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MO PAU

1. TINH CAP THIET CUA DE TAI

Hién nay, mot trong nhirng van dé 16n duoc con ngudi quan tdm nhiéu nhit 13 su
6 nhiém mai truong do nhiéu yéu té doc hai gay ra. Trong d6, van dé & nhiém kim
loai ning (KLN) trong méi truong ngay cang duoc quan tim & nhiéu qudc gia trén
thé gigi. KLN c6 kha nang tich tu trong dat, trong dong, thuc vat va rat khé phan giai
hay dao thai. Diéu nay anh hudng dén sic khoé con ngudi khi sir dung nguoén thirc an
tir nhitng dong, thuc vat sinh truéng trong nhirng ving bi 6 nhiém.

Cho dén nay, noi dén 6 nhiém KLN, ngudi ta thuong nghi dén chi (Pb) vi mutc do
6 nhiém phd bién va doc tinh cao ddi véi co thé séng. Trong 4 loai KLN duogc xép 1a
nhiing chat gdy nguy hiém nhat cho méi trudng sinh thai (As, Hg, Pb va Cd), mirc do
nguy hiém cua Pb duoc xép thir 2 (ATSDR, 2007). Théng ké cua Hiép hoi chi quéc
té nam 2012, thé gioi sir dung khoang 10 triéu tan Pb thi c6 dén 1 triéu tan con ngudi
thai vao mdi truong (Co quan moi truong Chau au, 2019). Piéu nay da gay 6 nhiém
chi trong moi trudng dat va nuéc ngay cang nang hon. Chi khdng thé dugc phan hay
sinh hoc va né gay doc dbi véi sinh vat séng ngay ca & nong do thip. Néu khong co
bién phéap khic phuc, mirc do Pb trong mdi truong cao s& khong bao gid tré lai binh
thuong (Traunfeld va Clement, 2001).

Chinh vi vay Vviéc nghién ctru tim ra phuong phap xt Iy KLN néi chung va Pb ndi
riéng trong moi trudng 1a vé cling quan trong. Nhitng phuong phép truyén thong va
hién dai 4p dung dé xir Iy KLN bao gdm cac phuong phap vat 1y, hoa hoc, xir Iy nhiét
hay phuong phap chén 1ap, hau hét déu ung dung nhitng cong nghé tién tién, tuy toc
d6 xir ly chat 6 nhiém nhanh nhung kha t6n kém vé chi phi (EPA, 2000). Theo
Matthew Yglesias (2019) dua tin ¢ trang www.vox.com, dé lam sach 6 nhiém Pb &
My trong 10 nim thi mdi nim M§ phai bo ra 10 ty USD.

Trong nhiing thap nién gan day, cac nha khoa hoc da tim ra duoc phuong phép
dung thyc vat dé loai bo 6 nhidm KLN trong méi truong (Phytoremediation). Phuong
phap nay duwa trén co ché hip thu, chuyén hoa, chdng chiu va loai bo cac chat 6
nhiém cua mot s lodi thuc vat (EPA, 2000). Viéc tmg dung thuc vat xir Iy 6 nhiém
Pb trong mdi truong di dat duoc nhiéu thanh tyu khoa hoc va thuc tién. Tuy nhién,
hién nay viéc sir dung cdng nghé phytoremediation dé giai 6 nhiém Pb dang it dugc
quan tdm hon so v&i cac kim loai khac vi hai nhuoc diém 16n 1a s6 loai thuc vat dugc
phat hién c6 kha ning siéu hap thu chi rat it va sy hiéu biét vé cac co ché phan tir lién
quan dén tinh chéng chju Pb cta thuc vat chua nhiéu (Florence va ctv 2013). Vi vay
viéc nghién ctru tim ra mot loai thuc vat va tim hiéu kha ning chiu Pb & mirc d6 phan
tir ciia N6 1 mot hudng di day trién vong va can thiét.


https://www.vox.com/authors/matthew-yglesias

Phat tai Dracaena sanderiana c6 ngudn gbc ¢ chau phi, dugc trong phd bién ¢
Viét Nam véi ¥ nghia mang lai may mén cho gia chu trong cudc sdng va coéng viéc
nén co gia tri kinh té cao. Ngoai gia tri tinh than va kinh té, nhitng nim gan day Phét
tai dugc phat hién co gid tri trong xur Iy moi truong. Kha ning hip thu duoc nhiéu
kim loai ning Cu, Cr, Ni, Hg, Cd, Pb cia Phét tai di dugc phat hién boi nhiéu nha
khoa hoc (Ten Yi Hao (2011); Sereshi va ctv (2014)), tuy nhién cac nghién ctru nay
chi thuc hién & thoi gian ngan, & ngudng nong do Pb thap va khong danh gia sau vé
mac di truyén nén két qua con han ché. Xuat phét tir nhiing Iy do trén, dé tai “Nghién
ciru kha ning hap thu, tich liiy chi (Pb) va su biéu hién gen lién quan dén tinh chiu
chi (Pb) cia cay Phét tai (Dracaena sanderiana)” da dugc thuc hién.

2. MUC TIEU PE TAI
Muc tiéu tong quat
Panh gia duoc kha nang sinh trudng, tich liy Pb va biéu hién gen lién quan dén tinh
chéng chiu Pb cuia cay Phét tai (Dracaena sanderiana) trong mai truong nhiém doc Pb
nham cé co s& khoa hoc vé su dap img & mitc d6 phan tir ctia tinh chéng chiu Pb dé tng
dung cay Phat tai trong xtr Iy 6 nhiém Pb.
Muc tiéu cu thé
- Xac dinh dugc nguong Pb gay doc cho cdy Phat tai (Dracaena sanderiana).
- Panh gia duoc kha ning sinh trudng, hap thu va tich liy Pb trong cac bo phan ré, than
va la cua cay Phat tai.
- Xac dinh duoc vi tri phan bd Pb ¢ pham vi t& bao va phan tmg ctia md thuc vt trong
diéu kién nhiém doc Pb.
- Panh gia duoc mirc do biéu hién cua 3 gen chdng oxy hda GST, Cyt-Cu/Zn SOD va
GPX & cay Phat tai trong diéu kién nhiém doc Pb.
Tinh Méi ciia dé tai
- Viéc nghién ciru vé kha ning hap thy, tich lily va biéu hién gen c6 lién quan dén
tinh chiu Pb di duoc thuc hién trén nhiéu lodi thyuc vat, tuy nhién viéc nghién ctru kha
ning hap thy va biéu hién gen chdng oxy hoa lién quan dén tinh chdng chiu Pb trén
cay Phat tai van chua duoc thyc hién & Viét Nam va ca trén thé gioi.
- Trinh tu modt phan cua 3 gen chong oxy héa GST, Cyt-Cu/Zn SOD va GPX cua ciy
Phat tai da duoc xac dinh.
CHUONG 1 ., o

TONG QUAN NGHIEN CUU
1.1. CAC PAC TINH CUA CHI VA TINH HINH O NHIEM Pb
1.1.1. Céc dac tinh cia Pb

Chi (Pb) c6 hoda tri phd bién 1a 11, 1V, c6 ddc tinh cao, anh hudng nghiém trong
cho méi trudng sinh thai va mic do gy doc duoc xép thir 2 (ATSDR, 2007). Su tmg
dung rong rai cua Pb d4 gy ra 6 nhiém cho mdi truong, dic biét 1a méi trudng dat.



Trong dat, Pb c6 thé ton tai ¢ dang tu do, tao phirc v6i thanh phan vé co, acid hitu co,
hodc hip phu trén bé mit cac hat vat liéu sinh hoc, cht hitu co va cac hat sét) (Vega
va ctv, 2010). Su di dong cua Pb trong dat thuong bi han ché bai sét, chit hiru co, Fe,
oxide mangan. Pb thuong tich tu chu yéu ¢ tang dit mit voi ndng do giam dan theo
d6 sau. Ham luong Pb trong ting dat mit khoang 25 mg/kg (Kabata, 2001). Trong
méi truong nudc, Pb lién két véi cac anion hitu co, chloride va hydroxide tao cac hop
chat khéng tan hodc két hop voi sulphite, sulphate tao cac hop chat it tan. Do hoa tan
ctia Pb phu thudc vao gia tri pH cua nudc, pH cang thap thi kha niang hoa tan cua Pb
cang cao, khi pH trung tinh Pb két tua (Kabata, 2001).

Pb khong c6 chitc ning sinh hoc va gay doc cho sinh vat séng ¢ nong do rat
thip. Pb gay 6 nhiém cho méi trudong thdng qua nhiéu ngudn khéac nhau nhu tir ty
nhién, hoat dong giao théng, hoat dong khai thdc mo va luyén quang, bun thai, hoat
dong cobng nghiép va ndng nghiép. Trong mai truong, Pb ton tai rat 1au dai va bén
vitng. Pb c6 thé dugc luu giit trong méi trudng khoang 150 - 5000 nam. Pb khéng thé
duoc phan hiy sinh hoc, néu khong cé bién phap khac phuc, mtc d6 Pb trong moi
truong cao s€ khong bao gio trd lai binh thuong (Traunfeld va Clement, 2001).

1.1.2. Tinh hinh 6 nhiém Pb trén thé giéi va é Viét Nam
1.1.2.1. Tinh hinh 6 nhiém Pb trén thé gi6i

Nhiéu nudc trén thé giéi dang phai d6i mat véi 6 nhiém Pb nhu My, Uc, Puc,
Thuy Pién, Anh, Phéap, Thai Lan va Trung Qudc. Cac dong séng ¢ nhiéu noi trén thé
gidi dang & trong tinh trang bao dong vé 6 nhiém Pb do nudc thai ctia d6 thi, khu déan
cu, cong nghiép va nong nghiép.
1.1.3.2. Tinh hinh 6 nhiém Pb & Viét Nam

O Viét Nam, tinh hinh 6 nhidm Pb d4 va dang dién ra ngay cang tram trong. Theo
két qua cua nhiéu nghién ctru cho thdy Pb gy 6 nhiém dit ndng nghiép, nudc mat,
tram tich, nudc ngam c6 khap noi véi nong do kha cao nhu Bong Anh-Ha Nbi; Pong
Nai; Hung Yén; Thai Nguyén; Béic Ninh; Nam Dinh; Quang Ninh, va Ha Tay.

1.2. PHUONG PHAP SU DUNG THUC VAT XU LY O NHIEM
(PHYTOREMEDIATION)
1.2.1. Pinh nghia
Phuong phap st dung thuc vat xir ly 6 nhiém 1a mot phuong phép sir dung thuc

vat dé loai bo cac chat 6 nhiém (chat vo co va chat hitu co) ra khoi cac méi truong 6
nhiém (dat, nwéc mat, nudc ngam, nude thai, bun thai va ca mdi truong khdng khi)
[(EPA (2000); Rodriguez va ctv (2005); Moreno va ctv (2008); Zitka va ctv (2013)].
1.2.2. Phén loai

Phuong phap dung thuc vat xt Iy 6 nhiém c6 thé dwgc phan thanh 5 loai:
phytoextraction,  phytostabilization,  rhizofiltration, = phytodegradation  va
phytovolatilization. Péi véi chat 6 nhiém vo co (kim loai ning), cac phuong phép



thich hop st dung dé loai bo 1a phytoextraction, rhizofiltration,
phytovolatilization va phytostabilization.
1.3. KHA NANG HAP THU, TiCH LUY, PHAN BO VA CHONG CHIU Pb
CUA THUC VAT
1.3.1. Kha ning hip thu va tich liy Pb ciaa thuc vat
1.3.1.1. Co ché hap thu Pb cia thue vt

Pb duoc hap phu trén bé mit ré, gan két vao nhdm cacboxylic cua cac acid uronic
trén vach té bao hoic gin két truc tiép voi polysaccharid & bé mat vach té bao biéu bi
ré va duoc hap thu vao hé thong ré (Pourrut va ctv, 2011). Pb duoc dua vao ré bang
kénh canxi hodc cac protein xuyén mang (White, 2012).
1.3.1.2. Thue vt siéu hép thu

Cac loai thuc vat c6 kha nang tich liy KLN ¢ mtc d6 >1000 mg/kg chat khd
duoc goi chung 1 “thuc vat siéu hap thy” (Henry va ctv, 2000). Hién nay, c¢6 khoang
750 loai thyuc vat, thude 101 ho c6 kha niang hap thu va tich lity KLN, trong d6 c6 450
loai thuc vat thudc 34 ho khac nhau 1a siéu hap thu KLN, chiém 0,2% tong sb loai
thue vat da duogc biét. Trong sb do, cac loai thuc vat ho Brassicaceae chiém nhiéu
nhat, dic biét 1a chi Alyssum va Thlaspi (Kramer, 2010).

S6 loai thuc vat c6 kha nang hap thy Pb >1000 mg/kg tir nim 2012 dén 2018 la
20 loai, trong d6, s6 10ai c6 kha ning tich lity Pb trén 1000 mg/kg trong than 14 chiém
30% (loai siéu tich lity Pb). Piéu nay cho thay, 70% loai khao sét tich Iy chi yéu Pb
trong bd phan ré (Kumar va ctv, 2018).
1.3.1.3. Kha nang tich liy Pb ¢ thyce vat

Brassica juncea c6 kha ning 1am giam 81,7% Pb trong dat bé mit; Alternanthera
philoxeroides loai bo khoang 30 - 80% Pb; Raphanus sativus L. tich lay 332 mg/kg
chi trong ré va tong Pb tich liy trong cdy la 843 mg/kg (Nadia va ctv, 2012).
Sorghum halepense tich Iiiy Pb trong ré kha cao 1406,8 pg/g TLK (Salazar, 2014).
Ham lugng Pb tich lily trong cdy hudng duong (Helianthus annuus), dau castor
(Ricinus communis L.), Fagopyrum esculentumva co vetiver (Chrysopogon
zizanioides) lan luot 13 22,8 mg/cay; 45,8 mg/cay; 3,56 mg/cay; va 60,6 mg/cay
(ndéng dd chi xur ly 200mg/l). 3 loai Microstegium ciliatum, Polygala umbonata,
Spermacoce mauritiana c6 nong do Pb kha cao trong chdi (12.200 — 28.370 mg/kg)
va ré (14.580 — 128.830 mg/kg). Mot sé loai thyc vat 1a loai siéu tich liy Pb 4
Brassica juncea, Brassica napus, Thalapsi alspres, Thlapsi rotundifolium, Allysum
wulfenium, Lemna minor, Vallisneria Americana, Hydrilla verticillate (Sharma,
2016).
O Viét Nam, nhiéu loai thuc vét ciing dd duoc phét hién c6 kha nang tich Iy Pb.

Cay Thom 6i (Lantana camara L.) c6 thé hap thu Pb trong r& gip 470 — 4908 lan
(Di¢p Thi My Hanh va Garnier Zarli, 2007). Duong xi (Pteris vittata) c6 kha nang
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chiu Pb dén nong d6 3000 mg/kg dat (Tran Van Twa va ctv, 2011). Cay siy
(Phragmites autralis) ¢ ham lugng Pb trong ré 1a 196,21 mg/kg (Pam Xuan Van,
2013). Cay co voi (Pennisetum purpureum) lam giam 20,50 - 56,67% Pb so v&i ham
lwong ban dau 1a 250-1500 mg/kg (Nguyén Thi Hong Hanh va Bui Thi Thu, 2017).
1.3.2. Kha ning phan bé Pb ciia thue vat

Phan 16n Pb hap thu phan bé chu yéu trong r& (95%) va chi mot lugng nho (5%)
duoc chuyén dén céc bo phan trén mat dat (Dogan va ctv, 2018). Yéu t 1am han ché
su di chuyén cia Pb 12 Pb d& lién két vé6i lignin va pectin hoic lién két véi nhoém
carboxylic trong vach té bao & ré hoac két tiia trong cac gian bao ¢ ré (Malecka va
ctv, 2009). Ngoai ra, noi bi ciing la rdo can vat 1y ngan chian sy di chuyén cia Pb
(Kaur va ctv, 2012). O pham vi té bao, Pb chu yéu phan bé ¢ bén ngoai té bao, trong
gian bao va lién két v6i vach té bao. Bén trong té bao, Pb duoc phan bé trong khong
bao va cac tdi ciia mang ludi ndi chat (Jiang va Liu, 2010).

1.3.3. Kha niing chong chiu Pb ciia thue vat
1.3.3.1. Co ché lam day vach té bao

Khi té bao thuc vat tiép xUc véi Pb, qua trinh tong hop polysaccharides ting dan
dén l1am day 1én dang ké cua véach té bao. Sy day cua véch té bao 1am ting kich thuéc
clia rao can vat Iy dugc tao thanh bai vach té bao va do d6 han ché sy thdm nhap cia
Pb qua mang té bao (Krzeslowska, 2011).
1.3.3.2 Co ché co lap Pb
a. Co ché ¢d lap Pb trong gian bao

Mang té bao déng vai tro quan trong trong viéc bom Pb tir t& bao chét ra bén ngoai
té bao. C4c chat tham gia vao qué trinh ndy thuéc nhom HMAs (Heavy Metal
ATPases) va ABC (ATP binding cassette).

b. Co ché ¢6 Iap Pb trong khong bao

Khong bao 1a noi ton trit thich hop khi KLN tich liy cao trong té bao. Cay siéu
tich iy Pb Pisum sativum giit 90% Pb trong khong bao cua té bao (Wioleta va ctv,
2015). Co ché cd 1ap Pb trong khéng bao co lién quan dén cac protein gan két véi
kim loai: phytochelatins (PCs) va metallothioneins (MTs). Viéc c6 1ap KLN trong
khong bao & 14 thuong xdy ra & cac lodi siéu tich iy voi nong do cao gap 100 - 1000
1an so véi cac loai khéng c6 kha nang nay (Prasad va ctv, 2003).
1.3.3.3 Co ché chong oxy hoa

Co ché chéng oxy hoa c6 su tham gia cua nhiéu enzym c6 lién quan tryc tiép dén
viéc lam giam céac goc tu do.

Superoxide dismutase (SOD) la enzyme chéng oxy héa va phong thu dau tién
khi c6 ddu hiéu stress oxy hda. SOD déng vai trd quan trong trong viéc giai doc ROS
bang céach diéu hoa géc anion dioxide (O2™), ngan chin sy tich tu ciia cac goc 02 *~ va
tao thanh H202 va Oa.



Glutathione peroxidase (GPX) la mét trong nhitng enzyme quan trong loai bo
H.0, du thira trong qué trinh trao d6i chét ciing nhu trong qué trinh stress do moi
truong, dac biét 1a luong H20> hinh thanh do qua trinh khir O2™ ciia SOD. GPX c6 vai
tro phan giai H.O. thanh H20 va Ox.

Enzyme c6 vai trd chinh trong viéc xUc tac sy gin két gitra GSH va kim loai 1a
glutathione S-transferase (GST). GST ciing c6 vai trd x(c tac sy van chuyén phirc
hop GSH -kim loai dén khdng bao. Lién hop kim loai va glutathion duoc van chuyén
nhanh chdng tir dich té bao vao khong bao dé tiép tuc xir 1y.
1.3.3.5. Anh hwéng ciia Pb dén thue vat

Khi ¢6 sy xdm nhép cta Pb vao trong cay, su can bang gitta san sinh ROS va tiéu
hity ROS bi x40 tron, 1am bing n6 ROS va gay hai cho cay (Miller va ctv, 2010).
ROS chu yéu gém 102, H202, O° 2 va OH" va su tiép x(c Pb lam tang san sinh H20>
va 0" 2 va ROS duoc tao ra & cac vi tri khac nhau trong té bao nhu lap thé, ti thé,
mang plasma, mang ludi ndi chat va peroxisome (Wang va ctv, 2012). Khi ROS duoc
sinh ra, chling oxy hoa tat ca cac loai phan tir sinh hoc nhu chlorophyll, axit nucleic,
protein va lipid (Yadav, 2010), ddn dén gay rdi loan chtc ning va gay chét té bao.

1.4 Gidi thiéu cdy Phét tai (Dracaena sanderiana)

Cay Phét tai Dracaena sanderiana la mot loai thuc vat cé hoa trong ho
Asparagaceae, bd Ming tay (Asparagales), 16p thuc vat 1 14 mam, c6 ngudn gdc tir
Trung phi (Deman, 2018). Cay Phét tai thudc loai cay than bui, cao khoang 1m,
duong kinh 2-3cm. Cay Phat tai ¢6 ré chum, ngan, mau trang. L4 cay thudn hinh 10 -
20 cm, mau xanh bong, mém, dau 14 thuén nhon uén ra phia ngoai, goc 14 kéo dai
thanh be mong 6m than.

Cay Phat tai c6 kha nang xir 1y cac chat 6 nhidm nhu: Bisphenol A trong nudc ri
rac (Nguyén Thi Ha, 2010); KLN Cu, Cr, Ni trong bun thai tir cac gara xe, c6 kha
nang hap thu Hg, Cu va Cr rit cao, hiéu suat hap thu 1a 67 - 72% va c6 tiém ning
trong dao thai benzen ra khoi moi truong (Ten Yi Hao, 2011).

1.5. Sw biéu hién gen lién quan dén chong chiu Pb & thuc vat va Kk thuat phan tir
nghién ctru biéu hién gen
1.5.1. Sw biéu hién gen lién quan dén chong chiu Pb ¢ thwe vat

C6 25.415 gen biéu hién khac nhau khi Festuca arundinacea tiép xdc vai Pb, su
biéu hién cua nhitng gen nay c6 vai trd tryc tiép hodc gian tiép trong tich lity Pb (Li
va ctv, 2017). Trong 48 gio tiép xuc véi chi & co Perennial ryegrass, cac gen SOD,
APX, GPX, GR va POD 4 biéu hién som trong vong vai gio dau cay tiép xuc véi Pb
va mutc d6 biéu hién cua chiing khdng khéc biét & 24 va 48 gid (Hu va Fu, 2012).
Arabidopsis dot bién c6 su biéu hién gen cao hon dang ké so véi loai hoang dai voi
GPX (170%), CAT (33%) va GPX1 (280%) (Jiang va ctv, 2017). Gen GST cd lién
quan dén cac loai stress moi trudng, bao gdm cac KLN. Cac tac nhan gay oxy hoé
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nhu KLN sé& 1am ting ty 18 phién md gen GST, va hai loai mRNA dugc san xuat. Biéu
hién gen GST van ¢ mic cao rong it nhat 48 gior (Shahrtash, 2013). Tac dong cua Pb
& nong d6 1000 ppm 1am ting biéu hién gen Cu/Zn SOD, FeSOD, POD, GPX & giai
doan rat som trén thuc vat Festuca arundinacea (Liu va ctv, 2016). Cac gen SOD,
CAT va APX & Lepidium sativum biéu hién manh & néng d6 400 va 600 ppm, biéu
hién thap hon & néng do 100 va 200 ppm (lbrahim va Bafeel, 2009). Su biéu hién gen
va hoat dong cua cac enzym chbng oxy hda (CAT, SOD, GPX va APX) d4 ting lén
dang ké & ca mo la va mo ré ¢ ba giéng Ita mi (Morvarid, Gonbad va Tirgan) ¢ giai
doan 14 co trong diéu kién stress Pb (0, 15, 30 va 45 mg/kg dat) (Navabpour va ctv,
2020).
1.5.2. K§ thuét phan tir nghién ctru biéu hi¢n gen

Hién nay, k¥ thuat dugc st dung phd bién nhat trong viéc nghién ctru biéu hién
gen la Real-time PCR. Real-time PCR con duoc goi la PCR dinh lugng (QPCR), la
mot trong nhitng k¥ thuat phan tich gen hiéu qua va nhay nhat (Livak va Schmittgen,
2008). So v&i cac ky thuat dinh lugng mRNA khéc, RT-PCR ¢6 thé duoc sir dung dé
dinh luwong tir cac mau c6 lugng MRNA nhé hon nhiéu.

CHUONG 2
NQI DUNG VA PHUONG PHAP NGHIEN CcUU

2.1. TIEN TRINH NGHIEN CUU
2.2. VAT LIEU, TRANG THIET BI, DUNG CU VA HOA CHAT NGHIEN
cuu
2.2.1. Vat liéu nghién ciru
2.2.2. Trang thiét bi va dung cu sir dung trong nghién ciru
2.2.3. Hoa chat nghién ciru
2.3. NOI DUNG NGHIEN CcUU
2.3.1. NOI DUNG 1: CO SO CHON LUA POI TUQNG VA pH THICH HQP CHO
NGHIEN CUU
2.3.1.1. Su tang trwéng va kha niang tich lily Pb cia ba loai thue vat trong chi
Dracaena trong diéu kién nhiém déc Pb

3 loai thyc vat la Phat tai 1oc (Dracaena sanderiana), Trac bach hop (Dracaena
reflexa) va Phét tai bup sen (Dracaena deremensis) dugc trong thi nghiém trong 200
ml dung dich chi Pb(NO3)2 ndng do Pb 100 ppm, pH 4,5.Thi nghiém gdm 6 nghiém
thizc, 3 lan lip lai: Nghiém thc PC 1: Nudc khéng nhiém Pb + Dracaena
sanderiana; Nghiém thuc PC 2: Nudc khong nhiém Pb + Dracaena deremensis;
Nghiém thire PC 3: Nuée khong nhiém Pb + Dracaena reflexa; Nghiém  thac  1:
Nuéc nhiém Pb 100 ppm + Dracaena sanderiana; Nghiém thac 2: Nudc nhiém Pb
100 ppm + Dracaena deremensis; Nghiém thirc 3: Nudc nhiém Pb 100 ppm +



Dracaena reflexa. Chi tiéu tang truéng gom chiéu cao va sinh khéi khd cua cay duoc
khéo sat & cac thoi gian 0, 10, 20 va 30 ngay thi nghiém. Ham luong Pb tong trong ré,
than va la va trong nudc dugc khao sat ¢ ngay thir 30 cua thi nghiém. Kha nang loai
bo sinh hoc chi (PMU) cua céc loai thuc vat dugc tinh sau 30 ngay thi nghiém.
2.3.1.2. Anh huwéng ciia pH dén kha niang hap thu va tich lily Pb ciia cy Phat tai
(Dracaena sanderiana)

Thi nghiém gom 4 nghiém thirc véi cac gia tri pH 3,5; 4; 4,5; 5, lap lai 3 lan,
dugc thuc hién trén loai Phat tai (Dracaena sanderiana) trong 15 lit dung dich chi
Pb(NO3)2 nong d6 Pb 100 ppm. C4c chi tiéu gom chiéu cao cdy, chiéu dai ré, dién
tich 14 duoc khao sat & cac thoi gian 0 ngay, 10 ngay, 20 ngay va 30 ngay thi nghiém.
Ham luong Pb tong trong cac ré, than va 14 cua cay duoc khao sat & ngay thir 30.
2.3.2. NOI DUNG 2: KHA NANG HAP THU VA TiCH LUY Pb CUA CAY PHAT
TAI (Dracaena sanderiana)
2.3.2.1. Chuin bj cay thi nghiém

Loai Phat tai (Dracaena sanderiana) 1 nam tudi cé kich thudc va trong luong
tuong dwong va khong phét hién chi duoc nudi dudng trong nudc cat 1 1an cho dén
khi ra r& va phét trién 6n dinh thi tién hanh thi nghiém. Cac cay Phat tai duoc st dung
nghién ctru 12 nhitng cay c6 s6 lwong 14, chiéu dai cdy, chidu dai ré va tinh trang khoe
manh tuong dong nhau.
2.3.2.2. Chuan bi vt liéu thi nghiém
2.3.2.3. Chuan bi dung dich Pb thi nghiém

Dung dich Pb stock duoc chuan bi tir Pb nitrat [Pb (NOs)2] va dugc pha lodng
dén ndng d6 Pb can thi nghiém véi thé tich 15 lit, pH 4,5.
2.3.2.4. Bo tri thi nghiém

Thi nghiém gom 8 nghiém thuc twong ung véi 8 nong do Pb 200, 400, 600, 800,
1000, 2000, 3000 va 4000 ppm (ndng do tinh trén Pb) va mot nghiém thic d6i ching
sir dung nudce cat 1 1an khdng bo sung va khong phat hién Pb. Thi nghiém duoc bo tri
theo kiéu mot yéu té hoan toan ngau nhién va 3 lan Iap lai. Thoi gian thi nghiém la 60
ngay. M&i nghiém thuc trong 9 cay Phat tai.
2.3.2.5. Khao sat cac chi tiéu nghién cau

C4c chi tiéu sinh truong cua cdy gom chibu cao cay, chiéu dai r&, sinh khéi twoi
va khd, ham luong nude trong cdy, ham luong diép luc t6 trong 14 dugc theo doi
trude thi nghiém va dinh ky 10 ngay/lan trong 60 ngay.

Ham lugng Pb tong trong cac b phan ré, than va la cia cdy Phat tai duoc phan
tich ¢ trude thi nghiém va 10, 20, 30, 40, 50 va 60 ngay cua thi nghiém.

Vi tri phan bb Pb trong c4c bo phan r&, than va la dugc khao sat & ngay thu 60
cua thi nghiém. Céu trlc giai phau cua cac mo ré, than va 1a duoc khao st ¢ ngay thu
60 cua thi nghiém.



2.3.3. NOI DUNG 3: SU BIEU HIEN GEN CHONG OXY HOA CUA CAY
PHAT TAI (Dracaena sanderiana) TRONG PIEU KIEN NHIEM PQC CHI
2.3.3.1. Vit liéu va bé tri thi nghiém

Cac mau cay Phat tai (D. sanderiana) duoc chuan bi nhu trinh bay ¢ muc 2.3.2.1
va trong trong dung dich Pb(NO3)2 ndng d6 200, 400, 600, 800 va 1000 ppm & pH
4,5. Mau 14, than va ré cay Phét tai dugc thu nhan tai cac thoi diém 0, 1, 2 va 24 gio
sau khi xur ly v6i 3 1an lap lai. Mau cy khong xir Iy Pb dugc sir dung 1am déi chimg.
2.3.3.2. Ly trich RNA tong s va tong hop cDNA

Cac mau ré, than va la cua cdy dugc sir dung dé ly trich RNA tong sd va mau
RNA sau khi dugc ly trich duoc ding dé tong hgp cDNA bang kit.
2.3.4.3. Khuéch dai trinh tw gen chdng oxy hoa va gen Actin (ACT)

Mau cDNA duoc str dung cho phan tmg PCR khuéch dai cac doan gen muc tiéu
v6i primer xudi (F) va nguoc (R). San phim PCR duoc kiém tra cing véi thang
chuan DNA 100bp. San pham PCR cac doan gen khuéch dai boi cac primer Cyt-Cu/zZn
SOD 14221 bp, GST 14 362 bp, GPX 14 202 bp, ACT 13 201 bp.
2.3.3.4. Tao dong gen GST, Cyt-Cu/Zn SOD , GPX va ACT trén vi khuin
Escherichia coli DH5a.

a. Tao vector pGEM-T Easy tai to hop mang trinh tw gen muc tiéu
San pham PCR gen tir cDNA duoc chén vao vector pGEM-T Easy.
b. Tao té bao E. coli DH5a kha nap
Té bao E. coli DH5a dugc tao theo quy trinh cua Huynh va ctv (2012).
c. Tao té bao E. coli DH5a t4i t6 hop mang trinh tu gen muc tiéu
DNA plasmid duoc bién nap vao té bao E. coli DH5a kha nap bang sdc nhiét.
d. Chon loc dong E. coli DH5a mang DNA tii to hop

Chon loc dong té bao E. coli DH50 mang vector tai to hop (E. coli DH5a -
pGEM-T Easy - GST/Cyt-Cu/Zn SOD /GPX) bang phwong phap PCR khuan lac.
2.3.3.5. Ly trich DNA plasmid va giai trinh tw gen

Ly trich DNA plasmid va kiém tra bang phuong phép PCR plasmid véi cip moi dac
hiéu. DNA plasmid sau khi kiém tra duoc sir dung xay dung dudng chuin. C4c doan gen
muc tiéu dugc dem giai trinh tir & xé4c dinh san pham PCR thuc sy 13 GST, Cyt-Cu/Zn
SOD va GPX. Dir liéu sau giai trinh tu duoc xir Iy bang phan mém tin sinh hoc BioEdit.
Phan tich, kiém tra va so sanh trinh ty cac nucleotide bang Blast (NCBI), Clustal Omega.
2.3.3.7. X4y dung dwong chuin cho phan tng Real-time PCR

Puong chuan duge thanh 1ap dua vao méi quan hé tuyén tinh cua gia tri Ct tir
phan (ng Real - time PCR va sb ban copies dugc tinh toan theo hé sé pha lodng 10
lan & cAc mau chuan. Str dung mirc d6 biéu hién cia mRNA cua gen Actin 1am gen
ndi chudn (housekeeping gene) dé danh gia twong d6i mirc d6 biéu hién cuia MRNA
gen Cyt-Cu/Zn SOD , GPX va GST trong mau nghién ciru.
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2.3.3.9. Phan tich va danh gia két qua

Ty 1& biéu hién gen duogc tinh 1a ty sb gitta log s6 ban copies & mau thi nghiém
xtr Iy Pb véi log sb ban copies ¢ miu déi chiing khéng xir 1y Pb.
log (s8 ban copies mau thi nghiém)

Ty 1¢ biéu hig lan) = : Au do
y 1& biéu hién gen (lan) log (so0 ban copies mau doi ching)

2.4. Phwong phép nghién ciru
2.4.4. Phwong phap Khao sat cac chi tiéu sinh truéng caa cay
Chiéu cao cay, chiéu dai ré duogc do bang thudc chia vach dén cm. Trong luong
tuoi va trong luong khé duoc xac dinh bang can ky thuat 2 sé 1¢. Ham luong nude
trong cdy dugc xac dinh theo phuwong phap khéi lugng udt (Brunet, 2008). Ham
lwong diép luc td trong 14 duge do bang may CCM — 200 (Opti — Sciences, M¥). Dién
tich 14 duoc x&c dinh theo phuong phap can nhanh (Vi Vin Vu va ctv, 2004).
2.4.5. Phwong phap khao sat hinh thai giai phau hoc ciia cac mo & cac by phan
ré, than va la ciia cay Phat tai
Cac mau ré, than va la duoc cb dinh trong formaldehyde axit acetic va dugc
nhuém kép vai xanh methylen va do carmin. Cac mau dugc quan sat bang kinh hién
vi Olympus CX 22. Kich thuéc mé giai phau duoc do bang phan mém Optika Vision.
2.4.6. Phwong phap xac dinh sw phan bé chi trong cac mo r&, than va la
Sy phan b chi trong mé thuc vat duoc quan sat bang phuong phap héa md
(Tupan va ctv, 2016) va dugc quan sat dudi kinh hién vi Olympus CX 22.
2.4.7. Phwong phap xac dinh ham lwong chi tong trong ré, than va la
O mbi méc thoi gian thi nghiém 0, 10, 20, 30, 40, 50, va 60 ngdy, cic mau ré,
than, 14 ngdm rira 3 1an trong nudc khir ion, cat nho va say ¢ 70°C va tién hanh xir ly
mau theo phuong phap vo co hoéa wdt (Perkin-Elmer, 1996). Ham luong chi tong
dugc do bang may quang phd hap thu nguyén tir (Shimadzu AAS 7000, Nhat).
2.4.8. Phwong phap xac dinh ham lwong chi tong trong nuée
Ham luong chi tong trong nude duge do bang may quang phd hap thu nguyén tir
(Shimadzu AAS 7000, Nhat).
2.4.9. Phwong phap xac dinh hi¢u qua loai bé chi
Hiéu qua loai bo chi trong nudce cta cady Phat tai duoc tinh theo cong thic:

4 =% =C 1000, Trong do: H: Higu qua loai bo chi (%); C: Nong do chi ban
C, dau; C: Nong d6 chi sau xt ly.

2.4.10. Phwong phap xac dinh kha ning chéng chiu, kha ning van chuyén, kha
nang tich liy sinh hec va loai bé sinh hoc chi caa cay Phat tai

- Phwong phap xac dinh kha ning chéng chiu chi: Kha ning chéng chiu chi
cua cay duoc danh gia qua chi s chdng chiu TI (tolerance index) (Wang va ctv,
2014) dua trén céc chi tiu sinh truong: TI (%) = 1/3{(Chiéu cao cay nhiém chi/chiéu


https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25268840
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cao cdy d6i chung) + (Chiéu dai ré cay nhiém chi/ chiéu dai ré cay d6i chung) +
(Trong lwong khod cua cay nhiém chi/trong lwong khd cua cay déi chiing)} *100.
- Xac dinh kha nang van chuyén chi: duoc danh gid qua chi s6 TF
(translocation factor) (Marchiol va ctv, 2004) theo cong thtrc:
TE = Ham lwong chi trong than + la

ham lwong chi trong ré

- Xac dinh kha ning loai bé sinh hec chi: Puoc danh gia qua chi s6 PMU
(percentage of metal ion uptake) dugc tinh 1a phan tram ion chi duoc hap thu va duoc
tinh theo céng thure sau:

PMU (%) = Ham lwong chi trong giong Phat tai

: - : *100
{am lwong chi trong trong dung dich

2.5. Phan tich so6 li¢u: Tat ca s6 liéu trong dé tai 1a trung binh cong cia 3 1an lap lai
va + d6 1éch chuin SD. Dung phan mém Statgraphics Centurion XV 15.1.02 dé phan
tich s6 liéu. Phan tich ANOVA duoc tién hanh, sau d6 kiém tra tric nghiém phan
hang v4i mrc y nghia P = 0,05 hoac 0,01.

CHUONG 3.
KET QUA VA THAO LUAN
3.1. CO SO CHON LUA POI TUQNG VA pH THICH HQP CHO NGHIEN CUU

3.1.1. SU TANG TRUONG VA KHA NANG TiCH LUY CHI (Pb) CUA BA
LOAI THUC VAT THUQC CHI DRACAENA
3.1.1.1. Sy tang trwéng cia ba loai thwe vat chi Dracaena

Phat tai loc D. sanderiana c6 toc do ting trudng chiéu cao va sinh khéi khé cao
hon so vai 2 1oai thuc vat nghién ctu con lai la Phat tai bap sen (D. deremensis) va
Tradc bach hop (D. reflexa), va thap nhét 12 loai D. reflexa.
3.1.1.2. Ham lwgng chi tich liiy trong ba loai thwe vat chi Dracaena

Tong ham leong Pb tich liy trong D. sanderiana, D. deremensis va D. reflexa d4
duoc xé4c dinh 1a 2340,38, 1843,48 va 1741,00 mg/kg. Trong d6, tong ham luong Pb
tich Iy trong D. sanderiana cao hon & 2 loai con lai (p<0,05). Téng ham luong Pb
tich lity & D. deremensis chiém 78,77% va & D. reflexa chiém 74,39%.
3.1.1.3. Kha nang leai bé chi trong nwéc cia ba loai thwe vat chi Dracaena

Loai D. sanderiana c6 kha nang loai bo Pb cao hon loai D. deremensis va D.
reflexa. Sau 30 ngay thi nghiém, D. sanderiana loai bo 93,16 % Pb; D. deremensis
loai bo 84,34 % Pb va D. reflexa loai bo 66,77 % Pb. PMU dat cao nhat ¢ loai D.
sanderiana (92,20%) va thap nhat & loai D. reflexa (65,34%).
3.1.2. ANH HUONG CUA pH PEN KHA NANG HAP THU VA TiCH LUY
Pb CUA CAY PHAT TAI (DRACAENA SANDERIANA)



12

3.1.2.1 Anh hwéng cia pH dén su sinh trwéng ciia cdy Phat tai (Dracaena
sanderiana) trong diéu kién nhiém Pb 100 ppm

Trong méi truong nhiém Pb ndng d6 100 ppm c6 pH 4,5 va 5,0, cay D. sanderiana
sinh truéng t6t hon & pH 3,5 va 4,0.
3.1.2.2. Anh hwéng cia pH dén ham lwong Pb tich liy trong ciy Dracaena
sanderiana

Cay Phat tai c6 kha ning hip thu va tich liy Pb tir méi truong nude & khoang pH
tir 3,5 dén 5,0. O pH 4,5 ham luong Pb tich lily trong ré, than va 14 & cac thoi gian
cao hon so vdi cac nghiém thirc con lai. Sau 30 ngay thi nghiém, ham lugng chi tich
lity trong cay ¢ méi truong c6 pH 4,5 cao hon so v6i pH 3,512 3,1 1an, pH 4,0 12 1,94
1an va pH 5,0 1a 2 1an. Cho nén dé tai s& chon pH 4,5 cho cac thi nghiém cta dé tai.
3.2. KHA NANG HAP THU, TiCH LUY VA PHAN BO CHI (Pb) CUA CAY
PHAT TAI (DRACAENA SANDERIANA) TRONG MOI TRUONG NHIEM
POC Pb
3.2.1. Su sinh truéng caa cay Phat tai trong moi treong nhiém doc Pb

O ndng do Pb 200, 400, 600 va 800 ppm, sy tang trudng chiéu cao cay va chiéu

dai ré khong khéc biét so vaéi ddi chang, sinh khéi tuoi, sinh khdi khd, ham lugng
diép luc td va ham luong nudc giam khong dang ké so voi dbi ching (hinh 3.7; 3.8;
3.9; 3.10; 3.11; 3.12). Nguoc lai, nong @6 Pb > 1000 ppm c6 tac ddng nghiém trong,
lam giam tat ca cac chi tiéu khao sat.
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Hinh 3.8. Swr ting trwéng chiéu dai ré cay Phat tai theo thoi gian & cac ndng
do Pb khac nhau
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Hinh 3.7. Sy tiang trwéng chiéu cao cay Phat tai theo thai gian é cac nong dé Pb
khac nhau. (a): Nong d dwéi 1000 ppm; (b): Nong dé trén 1000 ppm
(Gid tri & cot do thi cé ky tir giong nhau, khéng cé s khdc biét (p<0,05))

Sinh Kkhéi twoi (g) cia ciy Phat tai & cic ndng Sinh khéi kho (g) ciia cAy Phat tai & cic nong dd
d¢ Pb Pb

0 nga; 0 ngay
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ppm ——— ppm ——— ppm ——— PP = 1000ppm ——— 2000ppm ——— 3000ppm —— 4000ppm

1inh 3.9. Sw tiang trwéng sinh khéi twoi  Hinh 3.10. Sw ting trwéng sinh khoi kho
ciia cay Phat tai theo thoi gian ¢ cdc  Gia cAy Phat tai theo thai gian é cac ndng
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Hinh 3.11. Sy bién déng ham lwong Hinh 3.12. Sy bién ddng ham lweng
diép luc t6 trong la cay Phat tai cAc nwéc trong cy Phat tai cac nong dé chi
nong dé chi khac nhau khéc nhau

3.2.1.6. Kha niing chdng chiu Pb ciia cay Phat tai

Kha ning chdng chiu Pb cua cdy ¢ nong d6 Pb 200, 400, 600, 800, 1000 ppm
turong ung 1a 80,38%; 93,53%; 114,47%; 82,32%; 32,12%. O nong do trén 800 ppm,
nong d6 Pb cang cao, kha ning chdng chiu Pb cang giam. Cay Phat tai c6 kha ning
chiu dung Pb cao hon céc loai Salix integra (Weishanhu, Yizhibi va Dahongtou).
3.2.2. Kha nang tich liiy Pb trong cay Phat tai (Dracaena sanderiana)
3.2.2.1. Ham lwgng Pb trong ré, than va la cia cay Phat tai

Cay Phét tai c6 ngudng tich liiy nhét dinh, khi dat ngudng tich liy nay thi cay s&

khong tiép tuc hap thu kim loai Pb tir bén ngoai. Cay c6 kha ning tich lily trong ré Ia
38518,01 mg/kg TLK Pb & néng d¢6 Pb < 1000 ppm va 60570 mg/kg TLK & ndng do
Pb > 1000 ppm.
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Cay Phat tai c6 kha ning tich iy Pb trong ré cao hon cay duwong xi (Pteris
vittate) (Tran Vian Twa, 2011), trong than va 14 cao hon Chrysopogon zizanioides,
Ricinus communis, Conyza canadensis, Oryza sativa, Pfaffia glomerata, Elsholtzia
splendens (Kumar va ctv, 2018). Ham luong Pb trong cdy Phat tai ¢ tat ca cac nong
d6 Pb duoc xép theo thu ty ré > than > 14, cho thay cang 1én cao kha ning van chuyén
chi cang cham dan. Két qua tuong tu cdy trdm 6i (Lantana camara L.) (Diép Thi My
Hanh va ctv, 2007), Armeria maritima, Agrostis tenuis va Cardaminopsis halleri
(Dahmani va ctv, 2000).
3.2.2.2. Kha niing van chuyén Pb tir ré 1én than la cia cay Phat tai

Kha nang van chuyén Pb cia cay Phat tai tir ré 1&n than la thap (TF<1), phan Ién
chi duoc cay tich liy chii yéu trong ré (97,50%), chi mét phan nhé dwgc chuyén Ién
than va la. Viéc tich liiy chi chu yéu trong ré da duoc béo cdo ¢ Vicia faba (Piechalak
va ctv, 2002), Pisum sativum (Malecka va ctv, 2009).
3.2.2.3. Hiéu qua loai bé Pb

Cay Phat tai c6 hiéu suat loai bé Pb cao nhét (92,3%) & nong do chi 200 ppm va
thap nhat & 4000 ppm (7,2%). Hiéu qua loai bo chi & ndng 6 200 ppm cua cay Phat
tai cao hon nhiéu loai thyuc vat khac nhu: c6 chan vit (lemna minor) (Singh va ctv,
2012); (Eichhornia crassipes (Mart.) (Patel va ctv, 2018).

3.2.3. Sw phan b6 Pb trong pham vi té bao ciia cay Phat tai
3.2.3.1. Su phén bo Pb trong ré

O cac mo ré cua cay Phat tai, Pb xuat hién dang hat, phan b chu yéu trong gian
bao va lién két vai vach té bao (hinh 3.22), day la co ché phan bé chinh trong mo ré
cua Pb va la chién luoc chong chiu va han ché doc tinh cia Pb (Al-Saadi va ctv,
2013). Hon 90% Pb tich liy trong ré di duogc tim thdy ¢ dang khong hoa tan co &
gian bao va lién két chat ché véi véach té bao (Jiang va Liu, 2010).

Hinh 3.22. Sy phin bo ctia Pb & md  Hinh 3.23. Sy phan bé cia Pb & ndi bi
biéu bi, v6 ngoai va mé mém vo cia ré  ciia ré cay phat tai (hinh xem & vit kinh
cay phat tai (hinh xem o vt kinh 40X) 40X)
3.2.3.2. Sw phan bo chi trong thén
Dang chi phan bé cha yéu trong than Phat tai 1a dang khuéch tan va mot phan
nhé & dang hat. Trong than, Pb phan b chu yéu xung quanh cac b6 mach (dang
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khuéch tan) va c6 xu hudéng khuéch tan ra cac mé mém lan can (dang hat) (hinh
3.26).

Hinh 3.26. Sw phan bd Pb trong md than Phat tai (hinh xem ¢ vt kinh 40X). (a):
doi ching; (b): 3000 ppm
3.2.3.3. Swr phan bé chi trong 14
Pb khong duoc phéat hién & cac mo trong la cua cdy Phat tai tiép xdc chi ¢ nong
d6 200 ppm dén 2000 ppm. Pb chi dugc phat hién & nong do 3000 ppm va 4000 ppm
(hinh 3.28) va quan sat thay tap trung & bd mach. Co6 thé do nong do chi tich lity
trong 14 & nong do xir ly thap hon 3000 ppm it nén mau chua duoc nhin thay

Hinh 3.28. Sw phan b Pb trong la Phat tai & mét sé nong dé xir ly (hinh xem ¢
vat kinh 10X)

3.2.4. Phan wng cia md thwc vat Phat tai trong diéu kién nhiém doc Pb
3.2.4.1. Phan @ng caa cac mo & ré

M6 biéu bi, md mém vo, mdé mém rudt va rung tru déu co kich thudc ting & cac
cay nhiém doc Pb va ting hon so véi ciy ddi chiing (Hinh 3.29). Cac md ¢ ré day
hon ¢6 thé 1a phurong thire giai doc cua cdy nhim 1am ting kich thuéc rdo can vat ly,
giam su dich chuyén chi dén cac bo phan bén trén cua cy. Két qua tuong tu ciing da
duoc bao cao & mot sb loai thuc vat Thalassia hemprichii (Tupal va ctv, 2016).
3.2.4.2. Phan &ng cta cac mo ¢ than
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O ndng do Pb 200 - 800 ppm, phan Ién cac md & than déu ting hon so vai ddi
ching (16p biéu bi day hon 5-18%; duong kinh bé mach mé rong hon 2-9% va duong
kinh éng mach gé ting hon 8% - 35%). O ndng d6 Pb 1000 - 4000 ppm, phan 16n cac
mo déu giam hon so vé6i dbi chitng (16p biéu bi giam di 6-18%:; 16p m6 mém vo ké ca
kich thuéc bd mach giam xudng 4-23% (hinh 3.31). Két qua nay c6 thé 1a phan tng
cua cay dudi tac dong giy doc cua Pb & ndng do cao (Gomes va ctv, 2011).
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Hinh 3.29. Kich thwéc cac I6p mé cia Hinh 3.31. Kich thwéc cac l6p mo cia
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Hinh 3.33. Kich thwéc cac I6p m6  Hinh 3.34. Kich thwéc nhu md va bé
cia 14 Phat tai & cac nong dé Pb mach ciia 14 Phat tai & cac ndng dé Pb
Do day cua biéu bi trén, kich thudc nhu mo 14 va bé mach déu ting va cao hon

so v&i dbi chung. Tuy nhién sy tang kich thudc ¢ cac md nay khac nhau tly theo
nong d6 Pb va loai md. Céu trdc cua cac loai md khac nhu biéu bi dudi, Sng mach
cling c6 su thay doi theo nong do Pb. Do day cua biéu bi dudi va kich thudc cua 6ng
mach & cac nong do Pb 200, 400 va 600 ppm giam hon nhung khong nhiéu so véi dbi
chung, nhung lai ting hon so vé&i dbi ching ¢ ndng do6 Pb 800, 1000, 2000, 3000 va
4000 ppm (hinh 3.33 va 3.34).
3.3. SU'BIEU HIEN GEN CHONG OXY HOA O CAY PHAT TAI
3.3.1. Kiém tra sin pham RNA ly trich ciia cAc miu nghién ciru
3.3.2. Khuéch dai trinh tw gen chdng oxy hoa ¢ cay Phat tai
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San pham khuéch dai tir cac cip primer GST, Cyt-Cu/Zn SOD va GPX cho
bing c6 kich thudc 1an luot 12 362, 221 va 202 bp so vdi thang chuan (Hinh 3.35).

Hinh 3.35. Két qua PCR gen chéng oxy hoa tir mau cDNA cay Phat tai
(M: Ladder 100 bp; 1: gen GST; 3: gen Cyt-Cu/Zn SOD ; 5: gen GPX; 2,4,6: doi chi:ng am)
3.3.3. Tao dong gen chong oxy héa
3.3.4. Ly trich DNA tdi to hop
3.3.5. Giai trinh tw cac gen chéng oxy héa
3.3.5.1. Trinh tw gen GST

Két qua giai trinh ty doan gen GST cho thdy doan gen c6 kich thudc 362 bp,
bang ding véi kich thuéc doan gen muc tidu can tim, c6 mic do twong dong dén
98,62% vai trinh tu gen GST trén cay huyét giac (Dracaena cambodiana).

DPoan gen GST ¢ cay Phat tai c6 trinh ty nucleotide nhu sau:

CACAAGAAGAACCCGGTCCTCCTCCACGACGGCAAGCCCGTCTGCG
AGTCGTCGATCATCGTCCAATACATCGACGAGGTGTGGGCCGACAAAGCT
CCGATCTTGCCCAAGGACCCCTATGGCCGGGCCCAAGCGAGATTCTGGGC
CGATTTCATCGACAAGAAGATATACGAGTGCGGAACTAGGCTGTGGAAG
CTGAAGGGAGAAGCCCACGAGGAAGCCAAGAAGGAATTCATCGAAATCT
TGAAGCTGTTGGAGGGCGAGCTCGGCGACAAGAAATTCTTTGGTGGTGAT
GAATTTGGGTTTGTCGACATTACTCTTGTGCCCTTCACCGCATGGTTCTAC
ACCTACGAGACCTGCGC
3.3.5.2. Trinh tw gen Cyt-Cu/Zn SOD

Trinh tiu gen Cyt-Cu/Zn SOD trén cly Phat tai chua ¢ cong b chinh thirc trén
ngan hang gen, muc d6 twong dong véi doan gen Cyt-Cu/Zn SOD & mét s cy trong
chi cg, mang tay 1én dén 88%.

GACACAACAAATGGATGCATGTCCACTGGACCTCATTTCAATCCTGC
TGAAAAGGAACACGGGGCACCTGAGGATGAGAACCGCCATGCCGGTGAT
CTTGGAAATGTGACTGCTGCTGAGGATGGAACTGCTCCTATTAACGTTAC
TGACAACCAGATTCCACTCACTGGGCCAAATTCAATTGTTGGAAGGGCTG
TTGTTGTCCATGCCGATCCGGATGA
3.3.5.2. Trinh tw gen GPX
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Trinh tu doan gen GPX trén cdy Phat tai co kich thudc 202 bp, chua co cong bd
chinh thirc trén ngan hang gen, c6 muc d6 twong dong vai trinh tr gen GPX cay
mang tdy Asparagus officinalis 87,75%.

TTTCCGTGCAATCAGTTTGGATCACAAGAGCCTGGGAGCAACGAGG
AGATTTTAGAATTTGCTTGCACTCGCTTCAAGGCTGAATATCCCATCTTTG
ACAAGGTTGATGTGAATGGGCAAAATGCTGCACCCATCTATAAGTTCTTG
AAGTCGCAGAAAGGTGGCATATTTGGAGATGGCATCAAGTGGAACTTCTC
CAAGT
3.3.6. Panh gia mirc d biéu hién gen chdng oxy hoa ciia ciy Phat tai
3.3.6.1. Panh gia mirc d6 biéu hién gen GST

Ty 1& biéu hién gen GST & ré, thin va 14 déu cao hon va khac biét so voi nghiém
dbi chimg (p<0,01) (hinh 3.45, hinh 3.46 va hinh 3.47). Mirc d6 biéu hién gen ting
gip 1,67 - 6,61 1an & 18, 1,32 — 3,11 1an & than va 1,42 - 2,62 1an & 14 sau 24 gio tiép
xuc. Nong do Pb cao 1am we ché hoat dong cuia gen GST (Vermas va Dubey, 2003).
Két qua nay phu hop vai két qua vé kha niang chong chiu ciia cdy Phét tai, & nong do
1000 ppm kha ning chdng chiu chi ciia cdy rat thap, diéu nay c6 thé c6 lién quan dén
su biéu hién cua gen GST. Viéc ting cuong biéu hién gen GST c6 thé 1a cach thic dé
cay giai doc dé van chuyén Pb dén khdng bao hoic gian bao (Shahrtash, 2013).

Sy gia ting biéu hién gen GST xay ra chu yéu ¢ than va I (than > 14) mac du ré
tich lily phan 16n Pb. Piéu ndy cho biét da c6 nhiéu GSH hon tham gia vao qué trinh
hinh thanh lién két v6i doc to Pb va van chuyén Pb tir ré 1én than 14 nhim giam éap luc
gay doc cua Pb & ré (Mittler va ctv, 2004).

Gen GST biéu hién thap d6i vdi Pb & thoi gian tiép xuc ngin (1-2 gid), nhung
manh & thoi gian 1au hon (2-24 ¢id) va c6 dau hién tiép tuc ting biéu hién gen. O
nong do Pb <1000 ppm, gen GST dap tmg véi doc t6 Pb nhanh hon & ndng do6 1000
ppm (bang 3.6).

=0 200 400 600 800 1000

Mirc dé biéu hién gen
GST i ré

o "ljl::'l gian xw l;g;’,b e
Hinh 3.45. Mirc d9 biéu hién gen GST theo thoi gian va nong dd xir Iy Pb &
cac méu ré Phat tai. (Cdc chi cdi trén cdc cét do thi khdc nhau thé hién su khdc biét
cé y nghia thong ké (p<0,05)
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Hinh 3.46. Mitc dd biéu hién gen GST  Hinh 3.46. Mikc d¢ biéu hi¢n gen GST
theo thoi gian va ndng d xirly Pb ¢ theo thoi gian va ndng do xir Iy Pb &
cic mau than Phat tai cac mau la Phat tai
(Cdc chir cdi trén cac cét do thi khac nhau  (Cdc chir cdi trén cdc cot dé thi khac nhau
thé hi¢n s khdc biét cé y nghiathong k& th4 hign sy khac bit co J nghia thang ké
(p<0,05) (p<0,05)

Bang 3.6. S thay d6i biéu hién gen GST theo thoi gian ciia cac miu 6 cac nong
do Pb

Bo 200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm
phan |1 |2 (24 |1 |2 |24 |1 | 2 |24 |1 |2 |24 |1 | 2 |24
RE | T |1 £ O A A A Tty == 1
Than |1 |1 £ O A A A L L N A B B e B
La |1 |1 £ A A A TPty T == 1

Trong cung mgt n&ng do va bo phdn, miii tén thé hién sur thay doi mire do biéu hién gen tai
thoi diém sau so véi thoi diém trude lién ké. “1, |, —”: Tdang, giam, khong doi; “I, 2, 24"
1 gio, 2 gio va 24 gio.
3.3.6.2. Panh gia mirc d9 biéu hién gen Cyt-Cu/Zn SOD

Sy tang ndng do Pb tir 0 dén 600 ppm 1am cho mirc do biéu hién gen Cyt-Cu/Zn
SOD & ré va than ciing ting 1én. Mirc d6 biéu hién gen Cyt-Cu/Zn SOD ¢ ré ting tir
2,61 1én 2,85 1an va & than tang tir 2,17 1én 2,88 1an so v&i dbi chimg. Mirc do biéu
hién gen tang cao nhat & nong d6 Pb 600 ppm, ndng d6 Pb > 600 ppm lam cho mirc
d6 biéu hién gen giam xudng (¢ ré giam tir 2,85 xudng 1,12 va & than giam tir 2,88
xudng 1,18). Khac v6i bo phan ré va than, mirc do biéu hién gen Cyt-Cu/Zn SOD &
14 tang dan tir ndng d6 0 ppm dén 800 ppm va ting cao nhat & ndng do chi xir Iy 1a
800 ppm (1,72 1an) va giam & ndng d6 1000 ppm (1,02 1an). Két qua nay cho thiy
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ndng d6 Pb cao ciing 1am e ché hoat dong cua gen Cyt-Cu/Zn SOD (hinh 3.48; 3.49;
3.50).

=0 =200 =400 =600 =800 = 1000 HO H200 H400 600 H800 H1000
5 5
g s g 45 ab a
Soe 0
= = 1 2=
@ 8o Cde 1 ef 52.:; 35 c Cc bcq'cJ'S
i 2 3 def i ] 3 T E T
@ a 25 @ Q25 1
2= , 22 ,
S oS
® 21 hhhhhh BT dddddd
g0 1 o £S5 AR
0 0
0gioy 1gity 2 gitr 24 gity 0 gitr 1 gitr 2 giy 24 gitr
Tho gian xir 1y Pb Thai gian xi Iy Pb

Hinh 3.48. Mitc d9 biéu hi¢n gen Cyt-  Hinh 3.49. Mitc d biéu hién gen Cyt-
Cu/ZnSOD theo thoi gian va nong dd  Cu/ZnSOD theo thoi gian va ndng dd
xir 1y Pb ¢ cic mau ré Phét tai xir Iy Pb & cAc miu than Phat tai
(Cdp chir cai trén cac cot do thi khdg nhau (Cdp chiz cdi trén cdc cét do thi khdp nhau
thé hién s khac biét ¢é y nghia thong ké thé hi¢n su khac biét cé y nghia thong ké
(p<0,05) (p<0,05)
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Hinh 3.50. Mirc d9 biéu hién gen Cyt-Cu/Zn SOD theo thoi gian va nong dd
xir Iy Pb ¢ cac méu 14 Phat tai. (Cdc chir cdi trén cdc ¢t do thi khdac nhau thé hién
su khdc biét cé y nghia théng ké (p<0,05)

O ré, mirc d6 biéu hién gen manh & 1 gid xtr 1y va giam dan cho dén 24 gio; O
than, mtc d6 biéu hién gen tang dan cho dén 24 gio; Va ¢ 1a, mac do biéu hién gen
tang dén 1 gio xir ly, sau d6 giam dén 2 gid va ting 1én lai dén 24 gio (Bang 3.7).
Mtc do biéu hién gen Cyt-Cu/Zn SOD cao nhét duoc xac dinh & bo phan ré cla cay
& thoi gian 1 gio. SOD 1a gen cam tng dau tién dbi v6i chi va bo phan ré 13 b phan
tryc tiép va dau tién tiép xtic v6i Pb nén da c6 sy dap ung gen tir sém dé ting cudng
su biéu hién va ting hoat tinh enzyme trong cdy, kiém soat nhanh chong va kip thoi
tinh trang stress 1am giam thiét hai, sau d6 da giam dan khi di vao giai doan thich
nghi. Két qua twong ty trén cay L. perenne va A. Thaliana (Liu va ctv, 2009).



22

Bang 3.7. Su thay doi biéu hién gen Cyt-Cu/Zn SOD theo thdi gian ciia cac miu
& cac nong do Pb

B0 200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm
phan |1 |2 |24 |1 (2 |24 |1 |2 24 |1 |2 |24 | 1| 2 |24
RE T L | LT L] LT N e I A
Than |1 (T | 1T [T (T | T[T P L O Y O A A
S A A A R L L R I e i Bt

Trong cung mot néng dé va bo phdn, miii tén thé hién su thay doéi mire do biéu hién gen tai
thoi diém sau so véi thoi diém trudce lién ké. “1, |, =7 Tang, giam, khong doi: “1, 2, 24
1 gio, 2 gio va 24 gio.
3.3.6.3. Panh gia mirc d9 biéu hién gen GPX

Ty 1€ biéu hién gen GPX ¢ tAt ca cac mau ré, than va 14 & cac néng do 200, 400,
600, 800 va 1000 ppm déu tiang cao hon so voi ddi chimg (hinh 3.51; 3.52 va 3.53).

Ty 1& biéu hién gen GPX ting dan khi néng d6 chi ting dan tir 200 dén 600
ppm. Nhung khi ting nong do chi tir 600 dén 1000 ppm thi ty 1¢ biéu hién gen giam
dan. Két qua nay chi xay ra ¢ ré. Vi than va 14, ty 1¢ biéu hién gen GPX van ting &
ndng do chi xir Iy 800 ppm va chi giam khi ting ndng d6 1&én 1000 ppm.

Két qua dé tai twong tu v6i Festuca arundinacea (Lou va ctv, 2017), Citrullus
lanatus (Zhou va ctv, 2018).
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Hinh 3.51. Mirc d¢ biéu hi¢n gen GPX Hinh 3.52. Mike d9 biéu hi¢n gen GPX
theo thoi gian va nong do xirly Pb &  theo thdi gian va nong do xir 1y Pb &
cic mau ré Phat tai. cic mau than Phat tai.
(Cdc chi cdi trén cdac cgt do thi khac nhau  (Cdc chi cdi trén cdac cor do thi khac nhau
thé hién su khac biét c6 y nghia thong ké  thé hién s khdc biét ¢ y nghia thong ké
(p<0,05) (p<0,05)
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Hinh 3.53. Mirc d9 biéu hién gen GPX theo thdi gian va nong dé xir Iy Pb &
cac miu |4 Phat tai. (Cdc chir cdi trén cdc cét do thi khac nhau thé hién su khdc biét
c6 y nghia théng ké (p<0,05)

O ré, ty 18 biéu hién gen & cac nong do 200, 400, 600 va 800 ppm ting manh &
thoi gian 1 gio, ding lai ¢ 2 gid va giam ¢ 24 gio. O than, ty 1& biéu hién gen GPX ¢
xu huéng ting dan khi ting dan thoi gian xir Iy. O 14, ty 1é biéu hién gen GPX ting
nhe dén 2 gio xtr 1y va ting manh & 24 gio xir 1y. Riéng véi ndong do Pb 1000 ppm, ¢
ré va than, ty 1 biéu hién gen GPX giam dan theo thoi gian xir Iy va c6 xu hudng
ngimg biéu hién & 24 gio va ¢ 14, ty 1¢ biéu hién gen GPX thay doi khong ro rét va
khong khac biét so véi dbi chiung (p < 0,05) (Bang 3.8).

Bang 3.8. Su thay d6i biéu hién gen GPX theo thoi gian ciia cic miu & cic ndng

do Pb
Bo 200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm
phan |1 | 2 (24 |1 | 2 |24 |1 | 2 |24 |1 | 2 |24 | 1 | 2 P24
I I e A N T I e A I b
Than |1 | 1 L e A A s Y I AN L N R A
La |1 |1 T Tt T = T (= = |~

Trong cung mot n(;ng do va bo phdn, miii tén thé hién su thay doi mire do biéu hién gen tai
thoi diém sau so véi thoi diém trude lién ké. “1, |, — : Tdng, giam, khéng doi; “I, 2, 24”:
1 gio, 2 gio va 24 gio.

Mirc d6 biéu hién gen GPX & cac by phan ciia cay Phét tai twong tu nhu gen
Cyt-Cu/Zn SOD, dugc xép theo tht ty ré > than > 14 (hinh 3.51, hinh 3.52 va hinh
3.53). Biéu hién gen GPX cao & r& phil hop voi gia thuyét cho ring, gen GPX ma hoa
enzyme gluthione peroxidase (GPX) lién quan dén viéc loai bé H202 du thira hinh
thanh do qua trinh khtr O2™ cua SOD (Singh va ctv, 2010).
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KET LUAN VA KIEN NGHI
Két luan
1- Nong do 1000 ppm Pb dugc xac dinh 13 ngudng giy doc cho cly Phat tai. Su ting
truéng cua cdy bi anh huong khong dang ké khi ndng do Pb trong mdi trueong thap
hon ngudng gay doc va bi anh huang nghiém trong khi nong do Pb vuot ngudng.
2- Cay Phat tai c6 kha ning hap thu va tich lity 39235 mg/kg TLK Pb trong mdi
truong c6 ndng do Pb = 800 ppm. 97,5% Pb dugc cdy Phat tai tich liy trong ré. Cay
Phat tai c6 kha nang tich lily Pb & mutc d6 cao hon 1000 mg/kg sinh khbi kho nén c6
thé duoc xem 14 cy siéu tich lity Pb.
3- Cac phan ung dé dbi pho véi doc tinh Pb ciia cly Phat tai 1a: O ré cay, Pb duoc
loai bo Pb ra khoi té bao chat bang cach co 1ap Pb trong gian bao; Lién két Pb véi cac
thanh phan trén véach té bao hodc két tua trong gian bao; Ngin chan su di chuyén Pb
vao md mach cua dai Caspary; Lam day vach té bao va trung try. O than va 14, cay
Phat tai d6i véi su c6 mat ciia Pb 1a ting duong kinh cta 6ng mach gd nham cé thé
vira van chuyén Pb va vira van chuyén dinh dudng va nuéc.
4- Cay Phat tai co chtra 3 gen chong oxy hoa GST, Cyt-Cu/zZn SOD va GPX. Trinh ty
3 doan gen chong oxy hoa GST, Cyt-Cu/Zn SOD va GPX cua cdy Phat tai (Dracaena
sanderiana) véi kich thudc tuong tng lan luot 1a 362, 221 va 202 bp lan dau tién da
duoc xac dinh. Mirc do biéu hién gen GST, Cyt-Cu/Zn SOD va GPX & cay Phat tai bi
trc ché ¢ ngudng Pb gy doc. Su ting biéu hién cua 3 gen chéng oxy hoa nay ¢ cac
noéng do 200, 400, 600 va 800 ppm gilp cay chéng chiu >80% vdi cac tac dong bat
loi cia Pb. Gen Cyt-Cu/Zn SOD va GPX biéu hién sém va manh & bd phan ré noi c6
ham luong Pb tich liiy cao nhat nham dap ung kip thoi véi doc tb Pb. Gen GST biéu
hién manh & than 14 dap tmg khi c6 sy van chuyén Pb.
Kién nghi
- Pé danh gia toan dién hon vé kha ning chéng chiu Pb caa cay Phat tai, cin nghién
ctu thém sy tac dong cua Pb trén cac chi tiéu sinh 1y cua cay nhu cuong d¢ quang
hop, kha nang hap thu dinh dudng, trao doi cht,...
- Bé ¢ duoc két luan day du hon vé su twong quan giita biéu hién cua cac gen chéng
oxy héa va chéng chiu Pb cua cdy Phat tai, can nghién ciu thém mac do biéu hién
ctia mot s6 gen chéng oxy hoa khéac trong dap tng véi stress Pb va nghién ctru thém
cac gen lién quan co ché kiém soat sy van chuyén, tich tu va chuyén hoa chi cua cay
Phat tai trong diéu kién nhiém Pb.
- Pé ung dung cay Phat tai trong viéc xtr Iy 6 nhiém nhiéu kim loai nang khac nhau,
can nghién ctu thém kha ning hap thu va tich liy cac kim loai ning khac cua cay
Phat tai.
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