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Toém tat - O thye vat bac cao, p-cyanoalanine synthase (CAS) &
enzyme chia khoa trong sy gidi doc HCN. Trong cong trinh nay,
chung téi xac dinh dwgc hai gen ma hoa cho CAS trong hé gen
clia cay san nhd st dung cac phwong phap tin sinh hoc. Cac
CAS cla cay san cé mic do twong ddng cao véi cac CAS cla
mot sb loai thyc vat da biét. Ca hai CAS clia cay san déu co chin
intron. Céac protein c6 khéi lwgng khodng 40 kDa, c6 tri sé pl cao,
déu mang cac tin hiéu khu trd & ti thé&. Cac amino acid quan trong
v&i hoat tinh enzyme nhuw vi tri gén v&i PLP hay trung tam phan
trng co6 tinh bdo thd cao & ca hai CAS cua cay sén Phan tich cay
di truyen cho thdy cac CAS cua cay san rét gan gli v&i gen
twong dong & cay cao su. Két qua khao sat biéu hién gen cho
thay ca hai gen d&u c6 ma phién trong mé sinh dudng & diéu
kién thwong. Ngoai ra, gen MesCAS1 con méa phién & mo sinh
dudng clia cay duoc dét trong diéu kién thiéu nudc.

Tir khéa - B-cyanoalanine synthase; cay sén; biéu hién gen; cau
trdc gen; cay di truyén; tin sinh hoc.

1. it van dé

Cay Sin (Manihot esculenta Crantz) thudc ho
Euphorbiaceae, ¢6 nguon gbc tir Nam My, dwoc trong
khip viing nhiét doi va can nhiét doi chau Phi, chau A va
chau My. San la cay trong quan trong thir 6 trén thé gidi
chi sau cay lta mi, cay lda gao, cay ngd, cay khoai tay va
cay lta mach. O Viét Nam, cay sin 1a mot trong 4 cay
lwong thyc chinh, cé dién tich trong ding tha 3 sau lda va
ngd véi san luong trung binh dat trén 8 triéu tan/nam
(FAO 2008). Tét ca cac bo phan cua sin déu co thé sir
dung va sin 1a ngudn cung cip lwong thuc cho khoang
800 triéu nguoi trén toan cau. Sin la cdy chiu han va it
doi hoi vé diéu kién canh téc [1]. V6i ham lugng tinh bot
cao (20-40%), cay san 1a mot ngudn nang luong wéc
mudn cho nhu cau cia con nguoi va dac biét la trong
cong nghiép nhién liéu sinh hoc. Do ¢ vai tro lon dbi véi
con ngudi, hé gen cua cdy sin da duoc giai trinh ty vao
ndm 2012 [11]. Tuy nhién, su c6 mat v6i ham lwong cao
ctia cyanua la mot tré ngai ddi vai viéc sir dung sin [10].

Trong co thé thuc vat, cyanua 1a ddng san pham cua
quéa trinh sinh tong hop ethylene [2]. B-cyanoalanine
synthase (CAS, EC 4.4.1.9) dugc biét 1a enzyme chia
khoa trong su giai doc HCN ¢ thuc vat bac cao. Enzyme
ndy xdc tdc cho phan ung: L-cysteine + HCN >
B-cyanoalanine + H,S. Enzyme nay la mot enzyme phu
thuoc pyridoxal. Vé mat cau trdc, enzyme nay c6 chua
trung tdm hoat déng la mot Lysine, ngoai ra con cé chaa
nhidu amino acid quan trong giit vai tro tuong tic véi
pyridoxal phosphat hodc véi amino acid. Gen méa hoa cho
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detoxification of HCN in high-rank plants. In this study, we
identified two genes encoded for CAS in the cassava genome by
employing bioinformatics methods. The cassava CASs were
highly similar to the CASs in other known plant species. Both
cassava CAS genes had 9 introns in total. The predicted
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enzyme nay lan dau duoc tach dong vao nam 2000 [7],
sau do, gen nay tiep tuc duoc nghién cau nhicu hon boi
mot so tac gia khac [3], [6], [15].

Trong cong trinh nay, chung toi huong toi viée xac dinh
cac gen ma hoa cho cac CAS trong hé¢ gen cua cay san. CAu
tric va cac dac tinh hoa-li, cau tric ciing nhu sy biéu hién
cua cac gen CAS ¢ loai cay nay cling dugc ching toi
nghién cu nho sur dung cac phuong phép tin sinh hoc. Ket
qua nghién ctu gop phan bo sung nhixng hiéu biet ve nhom
gen tham gia vao su giai d6c cyanua caa cay san.

2. Giai quyét van dé
2.1. Co so dit ligu vé cdc trinh tw hé gen va EST ¢
cay san

Trinh tu h¢ gen ctia cay san duoc lay tir Prochnik [11]. Dix
liéu gom 85665 EST cuia cdy san dugc lay tir dir liéu mo NCBI
(http://www.ncbi.nlm.nih.gov/nucest/?term=txid3983[Org
anism:exp])

2.2. Xdc djnh cdc gen thugc hg p-cyanoalanine synthase
0 cdy san

Gen AtcysCl ma héa CAS cua cay Arabidopsis
thaliana [7] dugc dung lam khudn do dé tim kiem cac gen
trong dong trén dir licu nucleotide toan hé gen cua cay
san nho chuong trinh TBLASTN.

2.3. Xdy dung cay di truyén
Céc protein CAS duoc sap ddy bang MAFFT [8]. Cay

di truyen duoc xay dung tir cac CAS cua cay san va cua
mot s thuc vat khac nhd sir dung phan mém MEGAS [12].
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2.4. Phan tich cdc ddic diém héa - |i
Cac dac‘diém vat Ii, héa hoc cua céac proteir) duoc
phan tich bang cac cong cu cua ExPASy [4]. Cau tric
exon/intron dugc xay dung nho GSDS 2.0 [5]. Cau tric
khdong gian cua phén tir protein dugc xay dung nho
Phyre2 [9].
2.5. Khdo sdt sw biéu hién gen
Su biéu hién cua cac gen dwoc phan tich nho vige dém
cac EST trong tap hop EST ma cua cdy san.
3. Két qua nghién ctru va ban luin
3.1. Xdc dinh gen B-cyanoalanine synthase ¢ cdy sin
Bing 1. Cdc gen thugc ho CAS ciia cdy sin va ddc diém

cua chung
Kich | Chicu | Kho Z | chi
" . - dai | luong 4
Téngen | Ténlocus | thudc . J [ pl g | s
en (bp) protein | protein % | beo
g (a2) | (kDo)
cassavad.l
MesCAS1 ~009789m 2722 | 371 | 4043 |9,08|-0,157|81,78
cassavad.l
MesCAS2 ~010021m 2530 | 370 | 40,16 | 8,94 | -0,153 | 85,92

Bing 2. So sanh tumg cdp protein CAS cua cdy sdn véi cdc gen
twong dong ciia mét s6 thiee vt khdc

s o — o
2 2] ) ) %) (%) 3 2
Protein é é S| 3| & & > @
B B S k= =8 2 2 =
S| = 2| 2| @f T | O
MesCASL | - |[87% | 79% | 79% | 85% | 91% | 76% | 82%
MesCAS2 [87% | - |80% | 80% | 86% | 91% | 76% | 84%
Cha thich: Md = Malus domestica (cdy tao), Bp = Betula

pendula (cay bulo), Hb = Hevea brasiliensis (cdy cao su),
At = Arabidopsis thaliana, Gm = Glycine max (cdy dau twong).

Dé xac dinh cac gen ma hdéa CAS & cdy san, ching
t6i da st dung phwong phap tim gen twong ddng trén
toan hé gen cua cdy san véi protein CAS cua ciy A.
thaliana (AtcysC1) [7] 1a khuon do. Két qua chdng toi
da xac dinh dugc hai gen mé héa cho cadc CAS cua cay
sén (Bang 1).

Céc CAS cua cdy san c6 chua trinh ty amino acid
twong (g véi vung bao thi cua ho cac enzyme phu thuge
pyridoxal phosphat (PF00291). Cac CAS cua cay sén rat
gidng véi cac CAS duogc biét ¢ loai khac, mic do giéng
nhau tir 76% t6i 91% khi so sanh cac protein (Bang 2).
3.2. Pic diém cdc f-cyanoalanine synthase 6 cdy séin

Hai CAS cua cay sin c6 dic diém rat tuong dong, gen
c6 chiéu dai 2722 va 2530 lan luot d6i véi MesCAS1 va
MesCAS2. Hai gen ndy ma hda khong lién tuc voi 9
intron (Hinh 1), ma héa cho hai protein c6 chiéu dai 371
va 370 amino acid, trong ng vai khéi luong 40,43 va
40,16 kDa. Ca hai protein nay déu c6 tinh kiém vai gia tri
pl lan luot dat 9,08 va 8,94, wa nuéc (GRAVY < 0) va c6
chi s6 béo cao (Bang 1). Cac dic diém nay twong tu nhu
cac CAS da biét ciia mot sb thuc vat khac nhu A. thaliana
[7], cay dau twong [15] hay cay t4o [6].

vesCASTHE—HIHEEE-IE- 1B 1—0 1
vescAS2HE—-1-HEE-IE-1—B-1—01 1

chiithich:Mexon  —ntron  _5000P

Hinh 1. Cdu triic exon/intron ciia céc gen f-cyanoalanine
synthase cua cdy san
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Hinh 2. Cay di truyén dirge xdy dung tir cac CAS ciia
cdy sdn va ctia mot s6 thue vt khdc

3.2. Phén tich cdy di truyén va tién héa ciia cdc gen
S-cyanoalanine synthase

Cay di truyén duoc xay dung tir cac protein CAS cua
mét s loai thuc vat hién biét khang dinh mirc d6 giéng nhau
rat cao gitta hai CAS cua cay sin so voi cua céc loai khéc,
glong nhat so véi CAS cuia cdy cao su. Hai CAS cua cay san
nam trén cung nhanh va co6 muc tuong dong cao cho phép
dat gia thuyét v& mot sy kién nhan gen dan tsi s hinh thanh
hai gen ndy. Hién twong nay ciing thay r& ddi véi hai gen
CAS cua cay tao hay cua cay khoai tay (Hinh 2). Cay di
truyén ciing thé hién rang céc gen CAS cua cay hai a4 mam
va cay mot 14 mam xép thanh hai nhém riéng biét.

3.3. Cic motif bdo thi V& ciu
f-cyanoalanine synthase ¢ cay san

truc cua cdc

Khi sip day cac CAS cua cay sin clng véi caa mot sb
loai khéc cho thdy ca hai CAS cua cy sin déu mang cac
motif bao thii va cac amino acid giir vai trd rat quan trong
d6i véi hoat tinh enzyme (Hinh 3). Lysine (trung tam
phan tng xuc tac), cac amino acid gan véi PLP (motif
PxxSV/IKDR) va gan véi co chat cystein déu c6 mat ¢ ca
hai CAS cuia cay san. Két qua sip ddy nay hoan toan phu
hop véi két qua phan tich cay di truyén. Cac két qua nay
goi y vé& su bao thu cao cua cac enzyme CAS trong thé
gidi thuc vat bac cao.

Céu trGic khong gian cua ca hai enzyme CAS cua cay
san dwoc ching toi xay dung nho st dung phin mém
Phyre2 (Hinh 4). Cau tric bac hai cua ca hai enzyme nay
c6 chira nhiéu xoan a va nhiéu chudi B. Cau tric tric bac
hai cua cac CAS cua cdy sén tuong dong véi cia cay dau
tuong [15]. Trong c4u tric bac hai du doan nhd Phyre2,
ca hai CAS cua cay san ¢ 12 xoin a va 11 chudi p. Pau
N-terminal cua ca hai MesCAS duoc bat ddu bang 2 xoin
a, ké tiép 1a 2 chudi p. O viing trung tam, trung tam phan
ang lysine (K) Ia mot phan cia xoin o thu 3. Vung nay
gdém nhiéu cau tric a/p (xodn a dugc ndi tiép boi chudi
B). Cau tric o/p kéo l3p lai & ddu C-terminal.
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MesCAS]1 MATL-RNLFTKK-SFASNELAMR-RFFT---PQAAAARA-PSFAQRVRDLPKNLPATKIR
HbCAS MATL-RNLLKKK-SLTSNELATR-RFVS---SE -AAAES-PSFAQRTRDLPKNLPGTKIK
MesCAS2 MASL-RNLLKKN-SLTSNNLPTR-RFFS---SE-AALES-PSFAHKTRDLPNNRPQAKTK
BpCAS MK~-RMLS--~-TQ-PLADSDPSFAQRTRDLPKHVPGTNIK
GmCAS ~ MASLMSTILKOR-SCSSSSHAGR-LLFST-TTA-AIVDS-PSLAQRIRDLPKDLPGTNIK
MACAS1 MAAL-RSFLKKRSSVLCN-GAMRRKLFSTEVSQ-PLIDS - PSFAQRIRNLPKDLPGTQIK
MACASZ MAAI-RSFLKKRSSVLCNGGAVRHRLEFSACVSQ-PIFDS-PSFAQRIGNLPKDLPATQIK
AteysCl MASVSRRLLRRE-TIPCFSHTVR-KLFST-—-———- VGS-PSFAQRI RDLPKDFPSTNAK
*k ok *% *

MesCAS1 TEVSHLIGRTPLVFLNKVNEGCGAY IAVKQEMM(]
HbCAS — TEVSOLIGRTPLVYTNKMSEGCGAY TAVKOEMMQJPTASTL
MesCAS2 PEVSQLIGKTPLVYLNKVTEGCGAFTAVKQEMVOPTASTI
NEVSQLIGRTPLVY LNKVTEGCGAY IAVKQEMMOPTAS T
KHVSQLIGRTPLVY LNKVTEGCGAYVAVKQEMMOPTAS ]
MACAS1  TQVSQLIGRTPIVYLNKVTEGCGAY IAVKQEMFQPTAST
MACAS2  TQVSQLIGRTPIVYLNKVTEGCGAF IAVKQEMF(

AtcysCl RDASLLIGKTPLVELNKVTEGCEAYVAAKQEHF(Q
* kEkx kk k kkk  Kkk K Kk kkk  kkk kkkkkkk Kk kkk

AFSMFNDAEKKNLISPG
RPAFSMINDAEKKNLI TPG
RPAFAMINDAEKKNLISPG
RPAYAMMMDAEKRNLITPG
RPAYAMITDAEEKNLITPG
RPALSMINDAEEKGLITPG
12

MesCAS1 KTVLIEPTSANMGISMAFMAAMKGYKMILTMPSY TSLERRVTMRAFGAELI LTDPTKGMG
KTVLIEPTS@NMGI SMAFMAAMKGY KMVLTMPSY TSLERRV TMKAFGAE LIVTDPTKGMG
MesCAS2 KTTLIEPTSENMGISMAFMAAMKGYKMVLIMPSY TSLERRVIMRAFGAELI LTDPTKGMG
KTTLIEPTSGNMGI SLAFMAAMKGY KMVL.TMPSY TSLERREV TMRAFGADLVLTDPTKGMG
KTTLIEPTS@MGISMARMAAMKGY KMVL.TMPSY TSLERREV TMRAFGAELI LTDPAKGMG
MACAS1 ETILIEPTSANMGISMAFMAAMRGYKMVL.TMPSY TSLEREVCMRCFGADLILTDPTKGMG
MACAS2 ETTLIEPTSANMGISMAFMAAMKGYKMVLIMPSY TSLERRVCMRCFGADLILTDPTKGMG
AtcysCl KTTLIEPTSGNMGISLAFMAAMKGYRI IMTMPSY TSLERRVTMRSFGAELVLTDPAKGMG

% kkkkkkhhkkkokk hhkkkkk hk kkkkkkkkkkhhk k  kkk ok khkk hkkd

MesCAS1 GTVKKAYDLLETTPNAYMLQOFSNPANSKIHFE TTGPEIWEDTLGQVD IFVMGIGSGGTV
GIVEKAYDLLESTPNAFMLOOESNPANSKIHFE TTGPE IWEDTLGHVD IFVMGIGSGGTV

cO EST ¢ nguon goc tir hon hop m6 sinh dudng (la va ré)
cta cdy sin duoc trong trong diéu kién thuong, trong d6
MesCAS1 cé 2 EST va MesCAS2 c6 5 EST. Riéng gen
MesCAS1 con c6 3 EST c6 ngudn géc tir hdn hop mo 14,
md phén sinh dinh, r& va ci cia cay sin dugc dat trong
didu kién thiéu nuéc (Bang 3). Nhitng nghién ctu vé su
biéu hién cac gen CAS & thyc vat hién con chua nhiéu. Su
biéu hién cua CAS c6 thé lién quan dén qua trinh chin cua
qua téo. O cdy téo, hai gen MdCAS1 va MdCAS2 biéu
hién & cac giai doan phat trién cua qua [6]. O qua to giai
doan phat trién thi hai, ehtylene va vét thuong ciing cam
ng su biéu hién hai gen nay [6]. O céy bulo, gen BpCAS
cling duwgc cam tng béi ethylene va ozone [13]. Tuy
nhién, sy biéu hién cua CAS lai khong lién quan dén su
rung 14 ciing nhu cac diéu kién bat lgi cia méi truong &
cay A. thaliana [14].

Bing 3. Su biéu hién cva cic gen fF-cyanoalanine synthase

MesCASZ2 GTVKKAFELLESTPNAFMLQOFSNPANTKIHFE TTGPE IWEDTLGOVD IFVMGIGSGGTV cua cay san
BpCAS  GTVKKAYDLIESTPNAFMLQOFSNPVNTQGAFE TTGPE IWEDTNGQVD IFVMGIGSGGTV -
GMCAS  GTVKKAYELIENTPNAHMLOOFSNPANTOVHFE TTGPE IWEDTNGOVD IFVMGIGSGGTV So
MACAS] GIVKKAYDLLESTPNAYMLOOFSNPANTKVHFETTGPEIWEDTNGQVDIFVMGIGSGGTY ) 5 A o
MACAS?  GTVKKAYDLLESTPNAFMLOCFSNPANTKVHFETTGPEIWEDTNGOVDIFVMGIGSGGTY Gen luong Ma so EST Mo
AtoysClL GTVRKAYDLLDSTPDARMOGFANPANTQTHFD TTGPE THEDTLGNVD [FVMSIGSGGTY EST
*kkkkk *k *kx * k kxk kk * *
MesCAS1 TGVGQYLKSQNPNVKIYGVEPAESNVLNGGKPGPHQI TGNGVGFKPDILDMDVMERVLEY DB931394.1 Hon h(jp la va r@ & cac
HOCAS  SGVGOYLKSQNENVKIYGVEPAESNVLNGGKPGPHOIMGNGVGFKPD ILDMDVMEKVLEYV ' giai doan phat trién khac
MesCAS2 SGVGQYLKSQNPAVKTYGVEPTESNVLNGGKPGPHHI TGNGVCFKED I LDLOVMERVLEY DB948853.1 :
BpCAS  SGVGOYLKSONPNVKIYGVEPTESNVLNGGKPGPHQI TGNGVGFKEDILDMDVMERVLEY nhau
GnCAS  SGVOQYL VKIYGV 1NGGKPGPHHI TGNGVCFKED I LDLDVMERVLEY MesCAS1 5
MACAS1  SGVGQYLKSKNPNVQIYGVEPAESNVLNGGKPGPHS IMGNGVGFKPDILDLIMIERVIEV DV456106.1 Han hop 14, md phan
MACASZ SGVGQYLKSKNPNVQIYGVEPAESNVLNGGKPGPHS I TGNGVGFKPD ILDMDMMERVIEV . . M x ! N Yy n
AtcysCl SGVGRYLKSKNPNVKIYGVEPAESNILNGGKPGPHAT TGNGVGFKPE ILDMOVMESVLEY DV457590.1 | sinh dinh, ré va ca & cdy
kkdk ek ko k kkdkdkdksk kkdk kokkkdkkdkokk % kkkkkkkk kkw ok * % kk CK6443101 thiéunué'c
MesCAS1 SSEDATKMARRLALZEGIMVGISSGANTVAALRIARMPENKGKLIVTVHPSEGERYLTSY :
HOCAS — SSEDAVKMARRLALEEGIMVGISSGANTVAAIRLARMPENKGKLIVTVHPSFGERYLSSV DB929065.1
MesCAS2 SSEDAVNMARRLALEEGIMVGISSGANTVAALRLARMPENKGKLIVTVEPSEGERYLISY :
BpCAS  SSEDSVNMARQLALKEGLIVGISSGANTIAALRTARMPENKGKLIVTVHPSEGERYLSSV x Los X .
GCAS  SSEDAVNMARVLALKEGLMVGISSGANTVAALRLAQLPENKGKLIVTVHPSFGERYLSSV DB930779.1 | Hén hop 14 va re o cac
MACAS] TSEDAVNMARQLALKEGLMVGISSGANTVAAME LAKKPENKGKLIVTVEPSFGERYLSSV MesCAS2 5 DB920269.1 giai doan phat trien khac
MACAS?  RSEDAVNMARQLALKEGLMVGISSGANTVAAME LAKKPENKGKLIVTVHASEGERYLSSY
AtcysCl SSEDATKMAREIALKEGIMVGISSGANTVAATRTAKMPENKGKLIVTTHASFGERYLSSV DB946819.1 nhau
ko kkk kkx hkk ik *% * *k
MesCAS] LFEQLRNEAANMOPVEVD-— DB948326.1

HbCAS LFEELRYEAANMOPVEVD--
MesCAS2 LFEEIRKEAANMOPVPVD-—
BpCAS LFEELRKEAENMQPYVSVD-—
GmCAS LEFQELROEAENMOPVAVD-—

MACAS1 LEQELRQEAENMOPVAVDYP

MACAS2 LFODLROEAENMOPVAVD- -

AteysCl LEDELRKEAEEMKPVSVD--—
*k *k Kk * kk kk

Hinh 3. Két qua sdp day cdc protein CAS ciia cdy sin
Ddu * danh déu céc amino acid béo thii, amino acid giir vai tro
trung tam phan irng (K) dwoe danh ddu bang nén xam va déng
trong 6, cac amino acid gdn v6i PLP va amino acid lan lwot dwoc
ddnh déu bang ki tw béo ddm va béo nghiéng ddm, nén xam
MesCAS2

MesCAS1

Hinh 4. M6 hinh 3D céu triic khéng gian ciia cde CAS ciia cdy
sdn voi cace cdu triie xodn o (cudn xodn) va chudi P (miii tén)
3.4. Khdo sdt sw biéu hi¢n gen B-cyanoalanine synthase

0 cdy san

Céac EST tuong ng cua cac gen CAS cua cay sin
dugc tim kiém bang phuong phap TBLASTN tir tap hop
85.665 EST cua loai nay. Ching toi thu duoc 5 EST
tuong tng véi moi gen. Ca hai gen CAS cua cdy san déu

4. Két luan

Trong cong trinh nay, nho st dung cac phwong phap
tin sinh hoc, chung t6i da xac dinh va phan tich hai gen
CAS ¢ trong h¢ gen cua cay san. Ching t6i da xac dinh
cac dac diém li-hda va cau tric caa gen va céac protein
suy dién tuong ng. Cac motif va cac amino acid bao
tha giir vai trd quan trong dbi vai hoat tinh enzym da
dugc tim thy trong ca hai protein CAS cua cay san (nhu
trung tdm phan ung, vi tri gan vé6i PLP...). Cay di truyén
cho thiy cac CAS cua cay sin rat glong véi gen tuong
ddng & cay cao su. Khi khao sat sy biéu hién cua cac gen
CAS ¢ cdy sin bang cach dém céc EST trong ngan hang
EST hién c6 cua cay san, ching toi tim théy céc EST
tuong Ung cua ca hai gen CAS, cac EST nay c6 ngudn
goc tir hon hop mo sinh dudng cia cay san trong trong
diéu kién thuong. Bic biét, ching toi tim thay 2 EST
twong ung veéi gen MesCAS1 ¢o nguon goc tir hon hop
cac mo sinh dudng cua cay sin duoc trong trong diéu
kién thiéu nuée. Két qua nghién ciu ndy s& mo dudng
cho viéc tach dong gen va phan tich chirc nang cta céc
gen CAS & cay sén.
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