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MO PAU

1. Ly do chon d@ tai

Lac (Arachis hypogaea L.) 1a loai cay ho dau quan trong dugc
trong rong rai ¢ ving nhiét d6i va 4 nhiét d6i dé lam thuc pham va
ly dau. O Viét Nam, lac 1a mét trong nhitng cay lay dau quan trong
nhat. Tuy nhién, cdy lac d& nhiém cac loai ndm bénh, dac biét 1a
nam sinh ra trong dat, dan dén ning suét thap va chat luong hat
gidng kém. Trong nhitng nam gan ddy, bénh thdi ré va than do
Sclerotium rolfsii gdy ra di tré thanh mdi de doa I6n dbi vai san
xuat lac, va day 1a bénh truyén qua dat co6 strc tan pha trén toan thé
gidi. S. rolfsii chu yéu gay hai phan gdc than cta cay lac va 1am cho
toan bd cy bi héo, chét va lam giam san lwong lac tir 10-80%. Mot
s6 bién phap phong trir duoc nghién ctu ap dung hién nay nhu
thudc hoa hoc, sir dung céc vi sinh vat ddi khang, luan canh cay
trong. Trong d6, tao gidng cdy trong mang cac gen khang bénh
duogc coi 1a phuong thac hiéu qua va kinh té nhat dé kiém soat bénh
va than thién véi moi trudng.

Chitinase (EC 3.2.1.14) 1a ho cac enzyme xtc tac qua trinh thuy
phan cac lién két B-1,4 N-acetyl-p-D-glucosamine cua chitin. Trong
san xuét néng nghiép, chitinase 1a mot trong nhitng tac nhan sinh
hoc khang nam bénh ¢ cay trong hiéu qua nhat. Nhiéu loai nam
Trichoderma c6 kha nang tiét chitinase ngoai bao nén chung thudng
dugc su dung dé kiém soat cac bénh nim hai cay trong. Bén nay,
mot s6 gen chitinase cua cac chung Trichoderma da dwoc tao dong
va biéu hién di chang trong mot sb vat cha nhu Chitd6 tir T.
harzianum trong Pichia pastoris, Chit33 va Chit42 tu T. harzianum
trong E. coli, ech42 tx T. aureoviride trong Saccharomyces
cerevisiae. Va mot s6 gen ma héa chitinase tir cac sinh vat khac,
nhu chitinase-3 va Rchit tir lta hodc chitinase tir thude 14 da duoc
dua vao cay lac dé ngan ngira nhidm nim. Tuy nhién, cho dén nay
chua ¢ trudong hop nao bién nap gen chitinase tir vi sinh vat vao
cay lac, dac biét 1a cac loai thudc chi Trichoderma.

Vi viy, nghién ciru chuyén gen chitinase caa Trichoderma vao
cdy lac dé ting tinh khang nidm 1a mot giai phap hiéu qua, than thién
VGi mdi truong va hién dang duge quan tdm ung dung trén nhiéu
dbi twong cay trong khac nhau. Theo nghién ctu cua Loc & cs
(2013), gen chitinase ma hoa chitinase 42 kDa cua T. asperellum co
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hoat tinh manh. Tuy nhién, chua c6 nghién ctru nao cong bd vé
chuyén gen chitinase ma hoa chitinase 42 kDa cua T. asperellum
vao cay lac dé tao ra dong lac c6 kha ning khang nam.

Xuat phét tir co s& khoa hoc va thyc tién trén, chung toi da thyc
hién dé tai “Nghién citu kha ning khang bénh héo rii goc moc
trang caa cdy lac (Arachis hypogaea L.) dwogc chuyén gen chi42”.
2. Muc tiéu nghién ctu

Biéu hién duoc gen chitinase 42 kDa trén cdy lac chuyén gen va
tao dugc dong lac chuyén gen chitinase 42 kDa c6 kha niang khang
nam cao.

3. Noi dung nghién ciru

(1) Hoan thién hé thong tai sinh in vitro giéng lac L14

(2) San xuét khang thé da dong khang chitinase 42 kDa & chudt dé
phuc vu phan tich Western blot

(3) Thiét ké vector biéu hién ¢ thuc vat mang cac gen chitinase 42 kDa

(4) Biéu hién tam thoi cac gen chitinase 42 kDa trong cay
Nicotiana benthamiana

(5) Nghién ciru anh hudng cia mot s yéu td 1én hiéu qua chuyén
gen chitinase 42 kDa vao cay lac qua trung gian A. tumefaciens

(6) Nghién ctru bién nap cac gen chitinase 42 kDa vao ciy lac
thong qua A. tumefaciens

(7) Nghién ctru mét sO dic diém sinh 1y va hoa sinh cua cac dong lac
chuyen gen chitinase 42 kDa sinh truong trong diéu kién in vivo
4.Y nghia khoa hoc va thuc tién
4.1.Y nghia khoa hoc

Két qua nghién ctru cua luan an s& cung cap cac dan liéu khoa
hoc méi, co tinh hé théng vé téi wu hoa gen chitinase 42 kDa dé
biéu hién & thuc vat, vector chuyén gen, chuyén gen chitinase 42
kDa cua T. asperellum vao cdy lac dé ting kha ning khang bénh
héo rii gdc méc tring do ndm S. rolfsii giy ra, ddng thoi tao ra cac
dong lac chuyén gen c6 kha ning sinh trudng va phat trién tot.
4.2.Y nghia thyc tién

Két qua luén an cling la co s¢ dé (g dung bién phap cai thién kha
nang khang nam cua cdy lac nham nang cao ning suat va hiéu qua
san xuét lac, gop phan bao vé méi trudng. Dong thoi, két qua nghién
ctu caa luan an dugc ding tai trén cac tap chi khoa hoc chuyén
nganh trong nudc va qudc té 1a tai liéu tham khao c6 gia tri trong
giang day va nghién ctu.



5. Nhitng déng gép méi cia luan an

- P4 hoan thién quy trinh tai sinh in vitro cho giéng lac L14: khir
trang hat lac bang NaOCI 65% trong 10 phut, tai sinh cac loai mau
ciy khac nhau cta cy lac va tao cum chdi trén méi truong MS c6 bd
sung 4 mg/L BAP va 0,1 mg/L NAA, tao ré trén moi truong MS co
bo sung 0,5 mg/L NAA.

- Pa ti wu hoéa trinh tu nucleotide gen Chi42 hoang dai ma hoa
chitinase 42 kDa cua T. asperellum SH16 cho biéu hién thyuc vat. Hai
trinh tu c6 bd ba tdi wu cho biéu hién & thuc vat da dugc dang ky trén
GenBank voi cac ma s6 MT083802.1 (syncodChid2-1) va
MT083803.1 (syncodChi42-2). Pa thiét ké thanh cong cac vector
biéu hién thuc vat mang lan luot 3 gen chitinase (Chi42,
syncodChi42-1 va syncodChi42-2) dudi su diéu khién biéu hién cua
mot trong hai loai promoter dic hiéu ré pAsy hoac promoter thuong
truc dp35S.

- Pa biéu hién va tinh sach thanh cong chitinase 42 kDa ¢ E. coli.
Dong thoi da sir dung enzyme nay dé san xuét thanh cong khang thé
da dong khang chitinase 42 kDa ¢ chugt phuc vu cho phan tich
Western blot.

- P tiép hop thanh cong cac vector biéu hién thuc vat mang cac
gen chitinase 42 kDa vao A. tumefaciens LBA4404 va da biéu hién
tam thoi cac gen nay & dang hoat dong manh trong cay N.
benthamiana bang k¥ thuat thim nhap.

- i bién nap va tuyén chon duoc 16 dong lac L14 mang cac gen
Chi42, syncodChi42-1 va syncodChi42-2 c6 muc d6 biéu hién
chitinase cao. Sy hién dién cta cac gen chitinase da lam tang hoat
tinh khang ndm S. rolfsii caa cac dong lac chuyén gen trong ca diéu
kién in vitro va in vivo.



Chwong 1. TONG QUAN CAC VAN PE NGHIEN CUU

Luan 4n da tham khao va tong quan vé 4 van dé chinh vdi cac noi
dung lién quan: (1) Bénh héo rii gbc mdc tring do nidm Sclerotium
rolfsii gdy ra va bién phap phong trur; (2) Enzyme chitinase; (3) Nang
cao kha niang khang nim cua ciy lac bang ky thuat chuyén gen; (4)
Ung dung k¥ thuat chuyén gen nhim ting cuong kha ning khang
nam & cay lac.

1.1. Bénh héo rii goc méc trang do nam Sclerotium rolfsii giy ra
va bién phap phong trir
1.1.1. Cay lac

Lac (Arachis hypogaea L.) 1a mot loai cay trong cé hiéu qua kinh
té cao va co gia tri da dang vé cac mit dinh dudng, chan nudi, tréng
trot cling nhu trong c6ng nghiép.

O Thira Thién Hué, lac ciing duoc xem 1a mot trong nhimg cay
trong quan trong, c6 hi¢u qua kinh té cao. Trong nhimg nim gan day,
& mot s6 ving san xuit néng nghiép cua tinh, cay lac chi dung sau
laa va dugce coi 1a cay chi luc ¢6 hiéu qua Kinh té cao hon so véi mot
s6 cay trong khac. Cac giéng lac duoc trong cha yéu trén dia ban tinh
la L14, Du Tay Nguyén,... ¢6 thoi gian sinh truéng 120-135 ngay.
1.1.2. Cac bénh hai do nidm gay ra é cy lac

Cac bénh do ndm gy ra & ciy lac chiém sé lugng 16n va mirc do
nghiém trong hon S0 Vi cac tac nhan gay bénh khac. Khoang 50 chi
nam 1 tac nhan gy bénh trén cay lac.

1.1.3. Bénh héo rii gdc moc trang do ndm S. Rolfsii

S. rolfsii ¢c6 pham vi ky cht rong vai hon 500 loai thuc vat, bao
godm ca cdy mot 14 mam va hai 14 mam.
1.1.4. Co ché khang nAm bénh ciaa ciy lac

Cay lac (A. hypogaea L.) khi bi nhlem mam bénh vi sinh vat, co6
kha nang tao ra cac hop chét co nguon géc tir stilbene duoc coi 1a
phytoalexin khang nam. Cac hop chat Stilbenoid trong cdy lac ¢
vai tro trong cac co ché bao vé thuc vat, ching c6 kha ning khang
cac loai nAm gdy bénh thyc vat thudc cac chi Colletotrichum,
Botrytis, Fusarium va Phomopsis.

1.1.5. Tinh hinh nghién c@u cac bién phap phong trir bénh do S.
rolfsii gy ra & cay lac trén the giéi va Viét Nam

Dé phong trir benh héo rii gbc moC trang do S. rolfsii gy ra rat
khé vi né c¢6 pham vi ky cha rong, téc do ting trudng nhanh va san
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Xuat s lugng I6n hach nam, hach ndm ton tai dai dang trong dat.
1.2. Enzyme chitinase
1.2.1. Sy phén b chitinase trong tu nhién
1.2.2. Phén loai chitinase
1.2.3. Co ché phan @ng cua chitinase
1.2.4. Tinh hinh nghién cttu chitinase tir Trichoderma
1.3. Nang cao kha ning khiang nim ciaa ciy lac bing ky thuat
chuyén gen
1.3.1. H¢ thdng vector bién nap gen thong qua A. tumefaciens
1.3.2. Promoter sir dung trong chuyén gen thuc vat
1.3.3. Tinh hinh nghién ctru vé promoter dic hiéu ré
1.3.4. Thay d6i ma di truyén cua gen dich cho phu hop véi hé thdng
biéu hign
1.4. Ung dung ky thuit chuyén gen nhim ting cudong kha ning
khang nim ¢ cdy lac
1.4.1. Hé thdng tai sinh va quy trinh chuyén gen ¢ cdy lac
1.4.2. Tinh hinh nghién ctru chuyén gen chitinase vao ciy lac nhim
nang cao kha nang khang ndm

Céc gen mi hoa chitinase c6 kha ning khang ndm bénh da duoc
cha y & nhiéu loai cdy trong khac nhau nhung & cay lac van con it.
Nhiing nghién ctru trong nuéc theo hudng biéu hién gen chitinase
ngoai lai & cdy trong chua duoc cong bd nhidu. Hiéu qua chuyén gen
chi duoc danh gia & muc do lai Southern, cac phan tich biéu hién gen
& mirc d6 phén tir cing nhu ¢ diéu kién in vivo chwa dugc thuc hién.



Chuong 2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu nghién cau
2.1.1. Nguyén li¢u thuc vat

Glong lac (A. hypogaea L.) L14 dwoc mua tir Cong Ty Co phan
Gidng cay trong-Vat nudi Thira Thién Hué.

Cay Nicotiana benthamiana do Phong thi nghiém Sinh hoc phan
tir thuc vat (Pai hoc Quéc Gia Jeonbuk, Han Qudc) cung cap.

2.1.2. Céc vector, chiing vi khuén va vi nam

- Vector biéu hién thuc vat pMYV719 mang promoter dp35S va
vector pMYV508 chira gen pl19 mi héa mot protein wc ché gen im
lang cua virus coi coc & ca chua (TBSV) duogc cung cap bai GS Yang
Moon-Sik (Pai hoc Quéc gia Jeonbuk, Han Quéc).

- Promoter dic hiéu ré Asy (pAsy) dugc tong hop va duoc tao
dong trong vector pUC19 boi Cong ty TNHH MTV Hoa sinh Phu Sa
(Can Tho, Viét Nam).

- Vector biéu hién E. coli pQES30.

- Cac gen ma hoa chitinase 42 kDa c6 mang trinh ty peptide tin hi¢u
cua gen amylase 3D ¢ lua, bao gém Chi42 (NCBI: HM191683.1) 1a gen
hoang dai tr chang T. asperellum SH16, syncodChi42-1 (NCBI:
MTO083802.1) va syncodChi42-2 (NCBI: MT083803.1) 1a 2 gen co
ngudn gdc tir gen Chid2 da duoc ti wu hoa bo ba sir dung cho biéu hién
thyc vat (dai khoang 1,3 kb bao gom ca doan peptide tin hiéu) dugc tong
hop va tao dong trong vector pUC19 béi Cong ty TNHH MTV Héa sinh
Phu Sa (Can Tho, Viét Nam).

- Cac chang vi khuan E. coli M15, E. coli TOP10 va A.
tumefaciens LBA4404 do Vién Nghién ctu Hoat chat sinh hoc,
Truong Pai hoc Khoa hoc, Pai hoc Hué cung cép.

- Chang nam Sclerotium rolfsii do B6 mén Bao vé thuc vat,
Truong Pai hoc Néng Lam, Pai hoc Hué cung cap.

2.2. Phwong phap nghién ctru

2.2.1. Hoan thién hé théng tai sinh in vitro gidng lac L14

2.2.2. Tbi wu hoéa trinh tu gen chid2

2.2.3. San xuat khang thé da dong khang chitinase 42 kDa

2.2.4. Xac dinh hoat tinh va dic diém cta Ta-CHI42

2.2.5. Tao dong gen chitinase va promoter Asy trong vector biéu hi¢n
thuc vat

2.2.6. Tam hop



2.2.7. Chuyén gen chitinase bang ky thuat thim nhap
2.2.8. Bién nap gen chitinase thong qua Agrobacterium
2.2.9. Nhan dang va phan tich biéu hién cia gen chuyén
2.2.10. Thir nghiém hoat tinh khang nam cua chitinase thuc vat
2.2.11. Bic diém sinh |y va hoa sinh cua cdy lac chuyén gen in vivo
2.2.12. Xt ly théng ké
2.3. Thoi gian va dia diém nghién ctu

Cac thi nghiém cua luan an dugc thuc hién tai Phong thi nghiém Bo
modn Cong nghé sinh hoc, Vién Nghién ctru Hoat chat sinh hoc, Truong
Pai hoc Khoa hoc, Pai hoc Hué trong thoi gian tir nim 2019-2022.



Chuwong 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Hoan thi¢n hé théng tai sinh in vitro & cay lac
3.1.1. Anh hwéng caa diéu kién khir tring dén kha ning nay
mam in vitro caa hat lac

Hat lac sau khi rira sach, dugc xir 1y véi cac chat khir tring khac
nhau trong cic khoang thoi gian khac nhau. Két qua ¢ bang 3.1 cho
thay khi tang thoi gian khir tring thi ty 1¢ hat chét ting con ty & hat
nhiém giam. Kht tring véi NaOC1 65% trong 10 phut ty 1¢ hat nhiém
ciing thap chi 1,25%. Bong thoi NaOCl it gay doc cho ciy ciing nhu
cho ngudi sir dung so voi hai chat khir tring con lai. Vi vay, NaOCI
65% xtr ly trong 10 phut da duoc chon dé sur dyung trong nghién clru nay.

Béang 3.1. Anh huong cua diéu kién khir trang dén kha nang nay mam cua hat lac.

Tyle Tyle Tylé

, Néng  Thoi A Ay miunay Nedy  Negaylén
Chitkhitrang  do  gian e p 1N8Y " hhi cdy hoan
%)  (ph) nhiém chét mam mam todn
(%) (%) (%)
5 1125 13,75 7500 5 10
01 10 500 2250 7250 6 10
HaCl, 15 125 5250 4625 6 10
5 375 7125 2500 6 12
02 10 0 8500 1500 7 15
15 0 9125 875 7 15
5 2500 1000 7500 4 8
60 10 1875 125 6875 4 10
15 1125 25 6375 4 12
NaOCl 5 625 225 11,25 3 7
65 10 125 175 8125 3 8
15 0 5000 5000 4 10
5 375 2375 7250 3 8
AgNO; 01 10 250 3750 60,00 4 10
15 125 6250 3625 4 10

3.1.2. Anh hwéng ciia phwong thirc nay mam

Két qua cho thdy phwong thirc boc vo lua va tach doi hat cua
giéng lac L14 sau 3 ngay hat da nhu mz‘irr} va sau 8 ngay da 1én cay.

Bang 3.2. Anh hudng cua phuong thicc nay mam hat lac.

£ X , < 1a. Tylélén
Phuong thuc ?ﬁgﬂfg g Ngna;}é/;hu Ng:;/ 1én cdy sau 10
Y Y ngiy (%)
Pé nguyén hat con vo lua 80 10 18 12,5
Dé nguyén hat va boc vo lya 80 7 12 57,5
Béc vo lya va tach doi hat 80 3 8 77,5




3.1.3. Kha ning tai sinh chdi tir cic bd phan khac nhau ciia cay
lac in vitro
Két qua nghién cttu cho thiy hon 81% cdy lac glong L14 da nay
mam trén moi truong MS sau 3 ngdy nubi ciy va dén ngay thir 7 da
phat trién thanh cay in vitro hoan chinh. Cay con duoc cat thanh cac
mau cay khac nhau bao gom chdi dinh, tru trén 14 mam, tru duéi 14
mam va mat 14 mam dé khao sat sy tai sinh choi trén cac moi truong
nudi cdy khac nhau. Két qua quan sat cho thay moéi truong MS bo
sung BAP 4 mg/L va NAA 0,1 mg/L 1a thich hop nhét. 7
Bang 3.3. Tai sinh chdi tir cic loai mau nuéi cay khac nhau trén méi truong MS bo
sung BAP 4 mg/L va NAA 0,1 mg/L.

Mau cay Ty |6 tai sinh (%)  Sb chdi trén mau  Chiéu dai chdi (cm)
Chdi dinh 95 1,6° 3,1°
Tru trén 14 mam 50 2,32 2,9°
Try dudi 14 mam 40 1,8° 2,6°
M3t 14 mim 100 1,0° 6,6

3.1.4. Anh hwéng ciia BAP 1én tai sinh chdi in vitro tir try trén 1a mam
Chdi in vitro tir try trén 14 mam duoc nudi cy trén moéi trudng
MS ¢6 bd sung BAP tir 1-5 mg/L. Két qua cho thdy méi truong cd
BAP 4 mg/L c6 sé chdi cao nhat véi 3,8 choi/mau, ty 16 mau ciy tai
sinh 1a khoang 40%, kha cao so v6i cac né)ng do BAP khac.
Bang 3.4. Anh huong cua BAP 1én tai sinh choi cia try trén 14 mam.
Ty 1& mAu tai sinh choi

BAP (mg/L) (%) S6 chdi trén mau  Chiéu dai chdi (cm)
1 18,8 2,6% 2,47
2 21,9 2,0% 2,6®
3 31,3 3,1% 2,7%
4 40,6 3,8° 3,08
5 43,8 3,0% 2,9%
Déi ching 12,5 1,9° 2,3°

3.1.5. Anh hwéng ciia BAP 1én tai sinh chdi in vitro tir 14 mam
Dé cai thién ty Ié tai sinh chdi, cac 14 mam c6 phdi va 14 mam khi
phoi duoc nudi cay trén moi truong MS co bo sung BAP tir 1-5
mg/L. Sb liéu & bang 3.5 cho thdy tai sinh chdi cua 14 mam khir phoi
dat cao nhét véi 6,8 chdi/mau nhung chi 1 chdi/mau ddi voi 14 mam
c6 phdi trong méi truong c6 b sung BAP 4 mg/L.
Bang 3.5. Tai sinh chdi tir 14 mam trén moi truong MS chira 4 mg/L BAP.

Ty 1& tai sinh choi

Mau ciy (%) S6 chdi trén mau  Chiéu dai chdi (cm)
La ma‘m khtr phoi 23,3 6,8° 41"
L4 mam c6 phoi 86,7 1,0° 5,9




3.1.6. Anh huéng ciia NAA va IBA Ién kha ning tao ré& cia chdi
in vitro

Chdi in vitro cay lac dwoc chuyén vao méi trudng MS co chira
NAA va IBA dé cam tng tao ré. Két qua & bang 3.6 cho thay tét ca
cac nong do thir nghiém cuia 2 hop chat nay di kich thich ra & ¢ choi
in vitro. Tuy nhién, NAA cho hiéu qua cao hon IBA, s6 luong ré cao
nhat 14 10,9 ¢ 0,5 mg/L Véi ty Ié tao r& 100% va ré hinh thanh sém
hon, chi sau 9-12 ngay nuéi cay. ~ ‘

Bang 3.6. Anh huong cua NAA va IBA dén kha néng tao ré cua choi in vitro.

Chét KTST (mg/L) 1Y 1é choitaore

S6 r& trén chdi Chiéu dai r& (cm)

(%)

0,1 75,0 4,3 3,8°

NAA 0,3 87,5 4.4° 4.8®
0,5 100 10,9° 4,3®

0,1 75,0 3.4° 5,72

IBA 0,3 62,5 2,6° 4,6%
0,5 50,0 1,9° 53"

Pdichung 0,0 50,0 1,5° 4,9%

3.2. San xuat khang thé da dong khang chitinase & chudt
3.2.1. Tong hop cac gen chitinase

Céc gen ma hoa chitinase 42 kDa bao gdbm Chi42 1a gen hoang dai
te T. asperellum SHI16 da dugc loai bo cac doan intron,
syncodChi42-1 va syncodChi42-2 1a hai gen dd duoc téi wu hoa
codon cho biéu hién ¢ thuc vat di duoc ding ky trén GenBank voi
ma s lan luot 1a MT083802.1, MT083803.1. C4c gen chitinase 42
kDa nay da duoc tong hop va tao dong trong vector pUC19 va bién
nap vao té bao E. coli TOP10.
3.2.2. Tao dong cac gen chitinase trong vector biéu hién E. coli pQE30

D3 tao dong thanh cong cac gen chitinase trong vector biéu hién
E. coli pQE30.
3.2.3. Biéu hién cac gen chitinase trong E. coli

Cac té bao E. coli dugc bién nap vector pQE30 mang cic gen
chitinase 42 kDa dd biéu hién thanh coéng enzyme chitinase (Ta-
CHI42) khi dugc cam ung vai IPTG.
3.2.4. San xuit khang thé da dong khing Ta-CH142

Do tinh sach cua Ta-CHI42 thu hdi tir sdc ky i lec dd duoc kiém
tra bang SDS-PAGE. Nong d9 Ta-CHI42 tinh sach thu dugc theo
tinh toan khoang 4 pg/pL. Sau khi dugc tham tach voi dém PBS (pH
7,4), ndng do cubdi cung cua enzyme xap xi 1,5 pg/uL.
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Ta-CHI42 tinh sach sau d6 duoc tiém vao dudi da chudt Balb/c.
Phan tich phan &ng mién dich & chudt bang Western blot cho thiy khang
thé da dong khang Ta-CHI42 da duoc san xuét rat nhiéu & chuot.

3.2.5. Hoat tinh thiy phan chitin cia Ta-CHI142

Ta-CHI42 di duoc biéu hién & dang hoat dong vai hoat tinh cao
trong té bao E. coli.

3.2.6. Pic diém caa Ta-CHI142

Nghién ctru nay nhan thiy enzyme Ta-CHI42 tinh sach dat duoc
hoat d6 cao nhat, xip xi 26 U/mg protein ¢ pH 7 va hoat d6 dang ké
dugc quan sat thdy ¢ pH 6-8 (20-26 U/mg protein). pH 6n dinh cua
Ta-CHI42 ciing dugc duy tri trong pham vi tir 6-8 véi hoat d6 twong
d6i hon 80%.

3.2.7. Hoat tinh khang niam in vitro cia Ta-CHI42

Két qua cho thay sinh khdi cua nam bénh giam dang ké dudi tac
dung cua Ta-CHI42, chi dat 57 mg tuoi (khoang 1,63 mg kho) khi
duogc xir 1y vai 60 U/mL Ta-CHI42.

3.3. Thiét ké cac céu trac biéu hién chitinase & thuc vat
3.3.1. Tao dong gen chitinase vao vector pMYV719

Cac gen ma hoa chitinase (Chi42, syncodChi42-1 va
syncodChi42-2) co ngudn goc tir T. asperellum SH16 di duoc tao
dong trong vector biéu hién thuc vat pMYV719.

3.3.2. Tao dong gen chitinase va promoter Asy vao vector pMYV719
3.3.2.1. Tao dong promoter pAsy trong vector pMYV719

Phan uang cat han ché bang HindIII va Xbal da xac nhan chén
thanh cong promoter Asy vao vector gdc pMYV719.
3.3.2.2. Tao dong gen chitinase vao vector pMYV719/Asy

Khuéch dai PCR va phan wng cit han ché bang Xbal va Sacl da
xac nhan sy hién dién ctia cac gen chitinase trong nhém vector
pNHL20 bao gom pNHL20.1 (Chi42), pNHL20.2 (syncodChi42-1),
pNHL20.2 (syncodChi42-2).

3.3.3. Tao vi khuan A. tumefaciens LBA4404 mang gen chitinase

Khuéch dai PCR céc gen chitinase véi cac cap moi dic hiéu va
phan ung cit han ché da xac nhan sy hién dién cia cic vector
pNHL19 va pNHL20 trong vi khuan Agrobacterium.
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3.4. Biéu hién tam thoi gen chitinase trong ciy N. benthamiana
3.4.1. Biéu hién tam thoi cac gen chitinase trong cay N. benthamiana

Hai gen chitinase dugc td1 wu thich hop cho biéu hién ¢ thuc vt
hon gen hoang dai Chi42, dic biét 1a gen syncodChi42-2 da cho thiy
mirc d6 biéu hién cao hon déng ké trén Western blot.
3.4.2. Hoat tinh thiy phan chitin cia Ta-CHI142

Enzyme ciia 2 gen chitinase duoc toi wu di cho thdy hoat tinh
thay phan chitin cao hon khi dwgc xdm nhiém vao 14 cay N.
benthamiana cung véi vector pMYV508.
3.4.3. Hoat tinh khang nim cia enzyme Ta-CHI42 trong diéu
kién in vitro

Hoat tinh khang nim cua Ta-CHI42-1 va Ta-CHI42-2 tir N.
benthamiana dwgc ddng xam nhiém bang hai vector, pNHL19.1 va
PNHL19.2 véi pMYV508, sau 7 ngay xam nhiém dugc trinh bay
trong bang 3.8. Nam S. rolfsii dd bi @c ché sinh trudng trén moi
truong chira Ta-CHI42.
3.5. Anh hwéng cia mét sé yéu té 1én hiéu qua chuyén gen
chitinase vao cay lac qua trung gian A. tumefaciens

Két qua nghién ctru cua luan an di xac dinh dugc cac diéu kién
thich hop cho viéc chuyén gen vao 14 mam chira phdi cua gidng lac
L14 qua trung gian A. tumefaciens LBA4404. Trong do, mau 14 mam
chira phoi dugc tién nudi cdy 3 ngay trude khi lay nhidm vi khuan,
lay nhidm 20 phit & ODggo = 1,0 va ddng nudi cdy vai vi khuan trong
t6i 3 ngay trén moi truong co bd sung 200 pM cefotaxime; mau
chuyén gen dugc khir khuan véi 250 mg/L cefotaxime va sang loc &
mdi truong ¢ chira 100 mg/L kanamycin cho hiéu quéa bién nap cao.
Viéc ti wu hoa cac yéu to trong bién nap gen gitp cai thién hiéu suat
bién nap gen chitinase & giéng lac L14.
3.6. Bién nap gen chitinase vao cay lac thong qua A. tumefaciens
3.6.1. Chuyén gen chitinase vao cay lac

Két qua bién nap dugc trinh bay trong bang 3.9. S liéu trinh bay
¢ bang 3.9 cho thiy sau 4 tuan nudi cdy trén mdi truong chon loc co
bo sung kanamycin va cefotaxime, tir 3 loai mau vat da dugc bién
nap gen chitinase tir 2 loai vector pNHL19 va pNHL20 thu duoc lan
lugt 364 va 416 chdi tai sinh.
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Bing 3.9. Higu qua chuyén gen chitinase vao cac loai mau khac nhau & cdy lac.

So choi
S o IR s endi
Loai mau  mau S . duong
X Vector Gen x Ao x moi . o
mau bién tao choi/mau - tinh vé&i
nap choi 9 PCR
chon
loc
Chaz 200 200 357 66 17
\hLgg SYncodChid2-l 200 200 404 69 21
Lamim P syncodChid22 200 200 410 68 o5
chira Cha2 200 200 426 68 33
phoi oo SncodChi42-l 200 200 407 74 39
P syncodChid22 200 200 401 65 26
Cha2 200 15 608 22 0
syncodChi42-1 200 19 6,46 19 0
Lamim PNHLS oncodchiaz2 200 16 633 16 0
khir Cha2 200 35 729 33 18
phoi syncodChid2-1 200 36 7,05 36 22
PNHL20 0 odchidz2 200 30 623 27 15
Cha2 200 200 537 33 6
syncodChi42-1 200 200 5,51 36 8
~ PNAMS gncodchia2-2 200 200 567 35 11
Mit la Cha2 200 200 6,00 38 10
mam syncodChid2-1 200 200 630 39 15
PNHL20 o hcodchidz2 200 200 593 36 13

3.6.2. Sang loc cac cdy lac chuyén gen biang PCR

Pé xac nhan su hién dién cua gen chitinase trong bo gen cua cay
lac, cac chdi tai sinh sdng sot trén mdi trudng chon loc dugc kiém tra
bang khuéch dai PCR (Bang 3.9). O 14 mam chira phoi, ddi voi vector
pNHL19, sé chdi dwong tinh véi PCR ciia mbi gen 1a 25,8% (Chi42),
30,4% (syncodChi42-1) va 36,8% (syncodChi42-2); trong khi &
vector pNHL20, ty I€ nay 1a 48,5% (Chi42), 52,7% (syncodChi42-1)
va 40% (syncodChid2-2). O mat 1a mam, ddi véi vector pNHL19, ty
¢ nay la 18,2% (Chi42), 22,2% (syncodChi42-1) va 31,4%
(syncodChi42-2); trong khi ¢ vector pNHL20, ty ¢ nay 1a 26,3%
(Chi42), 38,5% (syncodChi42-1) va 36,1% (syncodChi42-2). O la
mam khir phéi, cac mau duoc bién nap vector pNHL20 cho ty 1¢ choi
tai sinh dwong tinh PCR cao nhat, 54,5% (Chi42), 61,1%
(syncodChid2-1) va 55,6% (syncodChi42-2); trong khi khong c¢é chdi
tai sinh nao dwong tinh voi PCR dugc tim thay & cac mau dugc bién
nap vector pNHL19.

13



3.6.3. Biéu hién cac gen chitinase trong cay lac

Phén tich Western blot duoc thuc hién trén cac dong lac chuyén
gen co bang protein 42 kDa c6 thé quan sat trén SDS-PAGE. Ngoai
trir d6i ching am khong chuyén gen, phan 16n cac dong lac chuyén
gen duoc kiém tra va ddi chimg duong déu cho thay tin hiéu tuong
tac khang nguyén - khang thé. Di véi cac dong lac chuyén gen dung
vector pNHL20, dong S2A-12 (syncodChi42-2) c6 tin hi¢u manh
nhat, trong khi dong S1A-15 (syncodChi42-1) va dong WTA-2
(Chi42) tin hiéu yéu hon.
3.6.4. Hoat tinh thuy phan chitin cia chitinase

Trong hau hét cic truong hop, cic gen di duoc tdi wu
syncodChi42-1 va syncodChi42-2 biéu hién manh hon gen hoang dai
Chi42.
3.6.5. Hoat tinh khang nam ciia cac dong lac chuyén gen

Trén mdi trudng chua ré cua cac dong lac chuyén gen chitinase,
su phat trién caa S. rolfsii, gdy bénh héo rit moc trang, bi tc ché dang
ké sau 96 gio xir 1y.

Kha ndng khang S. rolfsii cua cac dong lac chuyén gen chitinase
42 kDa trong trong diéu kién in vivo duoc danh gia theo thang diém
1-5 nhu trong bang 3.10. Céc dong lac Chuyen gen déu c6 xép hang
bénh thap, thay ddi tir 1 dén 1,67, trong khi ddi ching 1a tir 4,33 dén
5,0. Trong do, cac ca thé & 3 dong chuyén gen syncodChi42-2 dudi
su diéu khién cta promoter Asy dic hiéu ré c6 100% khoe manh, con
mot s6 ca thé & dong chuyén gen syncodChid2-1 va Chid2 co vét
bénh trén than nhung chung van sinh trudng binh thuong.
3.7. Pic diém sinh 1y va héa sinh ciia cay lac chuyén gen in vivo
3.7.1. Chon gia thé thich hop

Gi4 thé thich hop gém hon hop dét : cat : vermiculite (1:1:1) lam
nguyén liéu dua cdy lac in vitro ra méi truong ty nhién.
3.7.2. Pic diém sinh ly
3.7.2.1. Sinh truong cua cdy lac
3.7.2.1.1. Thoi gian sinh truéng

Thoi gian tir trong dén két thic ra hoa cta cac dong lac tir 122-
144 ngay.
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Bang 3.12. Thoi gian sinh trudng va phat trién cua cac dong lac chuyén gen chitinase.

Thoi gian (ngdy)

Dong

Xuét

Vector Gen chuyén 514  hién d?aBuatra tllfzi Téng
gen that cg‘mh h hoa TGST
cip 1 oa ra
S2-2 18 27 57 77 142
syncodChi42-2 S2-4 18 27 59 77 140
S2-6 19 27 59 75 140
S1-1 19 30 59 75 144
pNHL19  syncodChi42-1 S1-2 20 29 57 77 142
S1-3 20 30 57 77 142
WT-1 18 30 59 77 144
Chi42 WT-2 19 30 59 77 142
WT-3 18 30 58 77 144
S2A-12 18 27 53 75 136
syncodChi42-2  S2A-13 18 27 50 72 133
S2A-14 17 25 50 72 133
pNHL20 . S1A-9 18 29 57 77 138
ynoodChia2-l g ngs 18 29 55 77 138
Chid2 WTA-2 20 30 59 77 142
WTA-4 18 30 50 78 142
Déi chig khéng chuyén NC-1 15 20 43 64 122
gen NC-2 20 30 58 77 145

3.7.2.1.2. Chiéu cao cdy

Chiéu cao cay lac ¢ giai doan 5 14 that khong théy su khac biét
dang ké. Ké tir giai doan 5 14 that dén luc ra hoa, chiéu cao ciy ting
v6i toe do nhanh dan va co su khac biét & cac dong lac chuyén gen.

Béng 3.13. Chiéu cao than chinh cua cdc dong lac chuyen gen & cac giai doan sinh
trudng va phat trién.

Dong Chiéu cao than chinh (cm)
Vector Gen chuyén ... Rahoa Kétthac Thu
ge¥1 5 la that ro rahoa hoach
S2-2 10,6°  17,8% 20,8¢  29,3¢
syncodChi42-2 S2-4 9,8  178% 230"  30,0™
S2-6 10,6° 17,6  23,0° 298°
S1-1 10,6°  17.4° 206"  28,1%
pNHL19 syncodChi42-1 S1-2 99® 168" 218% 27,9
S1-3 9,3° 17,4° 205¢  29,0°
WT-1 9,7 1591 206  26,1°
Chi42 WT-2 10,0 15,91 20,49 26,0°
WT-3 9,6® 15,81 20,8¢  26,8%
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S2A-12 101 22,07 2528 33,0
syncodChid2-2  S2A-13 10,0  20,0®  246® 316%
S2A-14 101 212%  246% 32,87

pNHL20 L S1IA-9  96®  184%  216%  206°
syncodChi42-1 o) n 15 gg® 196" 236® 203

WTA-2  9,6® 16,8f 21,4%  297°

Chia2 WTA-4  91° 18,4%  222%  2g8g°
Ddi ching khong chuyén gen* 7,2° 15,01 182 241°
3.7.2.1.3. S0 canh trén cdy

Cac dong lac chuyén gen khong c6 su khac biét vé so canh cap 1
va tong so canh trén cay ¢ giai doan ra hoa ro va thu hoach. Dong
S2A-12 c6 tong so canh cao nhat ¢ giai doan thu hoach (6,8), ti¢p
dén 1a dong S2A-14 (6,6), 3 dong syncodChi42-2 va WTA-2 (6,4),
cac dong con lai co tong sb canh dao dong tur 6-6,2 canh/cay va thap
hon ca 1a ddi chung (5,6).

Béng 3.14. S6 canh cip 1 va tdng 6 canh trén cay ciia cac dong lac chuyen gen chitinase.
Dong  S& canh cdp 1/cady Tong s canh/cay

Vector Gen chuyén Rahoa Thu Ra Thu

gen ro hoach hoard hoach

S2-2 34%  46°  48°  64°

syncodChi42-2 S2-4 3,6° 4,8° 5,0 6,4°

S2-6 34" 48 48" 64

S1-1 34" 46° 480 6,07

pNHL19 syncodChi42-1 S1-2 3,6° 4,42 5,02 6,2%®

S1-3 3,2%® 44° 48  64°

WT-1  32%  44%  48% 6,0P

WT-2  32% 44 500 2%

WT-3 3,6° 46° 48"  62*

S2A-12 3,6° 4,8% 5,02 6,8°

syncodChi42-2 S2A-13 3,6 4,6% 5,02 6,2%®

S2A-14 3,4az 4,8% 5,0 6,62

pNHL20 . S1A-9 3,2° 4,42 5,0° 6,0

syncodChid2-1 o1 p 15 342 422 50 6.2"

. WTA-2 3,6° 4,42 5,0° 6,4°

Chi42 WTA4 32 46 500  62%

D4i ching khong chuyén gen 2,8° 34> 44 5,6°
3.7.2.1.4.S6 ld trén cdy w ‘ ,

S0 14 trén cay cua cac dong lac chuyén gen déu cao hon doi
ching. Tuy nhién gitra cac dong lac chuyén gen it c6 su sai khac
nhau vé sb l4.

Chi42
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Bing 3.15. S6 1a trén cdy cua cac dong lac chuyén gen chitinase.

Dong S0 14 trén cay
Vector Gen chuyén Bitdiu Rahoa K&t thuc H
A u hoach
gen ra hoa rd ra hoa

S2-2 12,4® 1520 172 21,2°
syncodChi42-2  S2-4  128® 158% 178 21,8%
S2-6  126%® 156°  17,6® 21,6%°
S1-1 12,4® 154"  17,4P 21,4%®
pNHL19 syncodChi42-1 ~ S1-2  124® 154  174° 21,4%
S1-3 12,4®  156°  17,6™ 21,6%
WT-1 11,05 144% 16,49 20,0%
Chi42 WT-2 10,8 146 16,4 20,0%
WT-3  112° 146% 164 20,2%
S2A-12  130° 16,6° 184° 22,28
syncodChi42-2 S2A-13  12,8° 158  18,0° 22,0
S2A-14  13,0*° 158%™  182° 22,2
pNHL20 i S1A-9  12,0° 154* 16,8™ 20,8%
syncodChi42-1 o1 a 45 128  154% 170" 21,0°
Chia2 WTA-2 128® 158% 178 21,8®
WTA-4 120° 148% 17,0 20,8%
Ddi chimg khong chuyén gen 987 130° 156° 19,2°

3.7.2.2. Cwong d¢ thodt hoi nuwéc
Cuong d6 thoat hoi nudc ¢ 14 cua cac dong lac chuyén gen qua
cac giai doan sinh truong déu cao hon so v&i d6i chimg khong
chuyén gen. Trong dé, cac dong lac chuyén gen syncodChi42-2 dudi
su diéu khién cua promoter Asy dic hiéu ré c6 cuong do thoat hoi
nudc cao nhat ¢ thoi ky ra hoa. 9
Bang 3.16. Cudng d6 thoat hoi nudc ¢ 14 clia cac dong lac chuyén gen chitinase.

Dong

Cuong d6 thoat hoi nudc ¢ 1a

2
Vector Gen chuyén Ra(r:?) g/?gj )
gen 514 that dam tia' Vao qua chac
S2-2 0,30% 1,15% 0,56™
syncodChi42-2  S2-4 0,68° 1,24 0,55
S2-6 0,31% 1,24% 0,62°f
S1-1 0,29% 1,24% 0,69«
PNHL19 syncodChi42-1  S1-2 0,28% 1,12 0,65°
S1-3  0,29% 1,28" 0,64%
WT-1 0,24% 1,11 0,74°
Chi42 WT-2  0,36% 1,10¢ 0,66¢
WT-3 0,41% 1,02¢ 0,78
. S2A-12 0,747 1,462 0,99%
pNHL20  syncodChi42-2 S2A-13 0.62° 1,38 0,02%
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S2A-14 0,49 1,46 0,91%

. S1IA-9  0,48™ 1,14% 0,98%

syncodChid2-1 45 15 glaged 135 0.86"

Chid2 WTA-2  0,36% 1,27 0,51°

WTA-4  0,28% 1,12 0,56™

D4i chimg khong chuyén gen 0,21° 0,10° 0,507

3.7.2.3. Ham luwgng chlorophyll
Ham luong Chla va Chlb trong 14 ciia cac dong lac chuyén gen
chitinase tang dan tir thoi ky trudc ra hoa (5 14 that) dén khi ra hoa va
dat cao nhat vao thoi ky ra hoa ro-dam tia. ”
Bang 3.17. Ham lugng chlorophyll cia cac dong lac chuyén gen chitinase.

Ham lugng Chl (mg/g) ¢ 14

Dong . Rahoaro-dam  Quavao
Vector Gen chgueﬁen 5 14 that tia chéc
Chla Chlb Chla Chlb Chla Chlb
S2-2  0,22° 0,900 0,50° 1,09 0,37° 0,85°
syncodChi42-2  S2-4 023" 0,95® 052% 1,20° 0,41° 1,06"
S2-6  0,23° 0,93° 054* 1,12° 0,38° 0,93
S1-1  0,19% 0,897 049° 1,07 0,35 0,87°
pNHL19 syncodChi42-1  S1-2 0,20 089" 0,550° 1,08 0,36% 0,87°
S1-3  0,20% 0,8897 0,50° 1,08° 0,36° 0,87°
WT-1 0,187 0,907 0,51° 1,05° 0,40° 0,86°
Chi42 WT-2 0,19¢ 0,89 051° 1,05° 0,39° 0,85°
WT-3 0,19¢ 0,897 049" 1,08 0,35° 0,87°
S2A-12 0,24 1,10° 054° 1,290 0,49° 1,09°
syncodChi42-2 S2A-13 0,23° 1,01° 054* 1,17° 045* 1,07
S2A-14 0,23° 1,04° 0,54% 123° 0,48 1,04°
pNHL20 svncodChiaz-1  SIA9 0,209 0,98 0,50° 1,14 0,38° 1,01°
Y S1A-15 0,22° 1,01° 053 1,19° 0,45* 0,99
Chia2 WTA-2 0,22° 0,93 0,54 1,129 0,38° 0,83°
WTA-4 0,21° 0,98° 051° 1,17° 0,39° 1,02°
D4i chimg khong chuyén gen 0,15° 086" 045° 0,98 033" 0,73

3.7.2.4. Céc yéu té cdu thanh ndng sudt
S6 hoa/cdy: Tong sb hoa/ciy cua cac dong lac chuyén gen déu cao
hon d6i chimg khong chuyén gen, dao dong tir 24,6-28,0 hoa/cay.
Trong d6, dong S2A-12 c6 s6 hoa/ciy cao nhat.
Ty 1¢é hoa hazu hiéu: Ty 1€ hoa hitu hiéu nhin chung khong cé su
khac biét gitra cac dong lac, dao dong tur 31,2-37,8%.
S6 qua chac/cdy: Cac dong lac chuyén gen déu co sb qua chic/cay
cao hon d6i ching khong chuyén gen tir 7,9-39,5%.
Khoi liong 100 qua: Khdi lwong 100 qua ciia cac dong lac chuyén
gen it c6 sy sai khac thong ké nhung déu cao hon dong ddi ching
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khong chuyén gen tir 4,1-11,4%.

Khoi lirong 100 hat: khdi lwong 100 hat ciia 18 dong lac chuyén
gen dao dong tir 33,06-38,74 g va déu cao hon dong di ching khong
chuyén gen (31,76 ).

Bing 3.18. Cic yéu té céu thanh ning sudt cila cic dong lac chuyén gen chitinase.

Ty 1é
Dong Sb hoa F
Vector Gen chuyén hoa/  hiwu Cﬁg ?u; Kllj‘él(og) }Ela‘&o)o
gen cy hiéu cleay  qualg at{g
(%)

S2-2 256 336° 8,65 114,84 3522
syncodChi42-2  S2-4 258 349%® 90 11548 36,22°
S2-6 258 325° 84%  11532° 3562

S1-1  254% 331" 84 112,58° 33,667
pNHL19 syncodChi42-1  S1-2  254% 330° 84% 114,88 3454%
S1-3  254% 339® 86° 114,70 34,54%

WT-1 24,6 350® 8,6°  111,66° 33,06
WT-2 248 331° 82¢  111,86° 33,10"

Chidz WT-3 24,65 342® 849  111,68° 32,289

S2A-12  28,0° 37,8 10,6° 119,50° 38,747
syncodChid2-2  S2A-13 27,2 345® 94  11586° 37,92%
S2A-14 27,8* 345® 96"  11586° 37,70%

pNHL20 S1IA-9 2587 341% g88™ 11358 3564™

syncodChid2-1  oin 15 266 338®  90°  11552° 36,94°

Chia2 WTA-2 252% 318" 8,0 11342° 33,68
WTA-4 252% 341% 86° 114,06° 35,82%

D4i chimg khong chuyén gen 244" 312° 76" 107,26 31,76"

3.7.3. Pic diém héa sinh
3.7.3.1. Ham lwong protein

Két qua nghién ctu cho thiy, cac dong lac chuyén gen c6 ham
lugng protein kha cao, dao dong tr 23,11-26,14 g/100 g va cao hon
dbi chirg khong chuyén gen (22,35 g/100 g).
3.7.3.2. Ham luwong lipid

Ham luong lipid trong 100 g hat lac khé cua cac dong lac chuyén
gen dao dong tir 48,26-49,15 g va it c6 su sai khac véi dbi ching
khong chuyén gen.
3.7.3.3. Ham lwong dwong khar

Trong cac dong lac nghién ctru, ham luong duong khir dao dong
tur 0,92-1,10 g/100 g.
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Bing 3.19. Thanh phan hoa sinh trong hat lac khé cua cac dong lac chuyén gen

chitinase
Cac dong
lac Protein Lipid Puong khir
Vector Gen chuyén  (g/100g) (g/100g) (9/100g)
gen
52-2 23,86° 48,857 0,96°
syncodChi42-2 S2-4 2345%  4857® 0,99
S2-6 25,917 48,61% 1,10
S1-1 2458  4847® 1,04°
pNHL19  syncodChi42-1 S1-2 25,76°  48,47% 0,96%
S1-3 2527%  48,67% 0,93
WT-1 2326 48,26 0,93
Chi42 WT-2 24,62*  48,26° 1,012
WT-3 23,11%F  48,32° 0,92
S2A-12  26,33° 49,151 1,10°
. S2A-13  2598*  48,65" 1,042
syncodChid2-2  oop 14 2583 48,57 101°
pNHL20 . S1IA-9  24,96° 48,437 0,97°
syncodChi42-1 o1 a 15 2575 49057 1,00°
Chi42 WTA-2  2447° 48,36° 0,94
WTA-4 2333  48,39° 0,97
Dbi chung khéng chuyén gen 2235  4753° 0,95%
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KET LUAN VA KIEN NGHI

1. KET LUAN

1. P tdi vu duoc quy trinh tai sinh in vitro gidng lac L14. Khi
trung hat lac béng NaOCl 65% trong 10 phut, sau d6 boc vo va tach
d6i hat dé nay mam. T4i sinh chdi tir cac loai miu cdy khac nhau cia
cdy lac va tao cum chdi trén moi truong MS c6 bd sung 4 mg/L BAP
va 0,1 mg/L NAA. Tao ré cho chdi in vitro trén méi truong MS co bd
sung NAA 0,5 mg/L NAA.

2. Pa t6i wu hoa trinh ty nucleotide gen chitinase 42 kDa cua
Trichoderma asperellum SH16 cho biéu hién thuc vat. Hai trinh ty
gen ¢6 bo ba téi wu hoa biéu hién cao ¢ thuc vat da duoc dang ky trén
GenBank Vvoi cac mi s6 la MT083802.1 (syncodChi4l-1) va
MT083803.1 (syncodChi41-2). P thiét ké thanh cong cac vector
biéu hién thuc vat mang lan luot 3 gen chitinase (Chi42,
syncodChid2-1 va syncodChi42-2) dudi sy diéu khién biéu hién cua
mot trong hai loai promoter: pAsy hoac dp35S.

3. Pa biéu hién va tinh sach thanh cong chitinase c6 hoat tinh &
E. coli. Pong thoi da st dung chitinase tinh sach nay dé san xuat
thanh cong khang thé da dong khang Ta-CHI42 phuc vu phan tich
Western blot.

4. Pa biéu hién tam thoi thanh cong gen chitinase hoang dai
(Chi42) cua T. asperellum SH16 va 2 gen chitinase di t6i wu hoa bo
ba thuc vat (syncodChi4l-1 va syncodChi4l-2) trong cay N.
benthamiana. Enzyme tir 2 gen chitinase dwoc t6i wvu da cho thiy
hoat tinh thiy phan chitin cao hon so vai enzyme tir gen chitinase
hoang dai.

5. Cac yéu t6 thich hop cho chuyén gen chitinase vao gidng lac
L14 qua trung gian A. tumefaciens LBA4404 da dugc xac dinh. Mau
vat duoc tién nudi cdy 3 ngay trude khi lay nh1em vi khuin, lay
nhiém 20 phut & ODggo = 1,0 va dong nudi cdy mau vat véi vi khuan
trong t6i 3 ngay trén moi truong co bd sung acetosyringone 200 pM;
mau chuyén gen dugc khir khuan voi cefotaxime 250 mg/L va sang
loc trén moi truong c6 chira kanamycin 100 mg/L.

6. Pa bién nap thanh cong 3 gen chitinase (Chi42, syncodChi42-1,
va syncodChi42-2) trong vector biéu hién thuc vat pNHLI19 va
PNHL20 vao giéng lac L14 va tao dwoc 16 dong lac chuyén gen
chitinase & thé hé To. Cac dong lac chuyén gen dwoc kiém tra bang
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PCR, Western blot, hoat tinh chitinase va kha nang khang S. rolfsii
trong diéu kién in vitro va in vivo. Cic gen di dugc tdi wu
syncodChi42-1 va syncodChi42-2 biéu hién manh hon gen hoang dai
Chi42. Cac dong lac chuyén gen déu c6 xép hang bénh thap khi xr 1y
S. rolfsii trong diéu kién in vivo, thay doi tir 1 dén 1,67, trong khi ddi
chung 1a tir 4,33 dén 5,0.

7. Da xéc dinh gia thé thich hop dé trong cac dong lac chuyén gen
tir in vitro ra dat 1a gia thé dat mun phdi tron cat va da vermiculite
(1:1:1). Cac dong lac chuyén gen c6 thoi gian sinh truong tir 133-144
ngay trong diéu Kién nha lugi. Cac chi tiéu sinh 1y va hoa sinh cia 16
dong lac chuyén gen twong ty hoic cao hon mét it so véi ddi chimng
khong chuyén gen.

2. KIEN NGHI

1. Tiép tuc danh gia kha ning khang mot s6 loai nim gay hai lac
khac co thanh té bao bang chitin ciia cic dong lac chuyén gen
chitinase.

2. Cac dong lac chuyén gen chitinase c6 thé sir dung lam vt liéu
phuc vu chon gibng lac, cho nén can duoc tiép tuc phan tich & cac thé
hé tiép theo dé chon tao duogc dong lac ¢6 kha ning khang nam cao
va 6n dinh.
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INTRODUCTION

1. Rationale

Peanut (Arachis hypogaea L.) is a highly important legume crop
that is widely cultivated for food and cooking oil in tropical and
subtropical regions. In Vietnam, peanuts are one of the most
important oil seed crops. They are, however, extremely susceptible to
a wide range of phytopathogens, particularly soil-borne fungi, which
result in low yields and poor seed quality. In recent years, root and
stem rot caused by Sclerotium rolfsii has become a great threat to
peanut production, and it is a destructive worldwide soil-borne
disease. S. rolfsii mainly damages the stem base of peanut and causes
the whole plant to wither and die and resulting in a reduction of
peanut production by 10-80%. Some of the current measures are
researched and applied such as using chemical drugs, antagonistic
microorganisms and crop rotations. In particular, creating plant
varieties carrying anti -disease genes are considered the most
effective and economical methods to disease control and
environmentally friendly.

Chitinase (EC. 3.2.2.14) are chitinolytic enzymes that catalyzes p-
1,4 N-acetyl-B-D-Glucosamine linkages in chitin. In agricultural
production, chitinase is one of the most effective plant antifungal
biological agents. Because of their ability to secrete extracellular
chitinases, filamentous fungal species of the genus Trichoderma are
commonly used as biological control agents against phytopathogenic
fungi. To date, several chitinase genes of the Trichoderma strains
have been cloned and heterologously expressed in suitable hosts such
as Chit46 from T. harzianum in Pichia pastoris, Chit33 and Chit42
from T. harzianum in E. coli, ech42 from T . aureoviride in
Saccharomyces cerevisiae. Several genes coding for chitinase from
other organisms, such as rice chitinase-3 and Rchit, or tobacco
chitinase, have been introduced into peanut to prevent fungal
infections. However, we did not find any reports of heterologous
expression of a chitinase gene from Trichoderma asperellum, a
biocontrol fungus to peanut.

Therefore, study to chitinase genes transfer from Trichoderma to
peanut to improve antifungal activity of peanut is an effective,
environmentally friendly solution and being applied on many other
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crops. According to research by Loc & cs (2013), chitinase gene
encoding 42 kDa chitinase from T. asperellum has a strong activity.
However, no studies have published about chitinase gene encoding
42 kDa chitinase from T. asperellum into a peanut to improve
antifungal activity of peanut.

For the above reasons, the author desires to carry out the study
titled “Study on resistance to white mold disease of chi42
transgenic peanut (Arachis hypogaea L.)”.

2. Research objectives

Expression of 42 kDa chitinase gene in transgenic peanuts and
created 42 kDa chitinase transgenic peanut lines with high antifungal
resistance.

3. Reseach contents

(1) Completion of the in vitro regeneration system for peanut
cultivar L14.

(2) Production of polyclonal antibody against 42 kDa chitinase in
mouse to analyze Western blot

(3) Constructing plant expression vectors containing 42 kDa
chitinase genes

(4) Transient expression of 42 kDa chitinase genes in Nicotiana
benthamiana

(5) Research on some factors affecting Agrobacterium-mediated
42 kDa chitinase gene transformation into peanut

(6) Research on transformation of 42 kDa chitinase genes into
peanuts through A. tumefaciens

(7) Research on some physiological and biochemical
characteristics of 42 kDa chitinase transgenic peanut lines grown in
in vivo conditions
4. Significances of thesis
4.1. Scientific significance

The research results of the thesis will provide new and
systematic scientific data on optimizing 42 kDa chitinase gene for
expression in plants, transgenic vectors, 42 kDa chitinase gene
transfer from T. asperellum in peanuts to increase resistance to
white mold wilt caused by S. rolfsii, and at the same time create
transgenic peanut lines with good growth and development.



4.2. Practical significance

The thesis results are also the basis for applying measures to
improve the antifungal resistance of peanuts in order to improve
productivity and efficiency in peanut production, contributing to
environmental protection. At the same time, the research results of
the thesis are published in specialized scientific journals, both
domestic and international, which are valuable references for
teaching and research.

5. New contribution of the thesis

- Established an in vitro regeneration protocol for peanut cultivar
L14: surface sterilized with 65% NaOCI for 10 minutes, shoot
regeneration from various types of explants and shoot multiplication
on MS medium containing 4 mg/L BAP and 0.1 mg/L NAA, rooting
of individual shoots on MS medium containing 0.5 mg/L NAA.

- Optimized the nucleotide sequence of the wild-type gene Chi42
encoding 42 kDa chitinase from T. asperellum SH16 for the plant
expression. Two sequences have been optimized for the codon usage
in plant expression and were registered on GenBank with codes
MTO083802.1 (syncodChi42-1) and MT083803.1 (syncodChi42-2).
The chitinase genes (Chi42, syncodChi42-1, and syncodChi42-2)
with root-specific Asy promoter or constitutive promoter dp35S were
successfully cloned in plant expression vectors.

- Successfully expressed and purified 42 kDa chitinase in E. coli.
Simultaneously, this enzyme was used to successfully produce
polyclonal antibody against 42 kDa chitinase in mice and can be used
for analyzing Western blot.

- The plant expression vectors containing 42 kDa chitinase genes
was transferred into A. tumefaciens LBA4404 and and the genes were
expressed at high levels in N. benthamiana via agroinfiltration.

- Sixteen L14 peanut lines carrying Chi42, syncodChi42-1, and
syncodChi42-2 genes with high chitinase expression were
successfully transformed and selected. The presence of chitinase
genes in these transgenic peanut lines resulted in increased activity
against the pathogenic fungus S. rolfsii under both in vitro and in vivo
conditions.



Chapter 1. LITERATURE REVIEW

The thesis referred and summarized on 4 main issues related to:
(1) White mold wilt disease caused by Sclerotium rolfsii and its
control measures; (2) Chitinase enzyme; (3) Improving the resistance
of peanuts to fungus by transgenic techniques; (4) Application of
transgenic techniques to enhance peanut plants' resistance against
phytopathogenic fungi.

1.1. White mold wilt disease caused by Sclerotium rolfsii and its
control measures
1.1.1. Peanut

Peanut (Arachis hypogaea L.) is a crop that has high economic
efficiency and diverse values including nutrition, animal hushandry,
cultivation as well as in industry.

In Thua Thien Hue, peanut is also considered as one of the
important crops and that it has high economic efficiency. In recent
years, in some agricultural production areas of the province, peanut is
second only to rice and that it has higher economic efficiency than
some other crops. The main varieties of peanut grown in the province
are L14, the Central Highlands,... These varieties have a growth
period of 120-135 days.

1.1.2. Fungal diseases in peanuts

Fungal diseases in peanuts account for a greater number and
severity of peanut diseases than other pathogens. There are
approximately 50 different genera of fungi known to cause diseases
in peanuts.

1.1.3. White mold wilt disease caused by S. rolfsii

S. rolfsii has a wide host range and can infect over 500 plant
species. These plant species include both monocotyledonous and
dicotyledonous plants.

1.1.4. Mechanisms of resistance to fungal diseases in peanuts

Peanut is known to produce stilbene-derived compounds in
response to infection by microbial pathogens. Stilbenoids in peanuts
play an important role in their defense against pathogens, which can
inhibit the growth and development of several plant pathogenic
fungi, including Colletotrichum, Botrytis, Fusarium, and
Phomopsis.



1.1.5. Current study on measures to prevent diseases caused by S.
rolfsii in peanuts in the world and in Vietnam

It is very difficult to control white mold stem wilt caused by S. rolfsii
because it has a very wide host range, fast growth rate and large number of
mycelia, which can persist in the soil for a long time.

1.2. Enzyme chitinase

1.2.1. Distribution of chitinase in nature

1.2.2. Classification of chitinase

1.2.3. The reaction mechanism of chitinase

1.2.4. Current research on chitinase from Trichoderma

1.3. Improving the resistance of peanuts to fungus by transgenic
techniques

1.3.1. The vector system of gene transformation through A.
tumefaciens

1.3.2. Promoters use in plant transgenic

1.3.3. Research on root-specific promoter

1.3.4. Changing the genetic code of a target gene to match the
expression system

1.4. Application of transgenic techniques to enhance peanut
plants’ resistance against phytopathogenic fungi.

1.4.1. Regenerative system and gene transfer protocol in peanuts
1.4.2. Research on transferring the chitinase gene into peanuts to
improve antifungal resistance

Genes encoding chitinase with resistance to fungal diseases have
been noticed in many different plant species, but their presence in
peanuts is not yet well-understood. The domestic studies on the
expression of foreign chitinase genes in peanuts,

The domestic studies towards foreign chitinase gene expression
in plants have been limited, with only Southern hybridization assays
used to evaluate transgenic efficiency, gene expression analyses at
the molecular level and in vivo conditions have not been performed.



Chapter 2. MATERIAL AND METHODOLOGY

2.1. Materials
2.1.1. Plant materials

Peanut cultivar (A. hypogaea L.) L14 was provided by Thua Thien
Hue Seeds & Livestock Breeds Joint Stock Company.

Nicotiana benthamiana was provided by the Laboratory of Plant
Molecular Biology (Jeonbuk National University, Korea).

2.1.2. Binary vector, bacteria and fungi

- Plant expression binary pMYV719 vector harboring dp35S
promoter and the pMYV508 vector harboring p19 gene was provided
by Professor Yang Moon-Sik (Jeonbuk National University, Korea).

- The root-specific Asy promoter (pAsy) was synthesized and
cloned in vector pUC19 by PHUSA Bio-Chemistry Co., Ltd. (Can
Tho, Vietnam).

- The pQE30 vector

- Genes encoding chitinase 42 kDa with a signal peptide of
amylase 3D gene from rice, including Chi42 (NCBI: HM191683.1) is
a wild-type gene from T. asperellum SH16, syncodChi42-1 (NCBI:
MTO083802.1) and syncodChi42-2 (NCBI: MTO083803.1) are
synthetic genes generated from Chi42 that were optimized for codon
usage for plant expression (about 1.3 kb in total length including the
signal peptide) were also synthesized and cloned in pUC19 vector by
PHUSA Bio-Chemistry Co., Ltd. (Can Tho, Vietnam).

- Bacterial strains: E. coli M15, E. coli TOP10 and A. tumefaciens
LBA4404 were provided by the Research Institute of Biological
Actives, University of Science, Hue University.

- Sclerotium rolfsii was provided by Department of Plant
Protection, University of Agriculture and Forestry, Hue University.
2.2. Research methods
2.2.1. Completion of the in vitro regeneration system for peanut
cultivar L14.

2.2.2. Optimization of chi42 gene

2.2.3. Production of polyclonal antibody against 42 kDa chitinase
2.2.4. Activity determination and characterization of Ta-CHI142

2.2.5. Cloning the chitinase gene and Asy promoter into a plant
expression vector

2.2.6. Triparental mating



2.2.7. Infiltration of Agrobacterium
2.2.8. Agrobacterium-mediated transformation of the chitinase gene
2.2.9. Identifying and analyzing the expression of transgenes
2.2.10. The antifungal activity of plant chitinase
2.2.11. Physiological and biochemical characteristics of transgenic
peanuts in vivo
2.2.12. Statistical analysis
2.3. Thoi gian va dia diém nghién ciru

The experiments for the thesis were conducted at the Laboratory
of the Department of Biotechnology, Research Institute of Biological
Actives, University of Science, Hue University, during the period of
2019-2022.

Chapter 3. RESULTS AND DISCUSSION

3.1. Completion of the in vitro regeneration system for peanut
cultivar L14.
3.1.1. Effect of sterilization conditions on the in vitro germination
of peanut seeds

After washing, peanut seeds were treated with various disinfectants
for different durations. Table 3.1 demonstrates that increasing the
sterilization time results in a higher percentage of dead seeds but a lower
percentage of infected seeds. Disinfecting with 65% NaOCI for 10
minutes resulted in the lowest percentage of infected seeds at only
1.25%. Additionally, NaOCI is less toxic to both plants and users when
compared to the other disinfectants. Therefore, 65% NaOCI treated for

10 minutes was chosen for use in this study.
Table 3.1. Anh huong cua diéu kién khir tring dén kha nang ndy mam cua hat lac.

The
. . Sample Sample —_ .. day

e Concentration Time . . death Germination Germination
Sterilization %) (minute) infection rate rate (%) da to
° rate (%) ° Yo fully

(%)

plant
5 11,25 13,75 75,00 5 10
0,1 10 5,00 22,50 72,50 6 10
HaCl 15 1,25 52,50 46,25 6 10
g-l 5 3,75 71,25 25,00 6 12
0,2 10 0 85,00 15,00 7 15
15 0 91,25 8,75 7 15
NaOCl 60 5 25,00 10,00 75,00 4 8
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10 18,75 125 68,75 4 10

15 11,25 25 63,75 4 12

5 6,25 22,5 71,25 3 7

65 10 1,25 17,5 81,25 3 8

15 0 50,00 50,00 4 10

5 3,75 2375 72,50 3 8

AgNO;3 0,1 10 2,50 37,50 60,00 4 10
15 125 62,50 36,25 4 10

3.1.2. Effect of the germination method
The results indicated that the method of peeling the silk and
splitting the seeds of the L14 peanut variety resulted in seed

germination after 3 days, and a whole plant was formed after 8 days.
Table 3.2. Effect of seed germination method

Rate of
A Date of whole
Method Neuxmll;enrt:f Gerrg;natlon whole olant
P y plant after 10
days (%)
Leave the seeds intact with 80 10 18 125
the skin on.
Leave the seeds intact and
peel off the skin 80 7 12 57,5
Remove the seed skin and 80 3 o 5

split the seeds

3.1.3. Shoot regeneration from various types of explants of in
vitro peanut.

The present study showed that more than 81% of sterile peanuts
cultivar L14 have germinated on MS medium after 3 days of
incubation and by day 7 have grown into in vitro whole plant.
Explants including shoot-tip, hypocotyl, epicotyl, and cotyledon
nodes were isolated from seedlings to investigate shoot regeneration
on different culture media. The observation found that MS medium

containing 4 mg/L BAP and 0.1 mg/L NAA is most suitable.
Table 3.3. Shoot regeneration from various types of explants on MS medium
containing 4 mg/L BAP and 0.1 mg/L NAA.

Explants Regenerating No. of shoots per Shoot length (cm)
explants (%) explant

Shoot-tip 95 1,6° 3,1°

Epicotyl 50 2,3 2,9°

Hypocotyl 40 1,8° 2,6°

Cotyledon node 100 1,0° 6,62




3.1.4. Effect of BAP on in vitro shoot regeneration from hypocotyl

In vitro shoots from regenerations were subcultured on MS
medium supplementd with BAP from 1-5 mg/L. The highest shoot
number obtained at 4 mg/L BAP with 3.8 shoots per explant,
regenerating explants of about 40% was relatively high compared to
other concentrations of BAP.

Table 3.4. Effect of BAP on shoot multiplation of individual shoots from
regeneration cultures.
BAP (mg/L)  Regenerating explants No. of shoots Shoot length (cm)

(%) per explant
1 18,8 2,6% 2,4
2 21,9 2,9% 2,6%
3 31,3 3,1% 2,7
4 40,6 3,8° 3,0°
5 43,8 3,0 2,9
Control 12,5 1,0 2,3

3.1.5. Effect of BAP on in vitro shoot regeneration from
embryonic cotyledons

To improve shoot multiplication rate, embryonated cotyledons
and de-embryonated cotyledons were cultured on MS medium
supplemented with different concentraions of BAP from 1-5 mg/L
for investigation of shoot proliferation. Data from table 3.5 shows
that regeneration of de-embryonated cotyledons peaked with 6.8
shoots per explant, andl shoot for embryonated cotyledons in
medium with 4 mg/L BAP.

Table 3.5. Shoot regeneration from embryonic cotyledons on MS medium
containing4 mg/L BAP.

Explants Regenerating No. of shoots Shoot length (cm)
explants (%) per explant
De-embryonated 23,3 6,8° 4,1°
cotyledon
Embryonated 86,7 1,0° 5,92
cotyledon

3.1.6. Effect of NAA and IBA on rooting of in vitro shoots

In vitro peanut shoots were transferred onto MS medium
containing NAA and IBA for root induction. The data in table 3.6
indicate that all tested concentrations of two of these plant growth
regulators stimulated rooting. However, NAA showed higher
efficacy than IBA, the highest number of roots was 10.9 at a



concentration of 0.5 mg/L with a regeneration rate of 100% and roots

were formed earlier, only after 9-12 days of culture.
Table 3.6. Effect of NAA and IBA on rooting of in vitro shoots.

Plant growth Shoots No. of roots Root length (cm)
regulator (mg/L) regenerating per rooted
roots (%) shoot
0,1 75,0 4,3° 3,8
NAA 0,3 87,5 4,4° 4,8
0,5 100 10,9° 4,3
0,1 75,0 3,4° 5,7
IBA 0,3 62,5 2,6° 4,6%
0,5 50,0 1,9 5,3%
Control 0,0 50,0 15° 4,9%

3.2. Production of polyclonal antibody against chitinase in mice
3.2.1. Synthesis of chitinase genes

Genes encoding chitinase 42 kDa, including Chi42 contains a
wild-type sequence from T. asperellum strain SH16 but has all of its
introns removed, syncodChi42-1 and syncodChi42-2, which were
optimized for codon usage for plant expression and registered on
GenBank with codes MT083802.1, MT083803.1, respectively. These
42 kDa chitinase genes were synthesized and cloned in pUC19 vector
and transformed into E. coli TOP10 cells.

3.2.2. Cloning of chitinase genes in E. coli expression vector pQE30

The chitinase genes were successfully cloned in the E. coli
expression pQE30 vector.

3.2.3. Expression of chitinase genes in E. coli

E. coli cells transformed with the pQE30 vector containing the 42
kDa chitinase genes successfully expressed the chitinase enzyme (Ta-
CHI42) when induced with IPTG.

3.2.4. Production of polyclonal antibody against chitinase

The purity of Ta-CHI42 which recovered from the affinity
chromatography was also checked by SDS-PAGE. The quantity of
the purified Ta-CHI42 was to be approximately 4 pg/uL. After being
dialyzed against PBS buffer pH 7.4, the final concentration was
approximately 1.5 pg/pL.

The purified Ta-CHI42 was injected subcutaneously into mice.
Analysis of the immune response in mice by Western blot using anti-
His antibody indicated that polyclonal antibody against Ta-CHI42
was greatly produced.

10



3.2.5. Chitinolytic activity of Ta-CHI142

Ta-CHI42 was expressed in a highly active form in E. coli cells.
3.2.6. Characterizations of Ta-CHI142

This study showed that purified Ta-CHI42 enzyme achieved the
highest activity of approximately 26 U/mg protein at pH 7 and
considerable activities were observed at pH 6-8 (20-26 U/mg
protein). The pH stability of Ta-CHI42 was also maintained in the pH
range of 6-8 with a relative activity of more than 80%.
3.2.7. In vitro antifungal activity of Ta-CHI142

The results showed that the biomass of pathogenic fungi was
significantly reduced under the effect of Ta-CHI42. A. niger only
achieved fresh biomass of 57 mg (approximately 1.63 mg dry
biomass), when they were treated with 60 U/mL Ta-CHI42.
3.3. Construction of plant expression binary vector
3.3.1. Cloning the chitinase gene into the pMYV719 vector

Genes encoding chitinase 42 kDa (Chi42, syncodChi42-1 va
syncodChi42-2) from T. asperellum SH16 were cloned in the plant
expression vector pMYV719.
3.3.2. Cloning the chitinase gene and the Asy promoter into the
pPMYV719 vector
3.3.2.1. Cloning pAsy promoter into pMYV719 vector

The transformants were grown to produce the recombinant vector
pPMYV719/pAsy, which was then verified by restriction enzymes
Xbal and HindllIl.

3.3.2.2. Cloning chitinase gene into pMYV719/Asy vector

PCR amplification and restriction digestion using Xbal and Sacl
confirmed the presence of chitinase genes in the pNHL20 vector
group including pNHL20.1 (Chi42), pNHL20.2 (syncodChi42-1),
pNHL20.2 (syncodChi42-2).
3.3.3. A. tumefaciens LBA4404 carrying chitinase gene

PCR amplification and restriction digestion confirmed that some
Agrobacterium colonies had been conjugated with the pNHL19 and
pNHL20 plant expression vectors
3.4. Transient expression of chitinase genes in N. benthamiana
3.4.1. Transient expression of chitinase genes in N. benthamiana

The two optimized chitinase genes were more suitable for plant
expression than the wild-type Chi42 gene, especially the
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syncodChi42-2 gene which showed significantly higher expression
levels on Western blot.
3.4.2. Chitinolytic activity of Ta-CHI42

Two synthetic chi42 genes showed higher chitinolytic activities
when agroinfiltrated into leaves of N. benthamiana along with
pMYV508 vector.
3.4.3. In vitro assay for the antifungal activity of Ta-CHI142

The antifungal activity of Ta-CHI42-1 and Ta-CHI42-2 from N.
benthamiana coinfiltrated by two vectors, pNHL19.1 and pNHL19.2
with pMYV508, after seven days of treatment is shown in Table 3.8.
The growth of S. rolfsii causing white mold wilt disease was
inhibited on medium containing Ta-CHI42.
3.5. Influence of various factors on the efficiency of chitinase gene
transfer into peanuts through A. tumefaciens- mediated

The research conducted for this thesis determined the appropriate
conditions for chitinase gene transfer into the embryonated
cotyledons of peanut cultivar L14, by A. tumefaciens LBA4404-
mediated. Embryonated cotyledons were pre-cultured for 3 days prior
to bacterial infection, then inoculated for 20 minutes at ODgy = 1.0,
and co-cultured with bacteria in the dark on medium supplemented
with 200 uM cefotaxime for 3 days. Transgenic samples were
disinfected with 250 mg/L cefotaxime and screened for high
conversion efficiency in media containing 100 mg/L kanamycin.
Optimizing these factors improved the efficiency of chitinase gene
transformation in peanut cultivar L14.
3.6. Chitinase gene transfer into peanuts using A. tumefaciens
transformation
3.6.1. Chitinase gene transfer into peanuts

The results of the transformation are presented in table 3.9. The
data in table 3.9 demonstrate that after four weeks of culture on a
selective medium supplemented with kanamycin and cefotaxime, 416
regenerative shoots were obtained from three types of chitinase-
transformed specimens using the pNHL19 and pNHL20 vectors, with
364 and pNHL20, respectively.
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Table 3.9. Chitinase transgenic efficiency in various peanut types.

Number
Number Number of Number Number of

Sample shoot of shoots
Vector Gene of . of shoot/ L .

typ regeneration surviving  with
samples sample -

samples shoots  positive

PCR

Embryonal Ch42 200 200 3,57 66 17
cotyledon pNHL19 syncodChi42-1 200 200 4,04 69 21
syncodChi42-2 200 200 4,10 68 25

Ch42 200 200 4,26 68 33

pNHL20 syncodChi42-1 200 200 4,07 74 39
syncodChi42-2 200 200 4,01 65 26
Ch42 200 15 6,08 22 0
pNHL19 syncodChi42-1 200 19 6,46 19 0
De- syncodChi42-2 200 16 6,33 16 0
embryonal Ch42 200 35 7,29 33 18
cotyledon pNHL20 syncodChi42-1 200 36 7,05 36 22
syncodChi42-2 200 30 6,23 27 15
Ch42 200 200 537 33 6
pNHL19 syncodChi42-1 200 200 5,51 36 8

Cotyledon syncodChi42-2 200 200 5,67 35 11
node Ch42 200 200 6,00 38 10
pNHL20 syncodChi42-1 200 200 6,30 39 15
syncodChi42-2 200 200 5,93 36 13

3.6.2. Screening of transgenic peanuts by PCR

PCR amplification was used to confirm the presence of
chitinase genes in the peanut genome in all regenerated shoots that
survived on the selective medium (Table 3.9). In embryonal
cotyledons, for pNHL19 vector, it was 25.8% (Chi42), 30.4%
(syncodChi42-1) and 36.8% (syncodChi42-2); whereas in the
pPNHL20 vector, it was 48.5% (Chi42), 52.7% (syncodChi42-1) and
40% (syncodChi42-2). In the cotyledon nodes, for vector pNHL19, it
was 18.2% (Chi42), 22.2% (syncodChi42-1) and 31.4%
(syncodChi42-2); whereas in the pNHL20 vector, it was 26.3%
(Chi42), 38.5% (syncodChi42-1) and 36.1% (syncodChi42-2).
Among the de-embryonal cotyledon samples, those transformed with
the pNHL20 vector showed the highest percentage of PCR-positive
regenerated shoots: 54.5% (Chi42), 61.1% (syncodChi42-1), and
55.6% (syncodChi42-2). In contrast, no amplicons were found in
shoots regenerated from de-embryonal cotyledons with the pNHL19
vector .
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3.6.3. Expression of chitinase genes in peanuts

Western blot analyses were performed on transgenic peanut lines
that had the visible 42 kDa protein band on SDS-PAGE. Except for
the non-transgenic negative control, the majority of tested transgenic
peanut lines and positive control showed an antigen-antibody
interaction signal in the blot. Among the transgenic peanut lines
using the pNHL20 wvector, the S2A-12 line (syncodChi42-2)
exhibited the strongest signal, while the S1A-15 line (syncodChi42-
1) and the WTA-2 line (Chi42) displayed weaker signals.

3.6.4. Chitinolytic activity of chitinase

In the majority of cases, the optimized genes syncodChi42-1 and
syncodChi42-2 demonstrated stronger expression than the wild-type
Chi42 gene.

3.6.5. Antifungal activity of transgenic peanuts

On a medium containing chitinase transgenic peanut roots, the
growth of S. rolfsii, which causes white mold wilt disease, was
significantly inhibited after 96 h of treatment.

The resistance to S. rolfsii of 42 kDa chitinase transgenic peanut
lines grown in vivo was assessed on a 1-5 scale, as shown in table
3.10. The transgenic peanut lines varied from 1 to 1.67, whereas the
controls were between 4.3 and 5.3. Which, the individuals in 3 lines
containing the syncodChi42-2 gene were 100% healthy, while some
individuals in transgenic lines with the syncodChi42-1 gene and the
Chi42 gene had lesions on the stem but they still grew normally.

3.7. Physiological and biochemical characteristics of in vivo
transgenic peanut
3.7.1. Select suitable media

When transferring in vitro transgenic peanuts to soil, the most
suitable media was a mixture: soil : sand : vermiculite (1:1:1).

3.7.2. Physiological characteristics
3.7.2.1. Growth of transgenic peanuts
3.7.2.1.1. Growth time

The average time from planting to harvesting of transgenic peanut
lines is from 122-144 days.
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Table 3.12. Time of growth and development of chitinase transgenic peanut lines.

Time (day)
Vector Gene Tralr;zgzmc Five- Levell Begmfnmg End of H
leaf branches = o flowers arvest
owering

S2-2 18 27 57 77 142
syncodChi42-2 S2-4 18 27 59 77 140
S2-6 19 27 59 75 140
S1-1 19 30 59 75 144
pNHL19 syncodChi42-1 S1-2 20 29 57 77 142
S1-3 20 30 57 77 142
WT-1 18 30 59 77 144
Chid2 WT-2 19 30 59 77 142
WT-3 18 30 58 77 144
S2A-12 18 27 53 75 136
syncodChi42-2 S2A-13 18 27 50 72 133
S2A-14 17 25 50 72 133
pNHL20 . S1A-9 18 29 57 77 138
yneodChi42-1 o7 15 15 99 55 77 138
Chia2 WTA-2 20 30 59 77 142
WTA-4 18 30 59 78 142
Non-transgenic control NC-1 L 20 43 64 122
NC-2 20 30 58 77 145

3.7.2.1.2. Plant height

Plant height did not show any statistical deviation at five-leaf
stage. There was a rapid increase in plant height from the stage of 5
leaves to flowering, and there were variations observed among the

transgenic peanut lines.
Table 3.13. Plant height of transgenic peanut lines (cm) during the study period

Plant height (cm)

Vector Gene Tralr;rs]ggmc Five- Full- End of Harvest
leaf bloom flowers

S2-2 10,66 17,8%  20,8° 29,3°

syncodChi42-2 S2-4 9,8 17,8% 230  30,0%

52-6 10,6° 17,6  23,0™ 29,8°

S1-1 10,62  17,4° 20,6° 28,1«

pNHL19 syncodChi42-1 S1-2 99® 168" 21,8 27,9
S1-3 93" 174°  205¢ 29,0°

WT-1 9,7% 1599 20,6 26,1°

Chi42 WT-2 10,0 159" 20,49 26,0°

WT-3 96® 1589 208 26,8%

S2A-12 101® 22,08 25,2% 33,07

PNHL20 syncodChia2-2 gop 13 100% 200 246  31,6®
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S2A-14 10,1®  21,2®  24,6%® 32,8

S1A-9 9,6® 184% 216% 29,6°

syncodChi42-1 — sia15  98®  196°  236%  208°

Chid2 WTA-2 96® 168" 214% 29,7°
WTA-4 9,1°  184% 222 28,8°

Non-transgenic control* 7,2° 15,0 18,2¢ 24.1°

3.7.2.1.3. Number of branches per plant

There weren’t any visible changes in the number of level 1
branches and the total number of branches per plant in transgenic
peanut lines compared to the untransformed control at full bloom and
harvest. At the harvest stage, S2A-12 had the highest total number of
branches (6.8), followed by S2A-14 (6.6), three lines of
syncodChi42-2 and WTA-2 (6.4). Tthe remaining lines had a total
number of branches ranging from 6-6.2 branches per plant, with the

control having the lowest at 5.6.
Table 3.14. Number of branches chitinase transgenic peanut lines

Number of level 1  Number of level 1

Vector Gene Transgenic branches/plant branches/plant
lines Full- Full-
Harvest Harvest
bloom bloom
S2-2 3,4% 460 480 647
syncodChi42-2 S2-4 3,6 4.8 5,0° 6,4°
S2-6 3,4 48° 4,8% 6,4°
S1-1 34 4.6 4,8% 6,0®
pNHL19  syncodChi42-1 S1-2 3,6 4.4° 5,0° 6,2%
S1-3 3,2% 44 480 64
WT-1 3.2® 4.4° 4,8® 6,0
. WT-2 3,2 4.4° 5,02 6,2%
Chia2 WT-3 36° 46 480 6o
S2A-12 3,6 4.8° 5,0° 6,8°
syncodChi42-2 S2A-13 3,6 4,6° 5,0° 6,2%
S2A-14 3.4 4,8° 5,0° 6,6
pNHL20 o S1A-9 3.2® 4.4° 5,08 6,0
syncodChi42-1 S1A-15 3.4% 442 50 6,2
. WTA-2 36° 44 500 647
Chia2 WTA4  32° 46 500  62°
Non-transgenic control 2,8 3,4° 4,4° 5,6°

3.7.2.1.4. Number of compound leaves

The number of compound leaves per plant in the transgenic
peanut lines was higher than that of the control, although there was
little variation in the number of compound leaves among the
transgenic peanut lines.
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Table 3.15. Number of compound leaves of chitinase transgenic peanut lines

Number of compound

Transgenic leaves/plant
Vector Gene lines Start of Full- End of
flowering bloom flowerin Harvest
g g

S2-2 12,4® 1529 172 21,2°

syncodChi42-2 S2-4 12,8 158®  178? 21,8%

S2-6 12,6%  156° 17,6 21,6%

S1-1 12,4® 154>  174° 21,4%®

pNHL19 syncodChi42-1 S1-2 12,4%® 154  174P 21,4%
S1-3 12,4®  156°  176%® 21,6

WT-1 11,0° 1449 1649 20,0%

Chi42 WT-2 10,8°  146% 164%™ 20,0%

WT-3 11,2° 146% 164%™ 20,2%

S2A-12 13,0 16,6 18,4° 22,23
syncodChi42-2 S2A-13 12,8  158%® 18,0° 22,0
S2A-14 13,00  158®°  182° 22,28

PNHL20 o S1A-9 120°  154° 168° 208"
syncodChid2-l  gia15  108®  154%  170%  210°

Chia2 WTA-2 12,8  158%® 17,82 21,8®
WTA-4 12,0°  148%  17,0% 20,8%

Non-transgenic control 9,8¢ 13,0° 15,69 19,28

3.7.2.2. Intensity of evapotranspiration

The transpiration intensity in the leaves of the transgenic peanut
lines was higher than that of the non-transgenic control at all growth
stages. Among them, the syncodChi42-2 transgenic peanut lines,
controlled by the root-specific Asy promoter, exhibited the highest

transpiration intensity during the flowering period.
Table 3.16. Intensity of evapotranspiration in the leaves
Intensity of evapotranspiration

Gene Transgenic ___ (mg/dm?/h)

Vector nes FIY& Fuilploom  Pod-filling
S2-2 0,30% 1,15% 0,56"

syncodChi42-2 S2-4 0,68° 1,24 0,55

S2-6 0,31% 1,24% 0,62

S1-1 0,29% 1,24 0,69%

pPNHL19 syncodChi42-1 S1-2 0,28% 1,12 0,65°
S1-3 0,29% 1,28" 0,64%

WT-1 0,24% 1,11 0,74°

Chi42 WT-2 0,36% 1,10¢ 0,66

WT-3 0,41% 1,02¢ 0,78°

pNHL20 syncodChi42-2  S2A-12  0,74° 1,46° 0,99°
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S2A-13 0,62 1,38% 0,92

S2A-14 0,49 1,46° 0,91%

. S1A-9 0,48™ 1,14% 0,982
syncodChid2-1 g1 a5 ga1d  135% 0.86"
Chid2 WTA-2  0,36% 1,27 0,51°
WTA-4  0,28% 1,12 0,56"

Non-transgenic control 0,21° 0,107 0,509

3.7.2.3. Chlorophyll content
The Chla and Chlb content in the leaves of chitinase transgenic
peanut lines gradually increased from the pre-flowering period (five-

leaf) to flowering, reaching its peak during full-bloom.
Table 3.17. Chlorophyll content of chitinase transgenic peanut lines.

Total Chl (mg/g)

Transgenic

Vector Gene Five-leaf Full-bloom  Pod-filling

lines  —=1 @ Chib Chla Chlb Chla Chib

S2-2 0,22° 0,90 050° 1,09 0,37° 0,85°
syncodChi42-2 S2-4 0,23° 0,95% 0,52 1,20° 0,41° 1,06°
$2-6 0,23 0,93° 054° 1,12¢ 0,38° 0,93°

S1-1 0,199 0,89" 0,49° 1,07 035" 0,87°
pNHL19 syncodChi42-1 s1-2 020" 089" 050° 1,08 036% 0,87
S1-3 0,20 0,889" 0,50° 1,08 0,36" 0,87

WT-1 0,187 0,907 0,51° 1,05° 0,40° 0,86°
Chi42 WT-2 0,19 0,89 0,51° 1,05° 0,39 0,85°
WT-3 0,19 0,89 0,49° 1,08 0,35° 0,87°

S2A-12 0,24 1,100 0,54*° 1,297 0,49 1,097
syncodChi42-2  S2A-13 0,23 1,01° 0,554* 1,17° 0.45° 1,07°
S2A-14  0,23° 1,04° 0,54 1,23 0,48 1,04°

PNHL20  chigp.y SLA-9 0,209 0,98° 0,50° 1,14 0,38 1,01°
Y S1A-15  0,22° 1,01° 053° 1,19° 045° 0,99°

Chia2 WTA-2 0,22° 0,93 054 1,129 0,38° 0,83°
WTA-4 021° 0,98 051° 1,17° 0,39° 1,02°

Non-transgenic control 0,15° 0,86 045° 098" 0,337 0,73

3.7.2.4. Peanut yield components

Number of flowers/plant: The total number of flowers per plant in
the transgenic peanut lines ranged from 24.6 to 28.0, which was
higher than that of the non-transgenic control. Among them, the line
S2A-12 was found to have the highest number of flowers.

Ratio of effective flower: Overall, there was no significant
difference in the ratio of effective flowers among the peanut lines,
which ranged from 31.2% to 37.8%.
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Number of mature pods/plant: The number of mature pods per
plant was higher in the transgenic peanut lines than in the non-
transgenic control, ranging from 7.9% to 39.5%.

Weight of 100 pods: There was little statistical difference in the
weight of 100 pods among the transgenic peanut lines, but it was
4.1% to 11.4% higher compared to the non-transgenic control line.

Weight of 100 seeds: The weight of 100 seeds from 18 transgenic
peanut lines ranged from 33.06 g to 38.74 g, which was higher than

that of the non-transgenic control line (31.76 g).
Table 3.18. Primary components determining peanut yields.

Weight

Ratio of .
Number ~ Weight of 100

Transgenic  Number of effective

Vector Gene lines flowers/plant ~ flower of mature - of 100 seeds
%) pods/plant pods (g) ©

S2-2 25,6 336° 865  11484™ 3522%

syncodChid22  S2-4 25,8 3492 90°  11548° 3622

S2-6 25,8% 32,5° 84%  11532° 3562%

S1-1 25,4% 331° 849  11258° 33667

PNHL19 syncodChid2-1  S1-2 25,4% 33,0° 84%  11488™ 3454%
S1-3 254% 339? 86°  11470™ 3454%

WT-1 24,67 35,0 86°  111,66° 33,067

Chia? WT-2 24,8° 33,1° 82¢  11186° 33,107

WT-3 24,67 34,07 84%  11168° 32,28"

S2A-12 28,0° 378 106°  11950° 38,74°
syncodChid2-2  S2A-13 27,.0% 345% 94%  11586° 37,02®
S2A-14 27,8 345% 96°  11586° 37,70®

PNHL20  icpiapq  SIAD 258" 341 88 11358™ 3564
yn S1A-15 26,6 33.8% 9,0*  11552° 36,94

Chid2 WTA-2 25.2% 318° 807  11342° 33687
WTA4 25,2% 341% 86°  114,06™ 3582~

Non-transgenic control 244 31,2 76%  107,26° 31,76"

3.7.3. Major quality characteristics
3.7.3.1. Protein content

The results showed that the protein content of the transgenic
peanut lines was quite high, ranging from 23.11 to 26.14 g/100 g,
which was higher than that of the non-transgenic control (22.35
g/100 g).
3.7.3.2. Lipid content

The lipid content in 100 g of the chitinase transgenic peanut seeds
ranged from 48.26 to 49.15 g, and there was little difference with the
non-transgenic control.
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3.7.3.3. Reducing sugars content
The reducing sugar content in the transgenic peanut lines ranged
from 0.92 to 1.10 ¢/100 g.

Table 3.19. Some of the peanut seed’s major nutritional quality components.
Transgenic  Protein Lipid Reducing

Vector Gene lines (9/100g) (9/100g) sugar (g/100g)
52-2 23,86°  48,85® 0,96°
syncodChi42-2 S2-4 23,45%  48,57%® 0,99°
52-6 2591%  48,61%® 1,107
S1-1 2458%  4847® 1,04°
pNHL19  syncodChi42-1 S1-2 25,76°  48,47® 0,96%
51-3 2527%  48,67® 0,93
WT-1 23,267  48,26° 0,93
Chi42 WT-2 24,62°  48,26° 1,012
WT-3 23,117  48,32° 0,92°
S2A-12  26,33° 49,157 1,10%
) S2A-13  2598%  48,65% 1,042
syncodChid2-2 oo p 14 255830 457 101°
pNHL20 o SIA-9  2496° 4843 0,97
syncodChi42-1 g1 15 2575  4905° 1,00°
Chi42 WTA-2  2447°  4836° 0,047
WTA-4 2333  48,39° 0,97
Non-transgenic control 22,359 4753° 0,95
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CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS

1. The in vitro regeneration protocol of peanut cultivar L14 has
been optimized as follows: Peanuts are sterilized using 65% NaOCI
for 10 minutes, then the seeds are peeled and split to germinate.
Shoot regeneration from various types of explants and shoot
multiplication on MS medium containing 4 mg/L BAP and 0.1 mg/L
NAA, rooting of individual shoots on MS medium containing 0.5
mg/L NAA.

2. Optimized the nucleotide sequence of the wild-type gene Chi42
encoding 42 kDa chitinase from T. asperellum SH16 for the plant
expression. Two sequences have been optimized for the codon usage
in plant expression and were registered on GenBank with codes
MTO083802.1 (syncodChi42-1) and MT083803.1 (syncodChi42-2).
The chitinase genes (Chi42, syncodChi42-1, and syncodChi42-2)
with root-specific Asy promoter or constitutive promoter dp35S were
successfully cloned in plant expression vectors.

3. Successfully expressed and purified 42 kDa chitinase in E. coli.
Simultaneously, this enzyme was used to successfully produce
polyclonal antibody against 42 kDa chitinase in mice and can be used
for analyzing Western blot.

4. The wild-type chitinase gene (Chi42) from T. asperellum SH16,
as well as two optimized chitinase genes (syncodChi4l-1 and
syncodChi41-2), were successfully transiently expressed in N.
benthamiana. Enzymes produced from the two optimized chitinase
genes exhibited higher chitinolytic activity than compared to those
from the wild-type chitinase gene.

5. The factors that are appropriate for transferring the chitinase
gene into peanut cultivar L14 through A. tumefaciens LBA4404 were
identified as follows: Explants were pre-cultured for three days
before bacterial inoculation. They were then inoculated for 20
minutes at ODgg = 1.0 and co-cultured with bacteria for three days in
the dark on a medium supplemented with 200 pM acetosyringone.
The transgenic samples were disinfected with cefotaxime 250 mg/L
and screened on medium containing kanamycin 100 mg/L.

6. Three chitinase genes (Chi42, syncodChi42-1, and
syncodChi42-2) were successfully transformed into peanut cultivar
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L14 using plant expression vectors pNHL19 and pNHL20, resulting
in the creation of 16 chitinase transgenic peanut lines in the T,
generation. The transgenic peanut lines were assessed using PCR,
Western blot, chitinase activity, and resistance to S. rolfsii under in
vitro and in vivo conditions. The optimized genes syncodChi42-1 and
syncodChi42-2 exhibited stronger expression than the wild-type
Chi42 gene. All the transgenic peanut lines demonstrated low disease
ratings when treated with S. rolfsii under in vivo conditions, ranging
from 1 to 1.67, while the control ranged from 4.33 to 5.0.

7. The appropriate substrate for transplanting the transgenic
peanut lines from in vitro to soil has been identified as a mixture of
soil, sand, and vermiculite (1:1:1). The growth time of the transgenic
peanut lines was 133-144 days under net house conditions. The
physiological and biochemical parameters of the 16 transgenic peanut
lines were similar or slightly higher than those of the non-transgenic
control.

2. RECOMMENDATIONS

1. Further evaluation is being carried out to determine the ability
of chitinase-transgenic peanut lines to against phytopathogenic fungi,
which have cell walls containing chitin.

2. Chitinase-transgenic peanut lines can serve as valuable
materials for peanut variety selection. Further analysis in subsequent
generations is required to select and develop a peanut line that
exhibits high resistance to fungi and stability.
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