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Linh vue k§ thuit dwoc dé cap

Séang ché dé cap dén phuong phap san xuét ndm soi dot bién.
Tinh trang k§ thuit ciia sang ché

Trong nhitng ndm gan ddy, cong nghé chinh sira by gen sir dung nucleaza
c6 thé 1ap trinh d& dugc bdo cdo. Chinh stra b gen la k¥ thuat thiét ké bod gen
theo cach dot bién diém truc tiép, chéng han béng cach phan cat dic hiéu soi ddi
ADN ciia gen dich trén bd gen va bao gdm viéc x6a bo, chén hodc thay thé (cac)
nucleotit trong qua trinh sia chita ADN bi phéan cit hodc chén (cac)
polynucleotit ngoai lai vao d6. K§ thudt nhu vay duoc goi la TALEN
(transcription activator-like effector nuclease - nucleaza gidng nhan t6 kich hoat
phién ma), ZFN (zinc-finger nuclease - nucleaza ngon tay kém), CRISPR-Cas9
(clustered regularly interspaced short palindromic repeat - nhom cac doan ngén
dbi xtmg lip lai thudng xuyén), CRISPR-Cpfl, endonucleaza tim nha (homing
endonuclease), bd thiét ké nhé gon TALEN (compact designer TALEN), v.v..
D3 duge bdo céo rang viée chinh stra bd gen bang cach st dung nucleaza cé thé
1ap trinh c6 thé cai thién hidu qua tai t6 hop twong ddng cua vi tri dich trén ADN
hé gen va c6 kha nang giy ra tai t6 hop tuong déng ngay ca & nhitng sinh vat
ban diu ma c6 kha ning tai t6 hop twong dong thip (Tai liéu khong phai sang
ché 1).

Cong nghé chinh stra by gen da cai thién hiéu qua tai t6 hop twong dong
cac gen cua té bao dong vat ¢6 vii ma trudc day tuong d6i khé dugc thiét ké. Tai

liéu khong phai sang ché 2 béo cdo phuong phép tiép cin nghién ctru tinh da
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hinh nucleotit don bang cach thiét ké mot bazo cua vung hé gen dich cia nguoi
bang cach st dung ADN soi don chuyén vao bd gen bang cong nghé TALEN.
Tai liéu khéng phai sang ché 3 béo céo phuong phap tiép can thiét ké gen bang
cach chuyén ADN soi don vao bd gen cua té bao phoi chudt nhit bang cach sir
dung c6ng nghé TALEN. Tuy nhién, trong phuong phap nay, theo béo cdo, ving
hé gen c6 tir mot dén nhiéu bazo, ¢ chidu dai ngin hon 300 bp chi dugc thay
thé hodc xéa bo. Tai liéu khéng phai sang ché 4 bao céo phuong phap tiép can
thiét ké gen bing cach chuyén ADN soi don vao b gen cia té bao phéi chudt
cbng bang cach sir dung cong nghé CRISPR-Cas9 va mé ta rang ADN c6 kich
thudc toi da khoang 830 bp duogc chén vao, va hai ADN soi don cin thiét dé
chén hoic thay thé viing hé gen ¢6 chudi dai hon. Tuy nhién, cling trong phuong
phap ndy, van khé c6 thé tu chén mét ving gen vao bd gen hoic thay thé ving
hé gen 16n hién c6 bing ving gen khéc.

Ném soi nhur nAm Rhizopus 12 nhiing vi sinh vét hitu ich ma cé thé dugc
str dung trong san xuét vi sinh cac chat hitu ich nhw axit hitu co. C6 nhu ciu phat
trién cac thé dot bién ciia ndm soi phu hop hon dé san xuét chat hitu ich bang k§
thuét tai t hop gen.

Néam soi Neurospora crassa 13 sinh vat thuong dugce st dung trong nghién
ctiu t4i to hop. Tuy nhién, Neurospora crassa kidu dai cé ty 18 tai t6 hop tuong
dong rat thip va do d6 khong dé thiét ké gen bang phuong phép tai td hop tuong
dong.

Su tai t6 hop twong doéng & ndm thudc chi Rhizopus ciing khéng dé dang.

Rét hiém khi nim thudc chi Rhizopus dua doan ADN duoc chuyén vao té bao
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thanh ADN hé gen thong qua tai t6 hop tuwong dong. Ngoai ra, trong nim thudc
chi Rhizopus, doan ADN duogc chuyén sé dugc tao vong mot cach tu nhién hodc
khuéch dai ma khong c6 diém khoi dau phién ma. Do d6, rat kho dé sang loc céc
chung tai tb hop bang cach sir dung chi thi gen. Hon nita, nén tang di truyén cua
nim thudc chi Rhizopus van chua dugc nghién ciru diy di. Do d6, su phat trién
thong thuong cta cac thé dot bién thudc chi Rhizopus van gip khé khin vé mit
k¥ thuat. Cac phuong phap dua trén viéc nhim vao cac phan trinh tu tvong dong,
ching han nhu phuong phap str dung Agrobacterium (Tai liéu khong phai sang
ché 5) va phuong phap bién dbi ddu ADN dé chuyén vao té bao (Tai liéu khéong
phai sang ché 6) d& dugc nd luc thuc hién nhim chuyén gen vao bd gen ctia nAm
thudc chi Rhizopus. Tuy nhién, cac phuong phap nay khong hiéu qua. Trong khi
d6, chi c6 mot bo cdo vé ching ndm bi phd v& gen thudc chi Rhizopus (Tai liéu
khéng phai sang ché 7).

Tai liéu khéng phai sang ché 1: Science, 2013, 339 (6121): 823-826

Tai liéu khéng phai sang ché 2: Int J Mol Sci, 2015, 16: 21128-21137

Tai liéu khéng phai sang ché 3: PNAS, 2013, 110 (10): 3782-87

Tai liéu khéng phai sang ché 4: Nature Commun, 2016, 20, doi:
10.1038/ncomms10431

Tai liéu khong phai sang ché 5: Mol Genet Genomics, 2004, 271 (4): 499-
510

Tai liéu khong phai sang ché 6: Mol Genet Genomics, 2005, 274 (4): 373-
383

Tai liéu khéng phai sang ché 7: Mol Microbiol, 2010, 77 (3): 587-604
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Ban chit k§ thuit ciia sang ché

Séng ché dé xuit phuong phap san xuét nim soi dot bién, trong dé
phuong phap ndy bao gém buéc chuyén ADN nucleaza c6 thé 14p trinh va ADN
soi don vao ndm soi chy, va thay thé ving nguoc chiéu va ving xudi chiéu cta
vi tri phan cit cho ADN nucleaza c6 thé 18p trinh trong ADN h¢ gen cua vat chu
b6i ADN soi don thong qua tai t6 hop tuong dong.

M ta chi tiét sang ché

T4t ca céc tai lidu sang ché, tai liéu khong phai sang ché, va cac 4n phim
khac duge trich dan & day déu duoc dua vao day bang cach tham khéao toan bd
ndi dung.

Theo séng ché, cac thut ngit "nguoc chiéu" va "xudi chidu" déi v6i gen
hodc ADN dé cip dén huéng nguoc chiéu va xudi chidu theo huéng phién ma
cua gen hodc ADN trir khi c6 quy dinh khéc.

Theo sang ché, thuat ngir "lién két chirc ning" gitta gen va ving kiém soat
dé cap dén lién két gitra gen va ving kiém soat dé gen co thé duoc biéu hién
duéi su kiém soat clia ving kiém soat. Cac quy trinh "lién két chic ning" giira
gen va ving kiém soat di duoc ngudi c6 hiéu biét trung binh trong linh vuc nay
biét 1.

Thuat ngit "chinh sira bd gen" 13 k§ thuat thiét ké bd gen theo cach dot
bién diém truc tiép dich bing cach phan cit dic hiéu soi d6i ADN ciia locus gen
dich trén bo gen bing cach sir dung ADN nucleaza nhan tao c6 thé 1ap trinh va
gdy ra sy x6a bo, chén hodc thay thé nucleotit trong qua trinh stra chita ADN bj

phan cét hodc vi du chén polynucleotit ngoai lai vao d6. K§ thuat chinh sira bd
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gen nhu vay duogc biét dén 13 TALEN (transcription activator-like effector
nuclease — nucleaza giéng nhan t6 kich hoat phién mi), ZFN (zinc-finger
nuclease - nucleaza ngoéon tay kém), CRISPR-Cas9 (clustered regularly
interspaced short palindromic repeat - nhém céc doan ngan d6i ximg l3p lai
thuong xuyén), CRISPR-Cpfl, endonucleaza tim nha (homing endonuclease),
bo thiét ké nhé gon TALEN (compact designer TALEN), v.v., thudng duoc dit
tén theo ADN nucleaza nhan tao c6 thé 1ap trinh dugc sir dung (Nature Reviews
Genetics, 2014, 15: 321-334; Nucleic Acids Research, 2011, 39: e82; Nucleic
Acids Research, 2006, 34: e149; and Nature communications, 2013, 4: 1762).
Kit dé chinh stra bd gen dua trén céc k§ thuit ndy cé san trén thi trudng va cé
thé dugec mua tu, chéng han nhu Life Technologies Corp., Cellectis, hoac
Transposagen Biopharmaceuticals, Inc.

Téc gia sang ché da thanh cong trong viéc tao ra nim sgi dot bién hiéu qua
hon truc day bang cach ap dung cong nghé chinh stra bo gen st dung ADN
nucleaza c6 thé 14p trinh cho nidm soi. Tuy nhién, ty 18 tai t6 hop van khong du.
Dic biét, viéc thiét ké mot ving 16n cua bd gen, ching han nhu su x6a bd hoic
thay thé toan bd ving gen, 1a rat khé khan.

Téc gia sang ché d3 tién hanh cic nghién ctru sdu hon vé k¥ thuat tai tb
hop tuong ddng dua trén viéc chinh stra b gen cia nim soi va két qua 1a phat
hién ra ring viéc stt dung ADN soi don nhu ADN ngudi cho dé chuyén vao té
bao cung v6i ADN nucleaza c6 thé 1ap trinh dé cai thién ty 18 tai t6 hop twong

ddng va hon nita cho phép thiét ké ving chubi dai ciia bo gen.
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Do d6, sang ché d& xuét phuong phéap san xuit ndm soi dot bién. Phuong
phép nay dya trén cdng nghé chinh stra b gen va bao gdm buéc chuyén ADN
nucleaza c6 thé 1ap trinh va ADN s¢i don vao ndm soi chi, va thay thé ving
ngugc chidu va viing xubi chiéu ctia vi tri phan cét cho ADN nucleaza c6 thé lap
trinh trong ADN hé gen cda vat chi boi ADN sg¢i don thong qua tai t6 hop
tuong dong.

Theo sang ché, ndm soi d6t bién c6 vung chudi dai ctia bd gen duoc thiét
ké c6 thé duoc san xuit mot cach hidu qua. NAm sgi dot bién thu duoc theo sén
ché c6 thé 1a nm soi tai t6 hop thu duge biang cich chuyén gen di hop sang vat
chu, c6 thé 12 ndm soi dot bién thu dugc bing cach chuyén gen ndi sinh sang vat
chtl, hoic c6 thé.1a nAm soi dot bién c6 dot bién x6a bd trong gen cua vat chu.

Theo sang ché, cac vi du vé& nim soi ky cht bao gdbm ndm thudc nganh
Zygomycota, nganh  Ascomycota, nganh Basidiomycota, va nganh
Chytridiomycota. Vi du vé ndm thudc nganh Zygomycota bao gbém nim thudc
chi Rhizopus, chi Mucor, va chi Mortierella. Vi du vé nim thuéc nganh
Ascomycota bao gdm nam thudc chi Adcremonium, chi Aspergillus, chi
Aureobasidium, chi Chrysosporium, chi Fusarium, chi Magnaporthe, chi
Myceliophthora, chi Neurospora, chi Paecilomyces, chi Penicillium, chi
Talaromyces, chi Thermoascus, chi Thielavia, chi Tolypocladium, va chi
Trichoderma. Vi du vé ndm thude nganh Basidiemycota bac gbm nim thudc chi
Bjerkandera, chi Ceriporiopsis, chi Coprinus, chi Coriolus, chi Cryptococcus,
chi Folibasidium, chi Humicola, chi Phanerochaete, chi Phlebia, chi Pleurotus,

chi Schizophyllum, va chi Trametes. Vi du vé nim thudc nganh Chytridiomycota
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bao gdm nim thudc chi Chytridium, chi Nowakovskiella, chi Olpidium, chi
Allomyces, chi Coelomomyces, va chi Monoblepharis. Trong s6 d6, nAm thudc
nganh Zygomycota hodc nganh Ascomycota dugc uu tién, ndm thudc nganh
Zygomycota duge uu tién hon, va ndm thudc chi Rhizopus dugc uu tién hon nita.
Céc vi du v& ndm thudc chi Rhizopus bao gébm Rhizopus oryzae, Rhizopus
arrhizus, Rhizopus chinensis, Rhizopus nigricans, Rhizopus tonkinensis,
Rhizopus tritici, va Rhizopus delemar. Trong s d6, Rhizopus delemar va
Rhizopus oryzae dugc uu tién, va Rhizopus delemar dugc uu tién hon.

ADN nucleaza c6 thé 14p trinh duoc st dung trong sang ché 1a ADN
nucleaza nhan biét va phan cat mot cach dic hiéu vi tri ADN hé gen can phéan
cit. Tét hon 13, ADN nucleaza c6 thé 1ap trinh dugc sir dung trong sang ché 1a
ADN nucleaza nhén tao ¢6 thé 1ap trinh dé st dung trong céng nghé chinh sira
bd gen dugc de cap O trén, t5t hon nita 13 tir ADN nucleaza nhén tao c6 thé lap
trinh dé str dung trong céng nghé TALEN, CRISPR-Cas9, CRISPR-Cpfl, hoic
ZFN. Vi du vé ching bao gdbm TALEN (transcription activator-like effector
nuclease - nucleaza gidng nhan t6 kich hoat phién ma), Cas9 nucleaza hodc Cas9
(D10A) nucleaza, Cpfl nucleaza, va ZFN (zinc-finger nuclease - nucleaza ngén
tay kém). TALEN hodc ZFN la phtic hop cia vung nhan biét dich lién két dic
hiéu gan vi tri ADN hé gen can phén cat, va ADN nucleaza, cho phép nhan biét
va phén cét dic hiéu vi tri ADN hé gen can phén cit. Mit khac, trong cong nghé
CRISPR-Cas9, su phan cit ADN duoc giy ra bang cach sir dung ADN nucleaza
Cas9 va ARN dan duong bat chude ciu tric kep toc cia tracrARN-crARN.

Trong cong nghé CRISPR-Cpfl, su phan cit ADN dugc gy ra bang cach st
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dung ADN nucleaza Cpfl va ARN dan duong bat chuéc crARN. Theo khia
canh nay, tinh dic hiéu phan cit ADN cuta Cas9 hodc Cpfl dugc xac dinh béi
ARN dan dudng va cho phép phan cit tai vi tri dich. Nhitng ngudi c6 hiéu biét
trung binh trong linh vuc nay cé thé thu dugc trinh tu ADN cua vi tri ADN hé
gen dwoc phéan cat va ving lan cin cta nd va thiét ké ADN nucleaza nhén tao
hoic ARN dan dudng cé ving nhén biét dich thich hop cta nd.

Trong trudng hop chuyén ADN nucleaza c¢é thé 14p trinh dén vat chu,
polyribonucleotit nucleaza hogic polypeptit nucleaza ctia n6 c¢é thé duoc chuyén
truc tiép dén t& bao chu. Uu tién chuyén polynucleotit m héa nucleaza sang té
bao chi1 va biéu hién nucleaza trong cac té bao.

Trong trudng hop chuyén polynucleotit md héa ADN nucleaza c6 thé lap
trinh sang t& bao chy, tét hon 13 tir vecto biéu hién chta polynucleotit ma hoa
ADN nucleaza duoc chuyén dén t& bao chu. Vecto biéu hién khoéng bi gidi han
cu thé mién 1 vecto biéu hién duoc giit lai én dinh trong t& bao chii va ¢ kha
ning ting sinh trong d6. Vecto biéu hién c6 thé duoc lva chon mét cach thich
hop béi nhimg ngudi ¢6 hiéu biét trung binh trong linh vuc nay. Vi du vé vecto
biéu hién phu hop dbéi véi ndm thudc chi Rhizopus bao gdm pUCI18/19,
pUC118/119, pBR322, pMW218/219, pPTR1/2 (Takara Bio Inc.), pRI909/910
(Takara Bio Inc.), pDJB2 (D.J. Ballance et al., Gene, 36, 321-331, 1985), pAB4-
1 (van Hartingsveldt W et al., Mol Gen Genet, 206, 71-75, 1987), pLeu4 (M.I.G.
Roncero et al., Gene, 84, 335-343, 1989), pPyr225 (C.D. Skory et al., Mol Genet
Genomics, 268, 397-406, 2002), va pFG1 (Gruber, F. et al., Curr Genet, 18,

447-451, 1990).
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Pé biéu hién hidu qua ADN nucleaza c6 thé 14p trinh trong t& bao chu,
duge wu tién 14 polynucleotit md héa ADN nucleaza c6 thé 1ap trinh nén duoc
lién két chirc nang véi trinh tr khoi ddu c6 chiic ning trong té bao chu. Loai
trinh tu khéi dau duogc st dung co thé duoc lya chon mot céach thich hop bai
nhimg ngudi c6 hiéu biét trung binh trong linh vuc ndy theo té bao chil. Vi du vé
trinh tu khoi du thuc hién chirc ning trong nam thudc chi Rhizopus bao gdm
trinh tw khéi dau 1dhA (Patent Hoa Ky s6 6268189), trinh tu khéi dau pgk1 (WO
2001/73083), trinh tu khoi dau pgk2 (WO 2001/72967), trinh tu khéi dau pdcA
va trinh tu khoi ddu amyA (Archives of Microbiology, 2006, 186: 41-50), céc
trinh tu khéi dau tef va 18S rARN (Céng bd don xin cip Patent Hoa Ky s6
2010/112651), va trinh tu khoi ddu adhl (JP-A-2015-155759).

Trong trudng hop sit dung ADN nucleaza c6 thé 1ap trinh, pha v&, v.v.,
ADN dich béi ADN nucleaza c6 thé 1ap trinh dugc xic tién béng cch biéu hién
exonucleaza ngoai lai trong vat chu (Scientific Report, 2013, 3: 1253, DOI:
10.1038/srep01253; and Nat Methods, 2012, 9: 973-975). Do d6, theo mot
phuong an dugc uu tién, exonucleaza hodc polynucleotit ma héa exonucleaza
duogc chuyén dén té bao chu cung v6i ADN nucleaza co thé lap trinh hoac
polynucleotit ma héa ADN nucleaza c6 thé 1ap trinh, tiép theo 1a dong biéu hién
cta chung trong t& bao chu. Exonucleaza khéng bi giéi han cu thé mién 13
exonucleaza c6 ngudn gbc tir ndm soi. Céc vi du vé ching bao gém tét hon 13
exonucleaza co nguén géc tr nAm thudc chi Rhizopus, t5t hon nira 14 ndm thudc
vé exonucleaza 1 hodc exonucleaza 2, tot hon nita 13 exonucleaza c6 ngudn gdc

tor Rhizopus oryzae hodc Rhizopus delemar .
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Tét hon 13, vecto biéu hién chira polynucleotit m& héa exonucleaza dugc
chuyén vao té bao chu, va exonucleaza duoc déng biéu hién v&i ADN nucleaza
c¢6 thé 1ap trinh. Tét hon 13, polynucleotit md héa exonucleaza dugc lién két
chirc nang véi trinh tu khoi dAu trén vecto bidu hién. Céc loai vecto biéu hién va
trinh tu khoi diu c6 thé duge st dung gidng nhu trong truong hop ctia ADN
nucleaza. |

ADN soi don dugc st dung trong sang ché dugc sir dung nhu ADN ngudi
cho dbi véi ADN hé gen cia nim soi chil. Theo sang ché, "ADN ngudi cho" dé
cip dén doan ADN duoc st dung dé thiét k& ADN hé gen ctia vat chu thong qua
t4i td hop tuong déng. ADN ngudi cho 13 ADN sgi don chira hai trinh ty ADN
(con dugc goi tuong ung la trinh ty twong ddng nguoc chidu va trinh tu tuong
ddng xudi chiéu) tuong dong véi ADN hé gen ctia vét chi. Trinh ty twong dong
nguge chidu va trinh tu twong ddng xubi chiéu lan luot chira cic ving tuong
ddng v6i vung nguoc chidu va ving xudi chidu cta vi tri duoc phan cit béi
ADN nucleaza cé thé 1ap trinh trong ADN hé gen cua Vélt‘ cha. Vi tri phan cét
cho ADN nucleaza c6 thé 1ap trinh c¢6 thé dugc dat gitta trinh tu twong dong
nguoc chiéu va trinh tu tuong déng xudi chiéu. Ngoai ra, mot phén hoac toan bd
vi trf phan ct c¢6 thé dugc chira trong trinh tu tuong dong nguoc chiéu va trinh
tu tuong dong xudi chidu bat ky. ADN ngudi cho co thé c¢6 thém trinh tu chén
dé chén vao ADN hé gen ctia nam soi chi, giita trinh tu tuong ddng nguoc chiéu
va trinh tu tvong dong xubdi chidu. Trinh tu chén khong bi gidi han cu thé va ¢
thé chira trinh tu ctia ving gen tuy ¥, vi du, ving ma héa cta gen, ving kiém

so4t nhu trinh tu khéoi dau, intron, va cac vung khong ma hoéa khac va cé thé
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chtra thém gen d4nh ddu chon loc chang han nhu gen khang thubc. Tét hon 14,
trong trinh tu chén, vung ma hoa cua gen duoc lién két chirc nang vé6i ving kiém
soat.

ADN so¢i don 1am ADN ngudi cho duoc chuyén vao vét chil, gay ra su tai
t6 hop tuong dong giita ving nguoc chiéu va viing xubi chiéu ciia vi tri phan cat
trong ADN hé gen cua vat chu do trinh tu tuong dong nguoc chiu va trinh tu
tuong ddng xudi chidu ciia né dé trinh tu ndy tir ving ngugc chiéu dén ving
xudi chiéu dugc thay thé b.;fmg trinh tu do6. Do d6, tiy thudc vao su c6 mat hodc
khong c¢6 mit trinh tu chén trong ADN soi don, su thay thé, chén hodc x6a bd
diém truc tiép cla trinh tur xay ra trong ADN hé gen ctia vat cht sau khi tai tb
hgp tuong df“)ng. Cu thé hon, khi ADN soi don chira trinh tu chén, thi trinh tu
chén nay duoc thay thé hodc chén vao ADN hé gen ciia vat chi. Ngoai ra, khi
ADN soi don vé& co ban chi c6 trinh tu tvong dong nguoc chidu va trinh tu
tuong dé)ng xudi chiéu va khong chira trinh ty chén, su x6a bé dugc thuc hién
trong ADN hé gen cua vat chu.

ADN ngudi cho c6 thé duoc xay dung bang cach chuin bi cic ADN ma
héa trinh tu trong ddng nguge chidu va trinh tu tuong ddng xubi chiéu, va néu
can, trinh tu chén sé duoc chuyén dén vat chy, va lién két véi cac ADN nay.
Nhing ngudi ¢6 hiéu biét trung binh trong linh vuc ndy c6 thé thu dugc trinh tur
ADN cua vung lan cén vi tri phan cit ctia hé gen vat chu, hodc vung dich dugc
thay thé bang ADN soi don, va thiét ké cdc ADN ciia trinh ti twong ddng nguoc
chiéu va trinh tu tuong dong xudi chiéu trén co sé cia chiing. ADN mai héa trinh

tu chén c6 thé 14 ADN ctia mét loai ving gen bat ky hodc c6 thé 1a ADN chtra
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hai ho#c nhiéu loai viing gen. Vi du, trinh tu chén ¢6 thé bao gébm doan ADN mi
héa gen dd chuyén sang vat chii, va doan ADN ma héa gen danh diu nhu gen
khang thude. Trong vi du dugc uu tién, mdi doan ADN cua trinh tu tuong déng
nguoc chiéu, doan ADN ma héa trinh tu chén, va doan ADN cua trinh tur tuong
ddng xubi chidu dugc xay dung theo phuong phap tiéu chuén va sau d6 duoc
lién két theo thir tw, dé thu dugc ADN ngudi cho.

Pau tién, ADN ngudi cho cé thé duge xay dung nhu ADN sgi d6i va sau
d6 bi bién tinh thanh ADN soi don. Vi duy, plasmit ADN sgi ddi chira trinh tu
tuong ddng nguoc chiduy, trinh ti twong dong xubi chiéu, va trinh tu chén duoc
x4y dung bang cach tach dong hodc twong tu va duoc st dung 1am khuén trong
PCR dé thu dugc doan ADN sgi doi. Plasmit hodc ADN soi doi c¢6 thé bi siéu
Am, 1am nguoi sau khi bién tinh nhiét, xir Iy bing chat kiém manh nhu NaOH,
v.v., va do d6 dugc bién tinh thanh ADN soi don.

Ngoai ra, ADN nguoi cho c6 thé duge xay dung lam ADN sgi don ngay
tir du. ADN soi don ¢6 thé duge chudn bi bang phuong phép tong hop héa hoc
(co thé mua tir Medical & Biological Laboratories Co., Ltd., v.v.,), PCR bat ddi
xtng, hodc tuong tu. ADN s¢i don ciing c6 thé dugc chuan bi bang cach st
dung thuc khuin thé Ff nhu M13 hoic plasmit nhu pBluescript ¢ Fori, va E.
coli nhu JIM109 ¢6 yéu t6 f. Céc vi du khac vé phuong phép chuén bj ADN soi
don c6 thé bao gdm phuong phép biotin hda mdt trong cac doan mdi, thuce hién
PCR, thu san phdm PCR bang cach st dung cac hat streptavidin, sau d6 ly tAm

san phém PCR thanh cdc ADN soi don, va rira giai ADN sg¢i don chua duoc
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biotin hoa, va phuong phap phosphoryl héa mét trong cic doan mdi, va thuc
hién PCR, tiép theo 1a xir Iy bing Lambda Exonucleaza.

Céc vi du duoc vu tién vé phuong phap chudn bi ADN sgi don bao gdm
phuong phap st dung thuc khuén thé Ff va E. coli ¢6 yéu t6 f, phuong phép st
dung doan mdi dugc biotin héa, va phuong phip st dung doan moi duoc
phosphoryl hoa. Trong s6 d6, phuong phap sir dung doan mdi duge phosphoryl
héa duogc uu tién hon.

Trong ADN so¢i don, moi chiéu dai cta trinh tu tuong dong ngugc chidu
va trinh tu trong ddng xubi chiéu t6t hon 14 tir 5 bp trd 1én, 10 bp tré 1&n, 15 bp
trd 1én, 20 bp trd 1€n, 25 bp trd 1€n, 30 bp trd 1én, 35 bp trd 1€n, 40 bp tré 1én, 45
bp tré 1én, 50 bp trd 1én, 100 bp trd 1€n, 250 bp trd 1én, 500 bp trd 1én, 750 bp
trd 1én, hodc 1000 bp trd 1én. Khi ADN sgi don c6 trinh tu chen gitita cac trinh tur
tuong ddng nguoc chiéu va xudi chiu, chiu dai chudi ctia trinh ty chén c6 thé
1a tir 1 bp trd 1én va tot hon 14 tir 0,3 kbp trd 1én, t6t hon nita 12 tir 1 kbp trd 1én,
t6t hon nita 14 tir 3 kbp trd 16n va t6t hon 1a tir 50 kbp tré xubng, tét hon nita 13
tir 20 kbp tré xudng, t6t hon nita 13 tir 10 kbp tré xubng, con t6t hon nira 14 tir 9
kbp tré xudng, con t6t hon nira 1a tir 5 kbp tré xudbng. Ngoai ra, chiéu dai chudi
clia trinh tu chén tt hon 14 tir 1 bp dén 50 kbp, tir 0,3 kbp dén 50 kbp, tir 1 kbp
dén 50 kbp, hodc tur 3 kbp dén 50 kbp, tot hon nira 14 tir 1 bp dén 20 kbp, tir 0,3
kbp dén 20 kbp, tir 1 kbp dén 20 kbp, hodc tir 3 kbp dén 20 kbp, t6t hon nita 14
tir 1 bp dén 10 kbp, tir 0,3 kbp dén 10 kbp, tir 1 kbp dén 10 kbp, hodc tir 3 kbp

dén 10 kbp, con tét hon nita 1a tir 1 bp dén 9 kbp, tir 0,3 kbp dén 9 kbp, tir 1 kbp
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dén 9 kbp, hoc tir 3 kbp dén 9 kbp, con tdt hon nita 1a tr 1 bp dén 5 kbp, tir 0,3
kbp dén 5 kbp, tir 1 kbp dén 5 kbp, hoic tir 3 kbp dén 5 kbp.

Do dé, chiéu dai chudi cia ADN sg1 don dugc st dung trong sang ché tét
hon 13 tlr 10 bp tr& 1én, t6t hon nita 1a tir 20 bp trd 1én, tét hon nita 12 tir 30 bp
tr& 1én, con tot hon nita 12 tir 40 bp tré 1én, con tét hon nita 1a tir 50 bp trd 1én,
con t6t hon nita 14 tir 60 bp tré 1én, con tdt hon nita 13 tir 70 bp tr& 1én, con tot
hon nifa 13 tir 80 bp tré 1én, con tét hon nita 13 tir 90 bp trd 1én, con tdt hon nita
13 tr 100 bp tr& 1én, con tbt hon nita 13 tir 200 bp tr& 1én, con tdt hon nita 13 tir
500 bp trd 1én, con tét hon nita 13 tir 1000 bp tré 1én, con t6t hon nita 14 tir 1500
bp tr& 1én, con tot hon nita 13 tir 2000 bp tr& 16n, va tét hon 12 tir 50 kbp tré
xudng, t6t hon nita 13 tir 20 kbp tré xudng, tot hon nira 13 tir 12 kbp tr& xudng,
con t6t hon nita 13 tir 11 kbp tré xubng.

Ngoai ra, chiéu dai chudi ctia ADN soi don dugc st dung trong sang ché
tot hon 14 tlr 10 bp dén 50 kbp, tir 10 bp dén 20 kbp, tir 10 bp dén 12 kbp, tir 10
bp dén 11 kbp, tlr 20 bp dén 50 kbp, tir 20 bp dén 20 kbp, tir 20 bp dén 12 kbp,
tir 20 bp dén 11 kbp, tlr 30 bp dén 50 kbp, tir 30 bp dén 20 kbp, tir 30 bp dén 12
kbp, tir 30 bp dén 11 kbp, tir 40 bp dén 50 kbp, tir 40 bp dén 20 kbp, tir 40 bp
dén 12 kbp, tir 40 bp dén 11 kbp, tir 50 bp dén 50 kbp, tir 50 bp dén 20 kbp, tir
50 bp dén 12 kbp, tlr 50 bp dén 11 kbp, tir 60 bp dén 50 kbp, tir 60 bp dén 20
kbp, tir 60 bp dén 12 kbp, tir 60 bp dén 11 kbp, tir 70 bp dén 50 kbp, tr 70 bp
dén 20 kbp, tir 70 bp dén 12 kbp, tir 70 bp dén 11 kbp, tir 80 bp dén 50 kbp, tir
80 bp dén 20 kbp, tlr 80 bp dén 12 kbp, tir 80 bp dén 11 kbp, tir 90 bp dén 50

kbp, tir 90 bp dén 20 kbp, tir 90 bp dén 12 kbp, tir 90 bp dén 11 kbp, tir 100 bp

-15-



39481

dén 50 kbp, tir 100 bp dén 20 kbp, tir 100 bp dén 12 kbp, tir 100 bp dén 11 kbp,
tir 200 bp dén 50 kbp, tir 200 bp dén 20 kbp, tir 200 bp dén 12 kbp, tir 200 bp
dén 11 kbp, tir 500 bp dén 50 kbp, tir 500 bp dén 20 kbp, tir 500 bp dén 12 kbp,
tir 500 bp dén 11 kbp, tir 1000 bp dén 50 kbp, tir 1000 bp dén 20 kbp, tir 1000 bp
dén 12 kbp, tir 1000 bp dén 11 kbp, tir 1500 bp dén 50 kbp, tir 1500 bp dén 20
kbp, tir 1500 bp dén 12 kbp, tir 1500 bp dén 11 kbp, tir 2000 bp dén 50 kbp, tir
2000 bp dén 20 kbp, tir 2000 bp dén 12 kbp, hoic tir 2000 bp dén 11 kbp.

Polynucleotit md héa ADN nucleaza c6 thé 1ap trinh hoidc vecto chira
polynucleotit, va ADN soi don ¢6 thé duoc chuyén sang té bao chil bang cach st
dung phuong phap bién nap chung, vi du, phwong phép dién chuyén, phuong
phap bién nap, phuong phép chuyén nap, phuong phép tiép hop, phuong phap
dung hop té bao nguyén sinh, phuong phép bin gen, hoic phuong phap st dung
Agrobacterium.

Céc té bao tai t6 hop da trai qua qua trinh tai t6 hop tuong ddng quan tam
bd1 ADN soi don duoc chuyén c6 thé dugc chon trén co s& x6a bod gen duogc
mang ban d4u, biéu hién ctia gen duoc chuyén, biéu hién ctia gen danh du, v.v..

Séang ché con dé cap dén cac chit, phuong phép san xuét, sit dung, phuong
phap, v.v., sau ddy nhu 1a cac phuong an dugc ldy 1am vi du cua sang ché. Tuy
nhién, séng ché khong bi gidi han béi cac phuong 4n nay.

(1) Phuong phép san xuat ndm sgi dot bién, trong d6 phuong phép nay bao gdm
budc chuyén ADN nucleaza c6 thé 1ap trinh va ADN sgi don vao nim so1 chu,

va thay thé vung ngugc chi€u va ving xudi chiéu cia vi tri phan cat cho ADN
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nucleaza c6 thé 1ap trinh trong ADN hé gen cua vat cht bdi ADN soi don thong
qua tai tb hop tuong dong.
(2) Phuong phap theo diém (1), trong d6 tét hon 14 chiéu dai cia ADN soi don
la:

tir 10 bp dén 50 kbp, tir 10 bp dén 20 kbp, tir 10 bp dén 12 kbp, tir 10 bp
dén 11 kbp, tir 20 bp dén 50 kbp, tir 20 bp dén 20 kbp, tir 20 bp dén 12 kbp, tir
20 bp dén 11 kbp, tir 30 bp dén 50 kbp, tir 30 bp dén 20 kbp, tir 30 bp dén 12
kbp, tir 30 bp dén 11 kbp, tir 40 bp dén 50 kbp, tir 40 bp dén 20 kbp, tir 40 bp
dén 12 kbp, tir 40 bp dén 11 kbp, tir 50 bp dén 50 kbp, tir 50 bp dén 20 kbp, tir
50 bp dén 12 kbp, tir 50 bp dén 11 kbp, tir 60 bp dén 50 kbp, tir 60 bp dén 20
kbp, tlr 60 bp dén 12 kbp, tlr 60 bp dén 11 kbp, tir 70 bp dén 50 kbp, tir 70 bp
dén 20 kbp, tir 70 bp dén 12 kbp, tir 70 bp dén 11 kbp, tir 80 bp dén 50 kbp, tir
80 bp dén 20 kbp, tir 80 bp dén 12 kbp, tir 80 bp dén 11 kbp, tir 90 bp dén 50
kbp, tir 90 bp dén 20 kbp, tir 90 bp dén 12 kbp, tir 90 bp dén 11 kbp, tir 100 bp
dén 50 kbp, tir 100 bp dén 20 kbp, tir 100 bp dén 12 kbp, tir 100 bp dén 11 kbp,
tir 200 bp dén 50 kbp, tir 200 bp dén 20 kbp, tir 200 bp dén 12 kbp, tir 200 bp
dén 11 kbp, tlir 500 bp dén 50 kbp, tir 500 bp dén 20 kbp, tir 500 bp dén 12 kbp,
tlr 500 bp dén 11 kbp, tir 1000 bp dén 50 kbp, tir 1000 bp dén 20 kbp, tir 1000 bp
dén 12 kbp, tir 1000 bp dén 11 kbp, tir 1500 bp dén 50 kbp, tir 1500 bp dén 20
kbp, tir 1500 bp dén 12 kbp, tlr 1500 bp dén 11 kbp, tir 2000 bp dén 50 kbp, tir

2000 bp dén 20 kbp, tir 2000 bp dén 12 kbp, hodc tir 2000 bp dén 11 kbp.
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(3) Phuong phép theo diém (1) hoic (2), trong d6 t6t hon 13 ADN soi don bao
gbm hai trinh tr ADN tuong tmg bao gdm céc ving tuong dong v6i ving ngugc
chiéu va ving xudi chiéu cta vi tri phan cét trong ADN hé gen ciia vt chu.
(4) Phuong phap theo diém (3), trong d6 ot hon 1a mdi chiéu dai cta hai trinh tu
ADN la tir 5 bp trd 1én, 10 bp trd 1€n, 15 bp trd 1€n, 20 bp trd 1€n, 25 bp trd 1€n,
30 bp trd 1€n, 35 bp trd 1én, 40 bp trd 1€n, 45 bp trd 1én, 50 bp trd 1én, 100 bp trd
1é€n, 250 bp trd 1€n, 500 bp trd 1én, 750 bp trd 1€n, hodc 1000 bp trd 1én.
(5) Phuong phép theo diém bét ky trong s6 cac diém tir (1) dén (4), trong d6 t6t
hon 13 ADN soi don bao gdm trinh tir chén dugc chén vao ADN hé gen ctia vat
chu.
(6) Phuong phap theo diém (5), trong d6 chiéu dai cta trinh tu chén 1a:

t6t hon 13 tir 1 bp dén 50 kbp, tir 0,3 kbp dén 50 kbp, tir 1 kbp dén 50 kbp,
hoic tir 3 kbp dén 50 kbp,

t6t hon nira 14 tir 1 bp dén 20 kbp, tir 0,3 kbp dén 20 kbp, tir 1 kbp dén 20
kbp, hoic tir 3 kbp dén 20 kbp,

t6t hon nita 1a tir 1 bp dén 10 kbp, tir 0,3 kbp dén 10 kbp, tir 1 kbp dén 10
kbp, hoic tir 3 kbp dén 10 kbp,

con tét hon nita 13 tir 1 bp dén 9 kbp, tir 0,3 kbp dén 9 kbp, tir 1 kbp dén 9
kbp, hoic tir 3 kbp dén 9 kbp,

con tot hon nita 1a tir 1 bp dén 5 kbp, tir 0,3 kbp dén 5 kbp, tir 1 kbp dén 5

kbp, hoic tir 3 kbp dén 5 kbp.
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(7) Phuong phap theo diém bat ky trong sb cac diém tir (1) dén (4), trong d6 tbt
hon 13 ADN soi don khong chira trinh tu chén dugc chén vao ADN hé gen cua
vat chu.
(8) Phuong phap theo diém bat ky trong sé cac diém tir (1) dén (7), trong d6
ADN nucleaza cé thé 1ap trinh 1a:

tot hon 13 ADN nucleaza nhan tao dua trén cong nghé TALEN, CRISPR-
Cas9, CRISPR-Cpfl hodc ZFN,

t6t hon nita 1a TALEN.
(9) Phuong phéap theo diém bét ky trong sb cac diém tir (1) dén (8), trong dé
nam soi 1a:

tot hon 13 ndm thudc nganh Zygomycota, nganh Ascomycota, hodc nganh
Basidiomycota,

t6t hon nita 13 nAm thudc nganh Zygomycota hodc nganh Ascomycota,

con t6t hon nita 12 nAm thudc nganh Zygomycota.
(10) Phuong phép theo (9), trong do t6t hon 1a ndm thudc nganh Zygomycota 13
nim thudc chi Rhizopus.
(11) Phuong phép theo diém (10), trong d6 tt hon 1a nim thudc chi Rhizopus 1a
Rhizopus delemar hodc Rhizopus oryzae.
(12) Phuong phap theo diém bét ky trong sd cac diém tir (1) dén (11), trong dé
phuong phap nay tét hon 14 bao g6m thém biéu hién exonucleaza ngoai lai trong
nim soi chi két hop véi chuyén ADN nucleaza c6 thé 14p trinh va ADN soi don.
(13) Phuong phap theo diém (12), trong d6 exonucleaza ngoai lai la:

tot hon la exonucleaza c6 ngudn goc tir nam soi,
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tét hon nita 13 exonucleaza c6 ngudn gdc tir nAm thude chi Rhizopus,
con t6t hon nita 13 exonucleaza cé ngudn gbc tir Rhizopus oryzae hoic
Rhizopus delemar .
Vi du thue hién sing ché
Sau day, sang ché s& dugc mé ta chi tiét hon c6 tham khao dén céc vi du.
Tuy nhién, sang ché khong bi giéi han boi nhitng vi du nay.
Céc doan mdi PCR dugc sir dung trong cac vi du hién tai duge biéu thi
trong cac Bang tur 1 dén 6.

Bang 1
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DPoan mdi Trinh ty (5'—3") SPQID
No.
0JK162 cgagctcgaattatttaaatgaacagceaagttaataatctagaggg 10
0JK163 tatgaccatgattacgatgagaggcaaaatgaagcgtac 11
oJK164 atttaaataattcgagctcggtacccgggg 12
0JK165 cgtaatcatggtcatagetg 13
0JK202 tagagggaaaaagagagaattgaaatagg 14
0JK204 ttttgttatttaattgtattaattgataatg 15
0JK205 aattaaataacaaaatcattttaattacgcattttc 16
oJK216 catgattacgcggcecgegccattataatgcactagtg 17
oJK210 ctctttttccctctaatgagaggceaaaatgaagegtac 18
oJK211 atttaaatgtaatcatggtcatagetgtttc 19
trpC-lost-F tttaaattagagggaaaaagagagaattgaaatag 20
trpC-lost-R tcectetaatttaaatgaattcgagetcggtacee 21
adhpro-R ttttgttatttaattgtattaattgataatg 22
adhter-F tcattttaattacgcattttcatttac 23
adhpro-TALEN-F aattaaataacaaaaatggactacaaagaccatgacggtg 24
TALEN-adhter-R gcgtaattaaaatgattaaaagtttatctcgecgttatta 25
adhpro-LifeTALEN-F | aattaaataacaaaaatgggaaaacctattcctaatectetgetg 26
LifeTALEN-adhter-R | gcgtaattaaaatgatcagaagttgatctcgecgttgttgaacttte 27
pPTR1-sall-F gggtaccgagctcgaatte 28
pPTR1-sall-R ggggatcctctagagtegac 29
sal1-1dhpro-F3 ctctagaggatccectaggtgtggctgtggtgaccatattg 30
ldhpro-R gagaattatattgtaaagaaaaataaag 31
ldhpro-exol-F2 tacaatataattctcatgaaaatccaagttgcettctectattgaccaate 32
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Bang 2
. SEQ ID

Poan moi Trinh tu (5'—=3")

No.
exol-pdcter-R2 atgaattctaagattttatctictttcatgagaaacactaaacttgataac 33
pdcTer-F aatcttagaattcatctttttttg 34
pdcTer-sall-R tcgagetcggtacccactctaccgtctgctcettttgtet 35
adhpro-exol-F aattaaataacaaaaatgaaaatccaagttgcttctcctattgac 36
exol-adhter-R gcgtaattaaaatgattatcttctttcatgagaaacactaaacttg 37
pUC18-Pael-F3 ctgcaggtcgactctagaggatcceegggtaceg 38
pUC18-Hind3-R3 gcttggeactggecgtegttttacaacgtegtgac 39
PDC1-upstr-F cggecagtgccaagegeagacttcaacagttggcttttttaagta 40
PDC1-upstr-R cattttgcctctcatgtttttaaatttgttttgtagagtattgaata 41
trpCpro-R icagcaagttaataatctagagggcge 42
trpCter-F atgagaggcaaaatgaagcgtacaaagag 43
PDC1-downstr-F attaacttgctgttcaatcttagaattcattttttttttgtatcattcg 44
PDC1-downstr-R agagtcgacctgcaggcegtcaataagagetigaaggttggtgccggate 45
PDC2-upstr-F cggecagtgccaagcettatgggaaaaatgtgaaaatcateccact 46
PDC2-upstr-R cattttgcctctcatgtttagticaaataatatttttttttgtga 47
PDC2-downstr-F attaacttgctgttcagttctctttctgtaataatecttgatttc 48
PDC2-downstr-R agagtcgacctgceagcectttitacagaaaacaagcacatctttac 49
trpC-inactive-F taacgcatcagttccatcctgaaagtatee 50
trpC-inactive-R ggaactgatgcgttaaaaagaggggaaa 51
pdclter-F aatcttagaattcattttttttttgtatc 52
trpC-adhlpro-F attaacttgctgttctagagggaaaaagagagaattgaaatagg 53
FT1-pdcl1Ter-R atgaattctaagattttaatagaaaccctgcttaaatgcaagacce 54
PYC-pdcliTer-R atgaattctaagattttaggcttcctctttgacaaccttggecac 55
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Bang 3
Poan mbi Trinh tu (5'—=3") SEQID
No.
PDCI1-upstr-F2 gcagacttcaacagttggcttttttaagta 56
PDC1-downstr-R2 gcgtcaataagagcettgaaggttggteccggate 57
pdcl-up2 cattcccacaggatttgtgc 58
trpC(d)-1 gtgagatgttgatcatttgtacatg 59
pdc2-downl1 agaagacaacctagaccctc 60
trpC(d)-7 atagctcttggtgggattcg 61
pdcl-down3 getgetegagatectccaaggtate 62
trpC(d)-5 ttcgaccaagggttccatac 63
PDCI1-downstr-R-P gcgtcaataagagcettgaaggttggtgccggate 64
pdcl_750-F tagattcaatttgattggataaagttcatc 65
pdcl_750-R-P ataacaaacaatggctaaaagtggaccccc 66
pdcl 500-F tttactagtttaaagcaaaaaacatgagca 67
pdcl _500-R-P ttcaatttacatttctttatgaatatgcct 68
pdcl 250-F gtgtttatctgttcacaagtactggtaage 69
pdcl _250-R-P ttcaatataaaccaagtccctaaaagaaat 70
pdcl _100-F gctgatatgacattgcgacgaaaatagtat 71
pdcl 100-R-P aaaaaaaaagcttattttcaaaaatatgat 72
pdcl 50-F tcgttcaaaaaaaatcattattcaatactc 73
pdcl 50-R-P gtaatgaagtatagaacgaatgatacaaaa 74
pdcl 45-F caaaaaaaatcattattcaatactctacaa 75
pdcl 45-R-P gaagtatagaacgaatgatacaaaaaaaaaat 76
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Bang 4
Poan moi Trinh ty (5'=3") SPQID
No.
pdcl 40-F aaaatcattattcaatactctacaaaacaa 77
pdcl 40-R-P atagaacgaatgatacaaaaaaaaaatgaa 78
pdcl 35-F cattattcaatactctacaaaacaaattta 79
pdcl 35-R-P acgaatgatacaaaaaaaaaatgaattcta 80
pdcl 30-F ttcaatactctacaaaacaaatttaaaaac &1
pdcl 30-R-P tgatacaaaaaaaaaatgaattctaagatt 82
pdcl 25-F tactctacaaaacaaatitaaaaacatgag 83
pdcl 25-R-P caaaaaaaaaatgaattctaagattgaaca 84
pdcl 20-F tacaaaacaaatttaaaaacatgagaggca 85
pdcl 20-R-P aaaaaatgaattctaagattgaacagcaag 86
pdcl 15-F aacaaatttaaaaacatgagaggcaaaatg 87
pdcl 15-R-P atgaattctaagattgaacagcaagttaat 88
pdcl 10-F atttaaaaacatgagaggcaaaatgaagcg 89
pdcl _10-R-P ttctaagattgaacagcaagttaataatct 90
pdcl 5-F aaaacatgagaggcaaaatgaagcgtacaa 91
pdcl 5-R-P agattgaacagcaagttaataatctagagg 92
PDC2-upstr-F2 ttatgggaaaaatgtgaaaatcatcccact 93
PDC2-downstr-R2-P | cctttttacagaaaacaagcacatctttac 94
trpC-ki-F2-P cttttcatgacccaacaaatcagacac 95

-24-




39481

Bang 5
Poan mdi Trinh tu (5'—=3") SEQID
No.
trpCter-R atgagaggcaaaatgaagcgtacaaagag 104
trpCter-cicCpro-F cattttgcctctcatcttacgcaggttgatagtageegec 105
cipCpro-adhter-R gcgtaattaaaatgaggttagagtatgaagaaaaaaaaaa 106
trpC-lost-F2 tttaaatcttacgcaggttgatagtageege 107
trpC-lost-R2 tgcgtaagatttaaatgaaticgageteggtac 108
cipCpro-R gettagagtatgaagaaaaaaaaaaaacg 109
cipCpro-LifeTALEN-F cttcatactctaaccatgggaaaacctattcctaatectetgetg 110
cipCpro-exol-F cttcatactctaaccatgaaaatccaagttgcttctecta 111
pdc3-upstr-F cggccagtgccaageccgtcaggggtgaatgagatattit 112
pdc3-upstr-R2 aaaagatgtgagttataaaaggatgatgcaagce 113
pdc3-downstr-F2 taactcacatcttttattctttttctatcecte 114
pdc3-downstr-R agagtcgacctgcagacctgttagaaaggtacatgcattc 115
pdc3-upstr-R cattttgcctctcatgtgagttataaaaggatgatgeaag 116
pdc3-downstr-F attaacttgctgttcatcttttattctttttctatcecte 117
pdc3-upstr-F2 ccgtcaggggtgaatgagatatt 118
pdc3-downstr-R2-P acctgttagaaaggtacatgcattc 119
pdc3-up gacctcaatcactatccttgg 120
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Bang 6
Poan mdi Trinh tu (5'—3") SPQID
No.
pUC18-adhlpro-F cggccagtgecaagceattattattagagggaaaaaaaagaaaga 121
adhlpro-pUC18-R agagtcgacctgcagttttgttatttatttgtattaattgataa 122
adhlpro-adhlter-F aacaaaatcattttaattacgcattttcattttttactaa 123
adhlter-pUC18-R agagtcgacctgcagagcagaacatgagtctggaagegagacac 124
adhlpro-adhlter-R taaaatgattttgttatttatttgtattaattgataatga 125
adhlpro(o)-R ttttgttatttatttgtattaattgataatg 126
adhlter(o)-F tcattttaattacgcattttcattttttac 127
adhlpro(o)-LifeTALEN-F aaataaataacaaaaatgggaaaacctattcctaatcctctgct 128
LifeTALEN-adhlter(o)-R | gcgtaattaaaatgatcagaagttgatctcgecgttgttgaact 129
ldhA-upstr-F cggccagtgecaagcaaaagaataagaaaagatgtgtcag 130
1dhA-upstr-R2 taaattaaggacttgagcttgaacgatgtcag 131
ldhA-downstr-F2 caagtccttaatttacaaataataaatcatgtt 132
ldhA-downstr-R agagtcgacctgcagaacgacaaacatggctatcaaggga 133
ldhA-upstr-R tgtgcaagtgaacaaaggacttgagcettgaacgatgtcag 134
ldhA-downstr-F gctcttgacaatgcataatttacaaataataaatcatgtt 135
adelpro-R tgcattgtcaagagcegtgtegeaac 136
adelter-F ttgttcacttgcacagcgtgatatgcaag 137
ldhA-upstr-F2 aaaagaataagaaaagatgtgtcaggac 138
ldhA-downstr-R2-P aacgacaaacatggctatcaagggaac 139
IdhA-up gaaactacagtattcectegtg 140
adel-15 tgcttccatatgtcaatagge 141
exol-adhter-R2 gcgtaattaaaatgattatcttctttcatgagaaacacta 142
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Vi du 1: Chuén bi thé dot bién cua chi Rhizopus
(1) Chuén bi ching khuyét dudng tryptophan

Ching  Rhizopus delemar  JCM (Japan  Collection  of
Microorganisms/Riken, Japan) 5557 (sau day, dugc goi la ching 5557) hoac
chung khuyét dudng tryptophan cé ngudn gbc tir chiung 5557 dugc sir dung lam
ching bd me cta thé gen tai t6 hop tuong dong. Chung khuyét dudng
tryptophan thu duoc bang cach sang loc giita cac chiing bi dot bién béi chiéu xa
chum ion cta ching 5557. Chiéu xa chum ion dugc thuc hién tai co s& ctia may
gia tc ion Takasaki cho Ung dung birc xa tién tién (TIARA: Takasaki ion
accelerators for advanced radiation application), Vién nghién ctu bic xa tién
tién Takasaki, thudc Vién Khoa hoc va Céng nghé Luong tir va Phéng xa Qudc
gia. Chung nay duoc chiéu xa tir 100 dén 1250 Gray vé6i nang luong 220 MeV
v6i 2C* duge ting toc bang cach st dung AVF xyclotron. Cac bao tir duge thu
thap tir cac t& bao nam dugc chiéu xa. Trong sb6 d6, thu duogc ching Rhizopus
delemar 02T6 c6 dot bién x6a bé mét bazo trong ving gen trpC va biéu hién
khuyét dudng tryptophan. Ching 5557 hodc ching 02T6 dugc st dung lam
ching bé me dé chudn bi thé gen tai t6 hop tuong dong ciia ndm thudc chi
Rhizopus trong céc vi du tiép theo.
(2) Chuén bj vecto plasmit

Mot doan ADN cua ving gen trpC dugc tong hop bing PCR st dung
ADN bd gen cia ching 5557 1am khuén véi cac doan mdi oJK162 (SEQ ID
NO: 10) va 0JK163 (SEQ ID NO: 11). Tiép theo, doan ADN dugc khuéch dai
bang PCR st dung plasmit pUC18 1am khuon véi cac doan moi 0JK164 (SEQ

ID NO: 12) va 0JK165 (SEQ ID NO: 13). Hai doan nay duogc gén bang cach st
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dung In-Fusion HD Cloning Kit (Clontech Laboratories, Inc.) dé chuin bi
plasmit pUC18-trpC.

Sau d6, doan trinh tu khai dAu va doan trinh tu két thuc caa adhl duge
khuéch dai bang PCR sir dung ADN b6 gen ctia chiing 5557 1am khuon véi cac
doan mbi 0JK202 (SEQ ID NO: 14) va oJK204 (SEQ ID NO: 15) va céc doan
mdi 0JK205 (SEQ ID NO: 16) va oJK216 (SEQ ID NO: 17), tuong tmg. Tiép
theo, doan ADN dugc khuéch dai bé’mg PCR str dung plasmit pUC18-trpC dugc
x4y dung nhu dugc mo ta & trén lam khuén véi cac doan mdi 0JK210 (SEQ ID
NO: 18) va 0JK211 (SEQ ID NO: 19). Ba doan nay dugc gin bang cach sir dung
In-Fusion HD Cloning Kit (Clontech Laboratories, Inc.) d& chuan bi plasmit
pUC18-trpC-Padh-Tadh. Trong plasmit thu duoc, trinh tur khaoi dau va trinh tir
két thuc adhl duoc sip xép theo thi tu xubi chiéu ctia viing gen trpC.

Hon nita, vecto plasmit trong dé ving gen trpC dugc loai bé khoi pUC18-
trpC-Padh-Tadh da duoc chuin bi. Cu thé, doan ADN duoc khuéch dai béng
PCR st dung pUC18-trpC-Padh-Tadh dugc xay dung nhu mod ta & trén lam
khuén v6i cac doan méi 1a trpC-lost-F (SEQ ID NO: 20) va trpC-lost-R (SEQ
ID NO: 21). Poan ndy duoc gin bang cach sir dung In-Fusion HD Cloning Kit
(Clontech Laboratories, Inc.) d& chuan bi plasmit pUC18-Padh-Tadh.

(3) Chuén bj TALEN dé pha v& gen pdcl, pdc2 va trpC

Cac TALEN nhim vao locus gen pdcl, pdc2 hodc trpC di duoc chuén bi.
Viéc chuin bi TALEN duoc giri dén Transposagen Biopharmaceuticals, Inc. dbi
v6i cac TALEN nhim vao locus gen pdcl, va Life Technologies Corp. dbi véi
cdc TALEN nhim vao locus gen pdc2 hoic trpC dé thu duge Custom XTN
TALEN (tén thuong mai ciia TALEN do Transposagen Biopharmaceuticals, Inc.

cung cip) hodc GeneArt Precision TALs (tén thuong mai ctia TALEN do Life
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Technologies Corp. cung cip). Mdi kit ndy chira hai polynucleotit m3 héa Left-
TALEN va Right-TALEN cho gen dich. Kit nhim vao gen pdcl (SEQ ID NO:
1) chira LeftTALEN-pdc1 (SEQ ID NO: 2) va RightTALEN-pdc1 (SEQ ID NO:
3) ma hoéa cac TALEN nhidm vao trinh tu 5-TGCCTGCTATTAAAATCG-3'
(SEQ ID NO: 96) trong mach mang ma cua gen pdcl va trinh ty 5'-
TTGATTTCCTTAAGACGG-3' (SEQ ID NO: 97) twong tng trong mach dbi
ma cta chung. Kit nhdm vao gen pdc2 (SEQ ID NO: 4) chita LeftTALEN-pdc2
(SEQ ID NO: 5) va RightTALEN-pdc2 (SEQ ID NO: 6) mi hoa cac TALEN
nhdm vao trinh tuy 5-TGGTGTTGCTGGTTCTTAT-3' (SEQ ID NO: 98) trong
mach mang ma cia gen pdc2 va trinh tu 5'-TGCCGACAATGTGAATCAC-3'
(SEQ ID NO: 99) tuong tng trong mach di mi cua chimg, Kit nhim vao gen
trpC (SEQ ID NO: 7) chira Let TALEN-trpC (SEQ ID NO: 8) va Right TALEN-
trpC (SEQ ID NO: 9) mid héa cac TALEN nhim vio trinh tu 5-
TGCCAAGGCGCCAATGTAG-3' (SEQ ID NO: 100) trong mach mang ma cua
gen trpC va trinh tu 5-TCGGAAATGGTGATTTTGT-3' (SEQ ID NO: 101)
tuong Gng trong mach déi mi cta ching.

Polynucleotit ma hoa LeftTALEN cho gen pdcl da dugc cheén vao vecto
biéu hién pUC18-trpC-Padh-Tadh cho R. delemar da dugc chuén bi trong doan
(2) dé chuén bi vecto biéu hién TALEN dudi su kiém soat cla trinh tu khéi dau
adhl va trinh tu két thuc adhl. Cu thé, doan vecto duoc khuéch dai béng PCR
st dung pUC18-trpC-Padh-Tadh 1am khuén véi céc doan mdi adhpro-R (SEQ
ID NO: 22) va adhter-F (SEQ ID NO: 23). Sau d6, doan LeftTALEN-pdc1 dugc
khuéch dai béng PCR str dung LefftTALEN-pdcl1 lam khuon véi cac doan mdi

adhpro-TALEN-F (SEQ ID NO: 24) va TALEN-adhter-R (SEQ ID NO: 25).
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Hai doan nay chira cac vung chdng 14n nhau béi 15 bazo. Hai doan nay dugc nédi
bang cach sir dung In-Fusion HD cloning kit (Clontech Laboratories, Inc.) dé
thu dugc plasmit padh-Left TALEN-pdcl chira Left TALEN-pdcl.

Tuong tu, vecto biéu hién TALEN duéi su kiém so4t cta trinh tu khoi dau
adhl va trinh tu két thac adhl dugc chuadn bi tir polynucleotit mad hoa Left-
TALEN cho gen pdcl bing cach st dung vecto biéu hién pUCI18-Padh-Tadh
cho R. delemar d3 duoc chuin bj trong doan (2). Cu thé, doan vecto duoc
khuéch dai bang PCR st dung pUC18-Padh-Tadh 1am khuén véi cac doan moi
adhpro-R (SEQ ID NO: 22) va adhter-F (SEQ ID NO: 23). Sau do, doan
LeftiTALEN-pdcl duoc khuéch dai bing PCR sir dung LeftTALEN-pdcl 1am
khuén véi cac doan mdi adhpro-TALEN-F (SEQ ID NO: 24) va TALEN-adhter-
R (SEQ ID NO: 25), va dugc gin véi doan vecto dé thu duoc plasmit padh-
LeftTALEN-pdc1-2 chira LeftTALEN-pdcl.

Vecto biéu hién TALEN dudi su kiém soét ctia trinh tu khéi dau adhl va
trinh tu két thiic adh1 duoc chuén bi tir polynucleotit md hoa Right-TALEN cho
gen pdcl bang cach st dung vecto biéu hién pUC18-Padh-Tadh cho R. delemar
da duogc chuén bi trong doan (2). Cu thé, doan vecto duoc khuéch dai béng PCR
stt dung pUC18-Padh-Tadh lam khu6n véi cac doan mdi adhpro-R (SEQ ID
NO: 22) va adhter-F (SEQ ID NO: 23). Sau d6, doan Right TALEN-pdcl dugc
khuéch dai bang PCR sir dung Right TALEN-pdcl 1am khuén véi cac doan moi
adhpro-TALEN-F (SEQ ID NO: 24) va TALEN-adhter-R (SEQ ID NO: 25), va
dugc gan voi doan vecto dé thu dugc plasmit padh-RightTALEN-pdcl chira

RightTALEN-pdcl.
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Céc vecto biéu hién TALEN duéi su kiém soét cua trinh tu khéi dau adhl
va trinh tu két thuc adhl duogc chudn bi tir céc polynucleotit ma hoa Left-
TALEN va Right-TALEN cho gen pdc2 bang cach st dung vecto biéu hién
pUC18-Padh-Tadh cho R. delemar dugc chuén bi trong doan (2). Cu thé, doan
vecto dugc khuéch dai bang PCR st dung pUC18-Padh-Tadh lam khuén véi céc
doan méi adhpro-R (SEQ ID NO: 22) va adhter-F (SEQ ID NO: 23). Sau do,
doan LefiTALEN-pdc2 hoic RightTALEN-pdc2 duoc khuéch dai bang PCR s
dung LefiTALEN-pdc2 hodc RightTALEN-pdc2 lam khuén véi cac doan moi
adhpro-LifeTALEN-F (SEQ ID NO: 26) va LifeTALEN-adhter-R (SEQ ID NO:
27), va dugc gén vdi doan vecto dé thu duoc plasmit padh-LeftTALEN-pdc2
hoic padh-Right TALEN-pdc2 chira LeftTALEN-pdc2 hodc Right TALEN-pdc2.

Tuong tu, cac vecto biéu hién TALEN dudi su kiém so4t cta trinh tu khéi
dau adhl va trinh tu két thic adhl dugc chuén bi tir cic polynucleotit ma héa
Left-TALEN va Right-TALEN cho gen trpC bang cach sit dung vecto biéu hién
pUC18-Padh-Tadh cho R. delemar dugc chuén bi trong doan (2). Cu thé, doan
vecto duge khuéch dai bang PCR sit dung pUC18-Padh-Tadh lam khudn véi cac
doan modi adhpro-R (SEQ ID NO: 22) va adhter-F (SEQ ID NO: 23). Sau do,
doan LeftTALEN-trpC hodc Right TALEN-trpC dugc khuéch dai bang PCR st
dung LeftTALEN-trpC hodc Right TALEN-trpC lam khudn v6i cac doan moi
adhpro-LifeTALEN-F (SEQ ID NO: 26) va LifeTALEN-adhter-R (SEQ ID NO:
27), va dugce gin véi doan vecto dé thu duoc plasmit padh-LefiTALEN-trpC
hoic padh-Right TALEN-trpC chira LeftTALEN-trpC hodc RightTALEN-trpC.

(4) Chuan bi vecto biéu hién exonucleaza
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Poan vecto pUCI18 dugc khuéch dai bang PCR st dung plasmit pUC18
(Takara Bio Inc.) lam khuon vé1 cac doan moi pPTR1-sall-F (SEQ ID NO: 28)
va pPTR1-sall-R (SEQ ID NO: 29). Ngoai ra, doan trinh tu khoi dau 1dh duoc
khuéch dai bing cach st dung dung dich bd gen tinh khiét ctia ching Rhizopus
oryzae NRBC5384 (sau déy, dugc goi 1a chung 5384) lam khuén véi cac doan
mdi sall-ldhpro-F3 (SEQ ID NO: 30) va Idhpro-R (SEQ ID NO: 31). Poan gen
exonucleaza dugc khuéch dai biang cach st dung cting mot khuén nhu trén véi
cac doan mdi Idhpro-exol-F2 (SEQ ID NO: 32) va exol-pdcter-R2 (SEQ ID
NO: 33). Poan trinh tu két thuc pdc dugc khuéch dai bang cach sit dung cung
mdt khudn nhu trén véi cac doan mdi pdcTer-F (SEQ ID NO: 34) va pdcTer-
sal1-R (SEQ ID NO: 35). Bén doan dugc khuéch dai nay dugc gin bang céach st
dung In-Fusion HD cloning kit (Clontech Laboratories, Inc.) dé chuan bi plasmit
pldh-exol.

Ngoai ra, doan gen exonucleaza dugc khuéch dai brfmg cach s dung dung
dich bd gen tinh khiét ciia ching 5384 lam khudn véi cac doan mdi adhpro-
exol-F (SEQ ID NO: 36) va exol-adhter-R (SEQ ID NO: 37). Doan vecto dugc
khuéch dai bang PCR st dung pUC18-trpC-Padh-Tadh lam khudn véi cac doan
moi adhpro-R (SEQ ID NO: 22) va adhter-F (SEQ ID NO: 23). Hai doan dugc
khuéch dai ndy duoc gan bang cach st dung In-Fusion HD cloning kit (Clontech
Laboratories, Inc.) dé chuén bi plasmit padh-exol.

(5) Chuén bi plasmit cho trpC knock-in nhim vao timg locus gen

Mot plasmit ptrpC-knock-in (pdcl) dé loai bé ORF gen pdcl va kich hoat
vung gen trpC tai locus gen pdcl di duoc chuén bi. Cu thé, doan vecto pUC18
dugc khuéch dai bing cach st dung pUCI8 lam khuén véi cdc doan moi

pUC18-Pael-F3 (SEQ ID NO: 38) va pUC18-Hind3-R3 (SEQ ID NO: 39), doan
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vi trf trinh tu khoi ddu ciia gen pdel dugce khuéch dai bang cach st dung bo gen
cua chiing 5557 lam khudn véi cac doan moi PDC1-upstr-F (SEQ ID NO: 40)
va PDCl-upstr-R (SEQ ID NO: 41), doan ving gen trpC duoc khuéch dai bang
cach sir dung bd gen cta ching 5557 lam khuén véi cac doan mdi trpCpro-R
(SEQ ID NO: 42) va trpCter-F (SEQ ID NO: 43), doan vi tri trinh tu két thic
cua gen pdcl duoc khuéch dai bang céach str dung bo gen cua ching 5557 lam
khuén véi cac doan moi PDC1-downstr-F (SEQ ID NO: 44) va PDC1-downstr-
R (SEQ ID NO: 45) dugc gén bang cach st dung In-Fusion HD Cloning Kit
(Clontech Laboratories, Inc.) dé x4y dung ptrpC-knock-in (pdc1).

Tuwong tu, plasmit ptrpC-knock-in (pdc2) dé loai bd ORF gen pdc2 va kich
hoat vung gen trpC tai locus gen pdc2 da duoc chudn bi. Cu thé, doan vecto
pUC18 duogc khuéch dai bing cach sit dung pUC18 lam khudn véi cac doan mdi
pUC18-Pael-F3 (SEQ ID NO: 38) va pUC18-Hind3-R3 (SEQ ID NO: 39), doan
vi trf trinh tu khéi ddu ctia gen pdc2 dugc khuéch dai bang cach sir dung bd gen
ctia chung 5557 lam khuén véi cac doan moi PDC2-upstr-F (SEQ ID NO: 46)
va PDC2-upstr-R (SEQ ID NO: 47), doan ving gen trpC duoc khuéch dai bang
cach st dung bd gen clia ching 5557 lam khuon véi cac doan mdi trpCpro-R
(SEQ ID NO: 42) va trpCter-F (SEQ ID NO: 43), doan vi tri trinh tu két thuc
cua gen pdc2 dugc khuéch dai bang cach st dung bd gen ctia chung 5557 1am
khuén v6i cac doan mdi PDC2-downstr-F (SEQ ID NO: 48) va PDC2-downstr-
R (SEQ ID NO: 49) duogc gén bang cach str dung In-Fusion HD Cloning Kit
(Clontech Laboratories, Inc.) dé xay dung ptrpC-knock-in (pdc2).

Sau d6, plasmit ptrpC-knock-in (trpC) dé pha v& gen trpC tai locus gen
trpC bang cach kich hoat ving gen trpC (SEQ ID NO: 7) ¢6 sur x6a bo 500 bp tir

codon mé diu trong ving gen trpC d3 dugc chuan bi. Cu thé, doan duoc khuéch
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dai bang cach sit dung pUC18-trpC-Padh-Tadh lam khudn véi cac doan moi
trpC-inactive-F (SEQ ID NO: 50) va trpC-inactive-R (SEQ ID NO: 51) va duoc
gin & ca hai dau st dung In-Fusion HD Cloning Kit (Clontech Laboratories,
Inc.) dé xay dung ptrpC-knock-in (trpC) chira trinh ty gen trpC c6 su x6a bo 500
bp so véi codon mé dau.
(6) Chuén bi plasmit cho (trpC + FT1) knock-in nhém vao locus gen pdcl

Mot plasmit p(trpC + FT1)-knock-in (pdcl) dugc chuin bi bang cich
chuyén trinh tu khéi du adhl va gen FT1 vao dau 5' cua trinh tu viing gen trpC
trong plasmit ptrpC-knock-in (pdcl). Cu thé, doan vecto dugc khuéch dai bang
cach st dung ptrpC-knock-in (pdcl) lam khuén véi cac doan mdi trpCpro-R
(SEQ ID NO: 42) va pdclter-F (SEQ ID NO: 52), doan chira trinh tu khoi dau
adhl va gen FT1 duoc khuéch dai bang cach st dung plasmit FT1 (plasmit
mang gen FT1 (SEQ ID NO: 102) xubi chidu cta trinh tw khoi ddu adhl cia
PUCI18-trpC-Padh-Tadh) lam khuon véi cac doan modi trpC-adhlpro-F (SEQ ID
NO: 53) va FT1-pdcl1Ter-R (SEQ ID NO: 54) dugc gin bang cach st dung In-
Fusion HD Cloning Kit (Clontech Laboratories, Inc.) dé xay dung p(trpC +
FT1)-knock-in (pdcl).
(7) Chuén bj plasmit cho (trpC + PYC) knock-in nhim vao locus gen pdcl

p(trpC + PYC)-knock-in (pdcl) dugc chuén bi theo cach twong tu nhu
trong doan (6). Cu thé, doan vecto dugc khuéch dai bang cach st dung ptrpC-
knock-in (pdcl) lam khudn véi cac doan mdi trpCpro-R (SEQ ID NO: 42) va
pdclter-F (SEQ ID NO: 52), doan chtra trinh tu khoi dau adhl va gen PYC duoc
khuéch dai bang cach st dung plasmit PYC (plasmit mang gen PYC (SEQ ID
NO: 103) xudi chidu cta trinh tw khéi dau adhl ctia PUC18-trpC-Padh-Tadh)

lam khuén véi cac doan mdi trpC-adhlpro-F (SEQ ID NO: 53) va PYC-
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pdcl1Ter-R (SEQ ID NO: 55) dugc gin bing cach st dung In-Fusion HD
Cloning Kit (Clontech Laboratories, Inc.) dé xiy dung p(trpC + PYC)-knock-in
(pdcl).
(8) Chuan bi ADN soi doi

ADN soi d6i dugc chuan bi theo sd 1 cua Bang 7. Cu thé, doan ADN dugc
khuéch dai bang cach str dung plasmit ptrpC-knock-in (pdcl) Iam khuoén véi cac
doan mdi PDC1-upstr-F2 (SEQ ID NO: 56) va PDC1-downstr-R2 (SEQ ID NO:
57). Khuén bi phan hiiy bing cach xir Iy Dpnl (Toyobo Co., Ltd.). Sau dé, san
phim dugc tinh ché bang phuong phap xt 1y phenol/cloroform/rugu isoamyl va
xir Iy két tia bing etanol. San phim tinh khiét duoc hoa tan trong mot luong
nuée khong c6 DNaza thich hop dé thu dugce dung dich ADN soi déi cho su pha
v& gen pdcl.
(9) Chuén bi ADN soi don

Cac ADN soi don dugce chuin bj theo sb 2 dén 20 cua Bang 7. Cu thé,
doan ADN c6 chidu dai bang "chiéu dai chén" cta Bang 7 dugc khuéch dai bing
cach st dung "khuén" cia timg diéu kién trong Bang 7 1am khudn véi "Poan
mdi 1" va "Poan mdi 2". Khuén da bi phan huy do xu ly Dpnl (Toyobo Co.,
Ltd.). Sau d6, san phdm dugc tinh ché bing phuong phap xa ly
phenol/cloroform/rugu isoamyl va xi ly két tia biang etanol. San phidm tinh
khiét dugc xur 1y thém bing cich st dung Lambda Exonucleaza (NEW
ENGLAND BioLabs Inc.) va sau d6 duoc tinh ché theo cach tuong tu nhu trén
dé thu dugc ADN soi don. Qua trinh x ly Lambda Exonucleaza dugc thuc hién

qua dém & 37°C.
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* Poan mdi 2 cta s6 2 dén 19 da dugc phosphoryl héa tan cung 5'. Poan moi 1

ctia s 20 d& dugc phosphoryl hoa dau 5'.
"Chidu dai trinh tu twong ddng" thé hién rang céc trinh tu twong ddng co chiéu

dai duoc hién thi trong bang ¢ mit & ca dau ngugc chiéu va dau xudi chiéu cua

ADN soi don hodc ADN sgi doi.
(10) Chuyén gen bing bin gen

Mbi ADN soi don hoiic ADN soi doi dugc chuan bi trong doan (8) hoac
(9) (s6 1 dén 20 trong Bang 7), mdi vecto biéu hién Left-TALEN va mdi vecto
biéu hién Right-TALEN da dugc chuan bi trong doan (3), va mdi vecto biéu
hién exonucleaza da duogc chuén bi trong doan (4) dugc trén dé chuén bi dung
dich ADN.

Céc vecto biéu hién TALEN dugc sir dung 13 padh-LefiTALEN-pdcl va
padh-Right TALEN-pdc1 cho s6 1 va 2, padh-LeffiTALEN-pdc1-2 va padh-
RightTALEN-pdcl cho s6 3 dén 18, padh-LeftTALEN-pdc2 va padh-
Right TALEN-pdc2 cho s6 19, va padh-LeftTALEN-trpC va padh-
RightTALEN-trpC cho s6 20. Vecto biéu hién exonucleaza dugc st dung la
pldh-exol cho s6 1 va 2, va padh-exol cho nhiing loai khéc. Cac plasmit chuyén
gen chi duoc xtr Iy bang enzym giéi han dbi vé6i cac didu kién cia s6 1 va 2. Cu
thé, padh-LeftTALEN-pdcl, padh-LeftTALEN-pdc1-2 va padh-Right TALEN-
pdcl duoc xu ly bang enzym gidi han Scal, va plasmit pldh-exol dugc xu ly
bing enzym giéi han Pstl. Ty 1¢ ndng do gitta vecto biéu hién Left-TALEN,
vecto biéu hién Right-TALEN, vecto biéu hién exonucleaza, va ADN so¢i don
hodc ADN sgi doi trong dung dich ADN dugc dat thanh khoang 2:4:2:1 cho 36 1

va 2 va khoang 1:1:1:2 cho s6 3 dén 20.
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B sung 10 pL mdi dung dich ADN d3 chudn bi (khoang 1 dén 3 pg/uL)
va tron véi 100 uL dung dich chira hat vang (60 mg/mL, INBIO GOLD, kich
thudce hat: 1 pm). Tiép theo, b sung 40 pL spermidin 0,1 M vao d6, va hén hop
duoc khudy k§ bang cach tron déu. B4 sung 100 uL CaCl, 2,5 M vao d6, va hon
hop duoc khudy trong 1 phiit bang cach trén déu va sau d6 ly tim & tbc do 6000
vong/phut trong 30 gidy dé loai bo dich ndi phia trén. B6 sung 200 puL EtOH
70% vao chit két tia thu duoc, va hdn hop dugc khudy trong 30 gidy bang cach
tron déu va sau do6 ly tAm & toc do 6000 vong/phit trong 30 gidy dé loai bo dich
ndi phia trén. Céc chit két tua thu duoc nay duge ngam lai trong 100 pL. EtOH
100%.

Céac bao tir ciia ching 02T6 hodc ching 5557 thu dugc trong doan (1)
dugc chuyén gen bang cach st dung timg dung dich chira hat vang ADN duoc
md ta & trén va GDS-80 (stng ban gen tir Nepa Gene Co., Ltd.). Ching 02T6
duoc st dung cho céac didu kién tir s6 1 dén 19, va cac bao tir sau khi chuyén gen
dugc nudi cay tinh ¢ 30°C trong khoang 1 tudn trén moi trudng thach vo co (20
g/L glucoza, 1 g/ amoni sulfat, 0,6 g/L kali dihydro phosphat, 0,25 g/ magie
sulfat heptahydrat, 0,09 g/L kém sulfat heptahydrat, va 15 g/L thach). Cac bao ti
cua chung 5557 dugce st dung cho diéu kién s 20, va cac bao tir sau khi chuyén
gen dugc nuodi ciy tinh & 30°C trong khoang 1 tuan trén méi truong PDB (39
g/L PDB).

(11) Lya chon chung khuyét gen pdcl (s6 1 dén s6 18)
Céc bao tir duoc thu thap tir cac té bao nim dugc nudi cy trong doan (10).

Céc chung nidm dugc phéan lap bang cach st dung méi trudng thach vo co (20
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g/L glucoza, 1 g/LL amoni sulfat, 0,6 g/L kali dihydro phosphat, 0,25 g/LL magie
sulfat heptahydrat, 0,09 g/ kém sulfat heptahydrat, va 15 g/L thach) dugc diéu
chinh dén d6 pH 3. M6t phan soi nidm cua cac chung ndm phat trién dugc thu
thap bang tam, sau dé dugc tao huyén phu trong 10 mM Tris-HCI (d6 pH 8,5),
va i & 95°C trong 10 phit. Sau d6, huyén phu dugc pha logng thich hop véi 10
mM Tris-HCI (d6 pH 8,5) dé chuan bi dung dich khuon hé gen cho phuong phép
PCR khuin lac. Phuong phap PCR khuén lac duoc thyuc hién bang cach sir dung
dung dich khuén hé gen, cac doan méi pdel-up2 (SEQ ID NO: 58) va trpC(d)-1
(SEQ ID NO: 59), va KOD FX Neo (Toyobo Co., Ltd.). Phuong phap PCR
khuén lac st dung cac doan moi nay khuéch dai doan ADN c6 chiéu dai thich
hop néu doan gen trpC hodc doan gen khac v6i gen trpC duge kich hoat tai
locus gen pdcl. Bing phuong phap PCR khuén lac, thu dugc ching nim cé
doan khuéch dai ADN thu duoc 13 ching knock-in (chiing khuyét gen pdcl).
(12) Lua chon chung khuyét gen pdc2 (s6 19)

Céc bao tir duoc thu thap tir cac t& bao ndm dugc nudi ciy trong doan (10).
Céc ching ndm dugc phan 1ap bang cach sir dung méi trudong thach v6 co (20
g/L glucoza, 1 g/I. amoni sulfat, 0,6 g/L kali dihydro phosphat, 0,25 g/LL magie
sulfat heptahydrat, 0,09 g/LL kém sulfat heptahydrat, va 15 g/L thach) dugc diéu
chinh dén d6 pH 3. M6t phan soi ndm ctia cac ching nam phat trién duogc thu
thap bang tim, sau dé dugc tao huyén pht trong 10 mM Tris-HCI (d6 pH 8,5),
va 0 ¢ 95°C trong 10 phit. Sau d6, huyén phu duge pha lodng thich hop véi 10
mM Tris-HCI (d6 pH 8,5) dé chuén bi dung dich khuén hé gen cho phuong phap
PCR khuén lac. Phuong phap PCR khuén lac duogc thuc hién st dung dung dich
khuon hé gen, cac doan mdi pdc2-downl (SEQ ID NO: 60) va trpC(d)-7 (SEQ

ID NO: 61), va KOD FX Neo (Toyobo Co., Ltd.). Phuong phap PCR khuén lac
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str dung cac doan mdi nay khuéch dai doan ADN c6 chiéu dai thich hop néu
doan gen trpC duoc kich hoat tai locus gen pdc2. Bang phuong phap PCR khuén
lac, thu dugc chung nim co doan khuéch dai ADN thu duoc 1a chung knock-in
(chung khuyét gen pdc2).

(13) Lua chon chung khuyét gen trpC (s 20)

Cac bao tr dugc thu thap tu cac té& bao ndm dugc nudi céy trong doan (10),
va nudi cdy trong méi trudng 5-FAA (10 g/L glucoza, 3,36 g/L bazo nito nim
men khong cé axit amin, 0,03 g/L tryptophan, 5 g/LL axit 5-fluoroanthranilic, va
15 g/L thach) duoc diéu chinh dén d6 pH 6. Cac chiing nim phat trién duge nubi
cAy cap hai trong moéi truong 5-FAA. M6t phan sgi nAm cia cac ching ndm phat
trién duoc thu thap bang tim, sau d6 duoc tao huyén phu trong 10 mM Tris-HCl
(d6 pH 8,5), va dugc &t & 95°C trong 10 phut. Sau d6, huyén phu duge pha loing
thich hop véi 10 mM Tris-HCl (d6 pH 8,5) dé chuin bj dung dich khuén hé gen
cho phuong phép PCR khun lac. Phuong phap PCR khuan lac duge thuc hién
stt dung dung dich khuén hé gen, cac doan mdi pdcl-down3 (SEQ ID NO: 62)
va trpC(d)-5 (SEQ ID NO: 63), va KOD FX Neo (Toyobo Co., Ltd.). Vi tri dai
ctia doan khuéch dai ADN duoc thay d6i béi phuong phap PCR khuén lac sir
dung cédc doan mdi nay néu doan gen trpC cé su x6a bd 500 bp duge kich hoat
tai locus gen trpC. Bang phuong phap PCR khuan lac, thu duoc ching ndm c6
dai cua doan khuéch dai ADN bi thay dbi 1a chung knock-in (chung khuyét gen
trpC).

(14) So sanh hiéu qua tai to hop twong dong
(a) ADN soi don va ADN sgi doi
Hiéu qua tai té hop tuong dong dugc so sanh gitra ADN soi d6i va ADN

soi don (s6 1 va 2 cua Bang 7) duoc str dung 1am ADN ngudi cho. Céc két qua
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dugc thé hién trong Bang 8. Khéng thé thu dugc ching tai t6 hop twong dong ¢

trinh tu chudi dai duge chuyén bang cach sir dung ADN soi déi, trong khi chung

t4i t6 hop tuong dong c6 trinh tur chudi dai duoc chuyén da thu dugc thanh coéng

bang cach sir dung ADN soi don. Hon nita, chiing tai té hop twong dong c6 trinh

tu chudi dai dugc chuyén dai nhét 13 khoang 8,8 kbp d3 thu dugc thanh cong

bang céach sir dung ADN soi don 1am ADN ngudi cho (s6 2 dén 4 ctia Bang 7).

Bang 8
Diéu kién thir S6 luong S6 lugng cac chimg | Hiéu qua tai td hop
nghiém sé | chiing phén 14p | tai t6 hop twong dong tuong dong (%)
1 108 0 0
2 8 1 12,5

(b) Chiéu dai cua ving tuong dong véi ADN hé gen vat chu

Anh huédng cua chiéu dai chudi cta cac ving tuong dong v6i ADN hé gen

vét chu trong ADN soi don dén hiéu qua tai to hop tuong déng da duoc nghién

ctru (s6 2, 8, va 9 ciia Bang 7). Céc két qua duoc thé hién trong Bang 9.

Bang 9
Piéukién thir | Chiéu dai S6 luong | S6luong cac | Hiéu qua tai
nghiém s6 | trinh tu twong | cac ching | chung téi t6 hop | t6 hop tuong
dong (bp) phan 13p tuong dong dong (%)
2 1000 8 1 12,5
8 100 24 22 92
9 50 24 19 79

(15) Thu duoc chung khuyét gen pdc3

(a) Chuén bj vecto plasmit
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Vecto plasmit dugce chuin bi bé‘mg cach thay dbi trinh tu khéi dau adhl
cta pUC18-trpC-Padh-Tadh dugc xay dung trong doan (2) thanh trinh tu khai
dau cipC. Cu thé, doan vecto dugce khuéch dai bang PCR sir dung pUC18-trpC-
Padh-Tadh 1am khuén véi cac doan mdi adhter-F (SEQ ID NO: 23) va trpCter-R
(SEQ ID NO: 104). Ngoai ra, doan vung trinh tu khéi dau cipC dugc khuéch dai
bing PCR sir dung ADN hé gen ctia ching 5557 lam khuén véi cac doan mdi
trpCter-cicCpro-F (SEQ ID NO: 105) va cipCpro-adhter-R (SEQ ID NO: 106).
Hai doan nay duoc gin bang cach st dung In-Fusion HD Cloning Kit (Clontech
Laboratories, Inc.) dé chuan bi plasmit pUC18-trpC-PcipC-Tadh.

Sau dd, vecto plasmit trong d6 vung gen trpC dd duogc loai bd khoi
pUC18-trpC-PcipC-Tadh dugc xay dung nhu mé ta & trén di dugc chuan bi. Cu
thé, doan ADN duogc khuéch dai bé“mg PCR st dung pUC18-trpC-PcipC-Tadh
lam khudn véi cac doan mdi trpC-lost-F2 (SEQ ID NO: 107) va trpC-lost-R2
(SEQ ID NO: 108). Doan nay duoc gin bang cach sir dung In-Fusion HD
Cloning Kit (Clontech Laboratories, Inc.) dé chuén bi plasmit pUC18-PcipC-
Tadh.

(b) Chuén bi TALEN dé pha v& gen pdc3

Cac TALEN nhim vao locus gen pdc3 d dugc chuin bi. Viéc chuan bi
TALEN di dugc gi dén Life Technologies Corp. dé thu dugc GeneArt
PerfectMatch TALs (tén thuong mai cua TALEN do Life Technologies Corp.
cung cap). Kit nay cha hai polynucleotit md héa Left-TALEN va Right-
TALEN cho gen dich. Kit nhim vao gen pdc3 (SEQ ID NO: 143) chuta

LeftTALEN-pdc3 (SEQ ID NO: 144) va Right TALEN-pdc3 (SEQ ID NO: 145)
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ma héa cdc TALEN nhim vao trinh tu 5-CCGGAATCGACACGATTTT-3'
(SEQ ID NO: 146) tuong ung trong mach mang ma cia gen pdc3 va trinh tu 5'-
CGTAACTTACCATATTGTA-3' (SEQ ID NO: 147) trong mach ddi m3 cua
ching.

Polynucleotit m& héa Left-TALEN cho gen pdc3 da dugc chén vao vecto
bidu hién pUC18-PcipC-Tadh cho R. delemar di dugc chuan bi trong doan
(15)(a) dé chudn bi vecto biéu hién TALEN dudi su kiém soét ctia trinh tw khoi
dau cipC va trinh tu két thuc adhl. Cu thé, doan vecto dugc khuéch dai béng
PCR str dung pUC18-PcipC-Tadh lam khuén véi cac doan mdi cipCpro-R (SEQ
ID NO: 109) va adhter-F (SEQ ID NO: 23). Sau do, doan LefiTALEN-pdc3
dugc khuéch dai bang PCR st dung LeftTALEN-pdc3 lam khuén véi cac doan
moi cipCpro-LifeTALEN-F (SEQ ID NO: 110) va LifeTALEN-adhter-R (SEQ
ID NO: 27). Hai doan nay chira cac ving chdng 14n nhau boi 15 bazo. Hai doan
nay dugc gin bing cach st dung In-Fusion HD Cloning Kit (Clontech
Laboratories, Inc.) dé thu dugc plasmit pcipC-LeftTALEN-pdc3 chua
LeftTALEN-pdc3.

Tuong tu nhu vay, polynucleotit ma héa Right TALEN cho gen pdc3 duoc
chén vao vecto biéu hién pUCI18-PcipC-Tadh cho R. delemar di chuén bi trong
doan (15)(a) dé chuén bj vecto biéu hién TALEN duéi su kiém soat clia trinh tur
khéi dau cipC va trinh tu két thuc adhl. Cu thé, doan vecto duoc khuéch dai
bang PCR sir dung pUC18-PcipC-Tadh 1am khuén véi cac doan mdi cipCpro-R
(SEQ ID NO: 109) va adhter-F (SEQ ID NO: 23). Sau d6, doan Right TALEN-

pdc3 dugce khuéch dai bang PCR str dung Right TALEN-pdc3 1am khuon véi cac
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doan méi cipCpro-LifeTALEN-F (SEQ ID NO: 110) va LifeTALEN-adhter-R
(SEQ ID NO: 27). Hai doan nay chira cac vung chdng 14n nhau béi 15 bazo. Hai
doan nay dugc gin bang cach sir dung In-Fusion HD Cloning Kit (Clontech
Laboratories, Inc.) d& thu dugc pcipC-Right TALEN-pdc3 plasmit chia
Right TALEN-pdc3.
(¢) Chuén bj vecto biéu hién exonucleaza

Poan gen exonucleaza dugc khuéch dai bang PCR sir dung plasmit pldh-
exol duge chuén bi trong doan (4) 1am khudn véi cac doan moi cipCpro-exol-F
(SEQ ID NO: 111) va exol-adhter-R2 (SEQ ID NO: 142). Doan vecto dugc
khuéch dai bang PCR st dung plasmit pUC18-PcipC-Tadh duge chuén bi trong
doan (15)(a) lam khuén véi cac doan mdi cipCpro-R (SEQ ID NO: 109) va
adhter-F (SEQ ID NO: 23). Hai doan nay chua cac vung chéng 14n nhau béi 15
bazo. Hai doan nay dugc gin bing cach st dung In-Fusion HD Cloning Kit
(Clontech Laboratories, Inc.) dé thu duoc plasmit pcipC-exol.
(d) Chuén bj plasmit cho trpC knock-in nhim vao locus gen pdc3

Plasmit ptrpC-knock-in (pdc3) dé loai bd ORF gen pdc3 va kich hoat ving
gen trpC tai locus gen pdc3 da duoc chuén bi. Cu thé, doan vecto pUC18 dugc
khuéch dai bang cach st dung pUCI18 lam khudn véi cac doan mdi pUC18-
Pael-F3 (SEQ ID NO: 38) va pUC18-Hind3-R3 (SEQ ID NO: 39). Doan trinh
tu khoi dau gen pde3 duoc khuéch dai bang cach sir dung ADN hé gen cua
ching 5557 lam khuén véi cac doan mdi pde3-upstr-F (SEQ ID NO: 112) va
pdc3-upstr-R2 (SEQ ID NO: 113). Doan trinh tur két thuc gen pde3 dugc khuéch

dai bang cach st dung ADN hé gen cta ching 5557 1am khuén véi céc doan
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mdi pdce3-downstr-F2 (SEQ ID NO: 114) va pdc3-downstr-R (SEQ ID NO: 115).
Ba doan nay dugc gin bang cach sir dung In-Fusion HD Cloning Kit (Clontech
Laboratories, Inc.) dé chuan bi pknock-in (pdc3).

Sau d6, doan ADN duoc khuéch dai bang cach st dung pknock-in (pdc3)
lam khuén vdi céc doan mdi pde3-upstr-R (SEQ ID NO: 116) va pdc3-downstr-
F (SEQ ID NO: 117). Poan ving gen trpC dugc khuéch dai bing cach sir dung
ADN hé gen ctia chung 5557 1am khuén véi cac doan méi trpCpro-R (SEQ ID
NO: 42) va trpCter-F (SEQ ID NO: 43). Hai doan nay duoc gin bang cach st
dung In-Fusion HD Cloning Kit (Clontech Laboratories, Inc.) dé chuin bi
ptrpC-knock-in (pdc3).

(¢) Chuén bj ADN soi don

ADN s0i don thu dugce bang cic quy trinh twong tu nhu trong doan (9)
ngoai trir: plasmit ptrpC-knock-in (pdc3) dugc si dung lam khuén PCR; va
pdc3-upstr-F2 (SEQ ID NO: 118) va pdc3-downstr-R2-P (SEQ ID NO: 119;
phosphoryl héa tan cung 5') dugc st dung lam cac doan mdi PCR.

(f) Chuyén gen bing ban gen

Bing cac quy trinh tuong tu nhu trong doan (10), dung dich chira hat vang
ADN chitta ADN s¢i don da duoc chuén bi, va sy chuyén gen dén céc bao tir ctia
chung 02T6 dugc thuc hién sir dung dung dich nay, sau do la nudi cAy cac bao
tir thu duge. ADN soi don duge st dung la ADN soi don duogc chuan bi trong
doan (15)(e). Céc vecto biéu hién TALEN duoc st dung 14 pcipC-LeftTALEN-
pdc3 va peipC-Right TALEN-pdc3 dugc chuén bi trong doan (15)(b). Vecto biéu

hién exonucleaza dugc str dung 13 peipC-exol duge chuan bi trong doan (15)(c).
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Ty 18 nong do giita pcipC-Left TALEN-pdc3, pcipC-Right TALEN-pdce3, peipC-
exol, va ADN sgi don trong dung dich ADN duogc dét thanh khoang 1:1:1:2.
(g) Lua chon ching khuyét gen pdc3

Bing céc quy trinh twong tu nhu trong doan (11), cac bao tir dugc thu thip
tir c4c té bao ndm duogc nudi cdy trong doan (15)(f), va viée phan 1ap cac ching
ndm va chuin bi dung dich khuén hé gen dugc thuc hién. Sau do, ching khuyét
gen pdc3 véi doan viung gen trpC duogc kich hoat tai locus gen pde3 da dugc
chon bang phuong phap PCR khuan lac sir dung dung dich khuén hé gen lam
khuén. Phuong phap PCR khuan lac duogc thuc hién st dung dung dich khuén
hé gen, céc doan méi pde3-up (SEQ ID NO: 120) va trpC(d)-1 (SEQ ID NO: 59),
va KOD FX Neo (Toyobo Co., Ltd.). Phuong phap PCR khuén lac sir dung cac
doan moi nay khuéch dai doan ADN c6 chiéu dai thich hop néu doan vung gen
trpC dugc kich hoat tai locus gen pdc3. Bing phuong phap PCR khuan lac, thu
duoc chiing ndm c6 manh khuéch dai ADN thu duogc 13 ching knock-in (chung
khuyét gen pdc3).
(h) Hiéu qua téi t6 hop twong dong tai locus gen pdc3

Chung khuyét gen pdc3 thu duoc nay duoc kiém tra hiéu qua tai to hop

tuong dong (Bang 10).

Bang 10
Chiéu dai Chiéudai | Sbluongcac | Sb lugng cac | Hiéu qua tai
trinh tu tuong | trinh tu twong | ching phan ching tai té | t6 hop tuong
ddng nguoc dong xubi lap hop tuong dong (%)
chiéu (bp) chiéu (bp) dong
1000 950 20 8 40
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Vi du 2: Chuén bi thé d6t bién ctia chi Rhizopus (Rhizopus oryzae)
(1) Chuén bi ching khuyét dudng adenin

Chtng Rhizopus oryzae NRBC5384 (sau day, dugc goi la chung 5384)
duoc st dung lam ching b me cia thé gen tii tb hop tuwong doéng. Ching
khuyét dudng adenin thu duoc bing cach sang loc trong s6 cac ching bi dot bién
bdi su chiu xa tia tir ngoai cac bao tir ciia chiing 5384. Qua trinh chiéu xa tia tir
ngoai dugc thuc hién bing cach chiéu xa trong 1 phut bing dén diét khuan
GL15 (Hitachi Appliances, Inc.). Cac bao tir dugc chiéu xa di dugc thu thap.
Trong s6 d6, da thu duoc ching Rhizopus oryzae AM002 c6 dot bién trong ving
gen adel va biéu hién khuyét dudng adenin. Ching Rhizopus oryzae AMO002
duoc sir dung 1am ching bd me dé chudn bi thé gen tai t6 hop tuong dong cta
Rhizopus oryzae trong céac vi du tiép theo.
(2) Chuan bi vecto plasmit cho Rhizopus oryzae

Poan trinh tu khéi ddu cua adhl dugc khuéch dai bang PCR sit dung
ADN hé gen cua ching 5384 lam khudn véi cac doan mdi pUC18-adhlpro-F
(SEQ ID NO: 121) va adhlpro-pUC18-R (SEQ ID NO: 122). Tiép theo, doan
ADN duogc khuéch dai bing PCR st dung pUC18 1am khuén véi cac doan moi
pUC18-Pael-F3 (SEQ ID NO: 38) va pUC18-Hind3-R3 (SEQ ID NO: 39). Hai
doan nay dugc gin bang cach s dung In-Fusion HD Cloning Kit (Clontech
Laboratories, Inc.) & chun bi plasmit pUC18-Padh (RO).

Sau d6, doan trinh tu két thuc cta adhl duge khuéch dai bé'mg PCR su

dung ADN hé gen cua ching 5384 lam khuén véi cac doan mdi adhlpro-
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adhlter-F (SEQ ID NO: 123) va adhlter-pUC18-R (SEQ ID NO: 124). Hon nita,
doan ADN duoc khuéch dai bang PCR st dung pUC18-Padh (RO) lam khuén
v6i cac doan mdi pUC18-Pael-F3 (SEQ ID NO: 38) va adhlpro-adhlter-R
(SEQ ID NO: 125). Hai doan nay dugc gén bang cach st dung In-Fusion HD
Cloning Kit (Clontech Laboratories, Inc.) dé chuén bi plasmit pUC18-Padh-
Tadh (RO).

(3) Chuén bi TALEN dé ph4 v& gen 1dhA.

Céc TALEN nhim vao locus gen ldhA da dugc chuén bi. Viéc chuén bi
TALEN d3 dugc gii dén Life Technologies Corp. dé thu dugc GeneArt
Precision TALSs (tén thuong mai cia TALEN do Life Technologies Corp. cung
cap). Kit ndy chtra hai polynucleotit ma hoa Left-TALEN va Right-TALEN cho
gen dich. Kit nham vao gen IdhA (SEQ ID NO: 148) chita Left TALEN-1dhA
(SEQ ID NO: 149) va RightTALEN-1dhA (SEQ ID NO: 150) m& hoéa cac
TALEN nhim vao trinh tu 5-TGCAGATGCTGCCAGTATA-3' (SEQ ID NO:
151) trong mach mang md cua gen IdhA wva ftrinh ty 5'-
TCCTCTGCGCTACCTGCTC-3' (SEQ ID NO: 152) trong mach d6i ma cia no,
tuong ung.

Polynucleotit mad hoa Left-TALEN cho gen ldhA dugc cheén vao vecto
biéu hién pUC18-Padh-Tadh (RO) cho R. oryzae da duoc chuén bi trong doan
(2) dé chudn bi vecto biéu hién TALEN dudi su kiém soat cla trinh tu khéi dau
adh1 va trinh tu két thuc adhl. Cu thé, doan vecto duoc khuéch dai béng PCR
stt dung pUC18-Padh-Tadh (RO) lam khudn véi cdc doan mdi adhlpro(o)-R

(SEQ ID NO: 126) va adhlter(o)-F (SEQ ID NO: 127). Sau do6, doan
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LeftTALEN-IdhA dugc khuéch dai bang PCR st dung LeftTALEN-1dhA [am
khuon vé6i cac doan mdi adhlpro(o)-LifeTALEN-F (SEQ ID NO: 128) va
LifeTALEN-adhlter(o)-R (SEQ ID NO: 129). Hai doan nay chira cic vung
chdng 14n nhau béi 15 bazo. Hai doan nay duoc gén bang cach sir dung In-
Fusion HD Cloning Kit (Clontech Laboratories, Inc.) dé thu dugc plasmit padh-
LeftTALEN-1dhA (RO) chita LeftTALEN-1dhA.

Tuong tu, polynucleotit ma héa Right-TALEN cho gen IdhA da dugc
chén vao vecto biéu hién pUC18-Padh-Tadh (RO) dé chuin bi vecto biéu hién
TALEN duéi su kiém soét cta trinh tu khoi ddu adhl va trinh tu két thic adhl.
Cu thé, doan vecto dugc khuéch dai bang PCR str dung pUC18-Padh-Tadh (RO)
Jam khudn véi cdc doan mdi adhlpro(o)-R (SEQ ID NO: 126) va adhlter(o)-F
(SEQ ID NO: 127). Sau d6, doan RightTALEN-IdhA dugc khuéch dai bang
PCR sur dung RightTALEN-IdhA lam khuén véi cic doan mdi adhlpro(o)-
LifeTALEN-F (SEQ ID NO: 128) va LifeTALEN-adhlter(o)-R (SEQ ID NO:
129). Hai doan nay chura cac vung chdng 14n nhau boi 15 bazo. Hai doan nay
dugc gin bang cach sir dung In-Fusion HD Cloning Kit (Clontech Laboratories,
Inc.) dé thu dugc plasmit padh-RightTALEN-1dhA (RO) chira RightTALEN-
1dhA.

(4) Chuén bi plasmit cho adel knock-in nhim vao locus gen 1dhA

Plasmit padel-knock-in (1dhA) dé loai bé mot phan gen 1dhA ORF va kich
hoat ving gen adel tai locus gen 1dhA da dugc chuan bi. Cu thé, doan vecto
pUC18 dugc khuéch dai béng cach str dung pUC18 lam khuon v6i cac doan mdi

pUC18-Pael-F3 (SEQ ID NO: 38) va pUCI18-Hind3-R3 (SEQ ID NO: 39).
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Doan vi tri trinh tu khoi dau gen ldhA chira mot ph?m gen ldhA dugc khuéch dai
bing cach st dung ADN hé gen cta chung 5384 lam khuon véi cac doan moi
ldhA-upstr-F (SEQ ID NO: 130) va ldhA-upstr-R2 (SEQ ID NO: 131). Doan vi
tri trinh tu két thuc gen 1dhA dugc khuéch dai béng cach sir dung ADN hé gen
cua chung 5384 lam khudn véi cac doan moi 1dhA-downstr-F2 (SEQ ID NO:
132) va ldhA-downstr-R (SEQ ID NO: 133). Ba doan nay dugc gén bang cach
st dung In-Fusion HD Cloning Kit (Clontech Laboratories, Inc.) dé chuan bi
pknock-in (1dhA).

Sau d6, doan ADN dugc khuéch dai bang cach sir dung pknock-in (IdhA)
]am khuén véi cac doan mdi 1dhA-upstr-R (SEQ ID NO: 134) va 1dhA-downstr-
F (SEQ ID NO: 135). Poan viung gen adel dugc khuéch dai bang cach sir dung
ADN hé gen ctia chung 5384 lam khudn véi cac doan méi adelpro-R (SEQ ID
NO: 136) va adelter-F (SEQ ID NO: 137). Hai doan nay dugc gén bing céch sir
dung In-Fusion HD Cloning Kit (Clontech Laboratories, Inc.) dé chuan bj padel
knock-in (1dhA).
(5) Chuén bi ADN soi dbi

Doan ADN duogc khuéch dai bang cach sir dung plasmit padel knock-in
(IdhA) lam khuon véi cac doan moi 1dhA-upstr-F2 (SEQ ID NO: 138) va 1dhA-
downstr-R2-P (SEQ ID NO: 139; phosphoryl héa tan cung 5'). Khu6n bi phan
huy do xtr ly Dpnl (Toyobo Co., Ltd.). Sau do, san pham dugc tinh ché bang
phuong phép xt ly phenol/cloroform/ruou isoamyl va xtr ly két tia bang etanol.
San pham tinh khiét dugc hoa tan trong mét lugng nudc khong c6 DNaza thich

hop dé thu dugc dung dich ADN soi doi dé pha v&r gen IdhA.
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(6) Chuén bi ADN sgi don

Sau d6, ADN soi1 doi thu dugce trong doan (5) duge xur ly béng Lambda
Exonucleaza (NEW ENGLAND BioLabs Inc.) va sau dé dugc tinh ché theo
cach tuong tu nhu trén dé thu duoc ADN soi don. Qu4 trinh xt 1y Lambda
Exonucleaza dugc thuc hién qua dém & 37°C.
(7) Chuyén gen biang ban gen

Bing cic quy trinh tuong tu nhu trong Vi du 1(10), dung dich chta hat
vang ADN chira ADN so¢i don hoac s¢i d6i da duoc chuan bi, va viéc chuyén
gen vao cac bao tu cia chung AMO002 dugc thuc hién st dung dung dich nay,
sau d6 13 nudi ciy cac bao tir thu dugc. ADN soi don hodc ADN soi dbi dugc st
dung 1a ADN soi don hoic ADN soi d6i dugc chuan bj trong doan (6) hoic (5).
Céc vecto biéu hién TALEN duoc sir dung 14 padh-LeftTALEN-1dhA (RO) va
padh-Right TALEN-1dhA (RO) dugc chudn bi trong doan (3). Vecto biéu hién
exonucleaza duoc sir dung 13 pldh-exol duoc chuén bi trong Vi du 1(4). Ty lé
noéng do giita padh-LeftTALEN-1dhA (RO), padh-RightTALEN-1dhA (RO),
pldh-exol, va ADN sg¢i don hodc ADN soi d6i trong dung dich ADN duogc dat
thanh khoang 1:1:1:2.
(8) Lua chon ching khuyét gen IdhA

Céc bao tir dugc thu thap tir t& bao ndm duoc nudi ciy trong doan (7).
Viéc phan 1ap cac ching ndm va chuén bi dung dich khuén hé gen dugc thuc
hién theo c4c quy trinh twong tu nhu trong Vi du 1(11). Sau dé, ching khuyét
gen IdhA véi doan vung gen adel dugc kich hoat tai locus gen IdhA di dugc

chon loc bang phuong phap PCR khuén lac sir dung dung dich khudn hé gen
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lam khuon. Phuong phap PCR khudn lac dugc thuc hién st dung dung dich
khuén hé gen, doan mdi 1dhA-up (SEQ ID NO: 140) va adel-15 (SEQ ID NO:
141), va KOD FX Neo (Toyobo Co., Ltd.). Phuong phip PCR khuén lac str
dung cac doan mdi nay sé khuéch dai doan ADN c¢6 chiéu dai thich hop néu
doan ving gen adel dugc kich hoat tai locus gen 1dhA. Bing phuong phap PCR
khuan lac, thu duoc ching nim c6 doan khuéch dai ADN thu dugc 1a ching
knock-in (ching khuyét gen 1dhA).
(9) So sanh hiéu qua tai t hop tuong ddng & Rhizopus oryzae
(a) ADN sgi don va ADN soi doi

Hiéu qua tai t6 hop twong dong dugc so sanh gitta ADN sgi doi va ADN
s¢i don dugc st dung lam ADN nguoi cho. Céc két qua duogc thé hién trong
Bang 11. Khéng thé thu duoc ching tii t6 hop twong ddng cé trinh tu chudi dai
duoc chuyén bang cach sir dung ADN soi ddi, trong khi ching tai t6 hop tuong

ddng c6 trinh ty chudi dai dugc chuyén di thu duoc thanh cong biang cach str

dung ADN soi don.
Bang 11
Piéukiénthir | Chiudai | S6luongcéc | SO lwong cac | Hiéu qua tai
nghiém trinh ty trong | chung phan ching tait6 | t6 hop tuong
dong (bp) lap hop tuong dong (%)
dong
ADN sgi d6i 1000 24 0 0
ADN sgi don 1000 24 18 75

* "Chiéu dai trinh tu tuong dong" thé hién rang cac trinh ty tuong dong c6 chieu
dai duoc hién thi trong bang c6 mat & hai dau nguoc chi€u va xudbi chiéu cua

ADN soi don hodc ADN soi doi.
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YEU CAU BAO HOQ

1. Phuong phép san xudt nidm dot bién thudc chi Rhizopus, trong d6 phuong
phap nay bao gom:

chuyén ADN nucleaza c¢6 thé lap trinh va ADN sg¢i don vao ndm chu
thudc chi Rhizopus, va

thay thé ving nguoc chiéu va ving xudi chiéu cua vi tri phan cit cho
ADN nucleaza c6 thé 14p trinh trong ADN hé gen ctia vat chu bang ADN soi
don thong qua tai tb hop tuong dong;

trong d6 chiéu dai cua ADN soi don 14 tir 2000 bp dén 11 kbp,

ADN soi don bao gdm hai trinh tuy ADN twong tig bao gdm céc ving

trong dong véi ving nguoc chidu va ving xubi chidu cta vi tri phan ct

trong ADN hé gen cua nam chu thudc chi Rhizopus, va

mdi chiéu dai cta hai trinh tw ADN 13 tir 25 bp tr& 1én.

2. Phuong phép theo diém 1, trong d6 ADN soi don bao gbm trinh tu chén duoc

chén vao ADN hé gen ctia ndm chu thudc chi Rhizopus.

3. Phuong phap theo diém 2, trong d6 chiéu dai cta trinh tu duge chén 1a tr 1

kbp dén 10 kbp.

4. Phuong phap theo diém bt ky trong sb céc diém tir 1 dén 3, trong d6 ADN
nucleaza c6 thé 14p trinh 1a ADN nucleaza nhan tao dua trén cong nghé TALEN,

CRISPR-Cas9, CRISPR-Cpfl hodc ZFN.

-53-



39481

5. Phuong phap theo diém bét ky trong sb cac diém tir 1 dén 4, trong d6 ndm
thudc chi Rhizopus 14 Rhizopus delemar hodc Rhizopus oryzae.

6. Phuong phap theo diém bét ky trong sd cac diém tir 1 dén 5, trong d6 phuong
phap nay bao gém thém budc biéu hién exonucleaza ngoai lai trong ndm chu
thudc chi Rhizopus.

7. Phuong phéap theo diém 6, trong d6 exonucleaza ngoai lai 1a exonucleaza c6

nguon goc tir nam thudce chi Rhizopus.
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DANH MUC TRINH TU

Phién ban sang ché 3.5

Rhizopus delemar

tcaacatctc

tgatttcaac

tatagccctt

acgaattgaa

Phuong phap san xudt ndm sgi dét bién

cttaaccgtc
atggtaagca
gttggatatc

tgcatcttat
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ttaaggaaat

gacaattgaa

attgaagatg

gcagctgatg

caacattgat

ttgaacgaga

acccagaact

gttatgctcg

60

120

180

240



tattcgtggt
cggtattgct
tactaaatcc
tgtgttcttc
ggccattgca
cattggtatc
cctcaagacc
cacggatgcg
ccagagatgc
tgctcctatg
gggtaatgtc
agtgggctcc
caagacgatc
ctccatgctc
caacctgggt
ctacttttgg
‘cggtacagct
ccaattcctc
cgctcgtgat
agaaatctct
cggttacttg
gtgggaatac
gggtgttcct
catgagacag

atttgactct

<210> 2
<211> 3006

<212> ADN

gcaggtgctg

ggttcatact

caagctgccg

aacatgtcct

gaaattgacc

cctatcgatc

gaattaccca

atcgccaaag

caaaaggcag

ggtaagggtg

acattggaag

atcaagtctg

accttgcact

gaattcattc

ccccgceccaa

cacaaggtac

gaatttgctt

tggggctcta

cgtcgtgtgt

ggcttccttc

atcgaaaaac

agcaagacgc

cccgttgget

gttcaagcca

cctcgtgaac
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ttgtcactac

ctgagatgct

gtgccatgct

ccatgattgce

gtgtgatctc

tgatcaagac

aaaacccagc

cccaattccc

tacaagcctt

ccgttgacga

cagtgaatga

atttcaacac

cctttgccac

ctctcttgac

gacccgtacc

ccgaattcat

cactcaacat

tcggtttctc

atctctttgt

gccatggttt

tcattcacgg

ttgattattt

tcgaaggcaa

atcctgacaa

ttgaactctt

ctttggtgta
tccecgtgatt
tcaccactct
ctgtgcctct
ccaagctgtt
tgaggttgaa
tgatgtccaa
tgtgattgtt
tatcgaacgt
atcctctgtg
agagatcaag
gggtaacttt
catcgtgttt
ccaagccctt
tatccaaccc
ggatéagaac
ggacggaccc
agtaggtgcc
cggtgatggt
gacacctgtg
tcccgaacgt
cggtgctcat
ggtagccaca
gattcatttc

ggttgccaac

-56-

ggtgagctgt
cacatcgtcg
ttgggtgacg
gctcacctca
ctctccaagc
gtacctgagc
gcgattgcct
gtcgatggct
actggtttcc
agttaccgtg
caagccgatt
tcatactctc
tgtgctgaat
cccgaacaac
ggtaccgaaa

gccattgtct

aagggaacga

gctgtgggtg

tccttccaat

atcttcttgce

gcctataata

cttgaacaca

cgcgatgaat

cttgaagtca

tctgaaaacc

ctgctgtcaa

gtactccttc

gtaactttga

agaaacaaac

gtacaggtta

ccattcctgc

tgagagtggt

gtgtgcttcg

ctacttatgt

gctgctactc

tgatcatcga

tcgaccgttc

accaaaaggt

cccgtcaatt

tcacccacaa

gtgccgagac

cttatatcac

ctgcgatcgce

tgacctgtca

tgaacaatga

actttcaaat

acaagtccat

ttgaatccgce

ttatgcctca

gttaa
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720
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1200
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1380

1440

1500

1560

1620

1680

1735
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<213> Trinh tu nhé&n tao

<220>

<223> LeftTALEN-pdcl

<400> 2

atggactaca
gatgacaaga
gtggacttga
aggagcaccg
attgtcgcgce
atgattgcgg
tcgggagcgc
ctccagctcg
gaggcagtgce
caggtagtcg
ttgttgccgg
tcgcatgacg
caagcccacg
caggcgctgg
ccagaccagg
caaaggttgt
atcgcgaaca
ctttgtcaag
gggaaacaag
ttgacgcctg
acagtacagc
gtcgcaatcg
ccggtccttt

ggagggggaa

cacggcctga

aagaccatga
tggcccccaa
ggacactcgg
tcgcgcaaca
tttcacagca
ccctgccecga
gagcacttga
acaccgggca
acgcctggceg
caatcgcgaa
tcectttgtca
gagggaaaca
gtttgacgcc
aaacagtaca
tagtcgcaat
tgccggtect
ataatggggg
accatggcct
cattggagac
cacaagtggt
gcctgctgece
cgtcgaacat
gtcaagacca
agcaagccct

ctcccgatca

cggtgattat
gaagaagagg
ttattcgcaa
ccacgaggcg
ccctgcggeg
agccacgcac
ggcgctgcetg
gctgctgaag
caatgcgctc
caataatggg
agaccacggc
agcattggag
tgcacaagtg
gcgcctgcetg
cgcgtcaaac
ttgtcaagac
aaagcaagcc
gactcccgat
tgtccaacgg
cgccatcgcc
tgtactgtgc
tgggggaaag
cggcctgacc
ggaaaccgtg

agttgtagcg

aaagatcatg

aaggtgggca
cagcaacagg
cttgtggggc
cttgggacgg
gaggcaattg
actgtggcgg
atcgcgaaga
accggggccc
ggaaagcaag
ctgactcccg
actgtccaac
gtcgccatcg
cctgtactgt
ggagggggaa
cacggcctga
ctggaaaccg
caagttgtag
ctccttcecg
agcaatggcg
caggatcatg
caagccctgg
ccagaccagg
caaaggttgt

attgcgtcca
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acatcgatta

ttcaccgcgg

agaaaatcaa

atggcttcac

tggctgtcaa

taggggtcgg

gtgagcttag

gagggggagt

ccttgaactt

ccctggaaac

atcaagttgt

ggctccttcc

ccagccatga

gccaggatca

agcaagccct

ccccagacca

tgcaaaggtt

cgattgcgtc

tgttgtgtca

gcggtaagca

gactgacccc

aaaccgtgca

tagtcgcaat

tgccggtect

acggtggagg

caaggatgac

ggtacctatg

gcctaaggtc

tcatgcgcat

ataccaagat

taaacagtgg

ggggcctccg

aacagcggta

gaccccagac

cgtgcaaagg

agcgattgcecg

cgtgttgtgt

tggcggtaag

tggactgacc

ggaaaccgtg

ggtagtcgca

gttgccggtc

gcatgacgga

agcccacggt

ggcgctggaa

agaccaggta

aaggttgttg

cgcgtcaaac

ttgtcaagac

gaaacaagca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500



ttggagactg
caggtagtcg
ttgttgccgg
tcgaacattg
caagcccacg
caggcgctgg
ccagaccagg
caaaggttgt
atcgcgtcaa
ctttgtcaag
gggaaacaag
ctgacacccg
tccatcgtag
ctggtggcegt
cctcatgctc
cgagtcgcgg
cataaattga
actcaggata
agaggtaaac
cctattgatt
attggccaag
atcaacccta
tttgtgagtg
actaattgta
aaagccggca

ttttaa

<210> 3
<211> 3006

<212> ADN

tccaacggcet

caatcgcgtc

tcctttgtca

gagggaaaca

gtttgacgcc

aaacagtaca

tagtcgcaat

tgccggtcect

acggaggggg

accacggcect

cattggagac

aacaggtggt

cccaattgtc

tggcatgtct

ccgcattgat

gatcccaact

aatatgtgcc

gaattcttga

atttgggtgg

acggtgtgat

cagatgaaat

atgaatggtg

gtcactttaa

atggagctgt

cattaacctt
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ccttccegtg
aaacattggg
agaccacggc
agcattggag
tgcacaagtg
gcgcctgetg
cgcgtcaaac
ttgtcaagac
aaagcaagcc
gactcccgat
tgtccaacgg
cgccattgct
caggcccgat
tggtggacga
caaaagaacc
agtcaaaagt
tcatgaatat
aatgaaggta
atcaaggaaa
cgtggatact
gcaacgatat
gaaagtctat
aggaaactac
tcttagtgta

agaggaagtc

ttgtgtcaag

ggaaagcaag

ctgactcccg

actgtccaac

gtcgccatcg

cctgtactgt

attgggggaa

cacggcctga

ctggaaaccg

caagttgtag

ctccttcceccg

aataataacg

cccgegttgg

cccgcecgceteg

aaccggcgga

gaactggagg

attgaattaa

atggaatttt

ccggacggag

aaagcttata

gtcgaagaaa

ccatcttctg

aaagctcagc

gaagagcttt

agacggaaat
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cccatggatt

ccctggaaac

atcaagttgt

ggctccttcce

ccagcaatat

gccaggatca

agcaagccct

ccccagacca

tgcaaaggtt

cgattgcgtc

tgttgtgtca

gaggacggcc

ctgcgttaac

atgcagtcaa

ttcccgagag

agaagaaatc

ttgaaattgc

ttatgaaagt

caatttatac

gcggaggtta

atcaaacacg

taacggaatt

ttacacgatt

taattggtgg

ttaataacgg

gaccccagac

cgtgcaaagg

agcgattgcg

cgtgttgtgt

tggcggtaag

tggactgacc

ggaaaccgtg

ggtagtcgca

gttgccggtc

gcatgacgga

agcccacggt

agccttggag

gaatgaccat

aaagggtctg

aacttcccat

tgaacttcgt

cagaaattcc

ttatggatat

tgtcggatct

taatctgcca

aaacaaacat

taagttttta

aaatcatatc

agaaatgatt

cgagataaac

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3006
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<213> Trinh ty nhédn tao

<220>

<223> RightTALEN-pdcl

<400> 3

atggactaca
gatgacaaga
gtggacttga
aggagcaccg
attgtcgcge
atgattgcgg
tcgggagcgce
ctccagctcg
gaggcagtgc
caggtagtcg
ttgttgccgg
aataacaatg
caagcccacg
caggcgctgg
ccagaccagg
caaaggttgt
atcgcgtcaa
ctttgtcaag
gggaaacaag
ttgacgcctyg
acagtacagc
gtcgcaatcg

ccggtccttt

ggagggggaa

aagaccatga
tggcccccaa
ggacactcgg
tcgcgcaaca
tttcacagca
ccctgeeccga
gagcacttga
acaccgggca
acgcctggeg
caatcgcgte
tcctttgtca
gagggaaaca
gtttgacgcc
aaacagtaca
tagtcgcaat
tgccggtcect
acggagggygg
accacggcct
cattggagac
cacaagtggt
gcctgcectgcece
cgtcacatga
gtcaagacca

agcaagccct

cggtgattat

gaagaagagg

ttattcgcaa

ccacgaggcg

ccctgcggceg

agccacgcac

ggcgctgcetg

gctgctgaag

caatgcgctc

aaacggaggg

agaccacggc

agcattggag

tgcacaagtg

gcgcctgcetg

cgcgtcaaac

ttgtcaagac

aaagcaagcc

gactcccgat

tgtccaacgg

cgccatcgcece

tgtactgtgc

cgggggaaag

cggcctgacc

ggaaaccgtg

aaagatcatg

aaggtgggca
cagcaacagg
cttgtggggce
cttgggacgg
gaggcaattg
actgtggcgg
atcgcgaaga
accggggccc
ggaaagcaag
ctgactcccg
actgtccaac
gtcgccatcg
cctgtactgt
ggagggggaa
cacggcctga
ctggaaaccg
caagttgtag
ctccttecececg
agccatgatg
caggatcatg
caagccctgg
ccagaccagg

caaaggttgt

-5O-

acatcgatta

ttcaccgcgg

agaaaatcaa

atggcttcac

tggctgtcaa

taggggtcgg

gtgagcttag

gagggggagt

ccttgaactt

ccctggaaac

atcaagttgt

ggctccttcc

ccagcaatat

gccaggatca

agcaagccct

ccccagacca

tgcaaaggtt

cgattgcgtc

tgttgtgtca

gcggtaagca

gactgacccc

aaaccgtgca

tagtcgcaat

tgccggtcect

caaggatgac
ggtacctatg
gcctaaggtc
tcatgcgcat
ataccaagat
taaacagtgg
ggggcctccg
aacagcggta
gaccccagac
cgtgcaaagg
agcgattgcg
cgtgttgtgt
tggcggtaag
tggactgacc
ggaaaccgtg
ggtagtcgca
gttgccggtc
gaacggtgga
agcccacggt
ggcgctggaa
agaccaggta
aaggttgttg
cgcgtcaaac

ttgtcaagac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440



cacggcctga
ttggagactg
caggtagtcg
ttgttgccgg
tcgaacattg
caagcccacg
caggcgcetgg
ccagaccagg
caaaggttgt
atcgcgtcac
ctttgtcaag
gggaaacaag
ctgacacccg
tccatcgtag
ctggtggegt
cctcatgctc
cgagtcgcgg
cataaattga
actcaggata
agaggtaaac
cctattgatt
attggccaag
atcaacccta
tttgtgagtg
actaattgta
aaagccggca

ttttaa

<210> 4

<211> 1733

ctcccgatca
tccaacggct
caatcgcgtc
tcctttgtca
gagggaaaca
gtttgacgcc
aaacagtaca
tagtcgcaat
tgccggtcect
atgacggggg
accatggcct
cattggagac
aacaggtggt
cccaattgtc
tggcatgtct
ccgcattgat
gatcccaact
aatatgtgcc
gaattcttga
atttgggtgg
acggtgtgat
cagatgaaat
atgaatggtg
gtcactttaa
atggagctgt

cattaacctt

39481

agttgtagcg
ccttccecgtg
aaacattggg
agaccacggc
agcattggag
tgcacaagtg
gcgcctgetg
cgcgtcaaac
ttgtcaagac
aaagcaagcc
gactcccgat
tgtccaacgg
cgccattgcet
caggcccgat
tggtggacga
caaaagaacc
agtcaaaagt
tcatgaatat
aatgaaggta
atcaaggaaa
cgtggatact
gcaacgatat
gaaagtctat
aggaaactac
tcttagtgta

agaggaagtc

attgcgtcca

ttgtgtcaag

ggaaagcaag

ctgactcccg

actgtccaac

gtcgccatcg

cctgtactgt

attgggggaa

cacggcctga

ctggaaaccg

caagttgtag

ctccttcceg

aataataacg

cccgegttgg

cccgcegceteg

aaccggcgga

gaactggagg

attgaattaa

atggaatttt

ccggacggag

aaagcttata

gtcgaagaaa

ccatcttctg

aaagctcagc

gaagagcttt

agacggaaat

-60-

acggtggagg
cccatggatt
ccctggaaac
atcaagttgt
ggctccttcce
ccaacaacaa
gccaggatca
agcaagccct
ccccagacca
tgcaaaggtt
cgattgcgaa
tgttgtgtca
gaggacggcc
ctgcgttaac
atgcagtcaa
ttcccgagag
agaagaaatc
ttgaaattgc
ttatgaaagt
caatttatac
gcggaggtta
atcaaacacg
taacggaatt
ttacacgatt
taattggtgg

ttaataacgg

gaaacaagca
gaccccagac
cgtgcaaagg
agcgattgceg
cgtgttgtgt
cggcggtaag
tggactgacc
ggaaaccgtg
ggtagtcgca
gttgccggtc
taacaatgga
agcccacggt
agccttggag
gaatgaccat
aaagggtctg
aacttcccat
tgaacttcgt
cagaaattcc
ttatggatat
tgtcggatct
taatctgcca
aaacaaacat
taagttttta
aaatcatatc
agaaatgatt

cgagataaac

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3006



<212> ADN
<213>
<220>
<223> pdc2
<400> 4

atgccttcta
gtagtctttg
agttgtattt
cgtggggtaa
ttcgtggtgc
gtgttgctgg
ctaaatctca
tgttcttcaa
ctatcgcaga
tcggtatccce
ttcagaccac
ccgaagccat
accgctgtca
ctcccatggg
gtaacgtgac
ttggttcgat
agacgatcac
ccatgatgga
acttgggtcc
acttttggca
gtacagccga
aaatcctttg

ctcgtgatcg

tccaaatcgg

gtgttcctgg

atatccttct

taatgctaat

gggtgctgtc

ttcttatgct

agctgctggt

catgtcctcc

aattgaccgt

tattgacttg

acttcccaag

tcagtctgcc

gaaacccgtc

caagggcgcc

actggaggct

caagtctgat

cttgcattct

attcattcct

acgtgcaaag

caaggtaccc

atttgcttca

gggttctatc

tcgtgtgtat

39481

Rhizopus delemar

tcaacatctt

tgacttcaac

tagcctttac

gaattgaacg

gtcactacgt

gagatgcttc

gctatgcttc

atgattgcct

gtcatctctc

atcaagaccg

aacaacccag

aagcatcctg

caggaattca

gtggatgagt

gtcaatgaag

ttcaacacag

tttgctacga

ctcttgaccc

cctgtgccga

gagtacatgg

ctcaacatgg

ggtttcacgg

ctctttgtcg

cttaaccgtc
atggtaaatg
tggatatcat
cttcttatgc
ttggtgttgg
ctgtgattca
accactctct
gtgcatctac
aagctgtcct
aagtcgaaat
aagtccaagc
tgatcattgt
tcacccgttce
ccattgagaa
aaatcaaact
gtaacttttc
tcgtgttttg
aggcccttcece
tccaacccgg
aagaaaacgc
atggtcccaa
taggtgcctc

gtgatggttc

-61-

tcaaggaaat

aatataaaga

tgaagacgac

agctgatggt

tgaactctct

cattgtcggc

gggtgatggt

tcatctcaag

ctcaaaacgt

tccagaggaa

gatcgccttg

cgatggctgt

cggtttccca

tttcegtggt

ggccgatttg

atactccctc

tgcagagtac

ccaacaacct

aactgaaatc

gattgtctgt

gggtacgaca

tgtaggtgcc

cttccaactg

taacattgat

gtgatgaaca

ccaaagctta

tatgctcgta

gctgtgaatg

acaccttcta

aattttgatg

aagcagactg

acgggttaca

ttaagtcctc

aaggtcgtca

gtccttecgtce

acctacgtgg

tgttattcgg

attattgaga

gatcgttcca

caaaaggtct

cgtatgttca

acccacaatt

gcagagaccg

tatatcaccc

gctatcgccg

acctgccaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



aaatcgctgt
gttacttgat
ggaattacca
gtgttcctcc
tgaagcaagt

ttgatgcccc

<210> 5
<211>
<212> ADN
<213>
<220>

<223>

<400> 5

atgggaaaac
aagaaaaagc
cagcaggaga
gtgggacacg
ggaacagtgg
gccattgtgg
gtggccggag
gccaaaaggg
ggagcccctce
aagcaggccc
acacctgaac
gtgcagcggc
gctattgctt

gtgctgtgcc

3075

tttccttegt

tgaaaaactc

caagaccctt

cgttggtttc

tcaagccaac

tcgtgaactt

Nhédn tao

LeftTALEN-pdc2

ctattcctaa
ggaaggtgga
agatcaagcc
gatttacaca
ccgtgaaata
gagtgggaaa
aactgagagg
gcggagtgac
tgaacctgac
tggaaaccgt
aggtggtgge
tgctgcctgt
ccaacggcgg

aggctcacgg

39481

catggcctca

attcacggtc

gactatttcg

gaaggcaagg

cctaacaaga

gaattattgg

tcctcetgetg

cggcggagtg

caaggtgaga

cgcccacatt

tcaggatatg

acagtggtct

acctcctctg

cgcggtggaa

ccccgaacag

gcagagactg

tatcgcctct

gctgtgtcag

ggggaaacag

actgaccccc

cacctgtcat
ctgatcgtgc
gtgctcatct
tggccacacg
ttcatttcct

ttgccaactc

ggcctggatt
gacctgagaa
tctacagtgg
gtggccctgt
attgccgccce
ggagccagag
cagctggata
gccgtgcacg
gtggtggcca
ctgcccgtgce
aacaacggag
gctcacggct

gccctggaaa

gaacaggtgg

-62-

cttcttgctg

ttacaataat

tgaacacaac

tgatgaattc

tgaagtcatt

tgaaaaccga

ctaccggagg

cactgggata

Ccccagcacca

ctcagcaccc

tgcctgaggce

ccctggaagce

caggacagct

cctggagaaa

ttgccagcaa

tgtgccaggce

gaaaacaggc

tgactccaga

ctgtgcagcg

tggccattgce

aacaatgacg
taccaaatgt
aagtccatgg
gaatcggcca
atgcctcaat

taa

catggcccct
ttctcagcag
cgaagccctg
tgccgccectg
cacacacgaa
cctgctgaca
gctgaagatt
tgccctgaca
caacggcggc
ccatggcctg
tctggaaaca
acaggtggtg
cctgctgcca

cagcaacaac

1440

1500

1560

1620

1680

1733

60

120

180

240

300

360

420

480

540

600

660

720

780

840



ggcggcaage

ggcctgacac

gaaacagtgc

gtggtggcta

ctgccagtgc

aacaacggcg

gcccatggcece

gctctggaaa

gaacaggtgg

cgcctgctge

gccagcaaca

tgccaggccce

aaacaggctc

actccagaac

gtgcagcgcecc

gccattgcca

gtgctgtgcecce

ggaggaaaac

ggcttgactc

gaaactgtgc

gtggtggcca

ctgccecgtgce

aatatcggag

gctcacggct

gccctggaga

aatgatcacc

aaaggactgc

acctctcaca

gagctgagac

agaaatagca

aggccctgga

ctgaacaggt

agcggctgct

ttgcttccaa

tgtgccaggce

gcaagcaggc

tgacacctga

cagtgcagcg

tggctattgc

cagtgctgtg

acggcggcaa

atggcctgac

tggaaacagt

aggtggtggce

tgctgccagt

gcaacggcgg

aggcccatgg

aagcactcga

cagaacaggt

agcgcctgcet

ttgccagcaa

tgtgccaggce

gaaaacaggc

tgactccaca

gcattgtggce

tggtggccct

ctcacgcccc

gagtggccgg

acaagctgaa

cccaggatag

39481

aaccgtgcag

ggtggctatc

gcctgtgctg

cggcgggggg

tcacgggctg

cctggaaacc

acaggtggtg

gctgctgcecct

ttccaacggc

ccaggctcac

gcaggccctg

acctgaacag

gcagcggctg

tattgcttcc

gctgtgccag

cggcaagcag

cctgacacct

gacagtgcag

ggtggctatt

gccagtgctg

c¢ggcggcegge

ccatggcctg

tctggaaaca

gcaggtegtg

ccagctgtct

ggcctgtctg

tgccctgatc

atcccagctg

gtacgtgcct

aatcctggag

agactgctgc
gcctctaacg
tgtcaggctc
aaacaggccc
acccccgaac
gtgcagagac
gctatcgcct
gtgctgtgtc
ggggggaaac
ggcctcactc
gaaaccgtgc
gtggtggcta
ctgcctgtgce
aacggcgggg
gctcacggac
gccctggaaa
gaacaggtgg
cggctgctgce
gcttccaacg
tgccaggctc
aagcaggccc
acacctgaac
gtgcagcggc
gcaattgcta
agacctgatc
ggaggcagac
aagagaacaa
gtgaaatctg
cacgagtaca

atgaaggtga

-63-

ccgtgcectgtg

gcggaggaaa

acggcttgac

tggaaactgt

aggtggtggce

tgctgcccgt

ctcacgacgg

aggctcacgg

aggccctgga

ccgaacaggt

agagactgct

tcgcctctaa

tgtgtcaggce

ggaaacaggc

tgacccccga

ccgtgcagag

tggctatcgc

ctgtgctgtg

gcggggggaa

acgggctgac

tggaaaccgt

aggtggtggce

tgctgcctgt

gcaacggcgg

ctgccctgge

ctgccctgga

atagaagaat

agctggagga

tcgagctgat

tggagttctt

ccaggcccat
acaggctctg
tccagaacag
gcagcgcctg
cattgccagc
gctgtgccag
aggaaaacag
cttgactcca
aactgtgcag
ggtggccatt
gcccgtgcetg
caacggagga
tcacggcttg
cctggaaact
acaggtggtg
actgctgccc
ctctcacgac
tcaggctcac
acaggccctg
ccccgaacag
gcagagactg
tatcgcctct
gctgtgtcag
cggacggccce
cgccctgaca
tgccgtgaaa
ccccgagcegg
gaagaagtct
cgagatcgcc

catgaaggtg

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640



tacggctaca
gtgggcagcce
aatctgccta
aacaagcaca
aagttcctgt
aaccacatca
gagatgatta

gagatcaact

<210> o6
<211> 3075
<212> ADN
<213>

<220>

<223>

<400> 6

atgggaaaac
aagaaaaagc
cagcaggaga
gtgggacacg
ggaacagtgg
gccattgtgg
gtggccggag
gccaaaaggg
ggagccccte
aagcaggccc
acacctgaac

gtgcagcgge

gaggaaagca

ctatcgatta

ttggacaggc

tcaaccctaa

ttgtgagcgg

caaattgtaa

aggccggaac

tctga

Nhén tao

RightTALEN-pdc?2

ctattcctaa

ggaaggtgga

agatcaagcc

gatttacaca

ccgtgaaata

gagtgggaaa

aactgagagg

gcggagtgac

tgaacctgac

tggaaaccgt

aggtggtggce

tgctgcctgt

39481

cctgggagga

tggcgtgatc

cgatgagatg

cgagtggtgg

ccacttcaag

tggcgcecgtg

actgacactg

tcctectgetg

cggcggagtg

caaggtgaga

cgcccacatt

tcaggatatg

acagtggtct

acctcctctg

cgcggtggaa

ccccgaacag

gcagagactg

tatcgcctct

gctgtgtcag

agcagaaaac
gtggatacaa
cagagatacg
aaggtgtacc
ggcaattata
ctgtctgtgg

gaggaggtga

ggcctggatt
gacctgagaa
tctacagtgg
gtggccctgt
attgccgccc
ggagccagag
cagctggata
gccgtgcacg
gtggtggcca
ctgcccgtgce
cacgacggag

gctcacggct

-64-

ctgacggagc

aggcctacag

tggaggagaa

cttctagcgt

aggcccagct

aggaactgct

gaagaaagtt

ctaccggagg

cactgggata

Cccagcacca

ctcagcaccc

tgcctgaggce

ccctggaagc

caggacagct

cctggagaaa

ttgccagcaa

tgtgccaggc

gaaaacaggc

tgactccaga

catttataca

cggaggctac

ccagaccagg

gaccgagttc

gaccaggctg

gattggagga

caacaacggc

catggcccct

ttctcagcag

cgaagccctg

tgccgccecctg

cacacacgaa

cctgctgaca

gctgaagatt

tgccctgaca

caacggcggce

ccatggcctg

tctggaaaca

acaggtggtg

2700

2760

2820

2880

2940

3000

3060

3075

60

120

180

240

300

360

420

480

540

600

660

720



gctattgctt
gtgctgtgcc
ggcggcaage
ggcctgacac
gaaacagtgc
gtggtggcta
ctgccagtgce
aacatcggcg
gcccatggcec
gctctggaaa
gaacaggtgg
cgcctgctgce
gccagcaaca
tgccaggccc
aaacaggctc
actccagaac
gtgcagcgcc
gccattgcca
gtgctgtgcc
ggaggaaaac
ggcttgactc
gaaactgtgc
gtggtggcca
ctgcccgtge
aatatcggag
gctcacggct
gccctggaga
aatgatcacc
aaaggactgc

acctctcaca

cccacgacgg

aggctcacgg

aggccctgga

ctgaacaggt

agcggctgct

ttgcttccca

tgtgccaggce

gcaagcaggc

tgacacctga

cagtgcagcg

tggctattgc

cagtgctgtg

acggcggcaa

atggcctgac

tggaaacagt

aggtggtgge

tgctgccagt

gcaacatcgg

aggcccatgg

aagcactcga

cagaacaggt

agcgcctgcet

ttgccagcca

tgtgccaggce

gaaaacaggc

tgactccaca

gcattgtggce

tggtggccct

ctcacgcccc

gagtggccgg

39481

ggggaaacag

actgaccccc

aaccgtgcag

ggtggctatc

gcctgtgetg

¢gacgggggyg

tcacgggctg

cctggaaacc

acaggtggtg

gctgctgcecct

ttccaacggc

ccaggctcac

gcaggccctg

acctgaacag

gcagcggetyg

tattgcttcc

gctgtgccag

cggcaagcag

cctgacacct

gacagtgcag

ggtggctatt

gccagtgctg

cgacggcggc

ccatggcctg

tctggaaaca

gcaggtcgtg

ccagctgtct

ggcctgtctg

tgccctgatc

atcccagctg

gccctggaaa
gaacaggtgg
agactgctgce
gcctctaata
tgtcaggctc
aaacaggccc
acccccgaac
gtgcagagac
gctatcgcecct
gtgctgtgtc
ggggggaaac
ggcctcactc
gaaaccgtgc
gtggtggcta
ctgcctgtgce
aacaacgggg
gctcacggac
gccctggaaa
gaacaggtgg
cggctgctgce
gcttccaacg
tgccaggctc
aagcaggccc
acacctgaac
gtgcagcggc
gcaattgcta
agacctgatc
ggaggcagac
aagagaacaa

gtgaaatctg

-65-

ctgtgcagcg
tggccattgce
ccgtgctgtg
tcggaggaaa
acggcttgac
tggaaactgt
aggtggtggce
tgctgccecgt
ctaatatcgg
aggctcacgg
aggccctgga
ccgaacaggt
agagactgct
tcgcctctaa
tgtgtcaggc
ggaaacaggc
tgacccccga
ccgtgcagag
tggctatcgce
ctgtgctgtg
gcggggggaa
acgggctgac
tggaaaccgt
aggtggtggc
tgctgecctgt
gccacgacgg
ctgccctggce
ctgccctgga
atagaagaat

agctggagga

cctgctgcca

cagcaacaac

ccaggcccat

acaggctctg

tccagaacag

gcagcgcctg

cattgccagc

gctgtgccag

aggaaaacag

cttgactcca

aactgtgcag

ggtggccatt

gcccgtgetg

cggcggagga

tcacggcttg

cctggaaact

acaggtggtg

actgctgccc

ctctaatatc

tcaggctcac

acaggccctg

ccccgaacag

gcagagactg

tatcgcctct

gctgtgtcag

cggacggccc

cgccctgaca

tgccgtgaaa

ccccgagcecgg

gaagaagtct

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520



gagctgagac

agaaatagca

tacggctaca

gtgggcagee

aatctgccta

aacaagcaca

aagttcctgt

aaccacatca

gagatgatta

gagatcaact

<210> 7
<211> 22098
<212> ADN
<213>
<220>
<223> trpC
<400> 7

atgaccactt
agctgccaag
gagcaattgg
gccggtgtcet
tgtatgggtc
attgtgcatg
cctcaaaaca
gaaacattag
gaatacactg

acgatgatca

acaagctgaa
cccaggatag
gaggaaagca
ctatcgatta
ttggacaggc
tcaaccctaa
ttgtgagcgg
caaattgtaa
aggccggaac

tctga

tacttattga
gcgccaatgt
ctcctcgcaa
ctcgagaggc
agcaatgtat
gcaaggcatc
acatggtcac
aagtcactgc
tcgaaggtgt

acaacttctt

39481

gtacgtgcct

aatcctggag

cctgggagga

tggcgtgatc

cgatgagatg

cgagtggtgg

ccacttcaag

tggcgcegtyg

actgacactg

Rhizopus delemar

caactacgac

agttgtctac

tattgtcatc

cattcgagct

gtatgaagtg

cagcatcaag

tcgttaccat

gactaccgac

tcagttccat

aagcttgcgt

cacgagtaca
atgaaggtga
agcagaaaac
gtggatacaa
cagagatacg
aaggtgtacc
ggcaattata
ctgtctgtgg

gaggaggtga

agttttactt
agaaacgaca
tcacctggcc
tttgcaggaa
tacggtggta
catgacagtc
tccecttgetg
gatggtatca
cctgaaagta

ggtggcacct

-66-

tcgagctgat
tggagttctt
ctgacggagc
aggcctacag
tggaggagaa
cttctagcgt
aggcccagct
aggaactgct

gaagaaagtt

ataatgtcta
aaatcaccat
ctggccaccc
agattcccat
aagtgtcata
gaggtatctt
gcatgccttc
tcatgggcecat
tcctttgtga

gggaagagaa

cgagatcgcc

catgaaggtg

catttataca

cggaggctac

ccagaccagg

gaccgagttc

gaccaggctg

gattggagga

caacaacggc

tcaatacttg

ttccgaaatt

ttccaccgat

cttgggtatt

tgcaggtgat

caagggcgtt

tactttacct

tcgacacaag

acacggacat

tcctgcagec

2580

2640

2700

2760

2820

2880

2940

3000

3060

3075

60

120

180

240

300

360

420

480

540

600



ggtgttgtct

ctcgatctct

caacgactca

gaaaaacttt

caaagcaagc

gatgtttcgg

gtctctgttc

cgagaggcct

gatcgctatc

gccatgctga

gaacccttgg

cgtctggtygg

agtcgattgg

ggacgagctg

gccctgatge

aaggatcctg

tctagtgtgg

tttgctgaaa

gtgcgtgcegt

tggttccaga

gtgtttgtga

cttattcagc

atcaaagctt

caaccaggct

caacaaggtg

aggcactttg

cctaccaatg

ggtgttgaaa

cagtcaacac

ttaagaaagc

ctcagcaaca

aggatgttca

taaagttgca

ccgccttgat

ccaacgcggce

tgactgaacc

tgagccatct

aaatcttgga

atgatgaaca

tcgaagtcaa

gtgttaataa

tagagatggt

atgttgaaat

gtgcttggaa

tgcctgtgtce

atgcagcagt

agtccaaacg

tggatattca

tgcacaagcg

atcaatcgat

tgcatggaac

tccatatcga

cttatcatta

gacgtggtgt

agtttttggg

tggcatctgce

cagatggagt

aattttaa

39481

tcgttccgaa

acctgccgceca

ggcagccaag

cgtcgcccca

ggccgaagtc

tgagcaggca

caaatggttc

gcccaaccgt

aggtcgtctg

actgcacgaa

taatacggaa

tcgcaacttg

gcctgaagga

gtacgtcaaa

tttgaaggag

caaggaatca

tgaagcagcc

aaaagtgtct

agtcaaacga

tctcttggaa

tgaatacatg

cgaatcaacg

cagtggtgag

tgtcttactg

caagtttgat

taatcaagat

cattcaacag

gaaggattta

acacccaaaa
gcaccttcca
gagattcccg
cctcttcaag
aagcgtgcect
cttcaatatg
cgcggtacga
ccttgtgtgt
tacggtgctg
ttgtatcact
gagatggccc
cacagctttg
acgatcttgt
cagggtgtgc
tttgtgtctg
aaatcttcac
aagtcagggg
ttggaaagag
acgttatcaa
aagcgagcaa
actgaggtgg
gagcttgcac
ttcaatgaag
gacgctaaag
tggtcaattg
ttccctgtca
gtgaaaccct

gaaaagattc

-67-

tcagtgctag
tcttgacccg
gccagacatt
acgtcgtcgce
ctccctcgaa
ctttagcagg
ttcatgatat
tgagaaagga
atactatctt
atgcgaaatc
gtgccaatgc
atgttgatat
gtgcactttc
acgctgtctt
atttgttggg
tagtcaaggt
ctgacttgat
ctcaagaaat
atgatgattc
gaaaaccttt
caacgacagt
gctatttacc
ctcagatacc
tgcccagett
ctaccaaaat
tcttggctgg
ggattgtgga

gtgcctttgt

tgaatcccaa

catttactct

tgaagattta

tcgcgtgegt

aggaaacatt

tgcaagcgtc

gcatcaggtc

ttttattgtc

gttgatcgtg

attaggtatg

tttgggcgca

ggaaaccacg

tggtattact

ggtgggtgaa

tcatgaaaag

atgtggtatc

tggtcttatc

cgtgtcctca

tcaactggat

ggtagttggc

cggactggac

cgtgcctgtc

aaacctaaat

accatcggat

cgtgaaacat

tgggttggat

tgtgtcgagt

taaaactgtc

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2298



<210> 8

<211> 3075

<212> ADN

<213> ©Nhén tao

<220>

<223> LeftTALEN-trpC

<400> 8

atgggaaaac
aagaaaaagc
cagcaggaga
gtgggacacg
ggaacagtgg
gccattgtgg
gtggccggag
gccaaaaggqg
ggagcccctc
aagcaggcce
acacctgaac
gtgcagcggce
gctattgctt
gtgctgtgcecce
ggcggcaage
ggcctgacac
gaaacagtgc
gtggtggcta
ctgccagtgce
aacaacggcg

gcccatggcece

ctattcctaa

ggaaggtgga

agatcaagcc

gatttacaca

ccgtgaaata

gagtgggaaa

aactgagagg

gcggagtgac

tgaacctgac

tggaaaccgt

aggtggtgge

tgctgcctgt

cccacgacgg

aggctcacgg

aggccctgga

ctgaacaggt

agcggctgcet

ttgcttccaa

tgtgccaggce

gcaagcaggc

tgacacctga

39481

tcctetgetg

cggcggagtg

caaggtgaga

cgcccacatt

tcaggatatg

acagtggtct

acctcctctg

cgcggtggaa

ccccgaacag

gcagagactg

tatcgcctct

gctgtgtcag

ggggaaacag

actgaccccc

aaccgtgcag

ggtggctatc

gcctgtgcectg

caacgggggg

tcacgggctg

cctggaaacc

acaggtggtg

ggcctggatt
gacctgagaa
tctacagtgg
gtggccctgt
attgccgccecc
ggagccagag
cagctggata
gccgtgcacg
gtggtggcca
ctgccecgtgce
cacgacggag
gctcacggct
gccctggaaa
gaacaggtgg
agactgctgc
gcctctaata
tgtcaggctc
aaacaggccc
acccccgaac
gtgcagagac

gctatcgcecct

-68-

ctaccggagg
cactgggata
cccagcacca
ctcagcaccc
tgcctgaggce
ccctggaagce
caggacagct
cctggagaaa
ttgccagcaa
tgtgccaggce
gaaaacaggc
tgactccaga
ctgtgcagcg
tggccattgce
ccgtgctgtg
tcggaggaaa
acggcttgac
tggaaactgt
aggtggtggc
tgctgcccgt

ctcacgacgg

catggcccct

ttctcagcag

cgaagccctg

tgccgcecectg

cacacacgaa

cctgctgaca

gctgaagatt

tgccctgaca

caacggcggce

ccatggcctg

tctggaaaca

acaggtggtg

cctgctgceca

cagcaacatc

ccaggcccat

acaggctctg

tccagaacag

gcagcgcctg

cattgccagc

gctgtgccag

aggaaaacag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



gctctggaaa
gaacaggtgg
cgcctgctge
gccagccacg
tgccaggccc
aaacaggctc
actccagaac
gtgcagcgcc
gccattgcca
gtgctgtgcc
ggaggaaaac
ggcttgactc
gaaactgtgc
gtggtggcca
ctgccecgtge
aatatcggag
gctcacggcect
gccctggaga
aatgatcacc
aaaggactgc
acctctcaca
gagctgagac
agaaatagca
tacggctaca
gtgggcagcc
aatctgccta
aacaagcaca
aagttcctgt
aaccacatca

gagatgatta

cagtgcagcg
tggctattgc
cagtgctgtg
acggcggcaa
atggcctgac
tggaaacagt
aggtggtggce
tgctgccagt
gcaacatcgg
aggcccatgg
aagcactcga
cagaacaggt
agcgcctgcet
ttgccagcaa
tgtgccaggce
gaaaacaggc
tgactccaca
gcattgtggc
tggtggccct
ctcacgcccc
gagtggccgg
acaagctgaa
cccaggatag
gaggaaagca
ctatcgatta
ttggacaggc
tcaaccctaa
ttgtgagcgg

caaattgtaa

aggccggaac

39481

gctgctgcct

ttccaacaac

ccaggctcac

gcaggccctg

acctgaacag

gcagcggctg

tattgcttcc

gctgtgccag

cggcaagcag

cctgacacct

gacagtgcag

ggtggctatt

gccagtgctg

c¢ggcggcegge

ccatggcctg

tctggaaaca

gcaggtcgtg

ccagctgtct

ggcctgtctg

tgccctgatc

atcccagctg

gtacgtgcct

aatcctggag

cctgggagga

tggcgtgatc

cgatgagatg

cgagtggtgg

ccacttcaag

tggcgeegtg

actgacactg

gtgctgtgtc
ggggggaaac
ggcctcactc
gaaaccgtgc
gtggtggcta
ctgcctgtgce
aatattgggg
gctcacggac
gccctggaaa
gaacaggtgg
cggctgctgce
gcttccaaca
tgccaggctc
aagcaggccc
acacctgaac
gtgcagcggce
gcaattgcta
agacctgatc
ggaggcagac
aagagaacaa
gtgaaatctg
cacgagtaca
atgaaggtga
agcagaaaac
gtggatacaa
cagagatacg
aaggtgtacc
ggcaattata
ctgtctgtgg

gaggaggtga

-69-

aggctcacgg

aggccctgga

ccgaacaggt

agagactgct

tcgcecctctca

tgtgtcaggc

ggaaacaggc

tgacccccga

ccgtgcagag

tggctatcgc

ctgtgctgtg

acggggggaa

acgggctgac

tggaaaccgt

aggtggtggce

tgctgcctgt

gcaacaacgg

ctgccctggce

ctgccctgga

atagaagaat

agctggagga

tcgagctgat

tggagttctt

ctgacggagc

aggcctacag

tggaggagaa

cttctagcgt

aggcccagct

aggaactgct

gaagaaagtt

cttgactcca

aactgtgcag

ggtggccatt

gccecgtgetg

cgacggagga

tcacggcttg

cctggaaact

acaggtggtg

actgctgccc

ctctaacggc

tcaggctcac

acaggccctg

ccccgaacag

gcagagactg

tatcgcctct

gctgtgtcag

cggacggccc

cgccctgaca

tgccgtgaaa

ccccgagegg

gaagaagtct

cgagatcgcc

catgaaggtg

catttataca

cggaggctac

ccagaccagg

gaccgagttc

gaccaggctg

gattggagga

caacaacggc

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060



gagatcaact

<210> 9

<211>

<212>

ADN

<213>

<220>

<223>

<400> 9

atgggaaaac

aagaaaaagc

cagcaggaga

gtgggacacg

ggaacagtgg

gccattgtgg

gtggccggag

gccaaaaggg

ggagccccte

aagcaggccc

acacctgaac

gtgcagcggce

gctattgcett

gtgctgtgcce

ggcggcaagc

ggcctgacac

gaaacagtgc

gtggtggcta

ctgccagtgc

3075

tctga

Nhan tao

RightTALEN-trpC

ctattcctaa

ggaaggtgga

agatcaagcc

gatttacaca

ccgtgaaata

gagtgggaaa

aactgagagg

gcggagtgac

tgaacctgac

tggaaaccgt

aggtggtggce

tgctgcctgt

Ccaacaacgg

aggctcacgg

aggccctgga

ctgaacaggt

agcggctgcet

ttgcttccaa

tgtgccaggce

39481

tcctcetgetg

cggcggagtg

caaggtgaga

cgcccacatt

tcaggatatg

acagtggtct

acctcctctg

cgcggtggaa

ccccgaacag

gcagagactg

tatcgcctcet

gctgtgtcag

ggggaaacag

actgaccccc

aaccgtgcag

ggtggctatc

gcctgtgcectg

tattgggggg

tcacgggctg

ggcctggatt
gacctgagaa
tctacagtgg
gtggccctgt
attgccgccec
ggagccagag
cagctggata
gccgtgcacg
gtggtggcca
ctgccegtgce
aacaacggag
gctcacggct
gccctggaaa
gaacaggtgg
agactgctgce
gcctctaata
tgtcaggctc
aaacaggccc

acccccgaac

-70-

ctaccggagg

cactgggata

cccagcacca

ctcagcaccc

tgcctgaggce

ccctggaagc

caggacagct

cctggagaaa

ttgccagcca

tgtgccaggce

gaaaacaggc

tgactccaga

ctgtgcagcg

tggccattgce

ccgtgctgtg

tcggaggaaa

acggcttgac

tggaaactgt

aggtggtggce

catggcccct

ttctcagcag

cgaagccctg

tgccgcectg

cacacacgaa

cctgctgaca

gctgaagatt

tgccctgaca

cgacggcggc

ccatggcctg

tctggaaaca

acaggtggtg

cctgctgcca

cagcaacatc

ccaggcccat

acaggctctg

tccagaacag

gcagcgcctg

cattgccagc

3075

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



aacggcggceg
gcccatggcec
gctctggaaa
gaacaggtgg
cgcctgctge
gccagcaacg
tgccaggccc
aaacaggctc
actccagaac
gtgcagcgcc
gccattgcca
gtgctgtgcecce
ggaggaaaac
ggcttgactc
gaaactgtgc
gtggtggcca
ctgccecgtge
aacaacggag
gctcacggcet
gccctggaga
aatgatcacc
aaaggactgc
acctctcaca
gagctgagac
agaaatagca
tacggctaca
gtgggcagcce
aatctgccta
aacaagcaca

aagttcctgt

gcaagcaggc
tgacacctga
cagtgcagcg
tggctattgc
cagtgctgtg
gcggcggcaa
atggcctgac
tggaaacagt
aggtggtggce
tgctgccagt
gcaacggcgg
aggcccatgg
aagcactcga
cagaacaggt
agcgcctgct
ttgccagcaa
tgtgccaggce
gaaaacaggc
tgactccaca
gcattgtggc
tggtggccct
ctcacgcccce
gagtggccgg
acaagctgaa
cccaggatag
gaggaaagca
ctatcgatta
ttggacaggc

tcaaccctaa

ttgtgagcgg

39481

cctggaaacc
acaggtggtg
gctgctgcct
ttccaacaac
ccaggctcac
gcaggccctg
acctgaacag
gcagcggctg
tattgcttcc
gctgtgccag
cggcaagcag
cctgacacct
gacagtgcag
ggtggctatt
gccagtgctg
cggcggeggce
ccatggcctg
tctggaaaca
gcaggtcgtg
ccagctgtct
ggcctgtctg
tgccctgatc
atcccagctg
gtacgtgcct
aatcctggag
cctgggagga
tggcgtgatc
cgatgagatg
cgagtggtgg

ccacttcaag

gtgcagagac
gctatcgcct
gtgctgtgtc
ggggggaaac
ggcctcactc
gaaaccgtgc
gtggtggcta
ctgcctgtgce
aatattgggg
gctcacggac
gccctggaaa
gaacaggtgg
cggctgctgce
gcttccaacg
tgccaggcectc
aagcaggccc
acacctgaac
gtgcagcggce
gcaattgcta
agacctgatc
ggaggcagac
aagagaacaa
gtgaaatctg
cacgagtaca
atgaaggtga
agcagaaaac
gtggatacaa
cagagatacg
aaggtgtacc

ggcaattata

-71-

tgctgcecegt
ctaacaacgg
aggctcacgg
aggccctgga
ccgaacaggt
agagactgct
tcgcctctaa
tgtgtcaggc
ggaaacaggc
tgacccccga
ccgtgcagag
tggctatcgce
ctgtgctgtg
gcggggggaa
acgggctgac
tggaaaccgt
aggtggtggce
tgctgecctgt
gcaacggcgyg
ctgccctggce
ctgccctgga
atagaagaat
agctggagga
tcgagctgat
tggagttctt
ctgacggagc
aggcctacag
tggaggagaa
cttctagcgt

aggcccagcet

gctgtgccag

aggaaaacag

cttgactcca

aactgtgcag

ggtggccatt

gcccgtgcetg

caacggagga

tcacggcttg

cctggaaact

acaggtggtg

actgctgccc

ctctaacggc

tcaggctcac

acaggccctg

Cccccgaacag

gcagagactg

tatcgcctct

gctgtgtcag

cggacggccce

cgccctgaca

tgccgtgaaa

ccccgagcegg

gaagaagtct

cgagatcgcc

catgaaggtg

catttataca

cggaggctac

ccagaccagg

gaccgagttc

gaccaggctg

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940



aaccacatca caaattgtaa tggcgccgtg ctgtctgtgg aggaactgct gattggagga

gagatgatta aggccggaac actgacactg gaggaggtga gaagaaagtt caacaacggc

gagatcaact tctga

<210>

<211>

<212>

<213>

<220>

<223>

<400>

cgagctcgaa ttatttaaat gaacagcaag ttaataatct agaggg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

tatgaccatg attacgatga gaggcaaaat gaagcgtac

<210>

<211>

10

46

ADN

Nhdn tao

oJK162

10

11

39

ADN

Trinh ty nhén tao

oJK163

11

12

30

<212> ADN

39481

-72-

3000

3060

3075

46



<213>

<220>

<223>

<400>

atttaaataa ttcgagctcg gtacccgggg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

Nhén tao

oJK164

12

13

20

ADN

Nhan tao

oJK165

13

cgtaatcatg gtcatagctg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

14

29

ADN

Nhan tao

oJK202

14

tagagggaaa aagagagaat tgaaatagg

<210>

15

39481

-73-

20

30

29



<211>

<212>

<213>

<220>

<223>

<400>

39481

31

ADN

Trinh ty nhan tao

0JK204

15

ttttgttatt taattgtatt aattgataat g

<210>

<211>

<212>

<213>

<220>

<223>

<400>

16

36

ADN

Trinh tyu nhan tao

0JK205

16

aattaaataa caaaatcatt ttaattacgc attttc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

ADN

Nhén tao

oJK216

17

-74-

31

36



39481

catgattacg cggccgcgcecc attataatgc actagtg

<210> 18
<211> 38

<212> ADN

<213> Nhén tao
<220>

<223> 0oJK210

<400> 18

ctctttttce ctctaatgag aggcaaaatg aagcgtac

<210> 19
<211> 31

<212> ADN

<213> Nhéan tao
<220>

<223> oJK211

<400> 19

atttaaatgt aatcatggtc atagctgttt c

<210> 20
<211> 35

<212> ADN

<213> Nhéan tao

<220>

-75-

37

38

31



<223>

<400>

39481

trpC-lost-F

20

tttaaattag agggaaaaag agagaattga aatag

<210>

<211>

<212>

<213>

<220>

<223>

<400>

21

35

ADN

Nhan tao

trpC-lost-R

21

tccctctaat ttaaatgaat tcgagctcgg taccc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

22

31

ADN

Nhan tao

adhpro-R

22

ttttgttatt taattgtatt aattgataat g

<210>

<211>

23

27

<212> ADN

-76-

35

35

31



<213>

<220>

<223>

<400>

39481

Nhén tao

adhter-F

23

tcattttaat tacgcatttt catttac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

24

40

ADN

Nhén tao

adhpro-TALEN-F

24

aattaaataa caaaaatgga ctacaaagac catgacggtg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

25

40

ADN

Nhén tao

TAELN-adhter-R

25

gcgtaattaa aatgattaaa agtttatctc gccgttatta

-77-

27

40

40



<210>

<211>

<212>

<213>

<220>

<223>

<400>

39481

26

45

ADN
Nhéan tao

adhpro-LifeTALEN-F

26

aattaaataa caaaaatggg aaaacctatt cctaatcctc tgctg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

27

47

ADN

Nhén tao

LifeTALEN-adhter-R

27

gcgtaattaa aatgatcaga agttgatctc gccgttgttg aactttc

<210>

<211>

<212>

<213>

<220>

<223>

28

19

ADN

Nhén tao

pPTRl1-sall-F

-78-

45

47



39481

<400> 28

gggtaccgag ctcgaattc

<210> 29
<211> 20

<212> ADN

<213> Nhéan tao
<220>

<223> pPTR1l-sall-R

<400> 29

ggggatcctc tagagtcgac

<210> 30
<211> 41

<212> ADN

<213> Nhéan tao
<220>

<223> sall-ldhpro-F3

<400> 30

ctctagagga tcccctaggt gtggctgtgg tgaccatatt g

<210> 31
<211> 28

<212> ADN

<213> Nhan tao

-79-



39481

<220>

<223> 1ldhpro-R

<400> 31

gagaattata ttgtaaagaa aaataaag 28

<210> 32
<211> 50

<212> ADN

<213> Nhéan tao
<220>

<223> 1ldhpro-exol-F2

<400> 32

tacaatataa ttctcatgaa aatccaagtt gcttctccta ttgaccaatc 50

<210> 33
<211> 51

<212> ADN

<213> Nhén tao
<220>

<223> exol-pdcter-R2

<400> 33

atgaattcta agattttatc ttctttcatg agaaacacta aacttgataa c 51

<210> 34

<211> 24

-80-



<212>

<213>

<220>

<223>

<400>

39481

ADN

Nhén tao

pdcTer-F

34

aatcttagaa ttcatctttt tttg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

35

39

ADN

Nhéan tao

pdcTer-sall-R

35

tcgagctcgg tacccactct accgtctget cttttgtct

<210>

<211>

<212>

<213>

<220>

<223>

<400>

36

45

ADN

Nhén tao

adhpro-exol-F

36

aattaaataa caaaaatgaa aatccaagtt gcttctccta ttgac

-81-

24

39

45



<210>

<211>

<212>

<213>

<220>

<223>

<400>

gcgtaattaa aatgattatc ttctttcatg agaaacacta aacttg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

37

46

ADN

Nhén tao

exol-adhter-R

37

38

34

ADN

Nhan tao

pUC18-Pael-F3

38

39481

ctgcaggtcg actctagagg atccccgggt accg

<210>

<211>

<212>

<213>

<220>

<223>

39

35

ADN

Nhén tao

pUC18-Hind3-R3

-82-



39481

<400> 39

gcttggcact ggccgtcgtt ttacaacgtc gtgac

<210> 40
<211> 45

<212> ADN

<213> Nhéan tao
<220>

<223> PDCl-upstr-F

<400> 40

cggccagtgc caagcgcaga cttcaacagt tggctttttt aagta

<210> 41
<211> 47

<212> ADN

<213> Nhén tao
<220>

<223> PDCl-upstr-R

<400> 41

cattttgcct ctcatgtttt taaatttgtt ttgtagagta ttgaata
<210> 42

<211> 29

<212> ADN

-83-



39481

<213> ©Nhan tao
<220>

<223> trpCpro-R

<400> 42

gaacagcaag ttaataatct agagggcgc 29

<210> 43
<211> 29

<212> ADN

<213> ©Nhén tao
<220>

<223> trpCter-F

<400> 43

atgagaggca aaatgaagcg tacaaagag 29

<210> 44
<211> 49

<212> ADN
<213> Nhén tao
<220>

<223> PDCl-downstr-F

<400> 44

attaacttgc tgttcaatct tagaattcat tttttttttg tatcattcg 49

<210> 45



39481

<211> 49

<212> ADN

<213> Nhén tao
<220>

<223> PDCl-downstr-R

<400> 45

agagtcgacc tgcaggcgtc aataagagct tgaaggttgg tgccggatc

<210> 46
<211> 45

<212> ADN

<213> ©Nhéan tao
<220>

<223> PDC2-upstr-F

<400> 46

cggccagtgc caagcttatg ggaaaaatgt gaaaatcatc ccact

<210> 47
<211> 45

<212> ADN
<213> Nhén tao
<220>

<223> PDC2-upstr-R

<400> 47

-85-



39481

cattttgcct ctcatgttta gttcaaataa tatttttttt tgtga

<210>

<211>

<212>

<213>

<220>

<223>

<400>

48

ADN

Nhan tao

PDC2-downstr-F

48

attaacttgc tgttcagttc tctttctgta ataatccttg atttc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

49

45

ADN

Nhé&n tao

PDC2-downstr-R

49

agagtcgacc tgcagccttt ttacagaaaa caagcacatc tttac

<210>

<211>

<212>

<213>

<220>

50
30

ADN

Nhén tao

-86-

45

45

45



<223>

<400>

39481

trpC-inactive-F

50

taacgcatca gttccatcct gaaagtatcc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

51

28

ADN

Nhan tao

trpC-inactive-R

51

ggaactgatg cgttaaaaag aggggaaa

<210>

<211>

<212>

<213>

<220>

<223>

<400>

52

29

ADN

Nhén tao

pdclter-F

52

aatcttagaa ttcatttttt ttttgtatc

<210>

<211>

53

44

<212> ADN

-87-

30

28

29



<213>

<220>

<223>

<400>

39481

Nhén tao

trpC-adhlpro-F

53

attaacttgc tgttctagag ggaaaaagag agaattgaaa tagg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

54

45

ADN

Nhan tao

FTl-pdclTer-R

54

atgaattcta agattttaat agaaaccctg cttaaatgca agacc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

55

45

ADN

Nhén tao

PYC-pdclTer-R

55

atgaattcta agattttagg cttcctcttt gacaaccttg gccac

-88-

44

45

45



<210>

<211>

<212>

<213>

<220>

<223>

<400>

39481

56

30

ADN

Nhan tao

PDCl-upstr-F2

56

gcagacttca acagttggct tttttaagta

<210>

<211>

<212>

<213>

<220>

<223>

<400>

57

34

ADN

Nhan tao

PDCl-downstr—-R2

57

gcgtcaataa gagcttgaag gttggtgccg gatc

<210>

<211>

<212>

<213>

<220>

<223>

58

20

ADN

Nhén tao

pdcl-up?2

-890-

30

34



<400>

58

cattcccaca ggatttgtgc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

gtgagatgtt gatcatttgt acatg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

59

25

ADN

Nhan tao

trpC(d) -1

59

60

20

ADN

Nhén tao

pdc2-downl

60

agaagacaac ctagaccctc

<210>

<211>

<212>

<213>

61

20

ADN

Nhén tao

39481

-90-

20

25

20



<220>

<223> trpC(d)-7

<400> o6l

atagctcttg gtgggattcg

<210> 62
<211> 25

<212> ADN

<213> Nhén tao
<220>

<223> pdcl-down3

<400> 62

gctgctcgag atcctccaag gtatc

<210> 63
<211> 20

<212> ADN

<213> Nhén tao
<220>

<223> trpC(d)-5

<400> 63

ttcgaccaag ggttccatac

<210> o4

<211> 34

39481

-01-

20

25

20



<212>

<213>

<220>

<223>

<400>

39481

ADN

Nhé&n tao

PDCl-downstr—-R-P

64

gcgtcaataa gagcttgaag gttggtgccg gatc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

65

30

ADN

Nhén tao

pdcl 750-F

65

tagattcaat ttgattggat aaagttcatc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

66

30

ADN

Nhén tao

pdcl 750-R-P

66

ataacaaaca atggctaaaa gtggaccccc

-02-

34

30

30



<210>

<211>

<212>

<213>

<220>

<223>

<400>

39481

67

30

ADN

Nhéan tao

pdcl 500-F

67

tttactagtt taaagcaaaa aacatgagca

<210>

<211>

<212>

<213>

<220>

<223>

<400>

68

30

ADN

Nhén tao

pdcl 500-R-P

68

ttcaatttac atttctttat gaatatgcct

<210>

<211>

<212>

<213>

<220>

<223>

69

30

ADN

Nhan tao

pdcl 250-F

-03-

30

30



<400>

39481

69

gtgtttatct gttcacaagt actggtaagc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

70

30

ADN

Nhan tao

pdcl 250-R-P

70

ttcaatataa accaagtccc taaaagaaat

<210>

<211>

<212>

<213>

<220>

<223>

<400>

71

30

ADN

Nhéan tao

pdcl 100-F

71

gctgatatga cattgcgacg aaaatagtat

<210>

<211>

72

30

<212> ADN

-94-

30

30

30



<213>

<220>

<223>

<400>

39481

Nhan tao

pdcl 100-R-P

72

aaaaaaaaag cttattttca aaaatatgat

<210>

<211>

<212>

<213>

<220>

<223>

<400>

73

30

ADN

Nhéan tao

pdcl 50-F

73

tcgttcaaaa aaaatcatta ttcaatactc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

74

30

ADN

Nhan tao

pdcl 50-R-P

74

gtaatgaagt atagaacgaa tgatacaaaa

<210>

75

-05-

30

30

30



<211>

<212>

<213>

<220>

<223>

<400>

39481

30

ADN

Nhé&n tao

pdcl 45-F

75

caaaaaaaat cattattcaa tactctacaa

<210>

<211>

<212>

<213>

<220>

<223>

<400>

16

32

ADN

Nhéan tao

pdcl 45-R-P

76

gaagtataga acgaatgata caaaaaaaaa at

<210>

<211>

<212>

<213>

<220>

<223>

<400>

77

30

ADN

Nhén tao

pdcl 40-F

77

-06-

30

32



39481

aaaatcatta ttcaatactc tacaaaacaa

<210>

<211>

<212>

<213>

<220>

<223>

<400>

78

30

ADN

Nhan tao

pdcl 40-R-P

78

atagaacgaa tgatacaaaa aaaaaatgaa

<210>

<211>

<212>

<213>

<220>

<223>

<400>

79

30

ADN

Nhéan tao

pdcl 35-F

79

cattattcaa tactctacaa aacaaattta

<210>

<211>

<212>

<213>

<220>

80

30

ADN

Nhén tao

-97-

30

30

30



39481

<223> pdcl 35-R-P

<400> 80

acgaatgata caaaaaaaaa atgaattcta

<210> 81
<211> 30
<212> ADN

<213> Nhéan tao
<220>

<223> pdcl 30-F

<400> 81

ttcaatactc tacaaaacaa atttaaaaac

<210> 82
<211> 30

<212> ADN

<213> Nhén tao
<220>

<223> pdcl 30-R-P

<400> 82

tgatacaaaa aaaaaatgaa ttctaagatt

<210> 83
<211> 30

<212> ADN

-08-

30

30

30



<213>

<220>

<223>

<400>

39481

Nhén tao

pdcl 25-F

83

tactctacaa aacaaattta aaaacatgag

<210>

<211>

<212>

<213>

<220>

<223>

<400>

84

30

ADN

Nhéan tao

pdcl 25-R-P

84

caaaaaaaaa atgaattcta agattgaaca

<210>

<211>

<212>

<213>

<220>

<223>

<400>

ADN

Nhén tao

pdcl 20-F

85

tacaaaacaa atttaaaaac atgagaggca

-90-

30

30

30



<210>

<211>

<212>

<213>

<220>

<223>

<400>

39481

86

30

ADN

Nhan tao

pdcl 20-R-P

86

aaaaaatgaa ttctaagatt gaacagcaag

<210>

<211>

<212>

<213>

<220>

<223>

<400>

87

30

ADN

Nhan tao

pdcl 15-F

87

aacaaattta aaaacatgag aggcaaaatg

<210>

<211>

<212>

<213>

<220>

<223>

88

30

ADN

Nhé&n tao

pdcl 15-R-P

-100-

30

30



<400>

39481

88

atgaattcta agattgaaca gcaagttaat

<210>

<211>

<212>

<213>

<220>

<223>

<400>

89

30

ADN

Nhan tao

pdcl 10-F

89

atttaaaaac atgagaggca aaatgaagcg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

90

30

ADN

Nhéan tao

pdcl 10-R-P

80

ttctaagatt gaacagcaag ttaataatct

<210>

<211>

<212>

<213>

91

30

ADN

Nhan tao

-101-

30

30

30



<220>

<223>

<400>

39481

pdcl 5-F

91

aaaacatgag aggcaaaatg aagcgtacaa

<210>

<211>

<212>

<213>

<220>

<223>

<400>

92

30

ADN

Nhan tao

pdcl 5-R-P

92

agattgaaca gcaagttaat aatctagagg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

93

30

ADN

Nhén tao

PDC2-upstr-F2

93

ttatgggaaa aatgtgaaaa tcatcccact

<210>

<211>

94

30

-102-

30

30

30



<212>

<213>

<220>

<223>

<400>

39481

ADN

Nhén tao

PDC2-downstr—-R2-P

94

cctttttaca gaaaacaagc acatctttac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

95

27

ADN

Nhén tao

trpC-ki-F2-P

95

cttttcatga cccaacaaat cagacac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

96

18

ADN

Rhizopus delemar

Pich cua LeftTALEN-pdcl

96

tgcctgctat taaaatcg

-103-

30

27

18



<210>

<211>

<212>

<213>

<220>

<223>

<400>

97

18

ADN

Rhizopus delemar

DPich cta RightTALEN-pdcl

97

ttgatttcct taagacgg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

98

19

ADN

Rhizopus delemar

DPich cua LeftTALEN-pdc2

98

tggtgttgct ggttcttat

<210>

<211>

<212>

<213>

<220>

<223>

99

19

ADN

Rhizopus delemar

Pich cua RightTALEN-pdc2

39481

-104-

18

19



<400>

99

tgccgacaat gtgaatcac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

100

19

ADN

Rhizopus delemar

Pich ctia LeftTALEN-trpC

100

tgccaaggcg ccaatgtag

<210>

<211>

<212>

<213>

<220>

<223>

<400>

101

19

ADN

Rhizopus delemar

Pich cua RightTALEN-trpC

101

tcggaaatgg tgattttgt

<210>

<211>

<212>

102

513

ADN

39481

-105-

19

19

19



39481

<213> Rhizopus delemar

<220>

<223> FT1

<400> 102
atgtcttcta
gttgcagatt
ggattggttt
cctgaagcaa
agtgacagtt
tctecttctet
atcctcgctt
gataaccgct
gccggtcttg
<210> 103
<211> 3540
<212> ADN
<213>
<220>
<223> PYC
<400> 103
atgcctgctg
atgggtaacc
cgtacagctc
tccatgcaca
cctgtaggtg

agcatgattc

tcgaaacctc
ggcatgttcg
gggttttccg
atgctgctga
ttgctcttcg
gtcttctttc
ggttcttcac
ttgttegttt

catttaagca

caccagtacg
tgagaaaatt
atgaactctc
gatataaggc
cttatctggc

atcctggtta

caaaatctca

cgttacttgg

caacttcttt

tgatacggaa

tctagatcgt

catgaactcc

tgcctttgcet

gacgtattca

gggtttctat

Rhizopus delemar

tgaacactct

gatggtggtt

tatgaagaca

tgatgaatcc

acaagatgaa

tggtttcttg

agttttatga
atcgcattca
gtttcaaact
gcatcaaaga
gctcatcaag
tttgctcgtg
gtctgttggt
cttgtctttt

taa

gtggatacca
aatcgtggtg
gtagctattt
tatcaactcg
gtcgttcgaa

tctgaaaatg

-106-

tcaacaatat

tgacactctg

ctcctgcatt

aaaaactctt

ttgtaaaaga

cttcaactcg

ttgctgtcgt

acgctcttgg

ttcgtagaaa

aaattgctat

tctctcatga

gtcgtattgg

tcgcaaagga

ctgaattcgc

tgatgacttt

ggtcttttgg

gactcctgct

tagcgttacc

tgccttgttce

tgctgtcatg

attccttgtt

tcttgctatt

tagcgaagtg

ccgtgtcttt

agatagatta

tcaatacaca

acgtggtgtg

tcgcaaggtg

60

120

180

240

300

360

420

480

513

60

120

180

240

300

360



gaagctgcag
aagacaaaag
ggacccgtca
atcatcaagg
agtctagagg
actgtcttta
gatcgtgcag
caaaaggtcg
ttgaacgatg
ttcttggtgg
gaacatacca
gctgccggtg
ttcgcgatcc
ggtaagatcg
ggttacgcag
tctggatcca
atccgtggtg
atcaacggta
caattccaaa
tctcaaatca
ttgcgtgaaa
agaaagatca
ggtgtcttga
gtgagaactg
ttttcattgg
gatccttggg
cttttgcgtg
ttctgtgaca
tatgttgaga

gccaccatct

gaatcacttt
ccagaacgat
gtgaatacaa
ctgccatggg
acgcgtttac
tcgaacgttt
gtaacgtggt
ttgaaatcgc
cgatcaagat
ataaccaaaa
tcacagaaga
ccctecttgece
agtgtcgtgt
aagtttaccg
gtgctatcat
cctacgaagt
tcaagaccaa
actgctggac
accgtgctca
agggtcaaat
gtggtagtga
ttgtggaaca
tcaccgatac
tcgatctctt
aatgttgggg
accgtcttgce
gtgccaatgc
aggcagtcaa
acatgagatt

gttacacggg

39481

cattggtccc
tgccatgaag
agatgccctg
tggtggtggt
ccgtgcgaaa
ccttgataag
ccatctcttt
acctgccaaa
tgccaaggct
ccgtcactac
aatcacgggt
tcaattgggt
gacaaccgag
ttcctectggt
tacccctcac
cgctcgtcga
tatccccttce
aactttcatt
aagactcttg
gggtgatccc
caagacggtc
aggacctgaa
cacctggaga
gcgtatcgcecce
aggtgctacg
tgctttgcga
ggtaggttac
gtgtggtatg
gggtattgac

tgatgtctcc

tctcctgatg
tgtgaagtcc
aactttatca
cgtggtatgc
tctgaagctt
cctcgtcata
gaacgtgatt
aacttggata
gtaaagtaca
tttatcgaaa
atcgatatcg
cttacccaac
gaccccgaaa
ggtaacggtg
tatgattcac
aagatcgtcc
ttacaacgtc
gatgatactc
ggttacctgg
attctgaagc
gatgtctctg
gctttcgcaa
gacgctcatc
cctgctacct
tttgatgttg
aagttggtac
acctcttacc
gatgtcttcc
gctgtcaaga

aaccctaacc

-107-

tcattgaaag

ctgttgtccc

aagaatatgg

gtgtggttcg

tggctgcecectt

tcgaggttca

gctctgttca

acaaggtacg

agaatgcggg

tcaatcctcg

ttgccgcectca

aacgtatccg

agaatttcca

ttcgtctgga

ttttggtcaa

gtgccttggt

tcttgaccca

ccgatctttt

gtgatgtcgt

aagagatcga

ctcctgcectac

aagctgtccg

agagtttatt

ctcacgcttt

ccatgcgttt

ccaatgtacc

ctgataatgt

gtatctttga

aggccggtgg

gcaagaagta

tttaggcgat
tggcacacct
ttttcctatc
tgacgaagcc
tggtgatggc
attgttggca
gcgtcgtcac
tgaggccatc
tactgcagaa
tatccaagtc
aattcagatt
tcaacgtggg
gcctgacacg
tggtggtgcet
agtctcttgt
cgaattcaga
tgataccttc
ccgtcecttgtt
cgtcaatggt
aatccccgtg
ggaaggctgg
tgcttaccct
ggccactcgt
ggccaacgcce
ccttcatgaa
cttccaaatg
tatctatgaa
ctctctcaat
tgttgttgaa

cgacttgaag

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160



tactaccttg
gacatggctg
aagttccccg
agcatgatgg
tccggcatga
ttgggtaccg
cgtttgcttt
catgaaatgc
ggaactcagt
ctggtcaagg
aaccaactct
gtcatcgagt
cgctccaaca
ccgttggaca
gattacgacg
gtcagtcaat
atcaatgaag
gccgtcggte
gctecgtgtgg
gccaacccct
cgtgccaagg
aagatggaaa
gaaggtgatt
<210> 104
<211> 29
<212> ADN
<213>

<220>

accttacaca
gtcttctcaa
acttgcccat
ccgctgceegce
cctctcaacc
gtatccgcat
actcttgcett
ctggtggaca
ggaagcaaat
tcacgccttc
ctgccaaaga
tcttccaagg
tccttecgtga
tggctaaact
tgatctcggce
acggtgatct
aattccatgt
ctctgaacaa
tgggcattgt
ctaaccccgg
aaggtagcca
cagtggtcac

cattatccgce

Nhén tao

39481

atccttggtg
acccgaggca
ccacgttcac
tgctggtgct
agcgatgggt
ggaagacatt
cgaagccaac
atataccaac
caagaaggct
gtccaaggtc
atttgaagaa
ttatctcggt
tctcecctege
caaggaagag
tgctctttac
ctccgttttg
ggagattgaa
tgacggtaaa
ggatcgcaat
tgacattggt
tgtcaaggcc
tgctccegtg

tggtgatttg

aacgaaggta

gccaagttac

acacacgata

gacattgttg

gccattgtcg

catgccatca

gtgcgttcgg

ttgatgttcc

tacaaggagg

gtgggtgatc

cgcgcctcecga

caaccctatg

ctcgacggtc

ttggttgaaa

cccaaggtct

cctacacgcect

gaaggaaaga

cgtgatgttt

tctgctattg

gctcctatgt

ggtgatcctc

gctggtagag

gtggccaagg

-108-

ttcacatctt
tggtctccag
ccgcaggtac
atgttgccgt
ctggactgga
attcttactg
ccgattcggg
aagcccaaca
ccaacgaact
ttgctcaatt
gtctctctct
gcggtttccce
gccctggtgce
agtacggttc
ttgccgacta
actttttgtc
cgttgatcat
actttgaatt
aaatcgtcac
cgggtgtggt
ttgctgttct
ttgagcgtgt

ttgtcaaaga

gggtatcaag

tatccgtgcce

gggtgttgct

ggacgccatg

acagaccaat

ggagcaatgc

tgtctatgaa

actcggtttg

ctgtggtgac

catggtttcc

gcccacctct

cgagcccttg

tagcctgect

gagcatccgt

ccgtgatacc

caagcccgag

caagttattg

gaacggtgaa

acgtgaaaag

tgtcgagatc

ctctgctatg

tgctatccaa

ggaagcctaa

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540



39481

<223> trpCter-R

<400> 104

atgagaggca aaatgaagcg tacaaagag

<210> 105
<211> 40

<212> ADN

<213> Nhéan tao
<220>

<223> trpCter-cicCpro-F

<400> 105

cattttgcct ctcatcttac gcaggttgat agtagccgcc

<210> 106
<211> 40

<212> ADN

<213> Nhéan tao
<220>

<223> cipCpro-adhter-R

<400> 106

gcgtaattaa aatgaggtta gagtatgaag aaaaaaaaaa

<210> 107
<211> 31

<212> ADN

-109-

29

40

40



<213>

<220>

<223>

<400>

39481

Nhan tao

trpC-lost-F2

107

tttaaatctt acgcaggttg atagtagccg c

<210>

<211>

<212>

<213>

<220>

<223>

<400>

108

33

ADN

Nhan tao

trpC-lost-R2

108

tgcgtaagat ttaaatgaat tcgagctcgg tac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

109

29

ADN

Nhéan tao

cipCpro-R

109

ggttagagta tgaagaaaaa aaaaaaacg

<210>

110

-110-

31

33

29



<211>

<212>

<213>

<220>

<223>

<400>

cttcatactc taaccatggg aaaacctatt cctaatcctc tgctg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

39481

45

ADN

Nhan tao

cipCpro-LifeTALEN-F

110

111

40

ADN

Nhan tao

cipCpro-exol-F

111

cttcatactc taaccatgaa aatccaagtt gcttctccta

<210>

<211>

<212>

<213>

<220>

<223>

<400>

112

40

ADN

Nhan tao

pdc3-upstr-F

112

-111-

45

40



39481

cggccagtgce caagcccgtc aggggtgaat gagatatttt

<210> 113
<211> 33
<212> ADN

<213> Nhéan tao
<220>

<223> pdc3-upstr-R2

<400> 113

aaaagatgtg agttataaaa ggatgatgca agc

<210> 114
<211> 33

<212> ADN

<213> Nhéan tao
<220>

<223> pdc3-downstr-F2

<400> 114

taactcacat cttttattct ttttctatcc ctc

<210> 115
<211> 40

<212> ADN

<213> Nhén tao

<220>

-112-

40

33

33



<223>

<400>

39481

pdc3-downstr-R

115

agagtcgacc tgcagacctg ttagaaaggt acatgcattc

<210>

<211>

<212>

<213>

<220>

<223>

<400>

116

40

ADN

Nhéan tao

pdc3-upstr-R

116

cattttgcct ctcatgtgag ttataaaagg atgatgcaag

<210>

<211>

<212>

<213>

<220>

<223>

<400>

117

40

ADN

Nhan tao

pdc3-downstr-F

117

attaacttgc tgttcatctt ttattctttt tctatccctc

<210>

<211>

<212>

118
23

ADN

-113-

40

40

40



<213> Nhéan tao
<220>

<223> pdc3-upstr-F2

<400> 118

ccgtcagggg tgaatgagat att

<210> 119
<211> 25

<212> ADN

<213> Nhén tao
<220>

<223> pdc3-downstr-R2-P

<400> 119

acctgttaga aaggtacatg cattc

<210> 120
<211> 21

<212> ADN

<213> Nhén tao
<220>

<223> pdc3-up

<400> 120
gacctcaatc actatccttg g

<210> 121

39481

-114-

23

25

21



<211>

<212>

<213>

<220>

<223>

<400>

39481

44

ADN

Nhén tao

pUCl8-adhlpro-F

121

cggccagtgce caagcattat tattagaggg aaaaaaaaga aaga

<210>

<211>

<212>

<213>

<220>

<223>

<400>

122

44

ADN

Nhéan tao

adhlpro-pUC18-R

122

agagtcgacc tgcagttttg ttatttattt gtattaattg ataa

<210>

<211>

<212>

<213>

<220>

<223>

<400>

123

40

ADN

Nhéan tao

adhlpro-adhlter-F

123

-115-

44

44



39481

aacaaaatca ttttaattac gcattttcat tttttactaa

<210>

<211>

<212>

<213>

<220>

<223>

<400>

124

44

ADN

Nhan tao

adhlter-pUC18-R

124

agagtcgacc tgcagagcag aacatgagtc tggaagcgag acac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

125

40

ADN

Nhan tao

adhlpro-adhlter-R

125

taaaatgatt ttgttattta tttgtattaa ttgataatga

<210>

<211>

<212>

<213>

<220>

126
31

ADN

Nhén tao

-116-

40

44

40



39481

<223> adhlpro(o)-R

<400> 126

ttttgttatt tatttgtatt aattgataat g

<210> 127
<211> 30
<212> ADN

<213> Nhén tao
<220>

<223> adhlter(o)-F

<400> 127

tcattttaat tacgcatttt cattttttac

<210> 128
<211> 44

<212> ADN

<213> Nhéan tao
<220>

<223> adhlpro(o)-LifeTALEN-F

<400> 128

aaataaataa caaaaatggg aaaacctatt cctaatcctc tgct

<210> 129
<211> 44

<212> ADN

-117-

31

30

44



<213>

<220>

<223>

<400>

39481

Nhan tao

LifeTALEN-adhlter (o) -R

129

gcgtaattaa aatgatcaga agttgatctc geccgttgttg aact

<210>

<211>

<212>

<213>

<220>

<223>

<400>

130

40

ADN

Nhén tao

1dhA-upstr-F

130

cggccagtgc caagcaaaag aataagaaaa gatgtgtcag

<210>

<211>

<212>

<213>

<220>

<223>

<400>

131

32

ADN

Nhén tao

1dhA-upstr-R2

131

taaattaagg acttgagctt gaacgatgtc ag

-118-

44

40

32



<210>

<211>

<212>

<213>

<220>

<223>

<400>

39481

132
33
ADN
Nhan tao

ldhA-downstr-F2

132

caagtcctta atttacaaat aataaatcat gtt

<210>

<211>

<212>

<213>

<220>

<223>

<400>

133

40

ADN

Nhén tao

ldhA-downstr—-R

133

agagtcgacc tgcagaacga caaacatggc tatcaaggga

<210>

<211>

<212>

<213>

<220>

<223>

134

40

ADN

Nhén tao

ldhA-upstr-R

-119-

33

40



<400>

39481

134

tgtgcaagtg aacaaaggac ttgagcttga acgatgtcag

<210>

<211>

<212>

<213>

<220>

<223>

<400>

135

40

ADN

Nhan tao

ldhA-downstr-F

135

gctcttgaca atgcataatt tacaaataat aaatcatgtt

<210>

<211>

<212>

<213>

<220>

<223>

<400>

136

25

ADN

Nhén tao

adelpro-R

136

tgcattgtca agagcgtgtc gcaac

<210>

<211>

<212>

<213>

137
29

ADN

Nhén tao

-120-

25

40

40



<220>

<223>

<400>

ttgttcactt gcacagcgtg atatgcaag

<210>

<211>

<212>

<213>

<220>

<223>

<400>

adelter-F

137

138

28

ADN

Nhén tao

1dhA-upstr-F2

138

aaaagaataa gaaaagatgt gtcaggac

<210>

<211>

<212>

<213>

<220>

<223>

<400>

139

27

ADN

Nhan tao

1dhA-downstr—-R2-P

139

aacgacaaac atggctatca agggaac

<210>

<211>

140

22

39481

-121-

29

28

27



<212>

<213>

<220>

<223>

<400>

39481

ADN

Nhén tao

1dhA-up

140

gaaactacag tattccctcg tg

<210>

<211>

<212>

<213>

<220>

<223>

<400>

141

21

ADN

Nhén tao

adel-15

141

tgcttccata tgtcaatagg c

<210>

<211>

<212>

<213>

<220>

<223>

<400>

142

40

ADN

Nhén tao

exol-adhter—-R2

142

gcgtaattaa aatgattatc ttctttcatg agaaacacta

-122-

22

21

40



<210> 143
<211>
<212> ADN
<213>

<220>

<223>

<400> 143
atggttagta
acgatttttg
tttgaatgtg
gatgattctg
gatggctatg
ctttctgctg
gtcggcactc
aatggcaatt
ttaaactttg
aagcgacctg
agttctgaac
cttaaggttg
tgtgttcagc
cccacttacg
ggttgctatg
ctggtcattg
ctggatcctg
tatgacaaag
cctcgtgtat

ataacgcaca

1749

pdc3

tcaaaattgg

gtgttccagg

tgtatatcct

agctcatatg

ctcgtatcag

cagcaggtat

ctaatactaa

ttcaggtgtt

acaatgccat

gttatatcgg

ctctcaattt

ttttggacgc

gacacaattt

ttgcacctat

ctggtaatat

aacttggtgc

ctagaacgat

tgggaatgac

ttgatctagg

attatttctg

39481

Rhizopus delemar

agattatctc

tgattacaat

gaaaaacttt

gggtaataat

aggctttggt

tgctggatct

atcccaggaa

tgttgaaatg

ccgagaaatt

catccccatt

ttttgtcccc

tatttcacag

agttcaagag

gggtaaaggt

taccatcgag

gattaaatcc

ctctcttcac

ggaatttctt

ccctcgtcat

gaataaggta

attcaacgtc
atggtaagtt
gcaatgtagc
gcaaacgaac
gctgtagtta
tattctgaaa
gctggagcta
ttttccatga
gatcgcgtca
gatctgatta
aaaaatccta
gctaagcatc
gctattgaat
attgttcccg
ggtatcgcca
gatttcaaca
tcatttggta
cctcttttga
gagccagatc

ccagaataca

-123-

ttaaagaaac

acgaagtgga

cgctattgga

tcaatgcttc

ccacgtttgg

aagtcccagt

ttcttcatca

tcacgtgtgc

tccagcagac

atgctgaggt

ctcaaactca

cgattatagt

tcgtgaaacg

aggatcttgt

gggaacttga

ctggtggctt

cccagatatt

ccaagtctct

caattcaatc

tggatcctcg

cggaatcgac

tacagattta

tttaattgaa

ctatgctgct

tgtaggggaa

acttcatatt

cacgcttggt

ttctactcat

tatgattcga

tgctcttcct

agatgtggct

tgttgatgca

taccggtttt

caattatcgt

gcaagctgat

cacctataaa

ttatgccgac

tcctcaaagg

aggaactgaa

cgctgttgtt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



gttgctgaaa
ctctttattt
gctgcgttcg
gttacttgtc
ttgaacaatg
aactttcaga
aatctgtctg
gagtttgaga
gttgtcatgc
aatcgttaa
<210> 144
<211>
<212> ADN
<213>
<220>
<223>
<400> 144
atgggaaaac
aagaaaaagc
cagcaggaga
gtgggacacg
ggaacagtgg
gccattgtgg
gtggccggag
gccaaaaggg
ggagccccte

aagcaggccc

3075

caggcacagc

ctcaagtact

ctgatcgaga

aagaaatttc

atggatacct

tgtggaacta

atgtttcgcecc

gggcaatgaa

ctcaatttga

LeftTALEN-pdc3

ctattcctaa
ggaaggtgga
agatcaagcc
gatttacaca
ccgtgaaata
gagtgggaaa
aactgagagg
gcggagtgac
tgaacctgac

tggaaaccgt

39481

tgaatttgcc

ctggggatcc

tcgacgagtt

agtctttttg

tatcgaaaaa

cagcaaaact

agctcaagtt

gacagtcaag

tgctcctcecge

Trinh tyg nhén tao

tcctectgetyg
cggcggagtg
caaggtgaga
cgcccacatt
tcaggatatg
acgaggcgct
acctcctctg
cgcggtggaa
ccccgaacag

gcagagactg

tcttttaatt
atcggttttg
tatctttttg
catcaagggt
ctcattcatg
cttgactata
ggtgttgaag
gaggaacgta

gaattgatac

ggcctggatt
gacctgagaa
tctacagtgg
gtggccctgt
attgccgccce
ggagccagag
cagctggata
gccgtgcacg
gtggtggcca

ctgccecgtgce

-124-

taagagctcc
ctgtcggatg
tgggtgatgg
tgacacctgt
ggcctcaccg
tgggtggaca
ctcaagtccg
acaaaattca

tccaagttca

ctaccggagg
cactgggata
cccagcacca
ctcagcaccc
tgcctgaggce
ccctggaagce
caggacagct
cctggagaaa
ttgccagcca

tgtgccaggc

caaagacgct

tgctgtcggt

ctctttccag

cattttcttg

ctcttataat

tcttcagcgce

tacgcgagat

ttttattgaa

aacttctgaa

catggcccct

ttctcagcag

cgaagccctg

tgccgecectg

cacacacgaa

cctgctgaca

gctgaagatt

tgccctgaca

cgacggcggce

ccatggcctg

1260

1320

1380

1440

1500

1560

1620

1680

1740

1749

60

120

180

240

300

360

420

480

540

600



acacctgaac
gtgcagecgge
gctattgctt
gtgctgtgcce
ggcggcaagce
ggcctgacac
gaaacagtgc
gtggtggcta
ctgccagtgc
cacgacggcg
gcccatggcce
gctctggaaa
gaacaggtgg
cgcctgcetge
gccagccacg
tgccaggccce
aaacaggctc
actccagaac
gtgcagcgcc
gccattgcca
gtgctgtgce
ggaggaaaac
ggcttgactc
gaaactgtgce
gtggtggcca
ctgcecegtge
aacggcggag
gctcacggcet
gccctggaga

aatgatcacc

aggtggtggce
tgctgcctgt
ccaacaacgg
aggctcacgg
aggccctgga
ctgaacaggt
agcggctgcet
ttgcttccaa
tgtgccaggce
gcaagcaggc
tgacacctga
cagtgcagcg
tggctattgce
cagtgctgtg
acggcggcaa
atggcctgac
tggaaacagt
aggtggtggce
tgctgccagt
gcaacaacgg
aggcccatgg
aagcactcga
cagaacaggt
agcgcctgcet
ttgccagcaa
tgtgccaggc
gaaaacaggc
tgactccaca
gcattgtggc

tggtggccct

39481

tatcgcctct

gctgtgtcag

ggggaaacag

actgaccccc

aaccgtgcag

ggtggctatc

gcctgtgcetg

€ggcgggggyg

tcacgggctg

cctggaaacc

acaggtggtg

gctgctgcct

ttccaatatt

ccaggctcac

gcaggccctg

acctgaacag

gcagcggctg

tattgcttcc

gctgtgccag

cggcaagcag

cctgacacct

gacagtgcag

ggtggctatt

gccagtgctg

¢ggcggegge

ccatggcctg

tctggaaaca

gcaggtcgtg

ccagctgtct

ggcctgtctg

aacaacggag

gctcacggct

gccctggaaa

gaacaggtgg

agactgctgc

gcctctaata

tgtcaggctc

aaacaggccc

acccccgaac

gtgcagagac

gctatcgcct

gtgctgtgtc

ggggggaaac

ggcctcactc

gaaaccgtgc

gtggtggcta

ctgcctgtge

cacgacgggg

gctcacggac

gccctggaaa

gaacaggtgg

cggctgctgce

gcttccaacg

tgccaggctc

aagcaggccc

acacctgaac

gtgcagcggce

gcaattgcta

agacctgatc

ggaggcagac

-125-

gaaaacaggc

tgactccaga

ctgtgcagcg

tggccattgce

ccgtgectgtg

tcggaggaaa

acggcttgac

tggaaactgt

aggtggtggce

tgctgccegt

ctaacaacgg

aggctcacgg

aggccctgga

ccgaacaggt

agagactgct

tcgcctctaa

tgtgtcaggc

ggaaacaggc

tgacccccga

ccgtgcagag

tggctatcgc

ctgtgctgtg

gcggggggaa

acgggctgac

tggaaaccgt

aggtggtggce

tgctgcecctgt

gcaacggcgg

ctgccctggce

ctgccctgga

tctggaaaca
acaggtggtg
cctgctgcca
cagcaacatc
ccaggcccat
acaggctctg
tccagaacag
gcagcgcctg
cattgccagc
gctgtgccag
aggaaaacag
cttgactcca
aactgtgcag
ggtggccatt
gcccgtgetg
tatcggagga
tcacggcttg
cctggaaact
acaggtggtg
actgctgccc
ctctaatatc
tcaggctcac
acaggccctg
ccccgaacag
gcagagactg
tatcgcctct
gctgtgtcag
cggacggccc
cgccctgaca

tgccgtgaaa

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400



aaaggactgc
acctctcaca
gagctgagac
agaaatagca
tacggctaca
gtgggcagcc
aatctgccta
aacaagcaca
aagttcctgt
aaccacatca
gagatgatta
gagatcaact
<210> 145
<211>
<212> ADN
<213>
<220>
<223>
<400> 145
atgggaaaac
aagaaaaagc
cagcaggaga
gtgggacacg
ggaacagtgg
gccattgtgg
gtggccggag

gccaaaaggg

3075

ctcacgcccc

gagtggccgg

acaagctgaa

cccaggatag

gaggaaagca

ctatcgatta

ttggacaggc

tcaaccctaa

ttgtgagcgg

caaattgtaa

aggccggaac

tctga

RightTALEN-pdc3

ctattcctaa
ggaaggtgga
agatcaagcc
gatttacaca
ccgtgaaata
gagtgggaaa
aactgagagg

gcggagtgac

39481

tgccctgatce

atcccagctg

gtacgtgcct

aatcctggag

cctgggagga

tggcgtgatc

cgatgagatg

cgagtggtgg

ccacttcaag

tggcgcegtg

actgacactg

Trinh ty nhéan tao

tcctcectgcetg
cggcggagtg
caaggtgaga
cgcccacatt
tcaggatatg
acgaggcgcet
acctcctctg

cgcggtggaa

aagagaacaa

gtgaaatctg

cacgagtaca

atgaaggtga

agcagaaaac

gtggatacaa

cagagatacg

aaggtgtacc

ggcaattata

ctgtctgtgg

gaggaggtga

ggcctggatt

gacctgagaa

tctacagtgg

gtggccctgt

attgccgcecc

ggagccagag

cagctggata

gccgtgcacg

-126-

atagaagaat
agctggagga
tcgagctgat
tggagttctt
ctgacggagc
aggcctacag
tggaggagaa
cttctagcgt
aggcccagct
aggaactgct

gaagaaagtt

ctaccggagg
cactgggata
cccagcacca
ctcagcaccc
tgcctgaggce
ccctggaagc
caggacagct

cctggagaaa

ccccgagcegg

gaagaagtct

cgagatcgcc

catgaaggtg

catttataca

cggaggctac

ccagaccagg

gaccgagttc

gaccaggctg

gattggagga

caacaacggc

catggcccct

ttctcagcag

cgaagccctg

tgccgeccectg

cacacacgaa

cctgctgaca

gctgaagatt

tgccctgaca

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3075

60

120

180

240

300

360

420

480



ggagccccte
aagcaggccc
acacctgaac
gtgcagcggc
gctattgctt
gtgctgtgcce
ggcggcaagce
ggcctgacac
gaaacagtgc
gtggtggcta
ctgccagtgce
aacggcggcg
gcccatggcc
gctctggaaa
gaacaggtgg
cgcctgcetge
gccagccacg
tgccaggccc
aaacaggctc
actccagaac
gtgcagcgcc
gccattgcca
gtgctgtgcecce
ggaggaaaac
ggcttgactc
gaaactgtgce
gtggtggcca
ctgcccgtge
aacggcggag

gctcacggcet

tgaacctgac
tggaaaccgt
aggtggtgge
tgctgcctgt
ccaatattgg
aggctcacgg
aggccctgga
ctgaacaggt
agcggctgcet
ttgcttccaa
tgtgccaggce
gcaagcaggc
tgacacctga
cagtgcagcg
tggctattgce
cagtgctgtg
acggcggcaa
atggcctgac
tggaaacagt
aggtggtgge
tgctgccagt
gcaacatcgg
aggcccatgg
aagcactcga
cagaacaggt
agcgcctgcet
ttgccagcaa
tgtgccaggce
gaaaacaggc

tgactccaca

39481

ccccgaacag
gcagagactg
tatcgcctct
gctgtgtcag
ggggaaacag
actgaccccc
aaccgtgcag
ggtggctatc
gcctgtgcetg
¢ggcgggggyg
tcacgggctg
cctggaaacc
acaggtggtg
gctgctgect
ttcccacgac
ccaggctcac
gcaggccctg
acctgaacag
gcagcggctg
tattgcttcc
gctgtgccag
cggcaagcag
cctgacacct
gacagtgcag
ggtggctatt
gccagtgctg
caacggcggc
ccatggcctg

tctggaaaca

gcaggtcgtg

gtggtggcca
ctgccecgtgce
aacggcggag
gctcacggct
gccctggaaa
gaacaggtgg
agactgctgc
gcctctcacg
tgtcaggctc
aaacaggccc
acccccgaac
gtgcagagac
gctatcgcct
gtgctgtgtc
ggggggaaac
ggcctcactc
gaaaccgtgc
gtggtggcta
ctgcctgtge
aacggcgggg
gctcacggac
gccctggaaa
gaacaggtgg
cggctgctgce
gcttccaacg
tgccaggcectc
aagcaggccce
acacctgaac
gtgcagcggce

gcaattgcta

-127-

ttgccagcaa

tgtgccaggce

gaaaacaggc

tgactccaga

ctgtgcagcg

tggccattgce

ccgtgctgtg

acggaggaaa

acggcttgac

tggaaactgt

aggtggtggce

tgctgcecegt

ctaatatcgg

aggctcacgg

aggccctgga

ccgaacaggt

agagactgct

tcgcctctaa

tgtgtcaggc

ggaaacaggc

tgacccccga

ccgtgcagag

tggctatcge

ctgtgctgtg

gcggggggaa

acgggctgac

tggaaaccgt

aggtggtggce

tgctgcectgt

gcaatatcgg

caacggcggc

ccatggcctg

tctggaaaca

acaggtggtg

cctgctgcecca

cagcaacatc

ccaggcccat

acaggctctg

tccagaacag

gcagcgcctg

cattgccagc

gctgtgccag

aggaaaacag

cttgactcca

aactgtgcag

ggtggccatt

gcccgtgetg

tatcggagga

tcacggcttg

cctggaaact

acaggtggtg

actgctgccc

ctctaacggc

tcaggctcac

acaggccctg

ccccgaacag

gcagagactg

tatcgcctct

gctgtgtcag

cggacggccc

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280



gccctggaga
aatgatcacc
aaaggactgc
acctctcaca
gagctgagac
agaaatagca
tacggctaca
gtgggcagce
aatctgccta
aacaagcaca
aagttcctgt
aaccacatca
gagatgatta
gagatcaact
<210> 146
<211> 19
<212> ADN
<213>
<220>
<223>

<400> 146

gcattgtggc

tggtggccect

ctcacgcccc

gagtggccgg

acaagctgaa

cccaggatag

gaggaaagca

ctatcgatta

ttggacaggc

tcaaccctaa

ttgtgagcgg

caaattgtaa

aggccggaac

tctga

ccggaatcga cacgatttt

<210> 147
<211> 19
<212> ADN

39481

ccagctgtct

ggcctgtctg

tgccctgatc

atcccagcectg

gtacgtgcct

aatcctggag

cctgggagga

tggcgtgatc

cgatgagatg

cgagtggtgg

ccacttcaag

tggcgccgtg

actgacactg

Rhizopus delemar

Pich cua LeftTALEN-pdc3

agacctgatc

ggaggcagac

aagagaacaa

gtgaaatctg

cacgagtaca

atgaaggtga

agcagaaaac

gtggatacaa

cagagatacg

aaggtgtacc

ggcaattata

ctgtctgtgg

gaggaggtga

-128-

ctgccctggce

ctgccctgga

atagaagaat

agctggagga

tcgagctgat

tggagttctt

ctgacggagc

aggcctacag

tggaggagaa

cttctagcgt

aggcccagcet

aggaactgct

gaagaaagtt

cgccctgaca

tgccgtgaaa

cccecgagcegg

gaagaagtct

cgagatcgcc

catgaaggtg

catttataca

cggaggctac

ccagaccagg

gaccgagttc

gaccaggctg

gattggagga

caacaacggc

19

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3075



39481

<213> Rhizopus delemar

<220>

<223> Dich cua RightTALEN-pdc3

<400> 147
cgtaacttac
<210> 148
<211> 963
<212> ADN
<213>
<220>
<223>
<400> 148
atggtattac
tatgcactta
atcgttcaag
cgagcaggta
aaacaaaggg
agtatcattg
ccagtcgata
attggctccg
gatgtcaatc
atcgcttggg
aagctggata
ttgaaaggag
atgttgaata

ttttctatgc

1dhA

catattgta

Rhizopus oryzae

actcaaaggt

tgtttaaaaa

ctcaagtcct

gcgcagagga

aaggtgagcc

gtggcatgca

tcttgacaca

gtacctacct

ctcaatcggt

aggctgcttc

aaacagcaat

ccacgtttta

ggaaatcagt

ctgctaaact

cgccatcgtt
catttgtaca
tgaccttgca
ggcagggcag
tcggacaaag
acccattcga
cattgcaaag
tgacacgacc
ccatgctttt
gattggtggce
ttcaaaagcg
tggaattggt

acatccagtt

tggatggaga

ggagctggtg
gaaatcatta
gatgctgcca
gcagatattg
ctcattgaac
ccagacgcag
accctctctg
cgtcttcgcg
gtcttgggtg
cagccgttga
atatcaggta
gcctgtgcag
tctgtttatg

ggtgttgaac

-129-

cagtaggagc

ttgttgatgt

gtataagtca

ttgtcatcac

gaaacttcag

tcatcttggt

gactgcctcc

tccatcttgg

aacatgggga

caagtttccc

aagcgatgga

cggatttagt

ttgaaaagta

agatctatga

19

ctccactgct
taatcctgac
cacgcccatc
ggccggtgeg
agtgttgcaa
ggtagcaaat
aaaccaggtc
cgatgtcttt
ttcccagatg
ggaattcgca
gatcattcgt
gcacactatc
tggagccact

agtaccactg

60

120

180

240

300

360

420

480

540

600

660

720

780

840



39481

acggaagaag aagaagcgtt gcttgtaaaa tctgtagagg cattgaaatc agttgaatat

tcatctacaa aagttccaga aaaaaaggtt catgctactt ccttttctaa aagtagctgt

tga

<210> 149
<211> 3075
<212> ADN
<213>

<220>

<223>

<400> 149
atgggaaaac
aagaaaaagc
cagcaggaga
gtgggacacg
ggaacagtgg
gccattgtgg
gtggccggag
gccaaaaggg
ggagcccctce
aagcaggccc
acacctgaac
gtgcagcggce
gctattgctt
gtgctgtgcc
ggcggcaagce
ggcctgacac

gaaacagtgc

LeftTALEN-1dhA

ctattcctaa

ggaaggtgga

agatcaagcc

gatttacaca

ccgtgaaata

gagtgggaaa

aactgagagg

gcggagtgac

tgaacctgac

tggaaaccgt

aggtggtggce

tgctgcctgt

ccaatattgg

aggctcacgg

aggccctgga

ctgaacaggt

agcggctgcet

Trinh tu nhén tao

tcctectgcetg
cggcggagtg
caaggtgaga
cgcccacatt
tcaggatatg
acagtggtct
acctcctctg
cgcggtggaa
ccccgaacag
gcagagactg
tatcgcctct
gctgtgtcag
ggggaaacag
actgaccccc
aaccgtgcag
ggtggctatc

gcctgtgetg

ggcctggatt
gacctgagaa
tctacagtgg
gtggccctgt
attgccgcecce
ggagccagag
cagctggata
gccgtgcacg
gtggtggcca
ctgccecgtge
cacgacggag
gctcacggct
gccctggaaa
gaacaggtgg
agactgctgc
gcctctaata

tgtcaggctc

-130-

ctaccggagg

cactgggata

cccagcacca

ctcagcaccc

tgcctgaggce

ccctggaagce

caggacagct

cctggagaaa

ttgccagcaa

tgtgccaggc

gaaaacaggc

tgactccaga

ctgtgcagcg

tggccattgce

ccgtgctgtg

tcggaggaaa

acggcttgac

catggcccct

ttctcagcag

cgaagccctg

tgccgeccectg

cacacacgaa

cctgctgaca

gctgaagatt

tgccctgaca

caacggcggc

ccatggcctg

tctggaaaca

acaggtggtg

cctgctgcecca

cagcaacaac

ccaggcccat

acaggctctg

tccagaacag

900

960

963

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



gtggtggcta
ctgccagtgce
aacaacggcg
gcccatggcece
gctctggaaa
gaacaggtgg
cgcctgctgce
gccagcaaca
tgccaggcecce
aaacaggctc
actccagaac
gtgcagcgcc
gccattgcca
gtgctgtgcc
ggaggaaaac
ggcttgactc
gaaactgtgc
gtggtggcca
ctgccecgtge
aacggcggag
gctcacggcet
gccctggaga
aatgatcacc
aaaggactgc
acctctcaca
gagctgagac
agaaatagca
tacggctaca
gtgggcagcc

aatctgccta

ttgcttccaa
tgtgccaggé
gcaagcaggc
tgacacctga
cagtgcagcg
tggctattgc
cagtgctgtg
acggcggcaa
atggcctgac
tggaaacagt
aggtggtgge
tgctgccagt
gcaacatcgg
aggcccatgg
aagcactcga
cagaacaggt
agcgcctgcet
ttgccagcaa
tgtgccaggce
gaaaacaggc
tgactccaca
gcattgtggce
tggtggccct
ctcacgcccc
gagtggccgg
acaagctgaa
cccaggatag
gaggaaagca
ctatcgatta

ttggacaggc

39481

€ggcgggggyg
tcacgggctg
cctggaaacc
acaggtggtg
gctgctgcct
ttccaacggc
ccaggctcac
gcaggccctg
acctgaacag
gcagcggcetg
tattgcttcc
gctgtgccag
cggcaagcag
cctgacacct
gacagtgcag
ggtggctatt
gccagtgctg
catcggcggce
ccatggcectg
tctggaaaca
gcaggtcgtg
ccagctgtct
ggcctgtctg
tgccctgatc
atcccagctg
gtacgtgcct
aatcctggag
cctgggagga
tggcgtgatc

cgatgagatg

aaacaggccc
acccccgaac
gtgcagagac
gctatcgcecct
gtgctgtgtc
ggggggaaac
ggcctcactc
gaaaccgtgc
gtggtggcta
ctgcctgtgce
cacgacgggg
gctcacggac
gccctggaaa
gaacaggtgg
cggctgctgc
gcttccaacg
tgccaggctc
aagcaggccc
acacctgaac
gtgcagcggc
gcaattgcta
agacctgatc
ggaggcagac
aagagaacaa
gtgaaatctg
cacgagtaca
atgaaggtga
agcagaaaac
gtggatacaa

cagagatacg

-131-

tggaaactgt

aggtggtgge

tgctgccegt

ctcacgacgg

aggctcacgg

aggccctgga

ccgaacaggt

agagactgct

tcgcctctca

tgtgtcaggc

ggaaacaggc

tgacccccga

ccgtgcagag

tggctatcgce

ctgtgctgtg

gcggggggaa

acgggctgac

tggaaaccgt

aggtggtggc

tgctgcctgt

gcaatatcgg

ctgccctgge

ctgccctgga

atagaagaat

agctggagga

tcgagctgat

tggagttctt

ctgacggagc

aggcctacag

tggaggagaa

gcagcgcctg

cattgccagc

gctgtgccag

aggaaaacag

cttgactcca

aactgtgcag

ggtggccatt

gccecgtgcetg

cgacggagga

tcacggcttg

cctggaaact

acaggtggtg

actgctgccc

ctctaacaac

tcaggctcac

acaggccctg

ccccgaacag

gcagagactg

tatcgcctct

gctgtgtcag

cggacggccc

cgccctgaca

tgccgtgaaa

ccccgagcegyg

gaagaagtct

cgagatcgcc

catgaaggtg

catttataca

cggaggctac

ccagaccagg

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820



aacaagcaca
aagttcctgt
aaccacatca
gagatgatta
gagatcaact
<210> 150
<211>
<212> ADN
<213>
<220>
<223>
<400> 150
atgggaaaac
aagaaaaagc
cagcaggaga
gtgggacacg
ggaacagtgg
gccattgtgg
gtggccggag
gccaaaaggg
ggagcccctce
aagcaggccc
acacctgaac
gtgcagcggce
gctattgctt
gtgctgtgcc

ggcggcaagc

3075

tcaaccctaa

ttgtgagcgg

caaattgtaa

aggccggaac

tctga

RightTALEN-1dhA

ctattcctaa

ggaaggtgga

agatcaagcc

gatttacaca

ccgtgaaata

gagtgggaaa

aactgagagg

gcggagtgac

tgaacctgac

tggaaaccgt

aggtggtggce

tgctgcctgt

ccaacggcgg

aggctcacgg

aggccctgga

39481

cgagtggtgg

ccacttcaag

tggcgecgtyg

actgacactg

Trinh tu nh&n tao

tcctctgctg

cggcggagtg

caaggtgaga

cgcccacatt

tcaggatatg

acagtggtct

acctcctctg

cgcggtggaa

ccccgaacag

gcagagactg

tatcgcctct

gctgtgtcag

ggggaaacag

actgaccccc

aaccgtgcag

aaggtgtacc
ggcaattata
ctgtctgtgg

gaggaggtga

ggcctggatt
gacctgagaa
tctacagtgg
gtggccctgt
attgccgceccc
ggagccagag
cagctggata
gccgtgcacg
gtggtggcca
ctgcccgtgce
cacgacggag
gctcacggct
gccctggaaa

gaacaggtgg

agactgctgc

-132-

cttctagcgt

aggcccagct

aggaactgct

gaagaaagtt

ctaccggagg

cactgggata

cccagcacca

ctcagcaccc

tgcctgaggce

ccctggaagce

caggacagct

cctggagaaa

ttgccagcca

tgtgccaggc

gaaaacaggc

tgactccaga

ctgtgcagcg

tggccattgc

ccgtgctgtg

gaccgagttc

gaccaggctg

gattggagga

caacaacggc

catggcccct
ttctcagcag
cgaagccctg
tgccgecectg
cacacacgaa
cctgctgaca
gctgaagatt
tgccctgaca
cgacggcgge
ccatggcctg
tctggaaaca
acaggtggtg
cctgctgcca
cagccacgac

ccaggcccat

2880

2940

3000

3060

3075

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



ggcctgacac
gaaacagtgc
gtggtggcta
ctgccagtgce
cacgacggcg
gcccatggcec
gctctggaaa
gaacaggtgg
cgcctgcetge
gccagcaacg
tgccaggccce
aaacaggctc
actccagaac
gtgcagcgcc
gccattgcca
gtgctgtgcc
ggaggaaaac
ggcttgactc
gaaactgtgc
gtggtggcca
ctgccecgtge
aacggcggag
gctcacggct
gccctggaga
aatgatcacc
aaaggactgc
acctctcaca
gagctgagac
agaaatagca

tacggctaca

ctgaacaggt

agcggctgcet

ttgcttccaa

tgtgccaggce

gcaagcaggc

tgacacctga

cagtgcagcg

tggctattgc

cagtgctgtg

gcggcggcaa

atggcctgac

tggaaacagt

aggtggtggce

tgctgccagt

gccacgacgg

aggcccatgg

aagcactcga

cagaacaggt

agcgcctget

ttgccagcca

tgtgccaggc

gaaaacaggc

tgactccaca

gcattgtggce

tggtggccct

ctcacgcccc

gagtggccgg

acaagctgaa

cccaggatag

gaggaaagca

39481

ggtggctatc
gcctgtgcectg
caacgggggg
tcacgggctg
cctggaaacc
acaggtggtg
gctgctgcct
ttcccacgac
ccaggctcac
gcaggccctg
acctgaacag
gcagcggctg
tattgcttcc
gctgtgccag
cggcaagcag
cctgacacct
gacagtgcag
ggtggctatt
gccagtgctg
cgacggcggce
ccatggcctg
tctggaaaca
gcaggtcgtg
ccagctgtct
ggcctgtctg
tgccctgatc
atcccagctg
gtacgtgcct
aatcctggag

cctgggagga

gcctctaacg

tgtcaggctc

aaacaggccc

acccccgaac

gtgcagagac

gctatcgcct

gtgctgtgtc

ggggggaaac

ggcctcactc

gaaaccgtgc

gtggtggcta

ctgcctgtgce

cacgacgggg

gctcacggac

gccctggaaa

gaacaggtgg

cggctgctgc

gcttccaaca

tgccaggctc

aagcaggccc

acacctgaac

gtgcagcggc

gcaattgcta

agacctgatc

ggaggcagac

aagagaacaa

gtgaaatctg

cacgagtaca

atgaaggtga

agcagaaaac

-133-

gcggaggaaa
acggcttgac
tggaaactgt
aggtggtggce
tgctgcccegt
ctaacaacgg
aggctcacgg
aggccctgga
ccgaacaggt
agagactgcet
tcgcctctaa
tgtgtcaggc
ggaaacaggc
tgacccccga
ccgtgcagag
tggctatcgc
ctgtgctgtg
acggggggaa
acgggctgac
tggaaaccgt
aggtggtgge
tgctgcctgt
gccacgacgg
ctgccctgge
ctgccctgga
atagaagaat
agctggagga
tcgagctgat
tggagttctt

ctgacggagc

acaggctctg

tccagaacag

gcagcgcctg

cattgccagc

gctgtgccag

aggaaaacag

cttgactcca

aactgtgcag

ggtggccatt

gcccgtgcetg

tatcggagga

tcacggcttg

cctggaaact

acaggtggtg

actgctgccc

ctctaacggc

tcaggctcac

acaggccctg

ccccgaacag

gcagagactg

tatcgcctct

gctgtgtcag

cggacggccc

cgccctgaca

tgccgtgaaa

ccccgagcegg

gaagaagtct

cgagatcgcc

catgaaggtg

catttataca

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700



gtgggcagce
aatctgccta
aacaagcaca
aagttcctgt
aaccacatca
gagatgatta
gagatcaact
<210> 151
<211> 19
<212> ADN
<213>

<220>

<223>

<400> 151
tgcagatgct
<210> 152
<211> 19
<212> ADN
<213>

<220>

<223>

<400> 152

tcctcectgege

ctatcgatta

ttggacaggc

tcaaccctaa

ttgtgagegg

caaattgtaa

aggccggaac

tctga

Rhizopus oryzae

gccagtata

Rhizopus oryzae

tacctgctc

tggcgtgatc

cgatgagatg

cgagtggtgg

ccacttcaag

tggcgcecgtg

actgacactg

Pich cta LeftTALEN-1dhA

Pich ctia RightTALEN-1dhA

39481

gtggatacaa
cagagatacg
aaggtgtacc
ggcaattata
ctgtctgtgg

gaggaggtga
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aggcctacag

tggaggagaa

cttctagegt

aggcccagcet

aggaactgct

gaagaaagtt

cggaggctac

ccagaccagg

gaccgagttc

gaccaggctg

gattggagga

caacaacggc

19

19

2760

2820

2880

2940

3000

3060

3075
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