdm cic yéu t§ thich hgp cho
phép phan tir ndy dwoc sit nhap vao trong hé gen, tot hon 12 trinh ty bién phai va bién

trdi ctia phan tr T-ADN, hoic céu tric ndy dwgc dit vao trong vecto thich hop c6 thé
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dwoc st nhap vao nhidm sic thé cua té bao.
Biéu hién

Nhu sit dung trong ddy, vecto biéu hién 12 vecto ADN c6 kha ning giy bién nap
té bao chu va biéu hién hiéu qua mot hodc nhiéu phan t polynucleotit x4c dinh. Vecto
bidu hién duge wu tién cia sdng ché c6 thd didu khién qu4 trinh biéu hién gen & nim
men v/holc té bao thuc vat. Vecto biéu hién hitu dung theo sang ché chira cdc trinh tu
didu hoa nhu trinh tu kiém sodt phién ma, trinh tu kiém soat dich ma, dong géc sao
chép, va céc trinh tw didu hda khic twong thich vdi té bao téi tb hop va kiém sodt sy
bidu hién cta céc phén tir polynucleotit ctia sdng ché. Cu thé, polynucleotit hodc vecto
hiru dung theo sdng ché bao gdm trinh ty kiém so4t phién ma. Trinh ty kiém so4t phién
ma 12 cdc trinh ty kiém so4t qué trinh khoi dong, kéo dai, va két thiic phién ma. Trinh tw
kiém sodt phién ma dac biét quan trong 1a cic trinh tu kiém soat qué trinh khéi dong
phién mi, nhu gen khéi dau va trinh tw ting cudng. Trinh tu kiém so4t phién mi thich
hop bao gdm trinh ty kiém soét phién ma c6 thé hoat dong trong it nhat mot té bao t4i to
hop theo sang ché. Viéc lwa chon trinh ti diéu hoa dé sir dung phu thudc vao sinh vt
dich nhu ciy va/hodc co quan dich hodc md dich duoc quan tdm. Trinh tu diéu hoa nhu
vay c6 thé thu duoc tir sinh vat nhan dién hinh nhu cdy hoac virut cdy, hoic cé thé 1a
duoc téng hop héa hoc. Mdt loat trinh tu kiém so4t phién ma nhu vay da dugc cic
chuyén gia trong linh vuc nay biét r5. Trinh tyr kiém so4t phién ma dugc wu tién dic
biét 1a gen khai dau hoat dong trong viéc diéu khién su phién ma ¢ thuc vat, déc hiéu
theo cdu tric hodc theo giai doan va/hodc theo md, phu thudc vao viéc st dung cay
hodc bd phén cua cay.

Mot sb vecto thich hop dé chuyén nap dn dinh t& bao thuc vat hodc dé tao ra cay
bién d6i gen dd dugc mo ta trong, vi du, Pouwels et al., Cloning Vecto: A Laboratory
Manual, 1985, supp. 1987; Weissbach va Weissbach, Methods for Plant Molecular
Biology, Academic Press, 1989; va Gelvin et al,, Plant Molecular Biology Manual,
Kluwer Academic Publishers, 1990. Péc trung, vecto biéu hién cua cay bao gém, vi du,
mot hodc nhiéu gen thuc vat dugc tdch dong dudi su kiém so4t phién ma cua trinh tu
diéu hoa 5’ va 3’ va gen danh ddu chon loc tinh trdi. Vecto biéu hién cta cdy cling chira
viing diéu hoa gen khéi dau (vi du, ving didu hda kiém soat qud trinh biéu hién do téc
dong hodc qué trinh bidu hién co ban, diéu hda kiéu méi truong - hoic kiéu phit trién,

hoic dic hiéu té bao hodc dic hidu md), vi tri bit dau khai dong phién ma, vi trf gan két
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ribosom, tinh hi¢u xir ly ARN, vi tri két thic phién ma, va/hoic tin hiéu polyadenyl
héa.

Mot sb gen khéi du cAu tric hoat dong trong té bao thuc vat d3 duge mo ta. Gen
khéi dau thich hop dé biu hién cdu tric & thuc vét bao gdm, nhung khéng han ché o,
gen khoi ddu 35S virut gdy bénh kham trén sdp lo (CaMV), 35S cua virut gy bénh
kham Figwort (FMV), gen khéi diu ctia virut que trén mfa, gen khéi dau cta virut d6m
vang ho Thai 1ai, gen khoi dau cam ting véi 4nh sdng tir tiéu don vi nhé cia ribulose-
1,5-bis-phosphat carboxylaza, gen khéi dau triosephosphat isomeraza trong dich bao
twong cua lda, gen khoi dau adenin phosphoribosyltransferaza cia Arabidopsis, gen
khoi dAu actin 1 cua lda, gen khoi ddu mannopin synthaza va octopin synthaza, gen
khéi ddu Adh, gen khéi ddu sucroza synthaza, gen khéi dau phirc gen R, va gen khéi
dAu protein gin két diép luc a/p.

V&i muc dich biéu hién trong cac nguf”m mo cua cay, nhu 1a 14, hat, ré hoic than,
uu tién rang gen khoi du st dung trong sang ché c6 mirc biéu hién twong d6i cao trong
céc mo cu thé ndy. V6i muc dich ndy, ngudi ta ¢6 thé chon tir mot s6 gen khoi dau cho
cac gen c6 su biéu hién tang cuong hodc dac hi€u véi md hodc té bao. Vi du vé céc gen
khéi dAu nay dugc béo cdo trén 1y thuyét bao gdm gen khéi dau glutamin synthetaza
GS2 diép luc tir d4u, gen khoi dau fructoza-1,6-biphosphataza diép luc tir 1da my, gen
khéi ddu ST-LS1 téng hop 4nh sdng trong nhan tir khoai tdy, gen khéi dau
serin/threonin kinaza va gen khoi dau glucoamylaza (CHS) tir Arabidopsis thaliana.
Ciing dugc béo cdo 1a c¢6 hoat tinh tong hop 4nh sing 1a gen khoi dau ribuloza -1,5-
bisphosphat carboxylaza, va gen khéi du Cab.

Mot loat cidc gen khoi du thuc vat duge didu hoa dap tng véi céc tin hiéu moi
trudong, hormon, héa hoc, va’/hoic phét trién, cling dugc st dung dé biéu hién gen & té
bao thuc vat, bao gdm gen khéi ddu dwoc didu hoa béi (1) nhiét, (2) 4nh sang ,vi dy,
gen khoi dau RbcS-3A & dau, gen khéi dAu RbcS & ng0); (3) hormon, nhu axit abscisic,
(4) vét thwong (vi du, Wunl); hoic (5) héa chét, nhu metyl jasmonat, axit salixylic,
hormone steroit, ruou, Safeners (W097/06269), hodc ciing c6 thé thuan loi khi sit dung
(6) gen khoi d4u dac hiéu theo co quan.

Nhu str dung trong day, thuat nglt “gen khoi dau dic hibu véi hat cay” hoac cich
difn dat khéc 12 @& chi gen khoi ddu wu tién, so véi cdc mo cay khac, didu khién su

phién ma gen & céc hat dang phit trién ctia cAy. Theo mot phuong 4n, gen khéi dau dic
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hiéu véi hat dwoc bidu hién manh hon it nhit 13 5 14n trong hat dang phét trién cia cay
so vo6i 14 va/hodc than ciy, va t6t hon 13 duge biéu hién manh hon trong mam cia hat
dang phat trién so véi cidc md cay khic. Tét hon 13, gen khoi dau chi didu khién qué
trinh bidu hién cta gen quan tim trong hat dang phat trién, va/hoic biéu hién gen can
quan tim & cdc by phan khic cua cidy nhu 14 12 khong phat hién duoc bdi phéan tich
thdm tdch ARN vi/hodc RT-PCR. Dic trung, gen khéi diu didu khién qué trinh bidu
hién gen trong qué trinh phat trién va ting trudng cla hat, cu thé 12 trong pha tong hop
va tich liiy ctia céc hop chét dugc trix trong hat. Gen khoi dAu nay c¢6 thé diéu khién qua
trinh biéu hién gen trong toan bd co quan trit ciia thuc vat hodc chi bd phén ciia né nhu
vo hat, hodc 14 mam, t6t hon 12 trong mam, trong hat ctia cdy hai 14 mam hodc ndi nhil
hodc 16p hat aloron cua hat cdy mot 14 mam.

Gen khéi ddu dwoc vu tién dé bidu hién dic hiéu hat bao gdm i) gen khéi dau tir
gen ma héa enzym c6 vai trd trong sinh tdng hop axit béo va tich lily trong hat, nhu
desaturaza va elongaza, ii) gen khéi dau tir gen ma héa protein hru trit trong hat, va iii)
gen khoi ddu tir gen ma héa enzym c6 vai trd trong sinh tong hop carbohydrat v tich
lity trong hat. Gen khéi du dic hidu véi hat thich hop 13 gen khéi dAu napin trong dau
hat nho (US5,608,152), gen khéi dau Vicia faba USP (Baumlein et al., 1991), gen khai
diu Arabidopsis oleosin (W098/45461), gen khoi ddu Phaseolus vulgaris phaseolin
(US5,504,200), gen khéi ddu Brassica Bce4 (W091/13980) hoic gen khoi dau
Legumin LeB4 tir Vicia faba (Baumlein et al., 1992), va gen khai d4u din dén su biéu
hién dac hi€u hat trong cdc cdy mdt 14 maim nhu ngo, lia mach, lda my, Ida mach den,
lida va twong tu. Gen khoi ddu dang chi ¥ thich hop 1a gen khoi dau (Ipt2 hoc Iptl lda
mach WQ095/15389 va WQ095/23230) hodc gen khéi dau dwgc mod ta trong
W099/16890 (gen khéi dau tir gen hordein lda mach, gen glutelin Ida, gen oryzin lda,
gen prolamin lda, gen gliadin lda my, gen glutelin lda my, gen zein ngod, gen glutelin
yén mach den, gen kasirin lda mién, gen secalin lda mach den). Gen khéi du khac bao
gém cic gen khoi dau dugc md ta boi Broun et al. (1998), Potenza et al. (2004),
US20070192902 va US20030159173. Theo mdt phuong 4n, gen khéi dau dic hiéu véi
hat dugc biéu hién wu tién trong cac phén hat xac dinh nhu mam, 14 mim hoac ndi nhil.
Vi du vé céc gen khoi d4u dic hiéu bao g@)m, nhung khong han ché &, gen khéi d4u FP1
(Ellerstrom et al., 1996), gen khoi dau legumin dau ha lan (Perrin et al., 2000), gen khoi

déu ngung Kkét tb héng cau thuc vat dau (Perrin et al., 2000), gen khoi dau conlinin 1 va
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conlinin 2 clia cdc gen ma héa protein trit 2S cay lanh (Cheng et al., 2010), gen khéi
du cta gen FAE1 tr Arabidopsis thaliana, gen khoi d4u BnGLP cia gen protein twong
tu globulin cta Brassica napus, gen khéi d4u LPXR cla gen peroxiredoxin tir Linum
usitatissimum.

Trinh ty dn d4u khong dich ma 5' cé thé c6 nguén géc tir gen khéi dau duoc lua
chon dé biéu hién trinh ty gen khac loai ctia polynucleotit theo sdng ché, hoac t6t hon 12
khé4c loai v&i ving ma héa cia enzym dugc tao ra, va co thé dugc bién ddi theo cich
riéng biét néu mudn mién sao 1am ting su dich md mARN. P& xem xét vé viéc toi uu
héa su biéu hién cua gen bién ddi, xem Koziel et al. (1996). Ciing c6 thé thu duoc céc
ving khong dich ma 5' tir ARN virut thuc vat (virut gdy bénh kham thudc 14, virut gay
bénh ky axit thudc 14, virut gy bénh kham 1un & ngd, virut khdm c6 linh ling, trong s6
céc virut khdc) tir gen ciia nhin dién hinh thich hop, gen thyc vat (gen din dAu protein
gin két diép luc a/b ciia lda my va ngd), hodc tir trinh ty gen téng hop. Sang ché khong
giéi han & cdc céu tric trong d6 viing khong dwoc dich ma ¢ ngudn gdc tir trinh tyr
khéng duoc dich ma 5’ di cung vdi trinh tu gen khéi dAu. Trinh ty din déu cling c6 thé
co nguc“m géc tir trinh ty gen khéi dau khong dugc dich ma hodc trinh tu ma héa. Trinh
ty din diu hitu dung trong pham vi séng ché bao gdm gen din ddu Hsp70
(US5,362,865 va US5,859,347), va yéu té omega TMV.

Viéc két thiic phién ma dugc thyc hién béi trinh ty ADN khong dugc dich ma 3'
duogc lién két didu khién trong vecto kham ctia polynucleotit dugc quan tdm. Ving
khong dugc dich ma 3' cia phéan tir ADN téi t6 hop chita trinh tw tin higu polyadenyl
héa c6 chirc nang & thuc vét gdy bd sung cdc adenylat nucleotit vao dau 3' cia ARN.
C6 thé thu duoc ving khdng duoc dich ma 3' tir cdc gen khédc nhau dugce biéu hién
trong té bao thyc vat. Viing khdng dugc dich ma 3' cua nopalin synthaza, ving khong
duoc dich ma 3' tr gen Rubisco tiéu don vi nho cta dau ha lan, ving khong dugc dich
mi 3' tir gen protein Tuu trit trong hat 7S cua ddu nanh hodc gen conlinin cua cdy lanh
thuong dugc st dung trong kha nang nay. Vung dugc phién ma, khong dugc dich ma
3', chira trinh tu tin hiéu polyadenylat cia gen plasmit Agrobacterium (Ti) gy khéi u
cling 1a thich hop.

Céc k¥ thuat ADN tai td hop cé thé dugc st dung dé cai thién mirc biéu hién cia
polynucleotit da dugc gay bién nap bang céch thuc hién x& 1y, vi du, mot s6 ban sao

cta phén tir polynucleotit trong té bao cha, hiéu suét ma cdc phan tir polynucleotit niy
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dugc phién ma, hi€u suAt ma céc ban sao thu duoc duoc dich mi, va hidu suit bién ddi
sau dich ma. Cdc k¥ thut téi t6 hop hiru dung dé 1am ting su biéu hién ctia céc phén tir
polynucleotit & ddy bao gdm, nhung khéng han ché &, sat nhap phan tir polynucleotit
vao trong mot hodc nhiéu nhidm sic thé t& bao chy, thém trinh tu 6n dinh vio mARN,
thé hozic bién ddi trinh tu tin hiéu kiém so4t phién ma (vi du, gen khoéi dau, gen chi huy,
gen tdng cuong), thé hodc bién d6i trinh ty tin hidu kiém soat dich ma (vi du, vi trf gén
két ribosom, trinh tw Shine-Dalgarno), bién ddi phén tir polynucleotit dé twong tmg véi
khé ning codon ciia té bao chil, va x6a trinh tu bién tinh ban sao.

Té bio t4i td hop

Séang ché cling d& xut té bao tai td hop, tdt hon 12 té bao cay tai t hop, 1a té bao
chi duge gy bién nap bing mot hodic nhidu phén tir tai td hop, nhu polynucleotit, chu
tric gen kham hodc vecto téi t6 hop néu trong day. Té bao tai td hop c6 thé bao gém t6
hop bét ky cua ching, nhu hai hoeflc‘ba vecto tai td hop, hodc vecto tai t6 hop va mot
hodc nhiéu polynucleotit hodc ADN kham b sung. Té bao thich hop theo sing ché bao
gdm té bao bét ky c6 thé dwoc gy bién nap biang polynucleotit, ADN khdm hoic vecto
tai td hop theo sdng ché, nhu vi du, phan tir ma héa polypeptit hodc enzym dugc md ta
trong ddy. Tt hon 13, t& bao nay 1a t& bao c6 kha ning dugc sit dung dé tao ra LC-
PUFA. Té bao tai t& hop c6 thé 1a té bao nudi cdy, té bao in vitro, hodc trong mét sinh
vét nhu vi du cdy, hodc trong mdt b phan nhu vi du hat hodc 14. Tét hon 13, té bao nay
12 & cAy hodc bd phan ciy, tt hon nita 1a & hat ctia cy.

Té bao chi ma (c4c) polynucleotit dwoc dwa vao trong d6 hoic cé thé 1a té bao
khong duoc giy bién nap hoic c6 thé 1a té bao da duoc giy bién nap bang it nhat mot
phén tir axit nucleic. Cdc phan tr axit nucleic nhu vdy c6 thé lién quan dén qud trinh
téng hop LC-PUFA, hoic khéng lién quan. Té bao cha theo sang ché hoic c6 thé 1a c6
kha ndng sinh ra protein ndi sinh (t&c 13, ty nhién) néu trong day, trong truong hop nay
t& bao téi t6 hop c6 ngudn gde tir d6 c6 kha ning tao ra mirc polypeptit ting 1én, hodc
6 thé c6 kha ning tao ra protein chi sau khi dwoc gy bién nap bang it nhit mot
polynucleotit theo sang ché. Theo mot phuong 4n, té bao t4i td hop theo sing ché c6
kha ning tdng hop axit béo nhiéu lién két chwa bao hoa mach dai ting 1én. Nhu sir dung
trong déy, thuat ngit "té bao c6 kha ning tdng hop axit béo nhiéu lién két chua bio hoa
mach dai ting 1én" 12 mot thudt ngit twong ddi trong d6 t& bao t4i t hop theo sdng ché

dugc so sdnh véi té bao chu khong c6 (céc) polynucleotit theo sdng ché, véi té bao téi
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td hop tao ra axit béo nhiéu lién két chwa bao hda mach dai hon, hodc ham lwong LC-
PUFA cao hon nhw DHA (so véi cac axit béo khéc), cao hon té bao ty nhién. Té bao c6
kha nang téng hop san phim khic ting 1én, nhu vi du axit béo khéc, lipit, carbohydrat
nhu tinh bot, phan t& ARN, polypeptit, san phdm hoidc duoc phadm khéc c6 ¥ nghia
tuong tu.

Té bao chu theo sang ché c6 thé 1a té bao bét ky c6 kha ning tao ra it nhét mot
protein dugc mo ta trong day, va bao gdm té bao vi khudn, nim, (bao gdm nim men),
k¢ sinh tring, dong vat chin dt, dong vat va thuc vat. Céc t& bao niy c6 thé 12 nhan
khong dién hinh hodc nhan dién hinh. Té bao chu dugc wu tién 12 t& bao nim men va té
bao thuc vat. Theo mot phuong 4n dugc wu tién, té bio cy la té bao hat, cu thé 1a té
bao trong 14 mam hodc ndi nhii ciia hat. Theo mdt phuong én, té bao nay la té bao dong
vat hodc t& bao tao. Té bao dong vat cé thé 12 kiéu dong vat bét ky nhu, vi du, té bao
dong vat khong phai 12 nguoi, té bao dong vat c6 xwong sdng khong phai 12 nguoi
khong phai 12 nguoi, té bao dong vat c6 vii khdng phai 1a ngudi, hodc té bao dong vat
duéi nude nhu, cd hodc gidp x4c, dong vat khong c6 xuong sbng, con tring, v.v. Céc té
bao c6 thé 1a cua sinh vét thich hop cho quy trinh 1&n men. Nhu st dung trong day,
thuét ngit "quy trinh 1én men" 1a dé chi quy trinh 1én men bét ky hodc quy trinh bao
gém budc 1én men. Vi du v& vi sinh vit 1én men bao gém sinh vat nAm, nhu nim men.
Nhu st dung trong ddy, “nim men” bao gdm Saccharomyces spp., Saccharomyces
cerevisiae, Saccharomyces carlbergensis, Candida spp., Kluveromyces spp., Pichia
spp., Hansenula spp., Trichoderma spp., Lipomyces starkey, va Yarrowia lipolytica.
Nim men duoc wu tién bao gdm chung Saccharomyces spp., va dic biét,
Saccharomyces cerevisiae.

Cay bién ddi gen

Sang ché cling d& xuét ciy bao gdm té bao theo sang ché, nhu ciy bién dbi gen
bao gdbm mot hodc nhidu polynucleotit theo sang ché. Thuat ngit "cay" nhu sir dung &
day 1a mot danh tir chi toan bd ciy, nhung khi sir dung nhu mdt tinh tir 1a dé chi mot
dang vat chét c6 trong, thu dwoc tir, c6 ngudn gbc tir, hodc c6 lién quan dén cay, nhu vi
du, mét bd phén cua cay (vi du 14, thén, ré, hoa), té bao riéng 1€ (vi du phén hoa), hat, té
bao thuc vat va twong tw. Thuét ngir "bd phan ciy" 12 & chi tAt c4 céc bd phén ciy bao
gdm ADN cdy, bao gdm cdc ciu tric sinh dudng nhu, vi dy, 14 hodc théan, ré, bo phan

hodc céu tric hoa, phan hoa, hat, phan cua hat nhu mam, ndi nhii, vdy hodc vo6 hat, md
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cdy nhu, vi dy, m6 mach, té bao va thé hé con cia ching, mién sao bo phan cdy nay
tdng hop lipit theo sdng ché.

"Cay bién ddi gen", "cdy bién dbi di truyén" hodc céch dién dat khéc ciia chiing
12 dé chi cay chira cu triic gen(“gen bién d6i”) khong tim thdy duoc & cay kiéu dai ctia
cting loai, gidng hogc cay trdng. Cay bién dbi gen nhu dwgc xdc dinh trong pham vi
sang ché bao gdm cay va thé hé con cua ching da duoc bién dbi gen bang k¥ thuat tai
t6 hop dé tao ra lipit hogc it nhit mot polypeptit néu & day trong cdy mong mubn hoic
bd phan cdy. Té bao thyc vat bién ddi gen va bd phan cay bién ddi gen c6 ¥ nghia twong
dwong. “Gen bién d6i” nhu dwoc nhic dén & day c6 y nghia thong thuong trong linh
vuc cong nghé va bao gém trinh ty gen da duoc tao ra hodc bién d6i boi k¥ thuat tai tb
hop ADN hoéc ARN va dugc dua vao trong té bao theo sdng ché, tbt hon 12 té bao cay.
Gen bién d6i c6 thé bao gbm trinh tir gen c6 ngudn gbc tir té bao ciy c6 thé 12 cling loai,
gibng hoic cay trdng voi té bao cdy ma gen bién ddi duge dwa vao d6 hodc khic loai,
gibng hoic cay, hodc tir té bao khong phai té bao ciy. Dic trung, gen bién d6i da dwa
vao té bao, nhu t& bao cy, bang céc thao tic do con ngudi 1am, vi dy, bing céch bién
nap nhung c6 thé sit dung phuong phép b4t ky ma cic cdc chuyén gia trong Iinh vuc
nay da biét.

Thuat ngit "hat" va "hot" dugce st dung thay thé cho nhau. “Hat” 1a dé chi hat gia
nhu hat d3 dugc thu hoach hodc hat van con trén ciy nhung da san sang dé thu hoach,
nhung ciing c6 thé 1a dé chi hat sau khi hit 4m hodc ndy mam, theo bin m6 ta. Hat hoic
hét gia thudng c6 ham luong 4m thap hon khoang 18-20%. “Hat dang phét trién” nhu
st dung & dy 1a @& chi hat trudc khi gia, dic trung thiy trong cdc ciu trdc sinh san cta
cy sau khi thy phan hoic n& hoa, nhung ciing ¢6 thé 14 @& chi céc hat truéc khi trudng
thanh dugc tach ra tir cay.

Nhu str dung trong ddy, thuét ngit “thu hoach bd phan cay” hodc “thu 14y hat” 1a
dé chi cach thirc bat ky dé thu hoach bo phan cay hoic hat, 14n luot, bao gém thu hoach
bo phén cdy hodc hat tir cdy trén canh déng hodc trong noi chtta nhu nha kinh hodc
budng phat trién, hozic bing céch mua hoic nhan tir nha cung cAp céc bd phan ciy hoic
hat. Hat c6 thé thich hop dé tréng tic 12 6 thé nay mam va sinh ra céc ciy con, hoic
cdch khéc dd dugc xit 1y theo cdch ma khong thé ndy man nita, vi du 1am v, x4t hodc
nghién hat hitu dung dé 1am thirc 3n hodc thuc phim, hodc dé chiét lipit theo sang ché.

Nhu str dung trong dy, thudt nglt “co quan tich trit cta cly” 1a dé chi mot bd
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phén cua ciy chuyén dung dé trit nang luong & dang, vi du, protein, carbohydrat, axit
béo va/hodc diu. Vi du vé& co quan tich trit ctia cdy 13 hat, qua, r& ct, va cu. Co quan
tich trit ciia cAy dwogc uu tién theo sang ché 1 hat.

Nhu st dung trong day, thudt ngit “binh thuong v& phenotip” 12 dé chi ciy hoic
bd phén cua cay da bién ddi gen, cu thé 12 bd phén luu trt nhu hat, ci hodc qua theo
sdng ché khong c6 kha ning phét trién va sinh s6i bi giam d4ng ké so véi ciy hodc bd
phén cdy khong bién di. Theo mot phwong 4n, cdy hodc bd phan ciy bién ddi gen binh
thudng vé phenotip bao gdm polynucleotit ngoai sinh ma héa gen e ché giy cam dugc
lién két didu khién v6i gen khoi dau dic hidu v6i co quan tich trit clia ciy va c6 kha
ning phat trién hoic sinh sbi vé co ban gidng vai ciy hoic bd phan ciy cung dong
khong chita polynucleotit nay. T4t hon 13, sinh khéi, tbc do phét trién, tbc do nay mﬁm,
kich thu6c co quan tich trit, c& hat va/hodc sb luong hat séng tao ra 1a khong thép hon
90% so v6i cdc chi sb ndy & ciy khong c6 polynucleotit ngoai sinh ndy khi pht trién
trong c4c didu kién gidng nhau. Thuét ngit nay khong bao gdm céc dic diém coa ciy cé
thé khdc véi cdy kiéu dai ma ching khéng anh huong dén sw c6 ich cta ciy véi muc
dich thuong mai nhu, vi du, phenotip kiéu ballerina ctia 14 ciy con.

Cay duoc d& xuit hoic duoc dy tinh dé st dung trong thuc hanh sing ché bao
gém cdy mdt 14 mam va cdy hai 14 mam. Theo cic phuong 4n duge wu tién, ciy theo
sdng ché 12 ciy hoa mau (vi dy, ngii cdc va ddu Ha lan, ngd, Ida my, khoai tay, bdt sin
hot, 1da, lda mién, k&, sén, 1da mach, hodc dau ha lan), hoic céc ciy qua dau khéc. Cay
cling c6 thé phat trién dé tao ra ré an duoc, ct, 14, than, hoic hoa hoic qua. Cay c6 thé
1a cAy rau hodc cdy canh. Cy theo sing ché c6 thé 1a: ngd (Zea mays), cii dau
(Brassica napus, Brassica rapa ssp.), mu tac (Brassica juncea), lanh (Linum
usitatissimum), cO linh lang (Medicago sativa), lda (Oryza sativa), lda mach den
(Secale cerale), lda mién (Sorghum bicolour, Sorghum vulgare), huéng duong
(Helianthus annus), lda my (Tritium aestivum), dau nanh (Glycine max), thubc 14
(Nicotiana tabacum), khoai tdy (Solanum tuberosum), lac (Arachis hypogaea), bong
(Gossypium hirsutum), khoai lang (Lopmoea batatus), sin(Manihot esculenta), ci phé
(Cofea spp.), dira (Cocos nucifera), dia (Anana comosus), cdy ho cam (Citrus spp.),
dira (Theobroma cacao), che¢ (Camellia senensis), chudi (Musa spp.), 1€ tau (Persea
americana), sung (Ficus casica), bi (Psidium guajava), xoai (Mangifer indica), 0liu

(Olea europaea), du du (Carica papaya), dao 16n hot (Anacardium occidentale), méc ca
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(Macadamia intergrifolia), qua hanh (Prunus amygdalus), cu cdi duong (Beta
vulgaris), yén mach, hodc Ida mach.

Theo mdt phuwong dn dugc wu tién, cdy la cay hat kin.

Theo mdt phuong 4n, cdy 1a cdy hat dau, t5t hon 12 cAy hoa mau c6 hat dau. Nhu
st dung trong day, "cdy hat dau" 12 loai cay sir dung dé san xuét thwong mai dau tir hat
cay. Cay hat diu c6 thé 1a nho hat dau (nhu cai déu), ng0, hudng duong, ddu nanh, lda
mién, lanh (hat lanh) hodc ci cai duodng. Hon nira, cay hat dau c6 thé 1a Brassicas khdc,
bdng, lac, anh tic, mu tac, hat thau dau, ving, rum, hodc cay tao ra qua hach khéic. Cay
c6 thé tao ra cdc mirc cao diu trong qua cia né, nhu dliu, diu co hodc diu dira. Céc cay
vuon ma sang ché c¢6 thé 4p dung vao 13 rau diép, rau diép quin, hoic cic ciy ho cai
khac bao gém bép cai, bong cai xanh, hoic stp lo. Sdng ché ciing c6 thé 4p dung cho
cay thubc 14, cAy bau bi, ca rdt, dau tay, khoai tiy, hoic hat tidu.

Theo mot phwong 4n duge vu tién hon, cAy khong bién ddi gen sir dung dé tao ra
ciy bién ddi gen theo sdng ché dé tao addu, dic biét 1a trong hat, né cé i) cic axit béo
18:2 ¢6 lugng thip hon 20%, thdp hon 10% hodc thap hon 5% va/hoic ii) cdc axit béo
18:3 v&i luong thap hon 10% hoic thdp hon 5%.

Theo mot phuong 4n duoc wu tién, cAy bién dbi gen 12 dbng hop tir v6i nhau va
mdi gen di duge dua vao (gen bién ddi) sao cho cdy con ctia né khdng duoc phan ly véi
phenotip mong mubn. Cay bién ddi c6 thé 12 di hop tir v6i (c4c) gen bién d6i duoc dua
va0), tbt hon 12 di hop tir ddng dang vdi gen bién dbi, nhu vi du trong thé hé F1 duoc
tréng tir hat lai. Ciy nhu vay c6 thé mang lai cdc thuén loi nhu d6 khée wu thé gidng lai,
d3 biét trong linh vuc nay.

Khi thich hop, cdy bién di gen ciing c6 thé bao gdm thém céc gen bién ddi ma
héa enzym c6 vai trd trong san xudt LC-PUFA nhu, nhung khong gi6i han &, A6-
desaturaza, A9-elongaza, A8-desaturaza, A6-elongaza, AS-desaturaza, w3-desaturaza,
Ad-desaturaza, AS5-elongaza, diaxylglyxerol axyltransferaza, LPAAT, Al7-desaturaza,
Al5-desaturaza vd/hodc A12 desaturaza. Vi du vé cic enzym niy c6 mdt trong sd nhidu
hoat tinh d3 biét 15 trong linh vuc nay va bao gdm cic enzym dugc md ta trong day.
Trong céc vi du cu thé, cay bién dbi gen bao gbm it nhat polynucleotit ngoai sinh ma
héa;

a) A4-desaturaza, AS-desaturaza, A6-desaturaza, AS-elongaza va A6-

elongaza,
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b) A4-desaturaza, AS-desaturaza, A8-desaturaza, AS5S-elongaza va A9-
elongaza,

c) Ad4-desaturaza, A5-desaturaza, A6-desaturaza, A5-elongaza, A6-elongaza, va
Al5-desaturaza,

d) A4-desaturaza, A5-desaturaza, A8-desaturaza, AS-elongaza, A9-elongaza,
va Al5-desaturaza,

e) A4-desaturaza, A5-desaturaza, A6-desaturaza, A5-elongaza, A6-elongaza,
va Al7-desaturaza, hoac

f) A4-desaturaza, AS5-desaturaza, A8-desaturaza, AS-elongaza, AO-
elongaza, va Al7-desaturaza.

Theo mdt phuong dn, polynucleotit ngoai sinh mi héa bd polypeptit la A6-
desaturaza Pythium irregulare, A5-desaturaza Thraustochytrid hodc AS-desaturaza
Emiliana huxleyi, A6-elongaza Physcomitrella patens, AS-elongaza Thraustochytrid
hoic A5-elongaza Ostreocccus taurii, @3-desaturaza Phytophthora infestans hodc ®3-
desaturaza Pythium irregulare, va A4-desaturaza Thraustochytrid.

Theo mot phuong 4n, ciy theo sang ché dugc trdng trén cénh ddng, t6t hon 1a
mot quan thé it nhét 1.000 hogc 1.000.000 ciy vé co ban 1a gidng nhau, hogc trén mot
dién tich it nhét 1 héc ta. Mat do tréng khac nhau theo loai thuc vat, loai cay, khi hau,
diéu kién dat, téc do phén bén va céc yéu t6 khéc da biét trong linh vuc nay. Vi duy, céi
dau dic trung dugc tréng voi mat do tréng 1a 1,2-1,5 triéu cdy trén mot héc ta. Cay
duoc thu hoach nhu da biét trong linh vuc nay, cé thé bao gdm xén, vun thanh luéng
va/hodc git cdy, sau d6 dap vi/hoic sdy nguyén lidu cay dé tach hat tir bd phén ciy con
lai thuong 12 & dang trdu. Céch khéc, hat c6 thé duoc thu hoach tir cdy trén cénh ddng
trong mdt quy trinh duy nhét, cu thé 12 gom lai.

Bién nap cdy

Cay bién dbi gen c6 thé duoc tao ra béng cac ky thuét da biét trong linh vyuc nay,
nhu cdc k¥ thudt dugc md ta chung trong A. Slater et al., Plant Biotechnology - The
Genetic Manipulation of Plants, Oxford University Press (2003), va P. Christou va H.
Klee, Handbook of Plant Biotechnology, John Wiley va Sons (2004).

Nhu st dung trong déy, thuét ngit “gdy bién nap 6n dinh”, “dugc gay bién nap 6n

dinh” va céch di®n dat khdc cua ching 12 dé chi sy hop nhét cta phén tir axit nucleic
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ngoai sinh vao trong hé gen cua té bao sao cho ching dugc chuyén vao té bao thé hé
con trong qud trinh phén chia té bao ma khong can chu doéng lya chon sy c6 mit cla
ching. Thé bién nap on dinh, hoic thé hé con cua ching, c6 thé dugc lya chon béi
phuong phép bit ky da biét trong linh vuc nhu phuong phép thdm tdch ADN trén ADN
nhim sic thé hoic phép lai tai chd hé gen ADN.

Su van chuyén gidn tiép qua Agrobacterium 12 mot hé c6 thé ng dung rong rii
d8 dwa gen vao trong té bao thyc vt do ADN c6 th8 dwoc dua vao té bao trong md cia
ciy nguyén ven hodc bd phan cta cay hodc manh ciy trong moi truong nudi ciy mo, dé
hoéc 1a biu hién tam thoi hodc dé sét nhap 4n dinh ADN vao trong hé gen clia t& bao
cdy. Viéc st dung vecto cdy trung gian qua Agrobacterium dé dwa ADN vao trong té
bao thuc vat da duoc biét 5 trong Iinh vuc nay (xem, vi dy, US 5177010, US 5104310,
US 5004863 hoic US 5159135) bao gdm phuong phdp nhing chim hoa bang
Agrobacterium hodc vi khudn khéc c6 thé van chuyén ADN vao trong té bao thuc vat.
Ving ADN vén chuyén dugc x4c dinh bang trinh ty bién, va ADN xen vao (T-DNA)
thuong dugc 16ng vao trong hé gen cua cdy. Hon nira, sy sit nhip vao cia T-ADN la
mdt quy trinh twong d6i chinh x4c trong mot s& quy trinh sip xép. Trong cic loai cay
ma su bién nap qua Agrobacterium c6 hiéu qua, d6 1a phuong phdp dugc lwa chon do
st thuin tién va ban chit di xic dinh cta sy chuyén gen. Vec to bién nap
Agrobacterium dugc wu tién c6 kha ning sao chép trong E. coli ciing nhu
Agrobacterium, cho phép thao tic thuén tién nhu moé td (Klee et al., In: Plant ADN
Infectious Agents, Hohn va Schell, eds., Springer-Verlag, New York, pp. 179-203
(1985).

Céc phuong phap gia tdc c6 th8 dugc st dung bao gdém, vi du, phuong phép
chuyén gen bang siing bin gen va twong tw. Mot vi du vé phuong phép dé phan phdi
phan tlr axit nucleic gay bién nap vao té bao thyc vat 1a phwong phép chuyén gen biang
sing bin gen. Phuong phép nay dd dugc néu béi Yang et al., Particle Bombardment
Technology for Gene Transfer, Oxford Press, Oxford, England (1994). Cdc hat khong
phai sinh hoc (vi dan) c6 thé dugc bao bang axit nucleic va phan phdi vao trong té bao
bang lyc ddy. Céc hat vi du bao gdm céc hat 12 wonfam, vang, platin, va twong ty. Mot
loi diém riéng cua phwong phap chuyén gen bing sting bin gen, ngoai viéc né 1a
phuong phap hiéu qua dé gay bién nap cy mot 14 mam c6 thé 1dp lai, d6 1a doi héi né

khong phan téch thé nguyén sinh, cling nhu khong dé gay nhiém Agrobacterium.
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Theo phwong 4n thay thé khac, lap thé c6 thé duoc bién nap 6n dinh. C4c phuong
phép boc 16 v& bién nap lap thé & cic ciy cao hon bao gdm phwong phap bén hat ADN
chira gen ddnh du chon loc dugc va chon dich ADN dén hé gen lap thé thong qua k¥
thuét t4i té hop cung loai (US5, 451,513, US5,545,818, US5,877,402, US5,932479, va
W099/05265).

Phuong phép khic dé bién nap té bao ciing c6 thé dugc sir dung va bao gébm
nhung khong han ché & phuong phdp dua ADN vao cdy bing cach chuyén ADN tryc
tiép vao phin hoa, bang céch bom truc tiép ADN vio trong co quan sinh san cla cy,
hoic bing cich bom truc tiép ADN vao té bao cua mim chua truéng thianh sau khi
hydrat héa lai cdc mim da kho.

Viéc phuc hdi, phit trién, va nudi trong ciy tir thé bién nap nguyén sinh thuc vét
don hogc tir nhidu manh cdy duoc gy bién nap khic nhau da duoc biét 15 trong linh
vuc nay (Weissbach et al., In: Methods for Plant Molecular Biology, Academic Press,
San Diego, Calif., (1988). Quy trinh phuc hdi va phit trién dic trung bao gém cic bude
lwa chon té bao gay bién nap, nudi cdy céc té bao da biét héa qua cic giai doan phét
trién mam thong thuong trong sudt giai doan ciy non moc ré. Mam bién d6i gen va hat
dugc phuc hdi tuong ty. Cac chdi bién d6i gen moc ré thu dugc sau d6 duogc tréng trong
mdi truedng phat trién cy thich hop nhu dat.

Viéc phit trién hodc phuc hdi cdy chira gen ngoai lai, gen ngoai sinh cfing da
duge bibt o trong linh vyc nay. Tét hon 13, cdc cdy dugc phuc hdi 12 tu thu phén dé
sinh ra cay bién ddi gen ddng hop tir. C4ch khic, phin hoa thu dwoc tir ciy dugc phuc
héi duoc lai chéo véi cdy trdng tir hat cia dong quan trong trong ndng nghiép. Nguoc
lai, phan hoa tir cdy cua cdc dong quan trong nay dugc sit dung dé thu phén cho cay
dugc phuc hdi. Cay bién dbi gen theo séng ché chira axit nucleic ngoai sinh mong mudn
dwoc nudi trdng bing cdc phuong phdp da biét véi céc cdc chuyén gia trong linh vuc
nay.

pé khﬁng dinh sy c6 mit ciia gen bién ddi trong té bao va cay bién d6i gen,
phuong phép khuéch dai phan tng chudi polymeraza (PCR) hodc phuong phdp phén
tich thAm tdch ADN c6 thé duoc thuc hién bing phuong phép da biét véi céc chuyén
gia trong linh vyc nay. C4c san phim biéu hién ctia gen bién ddi c6 thé dugc phat hién
boi bét ky trong s6 hang loat cach, phu thudc vao ban chét ctia san phdm, va bao gdbm

phan tich tham tich protein va thir nghiém enzym. Khi da thu dugc cay bién ddi gen,
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chiing c6 thé dugc trong dé tao ra mo ciy hoic cdc bd phan cia ciy c6 phenotip mong
mudn. Mo ciy hodc by phén cay, c6 thé dugc thu hoach, vi/hoic thu 1€iy hat. Hat c6 thé
dugc st dung lam nguén dé tréng thém cdy c6 md hodc by phdn cé dic diém mong
mubn.

Cay bién ddi gen tao ra bang phwong phép phuong phip bién nap Agrobacterium
hodc phwong phép khéc ddc trung chira mot locus gen don trén mot nhidm séc thé. Cay
bién d6i gen nay c6 thé duoc coi 14 ban hop tir véi (cac) gen duge bd sung vao. Pugc
wu tién hon 12 cy bién dbi gen dong hop tir v6i (céc) gen dugc bd sung vao; tirc 13, ciy
bién dbi gen chtra hai gen bd sung, mot gen trén cling locus trén mdi nhidm sic thé cia
cip nhiém sic thé. Cay bién dbi gen c6 thé 12 ddng hop tir thu duoc bing cich tu thy
phén cay bién ddi gen ban hop tir, niy mam mat s6 hat tao ra va phan tich cy thu dugc
vé gen dugc quan tAm.

Ciing hiéu ring hai ciy bién ddi gen khadc nhau chita hai gen ngoai sinh dugc
phan ly doc 1ap hodc locus cling co thé duoc lai chéo (giao phéi) dé tao ra ciy con chira
ca bd gen hoic locus. Viéce ti thy phén ctia ciy con F1 thich hgp c6 thé tao ra cic cay
d6ng hop tir ca véi gen hodc locus ngoai sinh. Lai nguoc lai voi cdy me va lai tiép voi
cay khong bién dbi gen cling duoc du tinh, 13 sy nhan gidng sinh dudng. Mb ta vé cic
phuong phép sinh san khéc thuong duge sir dung cho céc dic tinh va hoa mau khac c6
thé thdy trong Fehr, In: Breeding Methods for Cultivar Development, Wilcox J. ed.,
American Society of Agronomy, Madison Wis. (1987).

Tang mic ARN ngoai sinh va bidu hién 6n dinh ARN ngoai sinh

Gen trc ché gdy cam

Theo mét phuong 4n, té bao, cdy hoic bd phén ciy theo sing ché chira
polynucleotit ngoai sinh ma héa protein trc ché lam cam.

Su lam gdm gen sau phién ma (PTGS) 1a mét co ché bao vé dic hiéu véi trinh tu
nucleotit c6 thé ¢6 dich & ca mARN té bao va virut dé 1am giam sy PTGS x4y ra ¢ thuc
vét hodc ndm mét cich 6n dinh hoidc tam thoi duoc giy bién nap bﬁng ADN ngoai
sinh (khac loai) hodc ADN ndi sinh va khién cho sy tich Ilily gidm phén tit ARN c6 su
twong ty trinh ty véi axit nucleic dugc dua vao.

D3 duoc xem xét mot cdch rong rai 12 sy biéu hién dbng thoi gen trc ché giy cAm
véi gen bién d6i dwoc quan tAm s& 1am ting mirc ARN c6 trong té bao duoc phién ma

tir gen bién d6i. Trong khi diéu nay da dwgc chirg minh 12 ding véi céc t& bao in vitro,
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thi quan sit thdy cdc tdc dung phu d4ng ké & nhidu nghién ctru biéu hién ddng thoi &
ciy nguyén ven. Cu thé hon, nhu md ta trong Mallory et al. (2002), Chapman et al.
(2004), Chen et al. (2004), Dunoyer et al. (2004), Zhang et al. (2006), Lewsey et al.
(2007) va Meng et al. (2008) ciy biéu hién gen @c ché gdy cAm, thuong 1a dudi gen
khéi du cdu tric, thudng c6 phenotip bit thuong dén mirc khong thé st dung ching dé
san xuit thuong mai.

Gan day, da phat hién ra ring mic phin tir ARN c6 thé ting 1én, vi/hoic mic
phén tir ARN én dinh qua nhi¢u thé hé, bing céch han ché su biéu hién cta gen tc ché
gy cAm & hat ctia cay hodc by phan ctia n6 (W0O2010/057246). Nhu st dung trong day,
“protein rc ché 1am cam” hoic SSP 13 polypeptit bat ky c6 thé duoc biéu hién trong té
bao ciy 1am ting mirc biéu hién tir gen bién d6i khéc trong té bao ciy, dic biét 1a cic
thé hé 13p lai qua nhidu 14n tir cdy bién nap dau tién. Theo mot phuong 4n, SSP 12 gen
tic ché 1am cam cua virut hodc thé dot bién cia né. Mot ) Iuong 16n gen uc ché 1am
cam cua virut da biét trong linh vuc nay va bao gdm, nhung khéng han ché & P19, V2,
P38, Pe-Po va RPV-P0. Theo mdt phwong 4n, gen trc ché 1am cAm cia virut bao gém
axit amin c6 trinh ty nhu dugc néu trong trinh ty bét ky tt SEQ ID NO 53 dén 57,
manh hoat tinh sinh hoc cuia né, hodc trinh ty axit amin tuong déng it nhat 12 50% véi
mot hodc nhidu trinh ty bt ky SEQ ID NO 53 tir 57 va c6 hoat tinh 13 gen trc ché gay
cam.

Nhu sir dung trong day, thuét ngit “piéu hién én dinh”, “dugc biéu hién n dinh”,
va c4ch dién dat khéc cta ching 12 d chi muc phén tir ARN vé co ban giéng hoic cao
hon trong céc cdy thé hé con so v6i céc thé hé lap lai, vi du it nhit ba, it nhit nim hoic
it nhat 10 thé hé, so véi cdy ciing dong khdng c6 polynucleotit ngoai sinh ma héa gen
tic ché gy cAm. Tuy nhién, thudt ngit nay khong loai trir kha ning céc thé hé 13p lai qui
nhiéu s& ¢6 sy gidm mirc phan tit ARN so v&i thé hé trude d6, vi du su giam khong it
hon 10% trong mdi thé hé.

Gen tic ché c6 thé duoc chon tir ngudn bat ky vi du cdy, virut, ddng vat c6 vi
v.v. Xem W02010/057246 vé danh sich céc virut ma c6 thé thu dwoc gen wc ché tir d6
va protein (vi du B2, P14 v.v.) hodc thiét ké ving mi héa gen @c ché tir mdi virut cu
thé. Nhiéu ban sao cua gen tc ché c6 thé dwoc sir dung. Cac gen wc ché khac nhau c6
thé duoc st dung cung nhau (vi dy, theo kiéu trudc sau).

Phén tr ARN
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V& co ban, phan tir ARN bét ky dugc mong mudn 12 biéu hién & hat cdy c6 thé
dugc biéu hién ddng thoi véi gen tc ché gdy cam. Polypeptit ma héa c6 thé c6 vai trd
trong chuyén héa dau, tinh bot, carbohydrat, chit dinh dudng, v.v., hodc c6 thé c6 vai
trd trong qud trinh tng hop protein, peptit, axit béo, lipit, sap, dau, tinh bot, duong,
carbohydrat, chit didu vi, chit tao mui, doc td, carotenoit. hormon, polyme, flavonoit,
protein tich trit, axit phenolic, alkaloit, lignin, tanin, xenluloza, glycoprotein, glycolipit,
v.v., tot hon 12 qud trinh sinh tdng hop hoic 14p rép TAG.

Trong vi du cu thé, cdy tao ra cidc mirc enzym tang lén dé sinh ra dau & thuc vat
nhu Brassicas, vi du cai dau hoic huéng duong, rum, lanh, bong, ddu nanh, Camelina
hodc ngd.

Muc LC-PUFA taora
Mtic LC-PUFA hoic hdn hop céc LC-PUFA duogc tao ra trong té bao tai td hop

hodc bd phén ciy nhu hat 1a rat quan trong. Muc nay c6 thé dugc thé hién 12 thanh phén
(phan trim) toan bd axit béo 12 LC-PUFA cu thé hoic nhém cuia LC-PUFA cuing loai,
vi du @3 LC-PUFA hodc 06 LC-PUFA, hoic VLC-PUFA, hodc axit béo khic co thé
dugc x4c dinh béi phwong phap da biét trong linh vuc nay. Mic nay cling c6 thé duoc
thé hién 12 ham lwong LC-PUFA, nhu vi du phén trim ctia LC-PUFA trong trong lugng
kho ctia nguyén liéu chira té bao téi tb hop, vi du phan trim theo trong lwong hat 1a LC-
PUFA. S& biét 15 rﬁng LC-PUFA duogc tao ra trong hat diu c6 thé cao hon nhiéu vé
ham luvong LC-PUFA so véi trong cdy hodc hat khong dugc trong dé san xudt dau, ca
hai c¢6 thé c6 thanh phin LC-PUFA giéng nhau, va ca hai c6 thé dugc st dung 1am
nguén LC-PUFA cho nhu cau tiéu thu caa nguoi hodc dong vét.

Céc mttc LC-PUFA ¢6 thé dugc x4c dinh bing phuong phép bt ky da biét trong
linh vyc nay. Theo mot phuong dn duge wu tién, toan bo lipit dugc chiét tix té bao, mod
hodc sinh vat va axit béo chuyén héa thanh este metyl trudc khi phan tich bing sic
ky khi (GC). C4c k¥ thudt ndy dugc mo ta trong Vi du 1. Vi trf dinh trong sic ky d6 c6
thé duoc sir dung dé x4c dinh mdi axit béo cu thé, va két hop dién tich dudi mbi dinh dé
dinh lwvong. Nhu st dung trong day, trir khi ¢6 quy dinh khéc, phén trim cia axit béo cu
thé trong miu duoc x4c dinh 12 dién tich du6i dinh ciia axit béo 12 phan trim cla tong
dién tich cua céc axit béo trong sic ky d6. N6 vé co ban twong ting véi phan trim trong

lugng (trong luong/trong lugng). PO tuwong déng clia c4c axit béo c6 thé dugc xdc nhén
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bing GC-MS. Toan b lipit c6 thé duoc phan tich boi cac k¥ thuat di biét trong linh
vuc nay dé tinh ché cdc phin nhu phidn TAG. Vi du, sic ky 16p moéng (TLC) c6 thé thuc
hién & quy mo phan tich dé phén tich TAG tir cic phan doan lipit nhu DAG, axyl-CoA
hoic phospholipit dé x4c dinh thanh phan axit béo cu thé ctia TAG.

Theo modt phuong 4n, todn bd tong cia ARA, EPA, DPA va DHA trong axit béo
trong lipit chiét tdch nim trong khoang tir 7% dén 25% cua toan bd axit béo trong té
bao. Theo phuong dn md rdng, toan bd axit béo trong té bao ¢6 C20:1 véi lugng it hon
1%. Theo cdc phuong 4n duoc wu tién, TAG c6 thé chiét duge trong té bao chira céc
axit béo & mirc dwoc d& cp trong day. Ciing bao gdm mdi cich két hop c6 thé cdc dic
diém x4c dinh lipit nhu md ta trong day.

Mirc sén sinh LC-PUFA trong té bao téi t5 hop, ciy hodc bd phan ciy nhu hat
ciing c6 thé dugc thé hién 12 phan trim chuyén héa cia co chét axit béo thanh mot hoic
nhidu san phim axit béo, cling dugc goi 12 “hiéu suit chuyén héa” hoic “hi¢u sudt
enzym”. Thong s6 nay 1a dya trén thanh phdn axit béo trong lipit chiét tach tir té bao,
cy, bo phan cdy hodc hat, tic 1a, luong LC-PUFA tao thanh (bao gém LC-PUFA khic
¢6 ngudn gbc tir chiing) 12 phan trim ctia mdt hodc nhiéu co chét axit béo (bao gdm tit
c4 cdc axit béo c6 ngudn gdc tir chiing). Cong thitc chung cho ph?m tram chuyén héa 1a:
100 x (téng cdc phan trim cia san phim LC-PUFA va tAt c4 san pham c6 ngudn gdc tir
chiing)/(tdng c4c phan trim cta co chat axit béo va tit ca céc san phim c6 ngudn gbc tir
ching). V& DHA, vi du, n6 c¢6 thé dwoc thé hién 1a ty 1& ctia mirc DHA (11 phan trim
trong tbng ham luong axit béo trong lipit) véi mic co chét axit béo (vi du OA, LA,
ALA, SDA, ETA hoic EPA) va tt ca cdc san phdm khong phai 1a DHA c6 ngudn gboc
tir co chit ndy. Phin trim chuyén héa hoic hiéu suit chuyén héa cé thé duoc thé hién
cho budc enzym riéng 18 trong con dudng chuyén héa, hoic mot phan hoic toan bd con
duong chuyén héa.

Hiéu suit chuyén héa cu thé dugc tinh todn & day theo cong thic:

L. OA thanh DHA = 100 x (%DHA)/(tbng % ctia OA, LA, GLA, DGLA,
ARA, EDA, ALA, SDA, ETrA, ETA, EPA, DPA va DHA).

2. LA thanh DHA = 100 x (%DHA)/(tdng % ciia LA, GLA, DGLA, ARA,
EDA, ALA, SDA, ETrA, ETA, EPA, DPA va DHA).

3. ALA thanh DHA = 100 x (%DHA)/(tbng % ctia ALA, SDA, ETrA, ETA,
EPA, DPA va DHA).
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4. EPA thanh DHA = 100 x (%DHA)/(tdng % cia EPA, DPA va DHA).

5. DPA thanh DHA (hiéu suit A4-desaturaza) = 100 x (%DHA)/(téng % cia
DPA va DHA).

6.  hiéu sut Al2-desaturaza = 100 x (tdng % cta LA, GLA, DGLA, ARA,
EDA, ALA, SDA, ETrA, ETA, EPA, DPA va DHA)/(tdng % cia OA, LA, GLA,
DGLA, ARA, EDA, ALA, SDA, ETrA, ETA, EPA, DPA va DHA).

7. hiéu sudt @3-desaturaza = 100 x (téng % clia ALA, SDA, ETrA, ETA,
EPA, DPA va DHA)/(tdng % cua LA, GLA, DGLA, ARA, EDA, ALA, SDA, ETrA,
ETA, EPA, DPA va DHA).

8. OA thanh ALA = 100 x (tdng % ctia ALA, SDA, ETrA, ETA, EPA, DPA
va DHA)/(tong % ctia OA, LA, GLA, DGLA, ARA, EDA, ALA, SDA, ETrA, ETA,
EPA, DPA va DHA).

9. Hiéu sudt A6-desaturaza (trén co chit @3 ALA) = 100 x (téng % cua
SDA, ETA, EPA, DPA va DHA)/ (%ALA, SDA, ETrA, ETA, EPA, DPA vaDHA).

10.  Hiéu suit A6-elongaza (trén co chit @3 SDA) = 100 x (téng % cua ETA,
EPA, DPA va DHA)/ (t6ng % cia SDA, ETA, EPA, DPA va DHA).

11.  Hiéu suét A5-desaturaza (trén co chit @3 ETA) = 100 x (téng % cua EPA,
DPA va DHA)/ (tng % ctia ETA, EPA, DPA va DHA).

12.  Hiéu sudt AS-elongaza (trén co chit @3 EPA) = 100 x (tdng % ciia DPA
va DHA)/ (tdng % cua EPA, DPA va DHA).

Thanh phén axit béo cta lipit, tdt hon 1a diu hat, theo sdng ché, ciing c6 dac
trung bdi ty 1€ cla axit béo wb:axit béo w3 trong tdng ham luong axit béo, hodc 1a ty 1&
cua toan bd axit béo w6:toan bod axit béo 3 hodc ty 1€ cua axit béo ®6 moi:axit béo w3
méi. Thuat ngit toan bd axit béo w6, toan bd axit béo w3, axit béo w6 mobi va axit béo
®3 méi c6 ¥ nghia nhu duge néu trong ddy. Cac ty 1€ nay dugc tinh todn tir thanh phin
axit béo trong lipit dugc chiét tir t& bao, cdy, bd phan cdy hodc hat, theo cich dugc
minh hoa trong ddy. Mong muén cé mirc axit béo @3 cao hon axit béo 6 trong lipit, va
do d6 wu tién ty 18 w6:03 12 thip hon 1,0. TY 16 0,0 chi ra ring hoan toan khong c6 axit
béo w6 dugc néu; dat dugce ty 1€ 0,03 nhu mo ta trong Vi du 6. Céc ty 1€ thép nay cé
thé dwoc dwoc bang céch sit dung két hop A6-desaturaza uu tién co chét @3 ciing véi

m3-desaturaza, dic biét 1a w3-desaturaza ndm nhu 3-desaturaza Pichia pastoris nhu
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dwoc minh hoa trong day.

Hiéu suit cia LC-PUFA trén trong lugng hat ciing c6 thé tinh trén téng ham
lwong dau trong hat va %DHA trong dAu. Vi dy, néu ham luong diu cia hat cai dau Ia
khoang 40% (trong lugng/trong lugng) va khodng 12% tbng ham lwong axit béo cla
dau 12 DHA, ham luong DHA cua hat 12 khoang 4,8% hodc khoang 48mg trong mbi
gam hat. nhu mé ta trong Vi du 2, ham lwong DHA cta hat Arabidopsis c6 khoang 9%
DHA, n6 c¢6 ham lugng dau thdp hon cai dau, 13 khoang 25mg/g hat. V&i ham lugng
DHA khoang 7%, hat cai dau hodc hat Camelina sativa c6 ham Iwgng DHA 1a khoang
28mg trong mdi gam hat. Do d6, sdng ché d& xuét ciy Brassica napus, B. juncea va
Camelina sativa, va hat thu dugc tir cdy nay, chura it nhit khoang 28mg DHA trong mdi
gam hat. Hat c6 ham luong 4m theo chuin vdi hat gia thu hoach dugc sau khi sdy kho
(46 Am 4-15%). Sang ché ciing d& xudt quy trinh dé thu dugc dau, quy trinh nay 