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LOI CAM DOAN
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liu da dugc thuc hién trich din va ghi ngudn tai liéu tham khao ding quy dinh.
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TOM TAT

Dé tai “Nghién ctru kha niang hap thu, tich lity chi (Pb) va sy biéu hién gen lién
quan dén tinh chiu chi (Pb) cua cay Phat tai (Dracaena sanderiana)” duogc thuc
hién trén loai thyc vat Dracaena sanderiana. Muc tiéu cia dé tai 1a danh gia kha
ning sinh trudng, tich liy Pb va biéu hién gen chdng oxy héa lién quan dén tinh
chiu Pb ctia D. sanderiana trong mdi truong thi nghiém nhiém Pb nhan tao, nham
6 co s& khoa hoc vé co ché dap ung & mirc d6 phan tir va té bao cua tinh chéng
chiu Pb dé tmg dung D. sanderiana trong xir 1y 6 nhiém Pb. Dé tai véi cac noi
dung sau da dugc thuc hién: (1) Xac dinh co sé khoa hoc cua viéc chon lya vat
liéu sinh hoc va pH cta moi truong thich hop cho nghién ctru; (2) Nghién ctu
kha ning hip thu va tich liiy Pb cta D. sanderiana & cac thoi gian Xt 1y va ndng
d6 Pb khac nhau; (3) Panh gid muc do biéu hién cua 3 gen chdng oxy hoa
glutathione S-transferase (GST), Cyt-Cu/Zn superoxide dismutase (Cyt-Cu/Zn
SOD) va glutathione peroxidase (GPX) ¢ céac thoi gian va nong do Pb khac nhau.
Két qua cho thay:

Loai thuc vat st dung nghién ctru thich hop nhét trong 3 loai thudc chi
Dracaena la Phat tai (Dracaena sanderiana) va pH dung dich Pb thich hop la
4,5.

Sy sinh trudng cta D. sanderiana bi anh hudng khéng dang ké & nong do
Pb 200 - 800 ppm. D. sanderiana it c6 bi anh huong dén sy sinh truong va cé
kha nang chéng chiu tét véi Pb & khoang nong do 200 - 800 ppm (kha ning
chéng chiu dat 80,38 - 114,47%). Nhung khi nong do Pb trong méi trudng vuot
ngudng gay doc (1000, 2000, 3000 va 4000 ppm) sinh truong cua cady sé kim
hdm. Céc chi tiéu vé& chiéu cao cay, chiéu dai ré, sinh khdi tuoi va kho, ham
lugng diép luc t6 va ham luong nudc giam dang ké so véi d6i ching.

D. sanderiana c6 kha niang hap thu va tich lity trong cay mot luong Pb Ién
dén 39235 mg/kg TLK trong méi truong c6 néng d6 Pb = 800 ppm. Ngudng
nong do gay doc cua Pb trong nude ddi vai cdy D. sanderiana duoc xac dinh 12

1000 ppm. Biéu hién ngo doc cua Pb & D. sanderiana xuit hién khi cay tiép xuc



v6i nuéc 6 nhiém Pb vuot ngudng chiu dung cua cy. Céc triéu chimg dién hinh
nhu cay khong ting trueéng chiéu cao, héo kho ca 14 va than, ré co ngan lai.

Phan Ié6n Pb hip thu dugc cay tich liy chu yéu trong ré (chiém 97,5%).
Cang Ién cao su dich chuyén Pb cang cham. Su tich lily Pb trong cay giam dan
theo tht tu ré > than > 1.

D. sanderiana c6 thé dugc xem la cay siéu tich lity Pb vi cy c6 kha ning
hap thu Pb cao hon 500 lan, tich liiy Pb cao hon 1% trong luong cay. Ham luong
Pb tich lily chii yéu trong ré nén D. sanderiana chi phi hop cho co ché
phytofiltration hozc phytostabilization dé xu ly Pb trong méi truong 6 nhiém.

Pb phan bo chia yéu trong gian bao va vach té bao. O mic do té bao, D.
sanderiana c6 thé da c6 mot s6 phan g dé ddi pho véi doc tinh Pb: Loai bo Pb
ra khoi té bao chat bang cach c¢6 1ap Pb trong gian bao; Lién két Pb vé6i cac thanh
phan trén vach té bao hodc két tua trong gian bao; Lam day vach té bao, trung tru
va lam tiang duong kinh dng mach.

Trén cay D. sanderiana, 1an dau tién doan trinh tu ctia cac gen chéng oxy
héa GST, Cyt-Cu/Zn SOD va GPX véi kich thuée tuong tmg 1an luot 1a 362, 221
va 202 bp d3 dugc xac dinh. Mrc d6 biéu hién gen GST, Cyt-Cu/Zn SOD va
GPX bi trc ché & ndng d6 Pb vuot ngudng chiu dung cua cdy (1000 ppm). Su
tang biéu hién gen xay ra & cac nong do Pb 200, 400, 600 va 800 ppm co thé 1a
nguyén nhan gitp cay chdng chiu tot hon véi cac tac dong bat loi ciia Pb. Gen
Cyt-Cu/Zn SOD va GPX biéu hién sém va manh & bd phan ré noi ¢6 ham luong
Pb tich lily cao nhat nham dap ung kip thoi véi doc to Pb. Gen GST bicu hién
manh & than va 14 cua D. sanderiana dap ung cho sy van chuyén Pb. Gen GST
biéu hién manh & than hon 14 c6 thé 1a Iy do dan dén ham luong Pb tich lity trong
than nhiéu hon trong 4.

Tur khoa: Biéu hién gen, cay Phdt tai, chi, gen chéng oxy héa, su tich liy chi.



SUMMARY

The thesis “Study on the lead absorption, accumulation and expression
profiles of lead tolerant genes in Dracaena sanderiana” was conducted on Lucky
bamboo plant (Dracaena sanderiana). The objective of the research aimed to
evaluate the growth, the capacity of Pb tolerance, Pb accumulation, and antioxidant
gene expression of D. sanderiana under artificial Pb poisoning experimental
environment to supply scientific footing on molecular and cellular mechanisms of
Pb induced plant stress responses to apply D. sanderiana in lead pollution
treatment. Contents of the thesis were carried out: 1) Determining the scientific
basis for the selection of suitable biological materials and the pH for research; 2)
Examination of the growth and the capacity of Pb absorption and accumulation of
D. sanderiana under different times and Pb concentrations conditions; 3)
Evaluation of expression level of 3 antioxidant genes GST, Cyt-Cu/Zn SOD, and
GPX under time, and Pb concentration dependent conditions. The results showed
that:

D. sanderiana was the most appropriate plant among three species of
Dracaena genus. pH 4.5 was the most suitable value for this study.

The growth of the D. sanderiana was not significantly affected at Pb
concentrations 200 - 800 ppm. D. sanderiana had not much influence on growth
and had Pb tolerance capacity at 200 - 800 ppm was from 80.38 to 114.47%.
However, when the concentrations of Pb in the medium were higher than the
tolerance limit of the plant (1000, 2000, 3000 and 4000 ppm), the growth of D.
sanderiana could be inhibited. Plant height, root length, fresh and dry biomass,
chlorophyll content and water content were significantly reduced compared with the
control.

D. sanderiana can accumulate up to 39235 mg/kg Pb in the presence of Pb at
800 ppm. The threshold limit of Dracaena sanderiana was recorded at 1000 ppm of
Pb in water. When the concentrations of Pb in the medium were higher than the

tolerance limit of the plant, poisoning expressions in Dracaena sanderiana



Vi

appeared. Typical symptoms included reducing plant height growth, withering both
leaves and stems, and shortened roots.

The lead was accumulated mainly in the roots (approximately 97.5%), and
only a small fraction was translocated to aerial plant parts. Pb content in D.
sanderiana plants decreased in the order of roots > stems > leaves. D. sanderiana
can be considered as a hyperaccumulator plant species because its capacity of Pb
absorption was 500 times higher than control, and the Pb accumulation was 1%
higher than its weight. The Pb content accumulated mainly in the roots, so D.
sanderiana is suitable for phytofiltration or phytostabilization to treat lead in
polluted environments.

The lead was deposited mainly in extracellular spaces and the cell wall. At
the cellular level, D. sanderiana could have several various lead detoxification
mechanisms to which plants may respond, such as removing Pb from the cytoplasm,
sequestering of Pb in extracellular spaces, binding of Pb to components of the cell
wall, or precipitation of Pb in extracellular spaces;

For the first time, the sequences of the antioxidant genes GST, Cyt-Cu/Zn
SOD and GPX with sizes of 362, 221 and 202 bp, respectively, were identified in D.
sanderiana. The expression levels of antioxidant genes GST, Cyt-Cu/Zn SOD and
GPX were inhibited at Pb concentrations above a tolerance limit of the plants (1000
ppm). The enhancement of gene expression at Pb 200 - 800 ppm may have evolved
as part of the system protecting the cell from oxygen toxicity. Cyt-Cu/Zn SOD and
GPX genes were early and strongly expressed in the root where accumulation and
deposition of Pb were highest. This helps D. sanderiana respond promptly to lead.
The significant enhancement of GST expression in stems and leaves of D.
sanderiana that may be the way to transport lead to aerial plant parts. The
overexpression of the GST gene may help the Pb concentration on stems greater
than in leaves.

Keywords: Antioxidant gene, Dracaena sanderiana, gene expression, lead,

lead accumulation
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MO DAU

1. TINH CAP THIET CUA PE TAI

Hién nay, mot trong nhitng vin dé 1én dugc con ngudi quan tim nhiéu
nhat 13 sy 6 nhidm mai truong dat, nude va khong khi do nhiéu yéu té doc hai
gay ra. Trong d6, van dé 6 nhiém kim loai nang nhu Chi (Pb), Pdng (Cu),
Cadimi (Cd), Asen (As) trong méi truong ngdy cang dugc quan tAim ¢ nhiéu
qudc gia trén thé gidi vi cac chat 6 nhiém nay da lam anh huéng xau truc tiép
dén strc khoe con ngudi, dong vat va cay trong.

Céac kim loai nang (KLN) c6 thé tham nhap vao méi trudng bang nhiéu
con dudng khac nhau, trong d6 cic hoat dong sinh hoat va san xuat cua con
ngudi dong vai trd rat quan trong. Khi xam nhap vao méi truong, ching cé thé
gay 6 nhiém nguon nuéc va 6 nhiém dat trong. Diéu dang néi 1a nhiéu KLN c6
kha ning tich tu trong dat, trong co thé dong, thuc vat va rat kho phan giai hay
dao thai. Biéu nay cd thé anh hudng dén sirc khoé con ngudi khi sir dung nguon
thire dn tir nhitng dong, thuc vat sinh truéng trong nhitng vang bi 6 nhiém.

Cho dén nay, noi dén & nhiém KLN, nguoi ta thuong nghi dén Pb vi mirc
d6 6 nhidm phd bién va doc tinh cao dbi vai co thé song. Trong 4 loai KLN duoc
danh gi4 1a nhiing chat giy nguy hiém nhat cho méi truong sinh thai (As, Hg
(thiiy ngan), Pb va Cd), mtrc d6 nguy hiém cua Pb dugc xép dung thir 2 (sau As)
(ATSDR, 2007). Thong ké cua Hiép hoi chi quéc té nam 2012 cho biét, thé gioi
st dung khoang 10 triéu tan Pb cho cac loai hinh cong nghiép mo va ché bién
khoang chat, san xuat kim loai mau, pin, acquy, céng nghiép gia céng kim loai,
nhung c¢6 dén 1 triéu tin Pb con ngudi thai vao méi truong (Co quan mai truong
Chau au (EEA), 2019). biéu nay di giy & nhiém Pb trong mdi trudong dit va
nudc ngay cang nang hon. Pb khong thé duoc phan huy sinh hoc va nd gay doc

dbi véi sinh vat sdng ngay ca & ndng d6 thap. Néu khong c6 bién phap khic



phuc, mirc d6 Pb trong moi truong cao sé khong bao gio tré lai binh thuong
(Traunfeld va Clement, 2001).

Chinh vi vay viéc nghién ctru tim ra phuong phap xtr Iy KLN noi chung
va Pb noi riéng trong moéi truong 1a vé cung quan trong. Nhirng phuong phap
truyén thong va hién dai dugc 4p dung dé xt Iy KLN bao gém cac phwong phap
vat 1y, hoa hoc, xtr 1y nhiét hay phuong phap chén 1ap, hau hét cac phuong phap
nay déu tmg dung nhimg cOng nghé tién tién, tuy téc do xur 1y chat 6 nhiém
nhanh nhung nguoc lai ching kha ton kém vé chi phi (EPA, 2000). Theo
Matthew (2019), dé lam sach 6 nhiém Pb & My trong 10 ndm thi mdi nim My
phai bo ra 10 ty USD.

Trong nhiing thap nién gan day, cac nha khoa hoc trén thé gisi da tim ra
dugc phuong phap sinh hoc méi dé xu Iy KLN la phytoremediation. Pay la
phuong phéap dung thyuc vat dé loai bo 6 nhiém KLN trong méi trudong bang cach
trdng céc cay siéu hap thu (hyperaccumulator). Phuong phap nay dua trén co ché
hap thuy, chuyén héa, chdng chiu va loai bo cac chat 6 nhidm cua mot s6 loai thue
vat (EPA, 2000). Viéc tmg dung thuc vat xtr Iy 6 nhiém Pb trong moi trudng da
dat dugc nhiéu thanh tuu khoa hoc va thuc tién, da théng ké mot sb loai cay co
kha nang tich lily Pb nhu cdy Hudng duong (Helianthus annus L.), Luc binh
(Eichhornia crassipes S.), Mu tat trang (Helianthus annus L.), Bip (Zea may L.)
(Henry, 2000). Tuy nhién, hién nay viéc st dung cong nghé phytoremediation dé
giai 6 nhiém Pb dang it dugc quan tAm hon so véi cac kim loai khac vi hai nhuge
diém 16n 1a s6 loai thyc vat dugc phat hién c6 kha nang siéu hap thu chi rat it va
su hiéu biét vé cac co ché phan tir lién quan dén tinh chdng chiu Pb cua thuc vat
chua nhiéu (Florence va ctv 2013). Vi vay viéc nghién ciru tim ra mét loai thuc
vat va tim hiéu kha ning chiu Pb & muc d6 phan tir ciia né 13 mot hudng di day
trién vong va can thiét.

Cay Phat tai (Dracaena sanderiana), c6 ngudn gbc ¢ chau Phi, ngay sau
khi duge du nhap vao Viét Nam, né duoc trong va phan bd khip Viét Nam. Véi

y nghia mang lai may man cho gia chu trong cudc sdng va cong viée, cdy Phat
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tai dugc wa chudng va tir d6 gia tri kinh té ciing dugc nang cao. Ngoai gia tri tinh
than va kinh té, nhitng nim gan day cdy Phét tai duoc phat hién c6 gié trj trong
xtr ly méi truong. Kha niang hap thy duoc nhiéu kim loai ning Cu, Cr (Crom), Ni
(Niken), Hg, Cd, Pb ctia Phét tai da dugc phat hién boi nhidu nha khoa hoc (Ten
Yi Hao, 2011; Sereshi va ctv, 2014), tuy nhién cac nghién ctru nay chi thuc hién
& thoi gian ngin, & ngudng néng do Pb thap va khong danh gia sdu & mic do
biéu hién gen, co ché dap ung phan tir cia thuc vat nén két qua con han ché.
Xuét phét tir nhitng Iy do trén, dé tai “Nghién ciru kha ning hip thy, tich
lity chi (Pb) va su biéu hién gen lién quan dén tinh chiu chi (Pb) ciia ciy Phat
tai (Dracaena sanderiana)” di duoc thuc hién nham tim ra mot loai thuc vat co
kha ning hap thu va tich liy Pb dé tng dung cong nghé phytoremediation giai
quyét van dé 6 nhiém Pb, minh chang va bo sung day di hon vao co s di truyén
vé kha niang dap ung & muc do phan tir voi moi truong nhiém doc Pb cua thuc
vat.,
2. MUC TIEU PE TAI
Muc tiéu tong quat
Panh gia duoc kha ning sinh trudng, tich lity Pb va biéu hién gen lién quan
dén tinh chdng chiu Pb cua cay Phét tai (Dracaena sanderiana) trong méi trudng
nhiém doc Pb nham c6 co sé khoa hoc vé su dap ung & mic do phan tir cia tinh
chéng chiu Pb dé ung dung cay Phét tai trong xir Iy 6 nhiém Pb.
Muc tiéu cu thé
e Xac dinh dugc ngudng Pb gay doc cho cay Phat tai (Dracaena sanderiana).
e Danh gi4 duoc kha ning sinh trudng, hap thu va tich liy Pb trong c4c b phan
ré, than va 14 ctia cay Phat tai.
e Xac dinh duoc vi tri phan bd Pb & pham vi té bao va phan tmg clia mé thuc vat
trong diéu kién nhiém doc Pb.
e Panh gia duoc mirc d6 biéu hién cua 3 gen chong oxy héa GST, Cyt-Cu/Zn
SOD va GPX ¢ cdy Phat tai trong diéu kién nhiém doc Pb.



3. POI TUQNG VA PHAM VI NGHIEN CUU

Poi twong nghién ciu

Loai Phat tai (Dracaena sanderiana): thuong co tén goi 1a Phat tai 16c, Phat
du xanh, mot s6 nguoi dia phuong con goi la Phat tai quan am, 1a mot 1oai
thuc vat than byi c6 hoa 1au nam, thudc ho Asparagaceae, c6 ngudn goc tir
Trung Phi (Pham Hoang Ho, 2003).

Pham vi va dia diém nghién ctru

Nghién ctru kha niang hap thu va tich lity Pb cua giéng Phat tai & quy mo
phong thi nghiém, véi diy néng d6 Pb gay nhiém 0, 200, 400, 600, 800,
1000, 2000, 3000, 4000 ppm trong thoi gian 0, 10, 20, 30, 40, 50 va 60
ngay.

Mitc d6 biéu hién 3 gen chéng oxy hda GST, Cyt-Cu/Zn SOD va GPX duoc
khao s&t & 5 nong do Pb 200, 400, 600, 800 va 1000 ppm trong thoi gian 0,
1, 2 va 24 giod trén 3 bo phan ré, than va la cua cay.

Dé tai duoc thuc hién tai truong Pai hoc Thit Dau Mét - Binh Duong va
Vién Nghién ctru Cong nghé sinh hoc va M0i truong - Truong DH Nong
Lam, TP. HCM.

4.Y NGHIA KHOA HQC, THU'C TIEN VA TINH MOI CUA PE TAI

Y nghia khoa hoc ciia dé tai

Két qua clia luan 4n s& cung cap nhitng co s¢ dir lidu dau tién vé kha niang
hap thy, tich ldy Pb va sy dap tng & mtc do phan tir dua vao mac do biéu
hién cua 3 gen chdng oxy héa lién quan dén tinh chéng chiu Pb cua cay
Phat tai (Dracaena sanderiana), gop phan bd sung co s& khoa hoc cho
nhitng nghién ctru khao sat kha nang chong chiu stress Pb ctia cac loai thuc
vat.

Két qua cua luan &n ciing s& cung cip co s& 1y luan cho viéc lya chon cay
Phat tai (Dracaena sanderiana) xu ly Pb, ung dung vao cong nghé

phytoremediation gop phan giai quyét 6 nhiém moi truong.
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Y nghia thue tién cia dé tai

e D& tai tim ra mot loai thuc vat co kha nang hap thu va tich ldy Pb & ndng do
cao c6 thé tng dung dé giai quyét tinh trang 6 nhiém Pb dang ngay cang
tang, gop phan bao vé mdi trudng.

Tinh méi ciia dé tai

e Viéc nghién ctru vé kha ning hap thy, tich iy va biéu hién gen c6 lién quan
dén tinh chiu Pb da duoc thyuc hién trén nhiéu loai thuc vat, tuy nhién viéc
nghién ciru kha niang hap thu va biéu hién gen chéng oxy héa lién quan dén
tinh chdng chiu Pb trén cdy Phat tai van chua dugc thuc hién & Viét Nam va
ca trén thé gioi.

e Trinh tu mot phan cta 3 gen chdng oxy hda GST, Cyt-Cu/Zn SOD va GPX
cua cay Phat tai da dugc xac dinh.

5. LUAN PIEM BAO VE

e Ngudng chiu doc td Pb cuia cdy Phat tai (Dracaena sanderiana).

e Sy hap thy, tich liiy va phan b Pb trong cay Phat tai.

e Sy biéu hién gen chéng oxy hda Cyt-Cu/Zn SOD, GPX va GST trong cay
Phat tai.



CHUONG 1
TONG QUAN NGHIEN CUU

1.1. CAC PAC TiNH CUA CHI (Pb) VA TINH HINH O NHIEM Pb
1.1.1. Céc dac tinh cia Pb

Chi la mot nguyén t6 hoa hoc thuéc nhém 14 trong bang tuan hoan hoa
hoc, ¢6 s6 nguyén tir 1a 82 va khoi luong nguyeén tir 1a 207, viét tat 1a Pb (Latin:
Plumbum). Pb c6 hoa tri phd bién 1a II, ¢6 khi 1a IV. Pb ton tai & 2 dang oxy hoa
la 2 va 4. Pb 1a mot KLN c6 doc tinh cao, c6 anh hudng nghiém trong trong moi
truong sinh thai. Trong tit ca KLN gy doc, muc do giy doc cua Pb duoc xép
thtr 2 (ATSDR, 2007).

Trong dat, Pb c6 thé ton tai & dang ion KL ty do, tao phirc voi cac thanh
phan v6 co (HCO?*, COs%, SO42 va CI"), két hop véi céc acid hitu co (nhu acid
amin, acid fulvic va acid humic), hodc cd thé hap phu trén bé mat c4c hat (Fe-
oxide, vat liéu sinh hoc va cac hat dat sét) (Vega va ctv, 2010). Su di dong cua
Pb trong dit thudng bi han ché boi sy hap phu cua sét, Fe, oxide mangan va hinh
thanh céc hop chat ¢6 tinh di dong thap nhu PbSO,, PbCO, va Pb, (PO,)CL.. Pb

thuong tich tu chi yéu ¢ ting dat mat v6i nong do giam dan theo d6 sau. Trong
mdi truong dat & khu céng nghiép Bayonne - New Jersey, ham luong Pb duoc
xéc dinh trong dat bé mat (0 - 15 cm) la 2.300 mg/kg; ¢ do sau 15 - 30 cm 4
1.280 mg/kg va & d6 sau 30 - 45 cm la 1.055 mg/kg (Kabata, 2001).

Trong mdi truong nude, Pb ¢d thé lién két véi cac anion hitu co, chloride
va hydroxide tao cac hop chat khong tan hoic két hop véi sulphite, sulphate,
hydroxy carbonate va anion phosphate tao cac hop chét it tan. D hoa tan ctia Pb
trong nude phu thudc vao gia tri pH cua nude, pH cang thap thi kha nang hoa tan
ctia Pb cang cao, khi pH trung tinh thi Pb s& bi két tua (Kabata, 2001).

Pb khéng c6 chirc nang sinh hoc va gy doc ddi cho sinh vat séng ¢ nong
do6 rat thip. Khi tiép xuc Pb & ndng d6 25 - 30 g, nan nhan thiy vi ngot rdi chat,

nghen & ¢6, ndn ra chit tring, dau bung dit doi, mach yéu, t& chan tay, co giat va



to vong. Khi co thé nhiém doc Pb, than bj ton thuong nang, hemoglobin héng
cau bi thoai hoa, gay viém ndo dan dén co giat, liét va hon mé. Phu nit mang thai
khi tiép xdc voi Pb thuong dé non, tré chét khi méi sinh. O nam gidi, Pb gay ton
thuong tinh hoan, vo sinh, liét dwong (Trinh Thi Thanh, 2007).

Pb duoc dung phd bién trong cudc séng va nhét 13 trong céng nghiép. Pb
dugc dung trong son cong nghiép, ac quy Pb, nguyén liéu trong luyén kim Pb,
lam chat xuc tac trong san xuat polymer. Su wng dung rong rai ciia Pb da gay ra
6 nhiém cho méi truong sinh thai, dic biét 12 moi trudng dat. Trong mdi truong,
Pb ton tai rat 1au dai va bén viing. Pb co thé dugc luu giir trong mdi trudng
khoang 150 - 5000 niam. Pb khéng thé dugc phan hay sinh hoc, néu khéng c6
bién phap khic phuc, muc do Pb trong moi truong cao sé& khong bao gio tré lai
binh thuong (Vega va ctv, 2010).

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

Nhiéu nuéc trén thé gioi dang phai ddi mat voi 6 nhidm KLN. He va ctv
(2015) da cho biét trén 10 triéu khu vuc 6 nhiém thi ¢6 dén hon 50% khu vuc 0
nhiém KLN. Phan 16n cac khu vuc 6 nhiém KLN nam & cic nudc phét trién nhu
My, Uc, Puc, Thuy Pién va Trung Qudc. Trong 91 mau dit néng nghiép ¢ San
Francisco, c6 trén 62% mau dat nhiém Pb. O cac khu vuc luyén kim, khai thac
Pb & My, ham luong Pb trong dat khoang 1500 pg/g, gap 15 lan so voi muc binh
thuong. Ham lugng Pb trong dat & khu vyc xung quanh nha may luyén kim &
Galena, Kansas (My) la 7600 pg/g.

Ham leong Pb > 100 mg/kg trong dit & nhiéu noi ctia Anh da phan anh tinh
trang 6 nhiém Pb, hau hét cac mau dat & 53 thanh phd, thi X3 c6 lugng Pb tong >
200 mg/kg. Pat ¢ nhiéu ving cong nghiép > 500 mg/kg (Meers va ctv, 2010). O
Phép, 11400 mau dat ndng nghiép da dugc phat hién 6 nhiém Pb. 700 km? dat
khu vuc Campine & Ha Lan va Bi bi 6 nhidm béi sy lang dong cta Pb (Meers va
ctv, 2010). Céc nudc & Chau A ciing ¢6 tinh trang 6 nhiém Pb cao trén thé gidi,
trong d6 dic biét 1a Trung Qudc voi hon 10% dat bi 6 nhiém Pb. O Théi Lan,



154 cénh dong lGa thudc tinh Tak d& nhiém Pb cao gap 94 1an so véi tiéu chudn
(Lé Van Khoa va ctv, 2003).
1.1.2.2. Tinh hinh 6 nhiém Pb & Viét Nam

O Viét Nam, tinh hinh 6 nhidm Pb d3 va dang dién ra ngdy cang trim trong.
Theo két qua ctia nhiéu nghién ctru cho thay Pb c6 mat ¢ khap noi véi nong do
kh& cao nhu trong dat néng nghiép, nudc mit, trim tich, nuwdc ngam.

Khi tién hanh khao sat 39 mau dat va nudc ¢ khu vuc Pong Anh, Ha Noi
(29 dia diém thudc 14 x&), D6 Thi Thanh Tam va ctv (2011) di phat hién co 12
mau dat va 27 mau nudc nhiém Pb.

Trong cac mau nudc ngam khao sat, c6 nhiéu mau c6 ham luong Pb vuot
Quy chuan vé nudc ngam. Diéu nay chic chin giy ra nhiing anh hudng xau dén
sttc khoe ctia nguoi dan noi day néu nhu ho van sir dung ching dé an, uéng hang
ngay Vi Pb 13 mot KL c6 kha ning tich liy cao. Nhiéu vi tri trén séng Nhué bj 6
nhiém Pb. Nong d6 Pb trong tram tich sdng Nhué vuot gii han cia QCVN
43:2012/BTNMT d6i véi chat lwong tram tich (Nguyén Thi Lan Huong, 2014).

Theo Trung tdm quan trac va k¥ thuat moi truong tinh Pong Nai (2015),
moi truong dat & mot sé khu vuc tiép nhan ngudn thai cia khu cong nghiép
(KCN) va khu vuc phu cén c4c bai chon 1ap chat thai rin trén dia ban tinh Pong
Nai bi 6 nhiém Pb. Ham luong Pb trong dat (ca 3 tang 30 cm, 60 cm va 90 cm) &
KCN Bién hoa 1 vuot 3,3 - 4 1an va & KCN Hb Nai vuot 2 1an so véi tiéu chuan
(Tap chi méi trudng —Tong cuc Mdi trudng, 2015).

N6i dén 6 nhiém Pb & Viét Nam, nhiéu ngudi s& nghi ngay dén céc lang
nghé tai ché KL vi day 14 nhiing noi gop phan lam tang thém tinh trang 6 nhiém
Pb trong nhiéu nim nay. Péng Mai dugc xem 1a 1 trong 4 lang nghé gay 6 nhiém
Pb tram trong nhat tinh Hung Y&n. Nudc bé mit tai cac con kénh, rach quanh
lang c6 nong d6 Pb cao gap hang nghin lan so véi tiéu chuan. 100% s6 mau dat
khao sat & khu tai ché Pb ¢ thon Dong Mai, Van Lam, Hung Yén c6 ham lugng
Pb vuot qua tiéu chudn cho phép (TCCP [a 100 ppm), ham luong Pb trong dat
dao dong tir 125,4 - 2166 ppm (Nguyén Khanh Tan, 2016). Ham lugng Pb trong


http://nld.com.vn/o-nhiem-moi-truong.html
http://nld.com.vn/o-nhiem-moi-truong.html

cac mau dat nong nghiép ¢ lang nghé tai ché Pb Xa Chi Pao (Hung Yén) rat cao
(964 ppm - 7070 ppm), vuot hon 100 lan so véi TCVN 7209:2002 (70 ppm)
(Ping Thi An va ctv, 2008). Ham lugng Pb trong dét tai lang nghé co kim khi
Phing X& (Ha Tay) la 304,59 mg/kg (Nguyén Khanh Tan, 2016). O khu vuc
khai thac va ché bién Zn - Pb lang Hich (Théai Nguyén), ham luong Pb trong bai
thai cao nhat (5.300 - 9.200 ppm), tiép dén 1a dat ruong lda (1271 - 3.953 ppm),
bai lién ké (164 - 904 ppm), (Ping Thi An va ctv, 2008).

Nudc thai tai cac lang nghé tai ché KL cling c6 ham luong Pb cao. Ham
luong Pb trong nudc thai & mot sé lang nghé tai ché KL nhu Chi Pao-Bic Ninh;
Van Chang - Nam Dinh; Phudc Kiéu - Quang Ninh; Xuén Tién - Nam Dinh theo
th tu 1a 0,35 ppm lién; 0,9 ppm; 0,6 ppm: 0,44 ppm déu vuot so véi tiéu chuin
(TCVN 5845-1995 - 0,1ppm).

Viéc san xuét co6 quan dén Pb cua cac nha may, cong ty da lam cho moi
truong dat, nude va khong khi ¢ Viét Nam 6 nhiém ngay cang nghiém trong. Dé
giai quyét VAn nan ndy, viéc tim ra giai phap hiéu qua trong xir 1y Pb 1 van dé
cap bach.

1.2. PHUONG PHAP SU DUNG THUC VAT XU LY O NHIEM
(PHYTOREMEDIATION)
1.2.1. Pinh nghia

Phuong phap str dung thuc vat xtr 1y 6 nhiém ra doi vao nam 1991 voi tén
goi 1a phytoremediation. Ngay tir khi ra doi, phuong phap nay dugc md ta ngin
gon trong nhiéu bai viét v&i nhiéu dinh nghia khac nhau. Tuy nhién, nhin chung,
né duge dinh nghia 14 mot phuong phap str dung thuc vat dé loai bo cac chat 6
nhiém (chat vo co va chat hitu co) ra khoi cac mdi trudng bi 6 nhiém (dat, nudc
mat, nudc ngam, nudc thai, bun thai va ca moi truong khdng khi) (EPA, 2000).
Dinh nghia nay bao gdm tit ca cc qua trinh sinh hoc, hoa hoc, va vat 1y anh
hudéng dén viéc hap thy, ¢d lap, phan hiy, va chuyén hoa cac chat 6 nhiém bai

thuc vat.
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1.2.2. Phan loai

Phuong phap st dung thue vat xir Iy 6 nhiém c6 thé duoc phan loai dua trén
co ché xtr ly chit 6 nhiém cua thuc vat. Thuc vat hép thu cac chat 6 nhiém tir dat
va tich lity trong cay goi 1a phuong phap hap thu va tich liy (Phytoextraction);
Thue vat tiét ra cac hop chit sinh hoc két hop voi chat 6 nhiém va 1am giam kha
nang di dong va doc tinh ctia chat 6 nhiém goi 1a phuong phap ¢ dinh doc chat
(Phytostabilization); Thuc vat san sinh cac hop chat sinh hoc phan hiy chat &
nhiém goi 12 phuong phap phan hay chat 6 nhiém (Phytodegradation); Thuc vat
hap thu chat 6 nhiém dua vao bén trong cy, sau d6 bién doi sang trang thai hoi
rdi giai phong ra khong khi theo qué trinh thoat hoi nudce goi 1a phuong phap bay
hoi (Phytovolatilization); Thuc vat hip thy chat 6 nhidm va tich liy trong ving
ré goi la phuong phép loc doc chat (Rhizofiltration).

Doi voi chat 6 nhiém 1a KLN, cac phuong phéap thich hop st dung dé loai
b6 13 phuong phap hap thu va tich liy; phuong phép loc doc chat, phuong phép
bay hoi va phuong phap c¢6 dinh doc chat.
1.2.2.1. Phwong phéap hap thu va tich liy (Phytoextraction)

La phuong phap sir dung thuc vat c6 kha ning hap thu va tich Iiy chéat &
nhiém trong than 14 caa cdy dé loai bo cac chat 6 nhiém ra khoi khu vuc 6 nhiém
thuong 1a dat (EPA, 2000). Nhimng thuc Vvat c6 thé tich lily ndng d6 KLN cao
trong md cua ching thuong duoc st dung trong phuong phép hip thu va tich
ltiy. Néu thyc vat 14 10ai c6 sinh khéi 16n va kha ning tich liy cao, thi mot luong
KLN dang ké c6 thé dugc loai bo tir m6i truong dat thong qua viéc hap thu va
tich Ity cta thuc vat.

Viéc phat hién ra cac loai siéu hap thu (hyperaccumulator) da chirg minh
rang thyc vat ¢4 Kha ning hap thy, tich liy va loai bé KL ra khéi méi truong 0
nhiém. Hau hét thuc vat sidu hap thu 13 nhitng loai siéu hap thyu Ni trong khi mot
sd khéc 1a siéu hap thu Cd, Co (Coban), Cu, Zn (K&m), Pb. S6 luong cac loai
thuc vat dugc xac dinh c6 kha nang tich liy KLN As, Cd, Co, Cu, Pb, Ni, Se >
1000 mg/kg TLK theo tha tw 1a 4, 1, 34, 34, 14, > 320 va 20 (Reeves, 2003).
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Nhiéu loai trong chi Brassica nhu B. juncea L., B. Czern L., B. napus L. va
B. rapa L. D4 duoc phat hién cd kha ning hap thu nhiéu Zn va Cd. Thlaspi sp.,
Arabidopsis sp., Sedum alfredii sp. cing da duogc phat hién la cc loai thuc vat
siéu hap thu KLN, trong d6 Thlaspi sp. I loai siéu hap thu Cd, Ni, Pb, Zn, T.
geosingense va T. ochroleuca siéu hap thu Ni va Zn, va T. rotundifolium siéu hip
thu Ni, Pb va Zn (Prasad va Freitas, 2003). Trong s6 cac loai thuc vat thudc chi
Thlaspi, Thlaspi caerulescens c6 thé loai bo trén 60 kg Zn/ha va 8,4 kg Cd/ha. T.
caerulescens ciing c6 thé loai bo 22% Cd ra khoi cac viing dat bi 6 nhiém. Trong
s6 cac loai thudc chi Pteris, bon loai P. vitta, P. cretica, P. longifolia va P.
umbrosa la céac loai siéu tich lay As (Prasad va Freitas, 2003).
1.2.2.2. Phwong phap loc ddc chat (Rhizofiltration)

Tuong ty phuong phéap hip thu va tich liy, phwong phap loc doc chat ciing
12 mot phuong phap hap thy va tich lily chat 6 nhiém, nhung khac ¢ chd chat 6
nhiém duoc tich liy ¢ ré va sir dung k¥ thuat tréng thury canh. Phuwong phap loc
ddc chat duoc st dung chil yéu dé xur Iy nude ngdm, nude mit va nude thai va da
duoc ap dung dé xu 1y Pb, Cd, Cu, Ni, Zn va Cr (Prasad va Freitas, 2003).

Mot s6 loai thuc vat thity sinh da duogc xac dinh thich hop cho phwong phap
loc doc chat dé loai bd KLN ra khoi méi trudng nudc 6 nhiém nhu Polygonum
amphibium L., c6 chan vit (Lemna minor L.), luc binh (Eichhornia crassipes),
béo cai (P. stratiotes), co mudi nudc (Oenanthe javanica) (Prasad va Freitas,
2003). Mot sb loai thyc vat trén can khi trong thuy canh ciing ¢ thé loai bo KLN
ra khoi dung dich. MU tat An D6 c6 hiéu qua trong viéc loai bé Cd, Cr, Cu, Ni,
Pb, Zn, va huéng duong loai bo duge Pb, U (Urani), Cs (Xesi) - 137 va Sr
(Stronti) - 90. Trong sé cac loai duong xi, Pteris vitta dugc xac dinh 1 cay siéu
hap thy As trong méi truong nudc bi 6 nhiém (Prasad va Freitas, 2003).
1.2.2.3. Phwong phap bay hoi (Phytovolatilization)

La phuong phép st dung thyuc vat dé hat cac chat 6 nhiém. Chat & nhiém sé&
duoc bién ddi va chuyén vao trong than, I&n 14 va cubdi cung duoc bai tiét ra

ngoai qua 15 khi khong cing véi qua trinh thoat hoi nudc cua cdy. Cac chat 6
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nhiém cé thé duoc bién ddi trude khi vao trong cdy do tac dung cua enzyme
duoc san sinh boi ré cay, hodc ¢ thé dugc bién ddi sau khi di vao trong cay.
Phuong phap bay hoi ap dung cho viéc xir Iy dat 6 nhiém céc KL doc dé bay hoi
nhu Se, Hg va As.

Phuong phap bay hoi da duoc &p dung dé xu ly 6 nhiém thuy ngan (Hg).
Trong moi truong, thay ngan ton tai chi yéu & dang Hg?*. Hg?* dugc thuc vat
hap thy, sau khi vao trong than dugc bién ddi thanh dang khi va thoat ra ngoai
qua khi khong Céac loai thyc vat nhu Arabidopsis thaliana hodc Nicotiana
tabacum 1a nhiing cay hap thu Hg (1) vd MeHg tir dat roi bién dbi thanh dang
hoi Hg (0) trong 1& va phong thich ra ngoai khéng khi.

Su phéng thich Se vao khi quyén ¢ thyuc vat ciing 1a mot co ché giai doc Se.
Hop chat Se dugc phong thich tir 10di Astragalus racemosus duoc xac dinh 1a
dimethyl diselenide. Sy bay hoi Se trong ciy 1a qua trinh dong hoa Se vo co
thanh cac hop chét hitu co chira Se nhu seleno-aminoacids, seleno-cysteine,
seleno-methionine c6 thé bi methyl hda chuyén sang dang dimethyl diselenide,
chat nay & thé hoi c6 thé thoat ra ngoai khong khi. Brassica juncea va cac cay
khac trong ho cai ciing d4 dugc phat hién c6 kha ning hip thu Se trong dat,
chuyén thanh dang khi rdi giai phdng vao khéng khi (EPA, 2000).
1.2.2.4. Phwong phap co6 dinh ddc chat (Phytostabilization)

Phuong phép cb dinh doc chat chu yéu duoc sir dung cho xu 1y dét, tram
tich va bun (EPA, 2000). Thuc vat ¢b dinh cac chat 6 nhidm trong dat bang cach
hap phu ching 1én bé mat ré hoic ¢6 dinh lai trong ving ré, ddng thoi st dung hé
ré thuc vat dé ngan can su di chuyén cua chat & nhiém dudi tac dung cia gio, Xoi
mon do nudc, tham sau va phan tan vao dat. Véi phuong phéap nay, thuc vat co
nhiéu vai tro quan trong: (1) Lam giam luong nuéc thim qua dat gdy 6 nhiém
nude ngam. (2) Hé thong tham thyc vat che phii ngin nglra x6i mon dat va ngin
chin sy phat tn kim loai sang khu vuc khac. (3) Lam rao can ngin chin tiép xtc

tryc tiép véi dat 6 nhiém theo (Raskin va Ensley, 2000).
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Phuong phép cb dinh doc chét thich hop xt 1y cac ving dat & nhidm kim
loai do hoat dong khai thac khoang san nhu Pb, As, Cd, Cr, Cu va Zn (EPA,
2000). Hai loai co da duoc thuong mai hoa sau khi thir nghiém dong ruong o
Liverpool, Anh, cé Agrostis tenuis xir ly Cu; cé Festuca rubra xur ly Pb va Zn.
1.3. KHA NANG HAP THU, TiCH LUY, PHAN BO VA CHONG CHIU Pb
CUA THUC VAT
1.3.1. Kha ning hap thu va tich lily Pb ciia thue vat
1.3.1.1. Co ché hép thu Pb cia thuc vat

Hau hét KLN c6 tinh di dong thap trong dat va khong dé dang bi hap thu
boi ré thyc vat. Tuy nhién, dbi véi thuc vat c6 kha ning hap thu va chdng chiu
Pb, chiing ¢6 co ché chuyén biét dé hip thu dugc Pb vao ré. R& thuc vat san sinh
ra cac proton H*, acid hiru co, phytochelatin, acid amin va enzyme tao moi
truong acid & vung ré va 1am gia ting tinh hoa tan va di dong ctia Pb, do d¢ ting
su hip thu cua ré. Pb trong dung dich dat duoc hip phu trén bé mit r&, Pb c6 thé
gan két vao nhom cacboxylic cua cac acid uronic trén vach té bao hoic gan két
tryc tiép véi polysaccharide ¢ bé mit vach té bao biéu bi ré va duoc hap thy vao
hé thdng ré (Pourrut va ctv, 2011). Pb c6 thé dugc dua vao trong ré nhd vao su
van Chuyén khong chon loc ciia mot s6 kénh hodc chat van chuyén khi dién thé
am trén mang cua cac té bao bicu bi ré cao (trén 200 mV). Mic du su hap thy Pb
& ré thuc vat chi yéu 13 su hip thu thu dong, nhung té bao ré cling can cd niang
lwong dé duy tri dong dién am ndy thong qua su bai tiét cac proton H* vao moi
truong bén ngoai ciia cac bom H*/ATPase. Piéu nay da dugc chimg minh boi
White va ctv (2012), khi bd sung chit vanadate (chit (¢ ché cac bom
H*/ATPase) vao ré& cuia lta mi va cho cay tiép xac véi Pb, c¢6 sy han ché hap thu
Pb & ré& xay ra. Trong sb cac kénh cation khong chon loc, cac kénh canxi duoc
cho 12 mot trong nhiing tuyén duong chinh dé dua Pb vao ré.

Mot s6 nhém protein xuyén mang trén mang té bao biéu bi ré ciing ¢4 vai
trd trong van chuyén Pb. Protein HVCBT1 trong cay lda mach; cac protein tir
AtCNGC1 dén AtCNGC6 trong cdy Arabidopsis thaliana; va protein NtCBP4
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trong cy thudc 14 c6 vai trd van chuyén Pb (Pourrut va ctv, 2011). Das va ctv
(2012) da cho biét c6 sy biéu hién cua gen BjYSL ma héa protein xuyén mang
trong cay Brassica juncea bi nhiém Pb ciing c6 lién quan trong hap thu Pb.
1.3.1.3. Thue vat siéu hép thu

Mot sb 10ai thuc vat khong chi c6 kha ning sdng dugc trong méi truong 6
nhiém KLN ma con c¢6 kha ning hip thu va tich liiy KLN trong cac bo phan cia
chdng. Henry va ctv (2000) dua ra khai niém riang cé4c loai thuc vat c6 kha ning
tich liy KLN & muc do cao hon 1000 mg/kg chat kho duoc goi chung 1a “thuc
vat siéu hap thy”. Thuat ngir “thuc vat siéu hap thu” dau tién duoc st dung dé
chi cac loai cdy c6 kha ning hap thu Ni trong cac bo phan sinh dudng véi ndng
dd 16m hon 1000 mg/kg trong lugng kho.

Cho dén nay, c6 khoang 750 loai thyc vat thudc 101 ho c6 kha ning hap thu
va tich liiy KLN. Kha ning siéu hap thu KLN da duoc phét hién ¢ 450 loai thyc
vat thudc 34 ho khac nhau, chiém 0,2% tong s6 loai thuc vat da duoc biét. Trong
s6 d06, cac loai thuc vat ho Brassicaceae chiém nhiéu nhét, dic biét la chi
Alyssum va Thlaspi (Kramer, 2010). Loai siéu tich lily Zn dugc phat hién dau
tién vao nam 1865 & loai Noccaea caerulescens thudc ho Brassicaceae. Loai
siéu tich lily Ni lan dau tién duoc bao cdo vao nam 1948 & Alyssum bertolonii
cling thudc ho Brassicaceae. Siéu tich 1ty As da dugc phat hién trong hai loai
cua Brassicaceae. B. juncea thudc ho Brassicaceae cling dugc phat hién la siéu
tich lay Pb (Kramer, 2010).

Nhiéu cong bd cho thiy, c6 nhiéu loai thuc vat c6 kha nang hap thy va tich
lity P, trong s6 nay ciing c6 nhiéu loai thyc vat l1a siéu tich liiy Pb (bang 1.1).
Theo s6 liéu théng ké ciia Kumar va ctv (2018) vé s loai thyuc vat c6 kha ning
hap thu Pb tir nam 2012 dén 2018 cho thdy, sb loai thuc vat c6 kha ning siéu hap
thu Pb 14 20 loai (nong do trén 1000 mg/kg), trong do, s6 lodi c6 kha ning tich
lity Pb trén 1000 mg/kg trong than 14 chiém 30% (loai siéu tich liiy Pb). Piéu nay
cho thdy, 70% loai khao sat tich lity Pb chil yéu trong b phan ré.
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Bang 1.1. C4c loai thwe vat c6 kha ning hip thu va tich lily Pb
(Ham lwong Pb > 1000 mg/kg) (Nguon: Kumar va ctv, 2018)

Tén loai Ré Than La Tac gia va nam
(mg/kg) | (mg/kg) | (mg/kg) cong bod
Chrysopogon 18.500 93 - Pidatala va ctv, 2018
zizanioides
Brachiaria mutica 8.880 1.290 - Khan va ctv, 2018
Ricinus communis 49.860 352 - Khan va ctv, 2018
Coronopus didymus 3.684 863 - Sidhu va ctv, 2016
Conyza canadensis 6.000 10 30 Li va ctv, 2016
Oryza sativa 5.245 256 - Chen va ctv, 2016
Iris lactea 5.245 408 - Yuan va ctv, 2015
pisum sativum - - 18.700 | Wioleta va ctv, 2015
Dodonaea viscosa 33.759 847 - Rojas, 2014
Gossypium sp. 14.000 700 350 Bharwana, 2014
Pfaffia glomerata 2.129 46,9 - Gupta va ctv, 2013
Jatropha curcas 3.900 - 18,2 Vesely va ctv, 2012
Pluchea sagittalis 8.031 1.650 1.400 Rossato va ctv, 2012
Spirodela polyrhiza 19.223 - - Qiao va ctv, 2012
Cajanus cajan 4.000 - - Nautiyal va Sinha,
2012
Elsholtzia splendens 6.250 460 77 Huang va ctv, 2012
Tritium aestivum 45.184 1.658 381 Zhang va ctv, 2011
Helianthus annuus 67.130 783 - Strubinska va
Hanaka, 2011
Acacia farnesiana 51.928 979 - Maldonado va ctv,
2011

Sesbania drummondii | 58,590 1.268 - Israr va ctv, 2011
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1.3.1.4. Kha nang tich liiy Pb & thue vat

Nhiéu loai thuc vat da dugc phat hién c6 kha nang hép thu va tich liiy Pb
cao. B. juncea (Mu tac An d¢) c6 kha ning tich liiy Pb, di lam giam ndng d6 Pb
trong dat tir 2300 xudng con 420 mg/kg (Kumar va ctv, 2018). Cay cu cai
(Raphanus sativus L.) c6 kha ning tich lity Pb trong cac bd phan ré, than va 1a.
Ham luong Pb tich lity ting khi nong d6 Pb xur 1y tang 250 ppm, 500 ppm va 750
ppm va kha ning tich iy Pb theo tha ty ré > than > 14. Ham lugng Pb tich lity
trong ré & ndng do xir Iy 750 ppm cao nhat 1a 332 mg/kg va tong ham lugng Pb
tich Iy trong cay la 843 mg/kg (Nadia va ctv, 2012). 2 loai thyc vat ban dia
Tagetes minuta L. va Bidens pilosa L. c¢6 kha ning tich liiy nong do Pb cao trong
la (thor tu 1a 380,5 ug/g TLK va 100,6 ug/g TLK). Sorghum halepense da dugc
phét hién c6 kha ning tich Iiiy Pb trong ré kha cao (1406,8 ug/g TLK) (Salazar,
2014). Ham Iuong Pb tich ldy trong cay cuia hudng duong (Helianthus annuus),
dau castor (Ricinus communis L.), Fagopyrum esculentum va cé vetiver
(Chrysopogon zizanioides) 1an luot 13 22,8 mg/cay; 45,8 mg/cay; 3,56 mg/cay;
va 60,6 mg/cay (ndng d6 Pb xtr Iy 200 mg/1).

Khi khao sat thuc dja vé cac loai thuc vat trén can séng ¢ ving mo Pb Bo
Ngam, Thai Lan (néng do Pb trong dat bé mat dao dong tir 325 dén 142.400
mg/kg), Rotkittikhun va ctv (2006) da phat hién ra 26 loai thuc vat c6 ndng do
Pb > 1000 mg/kg trong chdi cua ching. Trong d6 3 loai (Microstegium ciliatum,
Polygala umbonata, Spermacoce mauritiana c6 néng do Pb cuc cao trong choi
(12.200 - 28.370 mg/kg) va ré (14.580 - 128.830 mg/kg).

Mot vai loai thuc vat dugc biét dén 1a loai siéu tich lity Pb 1a B. juncea, B.
napus, T. alspres, T. rotundifolium, Alyssum wulfenianum, Lemna minor,
Vallisneria Americana, Hydrilla verticillata, Salvinia molesta. B. juncea c6 kha
ning loai bé 1550 kg Pb trén mot mau Anh. 1,7 1a hé s6 phytoextraction cta B.
juncea (Sharma, 2016).

Nhiéu loai thuc vat thuy sinh ciing c6 hiéu qua trong viéc loai bé Pb. Kha

ning loai bo Pb ra khoi méi trudng nudc cua rau diép nudc (Pistia stratriotes),


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sorghum
https://www.sciencedirect.com/science/article/pii/S0375674213002227#!
https://www.sciencedirect.com/science/article/pii/S0269749106000674#!
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Hydrilla verticillata (Hydrilla) va Co ba la-Duckweed (Lemnaceae minor) theo
tha tu 1a 99,28%, 98%, 90% (Singh, 2012). Luc binh (Eichhornia crassipes) cé
kha ning xir 1y Pb trong nudc thai cong nghiép va tich liiy Pb cao trong ré va 14.
Nong do Pb tich lity nhiéu nhét trong ré 1a 438 mg/kg, trong 14 1a 27 mg/kg va
cubng 14 12 7 mg/kg. Cay hudng duong (Helianthus annuus L.) di duoc nhoém
nghién ctru Usha va ctv (2011) thi nghiém trén nuéc thai cong nghiép nhiém Pb
& nong do Pb 5, 10, 15, 20, 25 va 30 ppm trong thoi gian 1, 2, 3, 4 va 5 tuan. Sy
tich lity Pb cao nhéat dugc tim thiy trong ré. Su tich lily Pb trong huéng duong &
noéng do Pb 6 nhiém 15ppm 1a 37 mg/g ¢ ré, 30 mg/g ¢ 14 va 29 mg/g & than
(Usha va ctv, 2011).

O Viét Nam, nhiéu loai thuc vat cling da dugc phat hién c6 kha nang tich
liiy Pb. Cay Thom 6i (Lantana camara L.) c6 thé song trén dat 6 nhiém Pb tir
1000 - 4000 ppm va hap thu Pb trong 1& gap 470 - 4908 lan so voi thyc vat thong
thuong (Di¢p Thi My Hanh va Garnier Zarli, 2007). Duong xi (Pteris vittata) co
kha ning chéng chiu Pb trong dat dén néng do 3000 mg/kg dat (Tran Vin Tya
va ctv, 2011). Cay say (Phragmites australis) hip thu duoc nhiéu loai KLN nhu
As, Cd trong d6 c¢6 Pb. Ham lugng KLN tich liiy chl yéu trong ré& va tich lity
trong than nhiéu hon trong 1. Ham luong Pb tich liiy trong r& cua cay sy la
196,21 mg/kg (Pam Xuan Van, 2013). Cay co voi (Pennisetum purpureum) co
kha ning hip thu tét Pb trong dat, sau 90 ngay thi nghiém ham luong Pb trong
dat giam khoang 20,50 - 56,67% so véi ham luong ban dau 1a 250 - 1500 mg/kg.
Ham lugng Pb tich Iiy trong ré ¢ voi cao hon trong than va 14 twong tng 1a
31,932 - 198,598 mg/kg trong ré va 9,385 - 69,833 mg/kg trong than va la
(Nguyén Thi Hong Hanh va Bui Thi Thu, 2017).

1.3.2. Kha ning phan bé Pb ciia thue vat

Kha ning phan b Pb trong mé thyc vat lién quan dén su di chuyén cua Pb
tir r& dén cac bo phan bén trén cua cay. Mirc do di chuyén Pb duoc thé hién bang
hé s6 van chuyén KLN (Translocation factor) (Bhatti va ctv, 2018). Pay 1a mot

trong nhitng chi sb quan trong dé xac dinh muc do di chuyén KLN trong mo thuc
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vat va duoc tinh 14 ty 1¢ giita ham luong Pb trong phan trén cdy va ham luong Pb
trong ré. Thong thudng, gia tri kha thap (< 1) cho Pb (Buscaroli, 2017).

Khong gidng nhu hau hét cac KLN khéc, Pb it di chuyén trong hau hét thuc
vat. Phan 16n Pb hip thu phan bd chu yéu trong 1& (95%) va chi mot luong nho
(5%) duoc chuyén dén cac bd phan trén mat dat (Zhou va ctv, 2016). Diéu nay
da dugc bao cao ¢ cac loai Vicia faba, Pisum sativum, va Phaseolus vulgaris, V.
unguiculata, Lathyrus sativus, Zea mays (Dogan va ctv, 2018) va Avicennia
marina (Yan va ctv, 2010). C6 nhiéu yéu t6 lam han ché sy di chuyén caa Pb tir
ré 1én than 14 1a Pb d& lién két voi lignin va pectin hodc lién két v6i nhom
carboxylic cia acid uronic trong vach té bao & ré (Arias va ctv, 2010) hodc két
ta trong cac gian bao ¢ ré (Malecka va ctv, 2009). Ngoai ra, noi bi ciing 1a rao
can vat Iy ngan chan su di chuyén cta Pb (Kaur va ctv, 2012).

O pham vi té bao, Pb cha yéu phan b6 & bén ngoai té bao, su phan bd cia
Pb chu yéu 13 trong gian bao va lién két v&i vach té bao, day 1a dic diém chuyén
biét cia Pb. Nguyén nhan c6 thé 1a do Pb ¢6 4i luc cao véi cac nhom cacboxyl,
lignin, pectin, hemicellulose va cellulose (Krzeslowska, 2011). Su hap phu Pb
trén vach té bao déng vai trdo chu chdt trong viée han ché doc tinh cua Pb
(Krzeslowska, 2011). Vach té bao dong mot vai tro quan trong trong giai doc Pb
& té bao thuc vat. Hon 90% Pb trong r& & dang khong hoa tan & gian bao va lién
két chat voi vach té bao. Bén trong té bao, Pb dugc phan bd trong mot sd bao
quan nhu khong bao va cac ti cia mang ludi ndi chat (Jiang va Liu, 2010).
1.3.3. Kha ning chéng chiu Pb ciia thwe vat
1.3.3.1. Co ché lam day vach té bao

Sy hap phu Pb trén cac thanh phan té bao dong vai trd cha chét trong viéc
han ché doc tinh cta Ph. Khi té bao thuc vat tiép xtic v6i Pb, qua trinh tong hop
polysaccharide ting dan dén 1am day 1én dang ké cua véch té bao, lam tiang kich
thude cua rao can vat 1y dugc tao thanh boi vach té bao va do d6 han ché sy xam
nhip cta Pb qua mang té bao. Krzeslowska (2011) nhén thiy rang vach té bao

day 18n 1a mot rao can vat Iy nham han ché sy xam nhép cta Pb qua mang té bao
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& F. hygrometrica protonemata. Ngoai ra, viéc day 1én cta véch té bao ciing s&
tao ra cac vi tri mé&i dé gin két Pb va do d6 ting kha ning c6 14p ngoai bao. Thuc
vat ciing tao ra cac mang callose trong vach té bao, dugc biét dén 13 khong tham
d6i véi cac ion kim loai, ngan can cac ion kim loai xdm nhap véo trong té bao.
1.3.3.2 Co ché ¢6 1ap Pb

a. Co ché ¢d 1ap Pb trong gian bao

Mang té bao dong vai trd quan trong trong viéc bom Pb tir t& bao chét ra
bén ngoai té bao. Cac chat tham gia vao qua trinh ndy thuéc nhém HMAS
(Heavy Metal ATPases) va ABC (ATP binding cassette). Nhdém HMAs str dung
ning luong tir sy phan hity ATP dé van chuyén nhiéu ion KLN qua mang té bao.
Viéc bom céac ion KLN ctia HMAs tir té bao chét ra ngoai véach té bao hoic vao
khong bao phu thudc vao gradient dién thé. HMAs duoc chia 2 nhom: (1) tham
gia vao van chuyén cac ion héa tri 1 nhu Cu, Ag; va (2) tham gia vao van chuyén
cac cation hoa tri 2 nhu Zn, Cu, Cd, Pb (Pourrut va ctv, 2014). Nhém chat mang
ABC ciing tham gia vao viéc van chuyén kim loai ra khoi mang té bao. Vi du:
AtBDRS dinh vi trén mang té bao 16ng hut va té bao biéu bi cua cay A. Thaliana
gitip ting cudng kha niang chiu KL cua ciy. AtBDR8 dugc sinh ra nhiéu trong
mai truong 6 nhiém Cd va Pb va tham gia vao viéc bom suét ion KL nay ra khoi
té bao chat (Singh va ctv, 2016).

b. Co ché ¢b 1ap Pb trong khong bao

Khong bao dugc xem |4 noi ton trit thich hop khi KLN tich lily cao trong té
bao. Cay Pisum sativum siéu tich liy Pb da gitr khoang 90% lugng Pb trong
khong bao cta té bao. Cay Pluchea sagittalis gitt khoang 20% lugng Pb trong
khong bao (Rossato va ctv, 2012).

Nhiéu protein van chuyén da duoc xac dinh 1a cic thanh phan quan trong
lién quan dén co ché van chuyén KL vao trong khong bao & sinh vat. Protein
CDF, ZRT/IRT (ZIP) hoac cac protein dai thuc bao NRAMPS c0 kha nang van
chuyén Cu, Zn, Cd, Mn va Pb. Mot ATPase loai P & Arabidopsis, HMA3, duoc

phat hién c6 vai trd 1am ting tinh chéng chiu Pb bang cach c6 1ap Pb vao trong


https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26904030
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khéng bao. HMA4, mét loai ATPase loai P khdc c¢6 & Noccaea caerulescens
ciing co vai trd trong van chuyén Pb vao trong khdng bao (Singh va ctv, 2016).

Co ché ¢ lap Pb ¢ lién quan dén céc protein gin két véi KL. Sy gin két
KLN trong té bao chat boi cac protein i lyc cao 1a mot co ché rat quan trong
trong viéc khir d6¢c KLN va chéng chiu trong diéu kién stress ciia thuc vat. Thuc
vét tao ra 2 loai protein gin két KL: phytochelatins (PCs) va metallothioneins
(MTs) (hinh 1.1). Pb kich thich viéc san sinh ra cac phytochelatin (PCs) va tang
cuong hoat dong tong hop PCs. PCs ¢d lap Pb hoa tan trong té bao chét trude khi
duogc van chuyén vao khong bao (Singh va ctv, 2016). PCs duoc tao ra trong cac
té bao va cac mo khi thuc vat tiép xic vai cac ion KL nhu Cd, Hg, Ag, Cu, Ni,
Au, Pb, As, va Zn (Mohammad va ctv, 2012). MTs ciing duoc biét véi nhiéu vai
trd nhu tham gia duy tri noi can bang cua qua trinh trao d6i KLN can thiét, cd lap
KLN gy doc, va bao vé té bao chdng lai su pha huy do oxy hoa noi bao (Pourrut
va ctv, 2014). Pb co thé dugc cb 1ap boi metallothioneins, nhitng MTs nay dong
vai tro co ban trong giai doc KL ¢ dong vat (MTSs) (Singh va ctv, 2016).

Co ché chéng chiu Pb ¢ thuc vat dugc tom tit theo hinh 1.1.

Pb-Acids Pb

Pb

. _4

Hinh 1.2. Co ché chdng chiu Pb & thue vat bac cao (Mohammad va ctv, 2012)
(1): Pb duwoc hdp thu & vi tri trao déi cation ciia véch té bao; (2): Pb duwoc bom ra
khoi té bao boi HMA hodc ABC;, (3): Trong té bao chat, Pb dwoc gin két bdi cdc
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26904030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26904030

21

axit hitu co, PCs va MTs; (4): Cdc acid hitu co dwoc tiét vao trong viing ré va gin

két véi Pb & dé, lam gidm kha ndang hdp thu Pb; (5): Pb dwoc leu triv chii yéu trong
khéng bao khi phitc hop véi PCs hodc MTs hodc acid hitu co; (6): Pb duoc bom
vdo trong khéng bao bang HMA, lam gidam nong dé ciia chiing trong té bao chat.
1.3.3.3 Co ché chdng oxy hda

Mic du Pb c6 tac dong giy doc cho thuc vét, nhung nhiéu loai thuc vat c6
mot loat cac chién lugc thich tmg dé kiém soat cac biéu hién doc hai gay ra do
Pb. Hé thong kiém soat nay c6 lién quan dén hé théng chéng oxy hoa, gitip thuc
vat dbi phé voi stress oxy hoa gay ra boi Pb.

Dé han ché thiét hai do ROS gay ra, thyc vat da co cac co ché chong oxy
hoa hiéu qua gitp chiing kiém soat, diéu chinh ham luong ROS phu hop. Co ché
chéng oxy hoa c6 su tham gia cta nhiéu enzym chu chét ¢ lién quan truc tiép
dén viéc 1am giam cac gdc tu do gém superoxide dismutase (SOD), catalase
(CAT), ascorbate peroxidase (APX), POD (peroxidase), glutathione reductase
(GR), glutathione peroxidase (GPX) va glutathione S-transferase (GST) (Khan
va ctv, 2018). Cac enzyme nay nam trong hé thong cia té bao nham kiém soat
ROS, dap tmg va ddi pho véi tic nhan gy hai tir moi trudng va dam bao su sdng
ciia co thé. Cac enzyme ndy vira duy tri sinh tong hop ROS dé dam bao con
duong tin hiéu trong té bao dong thoi cling kiém soat, giam doc tinh cia ROS
dbi voi cac yéu td cu tric va qua trinh sdng din ra bén trong té bao.

Superoxide dismutase (SOD) duoc phat hién 1a ddi twong chdng oxy hoa
va phong thi dau tién khi c6 diu hiéu stress oxy hoa. SOD dugc xem 1a chat
chéng oxy chinh trong giai doc va phong thi tac dong ciia KLN. SOD déng mot
vai trd quan trong trong viéc giai doc ROS bang cach diéu hoa gbc anion dioxide
(02"), ngan chan sy tich ty cia cac gbc Oz *~ va tao thanh H202 va Oz (hinh 1.2).
Trong diéu kién stress, superoxide dismutase (SOD) Ia hang rao bao vé dau tién
chéng lai tac hai do bung nd ROS. Gen SOD dugc mi hoa tir sém, c6 mit 6 - 24
gid sau bung nd ROS. SOD cé hoat tinh cang cao thi O2" ¢6 hoat tinh cang nhé.

SOD duoc chia 1am 3 nhém dua vao ion KL 1a cofactor gan vao ving trung tam
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hoat dong ctia enzyme: Mn-SOD thudng tim thay & ty thé, Fe-SOD c¢6 mit ¢ luc
lap, va Cu/Zn-SOD c6 mit & lyc lap, té bao chit va peroxisome (Mittler, 2002).

Glutathione peroxidase (GPX) la mét trong nhitng enzyme quan trong
loai bd H202 du thira trong qué trinh trao doi chét ciing nhu trong qua trinh stress
do moi truong, dac biét 1a luong H20, hinh thanh do qué trinh khir O™ ctia SOD
(hinh 1.2). GPX c0 vai tro phan giai H.0. thanh H20 va O2. GPX duoc hoat hoa
trong té bao (té bao chit, khdng bao), trong thanh té bao va ca bén ngoai té bao
Khac voi giai doc, GPX con c¢6 vai tro phong thu bang cach phat ra tin hidu H20>
trong té bao thuc vat dé té bao kip thoi Gmg phd (Das va ctv, 2012).

Ascorbate peroxidase (APX) la mot enzyme thu don H202 khac va 1la mot
trong nhiing enzyme quan trong cua chu trinh Halliwell-Asada, xtc tac khu
H20: thanh H20 véi su hién dién cua ascorbate. APX xuc tac su twong tac cia
ascorbate véi H20p, 1am thay doi ascorbate thanh monodehydroascorbate
(MDHA). Viéc chuyén déi ngugc lai MDHA thanh ascorbate duoc xUc tac théng
qua trung gian bdi monodehydroascorbate reductase (MDHAR) trong su hién
dién cia NADPH. Enzyme MDHAR ¢6 chiic ning duy tri nong do ascorbate
trong té bao khi ndng d6 ascorbate giam do tham gia giai doc ROS va diéu chinh

tiém ning oxy hoa khur té bao (Potters va ctv, 2010).

'u,o
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Hinh 1.1. Hoat dong ciia chat chong oxy hdéa SOD, GPX (Jalmi va ctv,
2018)
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Glutathione 13 mot trong nhitng protein chiém sé lwong nhiéu nhét trong té
bdo, gilp duy tri tinh trang oxy hoa khir trong t& bao va thu nhit ROS.
Glutathione thuong ton tai ¢ dang khir 13 GSH. Trong té bao thuc vat,
glutathione hoat dong nhu mot chat chéng oxy hoa phong thu va 1a chat gin két
véi KL chiu trach nhiém chinh cho viéc giai doc KL (Jalmi va ctv, 2018).
Enzyme c6 vai trd chinh trong viéc xtc tac sy gan két gitta GSH va KL la
glutathione S-transferase (GST). GST ciing c6 vai trd xtic tic sy van chuyén
phic hop GSH-KL dén khéng bao. Lién hop KL va glutathione dugc van chuyén
nhanh chéng tir dich té bao vao khong bao dé tiép tuc xu ly. Glutathione S-
transferase (GST) 1a enzyme nam trong té bdo chit, dugc mi hoa boi nhiéu gen
kh&c nhau, thuc hién budc cubi ciing trong qué trinh sinh tong hop anthocyanin,
gan nhan tién chat anthocyanin 1a cyandin-3-glycoside v6i glutathione, cho phép
nhan dién va nhim muc tiéu cia anthocyanin tdi khong bao (Pourrut va ctv,
2014). Kumar va Prasad (2014) da bao céo rang, xt 1y Pb ¢ nong do 414 mg/ L
trong 7 ngay lam ting dang ké hoat dong cua GST (92%) & ré Talinum
triangulare so véi cdy duogc trong khong xt 1y Pb.

Hoat dong cila cac enzyme chdng oxy hoa da duoc nhiéu nghién ctru khao
sat cho thay co lién quan dén giai doc va phong thu Pb. Nong d6 enzyme CAT
va SOD trong lla mi da tang trong diéu kién stress Pb (Kaur va ctv, 2012). Su
thay doi néng d6 cua cac enzyme CAT va SOD c¢6 lién quan dén viéc loai bo,
giai doc ROS va cai thién tinh trang stress oxy hoa. Su bién dong rat 16n vé ndng
d6 ctia SOD (225% va 136%), CAT (44% va 30%), APX (1300% va 233%) va
GPX (230% va 60%) da duoc bao céo trong cay C. didymus xir Iy Pb va cay d6i
chung (Sidhu va ctv, 2016). Trong L. minor, sy ting dan hoat dong cia enzyme
CAT di dugc ghi nhan khi ting dan nng do Pb (0, 1, 2, 4, 6 va 8 mg/l), trong do
hoat dong tang t6i da 1a 460% dugc quan sat thay tai 8 mg/l Pb so vai ddi ching
(Shahid va va ctv, 2011). Tuong tu, Su gia tang hoat dong APX do tac dong cta
Pb ciing duoc quan sat thdy ¢ cac loai thuc vat khac nhau nhu trong ré& cdy dau,

Wolffia cholhiza va Pluchea sagittalis (Hasanuzzaman va ctv, 2020).
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1.3.3.4. Co ché din truyén tin hiéu trong chong chiu Pb ciia thue vat

bé doi pho vo1 céc tac dong cua stress moi trrong nhu KLN, thyce vat da co
nhiéu phan tng & dang co ché sinh hoa va phan tir hiéu qua trong tiép nhan, dap
mg va thich nghi. Cac phan tng nay duoc kich thich bai hé thong dan truyén tin
hiéu din ra trong té bao thuc vat. Két qua dap tmg tin hiéu cta thuc vat duoc thé
hién bang su biéu hién gen tong hop cac protein van chuyén KL va protein lién két
KL gitp thuc vat chong lai stress KLN qua mic (Peng va ctv, 2018).

Trong s cac loai stress phi sinh hoc, stress KLN ¢6 anh huéng siu sic dén
con duong tin hi¢u mitogen-activated protein kinase (MAPKS). MAPKSs dugc kich
hoat boi s nhan biét cua ligand KL chuyén biét va cac phan tir ROS dugc san sinh
ra trong diéu kién stress KLN. Su tiép xtic vdi KLN nhu Cd, Cu, Pb va As di lam
kich hoat MAPKs. O Arabidopsis, 2 loai MAPKs 1a MPK3 va MPK6 duoc kich
hoat boi Cd va Cu. Tuong tu ¢ Alfalfa, 4 loai MAPKSs nhu SIMK, MMK2, MMK3
va SAMK ciing da dugc kich hoat béi Cu va Cd. Stress Pb lam kich hoat 4
MAPKSs la MAPK7, MAPK6, MAPK 18 va MAPK20 trong cay cu cai (Rao va ctv,
2011).

1.3.4. Anh hwéng ciia Pb dén thue vat
1.3.4.1. Pb gay ra stress oxy hoa

Viéc san sinh cac chat oxy hoa (reactive oxygen species/ROS) trong té bao cta
sinh vat hiéu khi duoc dinh nghia 1a stress oxy hda, 1a mot dic diém dic trung cho
viéc gay doc cua cac KLN, trong d6 co Pb. O thuc vat, luong 16n ROS duoc tao ra
va két qua 1a gay ra stress oxy hoa, 1a mot trong nhitng khia canh dugc biét dén
som nhat va nhiéu nhat cua doc tinh Pb. Trong diéu kién binh thudng, ROS ciing
duogc tao ra nhung & muc d6 thip va s& bi cac co ché chdng oxy hoa tiéu huy, nén
ching khéng gay hai cho thuc vat. Khi cd sy xam nhap cta Pb vao trong cay, su
cin bang giira san sinh ROS va tiéu huy ROS bi x4o tron, lam bung né ROS va
gay hai cho cay (Miller va ctv, 2010). Hoat dong cuia Pb khong truc tiép gay oxy
hoa - khir ma lam thay ddi sy can bang oxy hoa - khir thong qua cac co ché gian

tiép khac nhau nhu thay thé cac cation thiét yéu trong cac phan tir sinh hoc té bao,
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thay d6i hoat dong ctia enzyme c6 chtra KL, gia ting sy tao ra ROS. ROS chu yéu
gbém 102, H202, 0" 2 vd OH" va su tiép x(c Pb 1am ting san sinh H.0, va O" 2 va
ROS dugc tao ra & cac vi tri khac nhau trong té bao nhu lap thé, ti thé, mang ludi
nodi chat va peroxisome (Hasanuzzaman va ctv, 2020). Trong té bao, luc lap va ty
thé 1a cac bao quan san sinh ROS nhiéu nhét do sy hién dién ctia hé thdng van
chuyén dién tir. Bt ky su thay doi trong phan ung chudi van chuyén dién tir & cac
bao quan nay c6 thé dan dén san sinh ROS (Hasanuzzaman va ctv, 2020). Nhiing
phat hién gan day ciing cho biét, gian bao ciing 12 noi san sinh ra ROS. Vi du, mot
sO nghién ciru da cho biét rang, ting nong do xir 1y Pb ¢ tac dong tiéu cuc dén toc
do van chuyén dién to cua hé théng quang hoéa ¢ cac loai thuc vat trén can khac
nhau nhu Lactuca sativa, Anthyllis Vularia (Piwowarczyk va ctv, 2018) va
Talinum triangulare (Kumar va Prasad, 2018).

Khi ROS duoc sinh ra trong té bao, chling ¢6 thé nhanh chong tan cong va oxy
hoa tit ca cac loai phan tir sinh hoc, chang han nhu chlorophyll, acid nucleic,
protein va lipid, din dén gay rdi loan chirc ning trao d6i chat khong thé khac phuc
dugc va giy chét té bao (hinh 1.3). Lipid 1a mot thanh phan chinh cia mang
plasma, bao boc té bao va gitip no thich nghi véi nhiing thay doi ctia méi truong.
Tuy nhién, trong diéu kién nhiém doc Pb, khi nong d6 ROS ting cao s& dan dén
phan tng peroxid hda lipid, lipid s& bi ton hai (Kumar va Prasad, 2018). Peroxid
hoa lipid thudng dugc coi 1a mot dau hiéu sinh hoa ddi véi nhitng cing thang qua
trung gian ROS. Phan tir ROS c6 thé giy ra su thay d6i cdu trac va chirc ning cua
mang té bao bang cach tan cong cac acid béo khong bao hoa cua lipid trén mang té
bao, do d0, giy ra mot phan tng diy chuyén duoc goi 1 peroxid héa lipid. Cac
nghién ciru khéc ciing bao cdo rang, ting nong do Pb trong maéi trudng da gay ra
su gia tang murc d6 peroxid lipid trong cac bd phan khac nhau cua cac loai thuc vat
kh&c nhau nhu M. sativa, Talinum triangulare (Kumar va ctv, 2014) va Pluchea
sagittalis (Rossato va ctv, 2012).

ROS ciing c6 thé gy ra qua trinh oxy hoa protein, gy bién d6i cac amino

acid nhu arginine, lysine, proline, threonine, va tryptophan, va nhay cam véi su
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phan hiy protein (Kumar va Prasad, 2018). O thyc vat, DNA dugc bao vé rat tot
boi cac histone va cac protein khac. Tuy nhién, khi bi ROS tin cong, ca DNA
trong nhin, DNA ty thé va DNA lap thé déu chiu sy tic dong c6 hai do thiéu
histone bao vé. Thiét hai do oxy héa DNA cua ROS xdy ra & nhiéu cap d6 bao
gdm qua trinh oxy hoa deoxyribose, bién d6i nucleotide, pha v& chudi DNA va

gay lién két chéo gitra DNA va protein (Halliwell, 2006).

Oxy hoa va phan Pha hiy cau truc
gidi cAc phan tir va chire ning
Céac Lipid va Mang sinh chat
chit acid béo Bao quan -
oxy hoa AXit nucleic Trao ddi chét Chét
o) 1o, |l Protein ] | Quatrinhed i te
H20: Cac sat to dinh cacbon bao
0" chudi van chuyén
OH" dién tir
Dot bién

Hinh 1.3. Sy tac déng cia Pb ddi véi té bao thyc vat

b. Anh hwéng dén sinh truwéng va phat trién

Mot nghién ctru thuc hién khao sat sy anh hudng ctia Pb & cac néng do 0;
3,31 va 33,1 ppm trén loai thue vat Medicago sativa cho thdy, tac dong cua Pb &
nong d6 33,1 ppm lam giam nhiéu nhét sinh truong cdy nhu sinh khdi tuoi cia
chdi (41%), sinh khdi tuoi cua ré (48%), chiéu dai chdi (44%) va chiéu dai ré
(31%) sau 7 ngdy xtr 1y, ndng d6 Pb cang ting cang anh huong dén ting trudng
cua cay (Chen va ctv, 2016). Néng d6 Pb cang tang (0, 100, 200, 300, 400 va
500 mg /L) thi cang c6 tac dong tc ché su sinh trudng va phat trién cua cay
Acalypha indica, chi s6 chéng chiu vé ting truong ctia Acalypha indica giam tir
24 - 49% d6i véi chiéu cao chéi, 18 - 50% ddi véi chidu dai ré, 12 - 68% dbi véi
sinh khdi tuoi va 11- 45% d6i véi sinh khdi kho cia cy trong thoi gian tiép xuc

v6i Pb (Venkatachalam va ctv, 2017). Ngoai ra, sy giam sinh khéi tuoi cta cay
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cling da duogc bao cao ¢ thuc vat B. napus va Salzburg grandiflora. Ngoai cac
thong s6 nay, chidu cao cdy, ning suat, dién tich 14, sé luong, chiéu dai va chiéu
rong cua |4, téc do ra chdi va hiéu qua ra ré ciing 1a nhitng thong sé chinh khac
bi anh huong boi doc tinh cta Pb (Piwowarczyk va ctv, 2018). Mot nghién ciru
vé tdc dong ctia Pb dén ning suit cia 2 gidng lta canh tic Guixiangzhan va
Nongxiang da cho biét rang, khi tiép xuc Pb & 4 ndng d6 (0, 400, 800 va 1200
mg/ kg) ca 2 giéng 10a bi anh huong nghiém trong dén ning suat.
c. Anh hwéng dén ham lwong nuée trong cay

Pb c6 tac dong lam giam qua trinh thoat hoi nudc ¢ cay cling nhu l1am giam
ham luong hoi nudc dong trén 1a. Viéc giam qua trinh thodt hoi nudc ¢ cay co
thé 1a do giam dién tich bé mit 1a do tang truong & 14 giam. Pb 1am giam tinh
mém déo cta vach té bao, va vi vy anh huong dén ap suit truong nude cua té
bao, giam nong d6 phan tir diéu khién st truong té bao nhu duong va céc acid
amin. Sy hién dién cta cac ion Pb?* l1am tich liiy luong 16n acid abscisic trong 1é
Vva C4c b phan bén trén 1am dong khi khong (Pourrut va ctv, 2014).
d. Anh hwéng dén quang hop

Anh huéng ciia Pb dén quang hop da dugc nghién ctru nhiéu hon so véi cac
anh huong khac. Viéc e ché quang hop 1a mot triéu chimg dugc biét rat 15 cua
doc tinh Pb. Pb lam giam hoat dong ctia enzyme ferredoxin NADP+ reductase
nén lam giam su tong hop chlorophyll (Chl) (Pourrut va ctv, 2014). Pb lam gia
tang hoat dong cua chlorophyllase gay pha hiy Chl. Cac triéu chung co ban va
rd rang nhat do doc tinh Pb gay ra 13 giam mau xanh cua 14, 14 can cdi, giam
quang hop. Sy hién dién cta Pb trong mé 14 1am anh huéng dén Chl a nghiém
trong hon Chl b. Ngoai ra, cic sic to nhu carotenoid ciing cé thé bi anh huong
bdi Pb (Chen va ctv, 2016). Trong hai nghién ctru trén 2 loai thuc vat khac nhau,
Pb & nong do6 166 ppm da tic dong tiéu cuc dbi voi Chl a, Chl b, tong Chl va
ham luong carotenoid trong 14 cdy bong vai (lan luot 12 53%, 74%, 46% va 13%)
va trong 14 ryegrass (1an luot 12 44%, 28%, 51% va 41%) (Khan va ctv, 2018).
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Ngoai ham lugng sac to, su bién dang cua cau trac luc lap, su méat can bé‘lng
trong plastoquinone va véan chuyén dién tir 1a phan tmg gy doc chinh khac cua
stress Pb. Nhitng tac dong nay c6 thé giy ra sy thay doi hodc giam tdc do quang
hop (Lopez-Orenes va ctv, 2018). Phan tich cau trtc hién vi té bao cua Anthyllis
Vularia, Piwowarczyk da phat hién c6 su khac biét gitra cac luc lap trong 1a dugc
trong trong madi truong xu 1y Pb ¢ cac ndong d6 khac nhau (0, 166, 331 va 497
ppm), s6 luong va kich thudc cua luc lap va hat grana giam, su sip xép cia
mang thylakoid nhan hon & nhiing cay xt 1y 331 va 497 ppm, trong khi Pb &
mic 0 va 166 ppm khdng c6 anh huong ding ké dén cac thong s nay
(Piwowarczyk va ctv, 2018).

e. Anh hwéng dén ho hap

Nghién ctru cia Romanowska va ctv (2006) di chimg minh rang Pb c6 tac
dong dén mang ty thé, lam gian doan viéc van chuyén dién tir va vi vay pha vo
qua trinh phosphoryl héa. Téc d6 hd hap & thuc vat ting 1én 20 - 50% ¢ 14 cua
thuc vat C3 (P. sativum va H. vulgare) va thuc vat C4 (Z. mays) khi tiép xtc véi
5 mM Pb(NO3), trong 24 gio va cac chat gdm glyxin, succinate va malate duoc
phan lap tir 14 P. sativum bi xtr 1y chi cho thdy bi oxy héa trong ty thé nhiéu hon
so voi doi ching (Romanowska va ctv, 2006).

f. Pha hity DNA, gy ddc gen va dnh huwéng dén di truyén

Céc yéu t6 gay thiét hai cho vat chat di truyén trong nhan va ngoai nhan ciia
té bao, chang han nhu DNA, duoc coi 1a tAc nhan gay doc hodc dot bién gen. Pb
thuong anh hudng ¢d hai nhu gy hai cytoskeleton, nhan, pha v& chudi DNA,
hinh thanh cac nhan nhé bét thuong nhiém sic thé, va pha hay vi ng (Kumar va
ctv, 2018). Pb tryc tiép hodc gian tiép, thdng qua san xuat ROS, pha v& chirc
ning cta nhiéu phan tir t& bao bao gdm RNA va DNA. Su tac dong ctia ROS vao
DNA c6 thé lam pha hay hodc thay doi cac base ddn dén pha hity soi doi DNA.
Qua trinh nay c6 lién quan dén viéc thém "OH vao céc lién két d6i va loai bo
nguyén tir hydro tir deoxyribose. Viéc loai bo ndy cO thé lam ting cac gbc

deoxyribose phan tng dan dén dé pha v& chudi DNA (Kumar va Majeti, 2014).
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Su gy hai va pha v& soi DNA c¢6 thé gdy hau qua nghiém trong cho quéa trinh
chuyén hoa trong t& bao nhu &rc ché qua trinh sao mi va 1am sai 1éch trong sta
chira DNA. Sy trc ché qué trinh sinh tong hgp DNA 1am rdi loan céc chu ky
trong phan bao cua Pb da duoc phat hién & V. mungo khi tiép xtc v6i Pb ndong do
6,6 mg/ L va diéu d6 c6 thé dan dén giam do dai r& (Chen va ctv, 2016).
Theo Shahid va ctv (2011), Pb gay anh hudng rd rét dén qua trinh phéan bao

& té bao, lam giam hoat dong phan bao trong cac té bao ré cua Allium cepa.
Trong ré cua cay V. faba, Pb c6 tac dong lam rut ngin giai doan phan bao va kéo
dai giai doan gian ky, do d6 kéo dai chu ky té bao. Giai doan dau tién Pb gay doc
cho thuc vat 1a su gan két cta ion Pb?* [8n mang té bao va vach té bao lam cho
ching tro nén ctmg hon nén 1am giam phan chia té bao. Giai doan thu hai 13 su
pha v& cac vi 6ng. Sy tac dong ciia Pb giy rdi loan trong giai doan G2 va M
trong qué trinh phan bao din dén san sinh cac té bao bat thudng.
1.4 Gidi thiéu cay Phat tai (Dracaena sanderiana)
1.4.1 Phan loai thwe vét va ngudn goc phan bd

Gi61: Plantae

Nganh: Tracheophyta

Lop: Angiospermae

Bo: Asparagales

Ho: Asparagaceae

Chi: Dracaena ——
Loai: Dracaena sanderiana Hinh 1.4. Pic diém hinh thai cay Phat tai
(Dracaena sanderiana)
Chi Huyét giac (Dracaena) la chi c6 s6 loai kha phong phu, gdm khoang 150
lodi cdy than gé hodc than bui. Cac loai trong chi Dracaena duoc chia thanh 2
nhom: Nhom cac loai thuoc cdy than gb véi thin map map va cing, 14 rong dang
ban; Nhom cac loai thuoc cdy than bui véi than manh dé hon va 14 mém déo.
Dracaena sanderiana la mot loai thuc vat co6 hoa trong ho Asparagaceae,

bd Ming tay (Asparagales), 16p thuc vat 1 14 mam, c6 ngudn gdc tir Trung Phi


http://en.wikipedia.org/wiki/Asparagales
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(Deman, 2018). Loai cay nay thuong dugc ban trén thi truong ¢ tén la “cay
Phat tai”. Cay Phat tai con co tén goi khéc 1a Phat du xanh, Phat 16c, Phat tai
quan am, hodc Thiét moc lan. Cay Phét tai phan b rong khip & Viét Nam, duoc
ngudi dan trong trong nha véi ¥ nghia mang lai sy may man va tai 1oc.

1.4.2. Pic diém hinh thai, sinh thai va sinh san ciia Phat tai

Phét tai thuoc loai cay than bui, cao khoang 1m, duong kinh 2 - 3cm, than
mém. Than cdy gom céac d6t ngin 10 - 15 cm déu nhau c6 mau xanh tring. Cay
Phat tai co6 r& chim, ngan, mau trang. L& cay thuén hinh gido dai 10 - 20 cm,
mau xanh bong, mém, dau 1a thuén nhon, gdc 1a kéo dai thanh be mong 6m than.
La thuong moc tip trung & dinh than, va toa tron déu. Cay c6 thé séng tot & ca
moi trudng dat va nudce. Trong dat, cay co thé song rat 1au va trong nudc cy co
thé sdng tir 4 - 5 nam.

Phat tai co tbc d6 sinh truong cham, thudc nhom cdy wa bong, nhiét do
thich hop cho su ting truong va phét trién nhat 1a 21 - 27 °C. Pac diém sinh san
ctia cdy 1a nhan giéng tir gidm canh, moc khoe, chdi moc tir canh hay than cay
moc rat khoé, tot, rat d& moc dam chdi rat nhiu tir mét cit cta canh. Cay dé
nhanh manh. (Nguyén Thi Ha, 2010).

1.4.3. Pac tinh dic biét cia cay Phat tai

Nhitng nghién ctru vé kha ning xt Iy 6 nhim méi trudng cua cay Phat tai
dugc phat hién nhitng nam gan day. Nghién ciu dau tién tai Truong dai hoc
Mahidol (Théai Lan) xir 1y bisphenol A trong nuéc ri rac bang ciy Phat tai.
Nghién ctru duge tién hanh & nhiéu néng do pha lodng nude ri rac khac nhau 10,
20, 30, 40, 60, 80 va 100% va thoi gian tiép xuc trong moi treong nudce 1a 0, 4, 8,
12, 16 va 20 ngay. Két qua cho thdy, ham lugng bisphenol A giam nhanh chéng
tir 20 pg xudng 9,17 ug trong 4 ngay va giam xudng 4,7 ug trong ngay thi 8 va
nhiing ngay sau giam khong dang ké (Nguyén Thi Ha, 2010).

Cay Phat tai c6 kha ning xtr 1y nhidu KLN Cu, Cr, Ni trong bun thai tir cac
gara xe. Ham luong Cu tich lily trong cay sau 3 thang thi nghiém déu ting so véi
ban dau. O méi trudng 100%, 70%, 50% bun thai, ham luong Cu trong cay
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trong ung la 20,76 mg/kg, 31,58 mg/kg va 30,08 mg/kg (tang tuwong tng 1a 3,83;
5,86 va 5,56 1an). Kha nang tich lity Cr cua cay Phat tai ciing trong dbi cao, ham
luong Cr trong cdy ¢ moi truong 100%, 70% va 50% bun thai lan luot 12 8,26
mg/kg (tang 1,74 1an), 11,27 mg/kg (ting 2,74 1an), 10,06 mg/kg (ting 2,11 lan
so v6i ban dau). D6i v6i Ni, Phat tai khi trdng trong méi truong 100%, 70% va
50% buin thai thi ham luong Ni trong cay lan luot 1a 6,72 mg/kg (tang 2,39 1an),
9,75 ppm (ting 3,94 1an), 9,67 mg/kg (tang 3,44 lan) (Nguyén Duy Duy, 2011).
Két qua nghién ctu kha nang hap thu Hg va Cd cua cdy Phat tai (Dracaena
sanderiana) trén dung dich nhiém Hg va Cd cua Sereshi va ctv (2014) cho thiy
kha nang hap thu Hg xap xi bang 10,32 mg/kg va Cd l1a 30,90 mg/kg. Ham luong
Hg va Cd trong cay ting ty 1é thuan voi ndng d6 KL. Cay Phat tai trong ¢ nong
d6 Hg va Cd cao vai thoi gian cang dai thi lwong KL tich Ity duoc cang 16n.
Nghién cttu cta Ten Yi Hao (2011) khi sir dung cay Phét tai xtr Iy nudc thai
nhidm Cu va Cr (IV) bing cdng nghé dat ngap nudc cho thiy, sau 14 ngay thi
nghiém, cay Phét tai khéng nhitng c6 thé sinh truong, phat trién rat tt ma con co
kha nang hap thu Cu va Cr rat cao. Hiéu suat hap thu Cu & 72% va Cr 1a 67%.
Tong lugng Cu hap thu trung binh 13 300,1 mg/kg va Cr 1a 382,2 mg/kg.
Treesubsuntorn va ctv (2012) da ching minh rang cay Phat tai ¢d tiém nang
rat 16n trong viéc van chuyén va dao thai benzen ra khoi méi truong théng qua
1a. Sy thay d6i hoat dong ctia khi khong theo thoi gian va diéu kién xir Iy benzen
duogc cho 13 nhan t chinh gitip cho cay tich lily dugc benzen trong vao bén trong
14, dong thoi loai benzen ra khoi méi truong. Hoat dong cua cac gen lién quan
dén co ché dong mo khi khong duge cho rang c6 anh huong dén kha nang nay.
1.5. Gen, su bi¢u hién gen lién quan dén chdng chiu Pb & thwe vat va ky
thuét phén tir nghién ciru biéu hién gen
1.5.1 Céc gen c6 lién quan dén chéng chiu Pb & thwe vat
Trong Arabidopsis, 3 thanh vién cia ABC (ATPase-binding cassette) la
AtATM3, AtPDR12 va AtPDR8 da dugc phét hién la cac transporters lam tang

tinh chéng chiu Pb. Gen CNGC1 & Arabidopsis di dugc bao cio cd lién quan
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dén ABC, vi ¢6 vai tro tham gia va chiu trach nhiém trong viéc van chuyén Pb tir
mai trudng vao trong té bao thue vat (Singh va ctv, 2016).

ACBP1, mét protein lién két acyl-CoA di dugc tim thay co lién quan dén
tinh chéng chiu Pb bang céach tich liiy Pb trong Ia va phién ma AtMRP3 ciing d
thé hién cam tmg manh mé trong xur ly Pb trong A. Thaliana. Cay A. thaliana khi
trong trén mdi trudng dat nhidm Pb (11) di phat hién mot ho gdm 6 gen ma hoa
cac protein lién két este voi chudi dai acyl-CoA goi tat 1a ACBPs (acyl-CoA-
binding proteins) ¢6 lién quan dén tinh chdng chiu Pb (Zientara va ctv, 2009).

Trong nghién ctu vé vai tro cia gen PSE1 lién quan dén kha ning chong
chiu Pb trong cay Arabidopsis, Chen va ctv (2016) di ching minh rang gen
PSE1 lién quan dén su tich lity Pb trong cy. Pb kich hoat nhanh chéng gen
PSE1. PSE1 kich hoat su biéu hién cua cac gen gdm GSH1, GSH2, PCS1, PCS2,
GR1 va GR2 lién quan dén su tong hop PCs thong qua GSH. Ngoai ra su bicu
hién ctia gen PSE1 ciing gay ra su biéu hién gen tong hop PDR12 (PDR12 déng
vai trd nhu mot cai bom dé dua Pb vao trong té bao ré). PCs va PDR12 sau khi
tao ra lam ting sy tich lily va chéng chiu Pb. Su phién ma cua gen PSE1 duoc
gdy ra boi Pb, va biéu hién qua mirc ctia gen PSE1 din dén ting kha ning chong
chiu Pb.

Trong cac thi nghiém trén cdy Hirschfeldia incana cua Florence va ctv
(2013), mot sd gen duoc phat hién cé su biéu hién dang ké khi xur Iy Pb nhu
HIATM3, HiGS2 (GS2 -glutathione synthetase), HIHMA4 (HMA-heavy metal
ATPase), HIMRP3 (multidrug resistance-associated protein) va HiMT2a (MT-
metallothionein) trong r& va HIHMA4 va HiMT2a & phan trén cia cdy. 2 gen
HMA4 va MT2a gy su cht ¥ vi ca hai dic biét qua murc trong r& va/hodc choi
cua H. Incana.

Shahrtash (2013) da phat hién gen GST c6 lién quan dén cac loai stress moi
truong, bao gdm KLN. Cac tac nhan giy oxy hod nhu KLN s& 1am ting ty 1¢
phién ma gen GST, va hai loai mRNA dugc san xuit. Ngoai mét mRNA mi hoé

cho GST thong thuong, mot mRNA tht hai ma héa cho mét protein GST cat
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ngan méi, thiéu mién hoat dong ctia enzyme, nhung giir lai ving gan voi GSH.
Do d6, két qua 13 hai protein, mét trong sé d6 1a GST binh thudng thu don chat
oxy hoa nho xuc tac gin tién chat anthocyanin vao GSH rdi van chuyén dén
khong bao, trong khi mét protein GST thir hai ¢6 lién quan dén van chuyén kim
loai nang vao tich tu trong khdng bao. Biéu hién gen GST van & mirc cao trong it
nhit 48 gio (Shahrtash, 2013).

1.5.2 Sw biéu hién gen lién quan dén chéng chiu Pb & thue vat

Biéu hién gen dugc xem 1a mot trong nhimg qua trinh chinh trong chuyén
hoa té bao khi bi anh hudng boi stress Pb. Cac qua trinh nay c6 thé duoc dicu
hoa théng qua con dudng tin hiéu MAPK, chuyén tin hiéu tir chat nhan sang céc
bao quan khac dé chong lai su kich thich cua stress oxy hoéa. Sy truyén tin hiéu
xay ra thong qua mét loat cac phan tmg phosphoryl hoa cia MAPK, cudi cing
két thuc véi su thay doi biéu hién gen va tong hop protein (Singh va ctv, 2016).
Céc nghién ctru vé biéu hién gen dong vai trd quan trong trong chuyén hoa té
bao, da phat trién cai nhin siu sic méi trong su hiéu biét vé cac co ché phan tur
cua su tuong tac gitta kim loai va thuc vat (Alaraidh va ctv, 2018). Ngoai ra,
thong tin tir nhitng gen biéu hién rat hiru ich dé phat trién cac cdy chuyén gen
trong tuong lai cho muc dich xur 1y & nhiém thong qua cac gen chién luge bang
k¥ thuat di truyén.

Mot nghién ctiu da xac dinh khoang 16.246 gen doc 1ap co biéu hién khéc
nhau trong Platanus acerifolia khi tiép xuc voi Pb (Wang va ctv, 2019). Phan
16n cac gen duoc xac dinh ¢6 lién quan dén cic enzyme chéng oxy hda va van
chuyén KL. Hon nita, cac gen biéu hién ciing c6 mot vai trd quan trong trong
quang hop, chuyén hoa gibberellin va glutathione, ciing nhu tham gia vao c4c co
ché bao vé va giai doc trong cay (Wang va ctv, 2019).

Khi nghién ctru trén cay Festuca arundinacea, Li va ctv (2017) da phat hién
téng cong co 25.415 gen doc 1ap duoc biéu hién khac nhau khi tiép xtc véi chi.
Su biéu hién cua nhirng gen nay c6 vai trod truc tiép hoic gian tiép trong tich liy

Pb va phan tmg chéng chiu ctia thyc vat (Li va ctv, 2017).
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Két qua khao sat sy biéu hién cua cac gen ma hoa cac enzyme chong oxy
hoa (SOD, APX, GPX, GR, POD) trong 48 gid tiép xtc véi Pb & co Perennial
ryegrass cho thay, SOD, APX, GPX, GR va POD 44 biéu hién sém trong vong
vai gio dau cay tiép xtic véi Pb va muic do bicu hién cua chung khong khac biét &
24 va 48 gid. Diéu nay cho thy, cac enzyme chdng oxy hda co thé 1a nguyén
nhan xuat hién sém bao vé cay chéng lai stress oxy héa giy ra bsi Pb trong
Perennial ryegrass. Két qua ciing cho thay, ngay sau khi c6 sy biéu hién gen,
cdy c6 dau hiéu chong chiu voi Pb (Hu va Fu, 2012).

Két qua khao sat trén Arabidopsis loai hoang dai va dot bién protein APX1
(KO-APX1) cho thay, loai dot bién protein APX1 c6 kha ning chdng lai stress
Pb cao hon, Arabidopsis dot bién c6 su biéu hién gen cao hon dang ké so véi loai
hoang dai v6i GPX (170%), CAT (33%) va GPX1 (280%) (Jiang va ctv, 2017).

Két qua nghién ctru sy biéu hién cua cac gen Cu/Zn SOD, FeSOD, POD,
GPX cua Liu va ctv (2016) cho thiy, tac dong ctia Pb ¢ ndng d6 1000 ppm lam
tang biéu hién gen & giai doan rat sém trén thuc vat Festuca arundinacea.

GR va GST lién quan dén glutathione 13 cic enzym bao vé chéng oxy héa
quan trong dé ddi pho voi cang thang do KLN. Trong nghién ctu cua Kisa
(2017), cac biéu hién MRNA va hoat dong cua cac enzym GR va GST duogc khao
séat trén 14 ca chua (Lycopersicon esculentum Mill.). Két quéa cho thay, khi ting
lidu lwong Cd, Cu va Pb, biéu hién cac gen GR va GST khac nhau & ndng do
khac nhau. Sy biéu hién ctua GR ¢6 xu hudng ting 1én dang ké & tat ca nong do,
ngoai trir ndng d6 Pb 10 ppm khong co thay ddi dang ké. Gen GST tang dang ké
& tat ca cac nong d6 xir Iy Cd, Cu va Pb. Biéu hién cao nhat ciia GR va GST dugc
thay khi xir ly 20 ppm va 50 ppm Pb. Hoat dong ctia enzym GR va GST ting 1én
déang ké khi xtr Iy Cd, Cu va Pb, nhung hoat dong GR khong d6i ¢ nong do 50
ppm Cu so véi d6i chig trén 14 ca chua (Kisa, 2017).

Ai TN. va ctv (2018) khi nghién ctru vé su lién quan giita yéu t6 phién ma
RsMYBL1 (c6 vai tro diéu hoa anthocyanin) va sy biéu hién cua cac gen SOD,

CAT va POD trén thuc vat Raphanus sativus cho thiy rang cac cdy co sy biéu
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hién cao RsSMYB1 c6 kha ning chng chiu stress kim loai ning tot hon vi cac gen
chdng oxy héa SOD, CAT va POD duoc dap trng manh hon.

Két qua phan tich nhiing thay d6i biéu hién gen SOD, CAT va APX &
Lepidium sativum trong viéc dap tng véi cac nong do cua Pb cho thiy, cac gen
biéu hién rat khac biét & cdy con bi stress Pb. Cac gen chdng oxy héa nay biéu
hién manh mé& ¢ nong do Pb cao hon (400 va 600 ppm), trong khi dé biéu hién
thip hon & nong do 100 va 200 ppm. Sy thay ddi trong biéu hién gen & thuc vat
cd vai tro quan trong trong phan (ng véi stress va thich tng véi moi truong
(Jiang va ctv, 2019).

Biéu hién gen cua cac enzym chdng oxy hda & ba gidng Ita mi (Morvarid,
Gonbad va Tirgan) ¢ giai doan |4 co da dugc Navabpour va ctv (2020) nghién
ctru dudi tac dong cua cac nong do Pb khéac nhau (0, 15, 30 va 45 mg/kg dat) va
két qua cho thay, doc tinh cia Pb lam ting biéu hién ctia mot so gen va hoat
dong cua cac enzym quan trong cua hé théng phong tha chéng oxy hoa trong IGa
mi (CAT, SOD, GPX va APX) & ca md la va md ré trong diéu kién stress Pb.
Muc d6 biéu hién gen va hoat dong cua enzym & ré cao hon & md la (Navabpour
va ctv, 2020).

Glutathione S-transferase (GSTs) la cac enzym giai doc bang cach xuc tac
su gan két doc chat véi glutathione va co lap trong khong bao. Sy biéu hién qua
muc cia gen GST ¢6 thé bao vé thuc vat chong lai stress oxy héa. Cay biéu hién
qua mac GST cho thay kha ning chiu dung cta cay con duoc nang cao véi nhiét
d6 thap va man (Khan va ctv, 2018). Nhitng két qua nay cho thiy rang ting biéu
hién GST c6 thé bao vé thuc vat khoi mot sé loai &p luc moi trudng.

1.5.3. K§ thuit phén tir nghién ciru biéu hién gen

Mirc d6 biéu hién gen trong té bao, cling nhu cic co ché phirc tap diéu
chinh mirc do sy biéu hién khac nhau di duoc su quan tam rat 16n tir cac nha
nghién ciru. Nam 1969, Gall va ctv da st dung k¥ thuat lai in situ dé nghién ctu
biéu hién gen nhung k¥ thuit ndy khong duogc sir dung dé phat hién mRNA. Nam

1977, Alwine va ctv da sir dung k¥ thuat Northern Blot dé nghién ciru biéu hién
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gen. Tuy nhién 2 k¥ thuat nay da khong duoc st dung phd bién do tinh hiéu qua
va do nhay cua n6 khong cao. Cho dén nim 1986 nhiéu k¥ thuat khac ra doi hiéu
qua hon va do nhay cao hon. Hién nay cac ky thudt duoc sir dung rong rai nhat
2 cDNA-AFLP, microarrays, SAGE, MPSS, va Real-time PCR (Segundo-Val
va Sanz-Lozano, 2016).

Hién nay, k¥ thuat dugc st dung phd bién nhit trong nghién ctru biéu hién
gen la Real-time PCR, con dugc goi la PCR dinh lugng (qPCR), la mét trong
nhitng k¥ thuat phan tich gen hiéu qua va nhay nhat. So véi cac k¥ thuat dinh
luong mRNA khac, Real-time PCR c6 thé dugc sitr dung dé dinh luong tir cac
mau c6 luong mRNA nho hon nhiéu. Cac nha nghién ctru di thuc hién RNA
phién mi nguoc, sau d6 sit dung cDNA 13 khudn mau cho phan tmg qPCR dé
X4c dinh va dinh luong cac san pham biéu hién gen. Khi nghién ctru biéu hién
gen voi k¥ thuat Real-time PCR, cac nha khoa hoc thudng khao sat su thay doi
(ting hodc giam) trong biéu hién cia mot gen chuyén biét hoic mot nhom gen
bang cach do muc do gen phién ma (Whelan va ctv, 2003). Ky thuat Real-time
PCR cho phép quan sat duoc chi tiét qua trinh nhan ban DNA théng qua viéc sir
dung cac chat phat huynh quang va thiét bi nhan dién tin hiéu huynh quang
turong Gng. Phan tich tac nhan dich trong mau thir bang Real-time PCR cho phép
dinh lwong san pham thu duge mot cach chinh xéac, danh gia duogc ty 1€ biéu hién
ctia C4c gen quan tam, phat hién cac khac biét SNP va xéac dinh kiéu di truyén.

Véi nhitng thong tin d dwa ra cho thdy: Viéc sir dung Pb cho hoat dong
cdng nghiép va doi séng trong khoang thdi gian dai ciia con nguoi di giy 6
nhiém nghiém trong. Nong d6 Pb ngay cang cao trong méi truong sé ton tai bén
vitng do khong thé phan hiy. Néu khong co6 bién phap khic phuc thi Pb s& di vao
chudi thic an, tich lily trong co thé sinh vat va gy doc. So véi cac phuwong phap
hoa 1y, phuong phap str dung thuc vat xir Iy dang dugc nghién ciru nhiéu trén thé
gidi nhu 13 mot bién phap an toan, bén viing va day trién vong. D6i véi nhiing
vung dét troc bi 6 nhidm nang, vi¢c ap dung thuc vat dé cb dinh KLN va tai tao

tham thuc vat c6 thé 1a mot phwong phap hiru hiéu va hop 1y. Dé ung dung thanh


https://www.ncbi.nlm.nih.gov/pubmed/?term=Segundo-Val%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=27300529
https://www.ncbi.nlm.nih.gov/pubmed/?term=Segundo-Val%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=27300529
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanz-Lozano%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=27300529

37

cong phuong phap xur Iy bang thuc vat, viéc tim ra mot loai thuc vat c6 kha ning
hép thy, tich liy va giai doc KLN 14 can thiét. Nhiéu cong trinh nghién ctu da
tim ra dugc nhiéu loai thuc vat va da ching minh duoc kha ning dap Gmg cua
chung. Tuy nhién ddi voi Pb, sb loai thuc vat phat hién c6 kha ning rét it so véi
cac KLN khac. DPay 1a diém han ché cho viéc ung dung thuc vat dé loai bo 6
nhiém Pb cho mai trudng.

Do ¢6 nhiéu wu diém hon so véi cac loai thuc vat khac 1a c6 kha ning xtr Iy
dugc nhiéu KLN (Cu, Cr, Ni, Hg, Cd), thich nghi duoc ca méi truong dat va
nuéc, tai tao chdi nhanh, bo ré phat trién manh. Loai Phat tai (Dracaena
sanderiana) d& dugc chon trong nghién ctru cua ching toi. Pé tim ra ngudng
chiu dung Pb, d¢é tai da sir dung mot day ndng d6 Pb 0, 200, 400, 600, 800, 1000,
2000, 3000, 4000 ppm. Ngoai cac chi tiéu sinh truéng va cau tric giai phau, cac
chi tiéu ham luong Pb tong trong cac bo phan &, than, 14, chi s chdng chiu, chi
sd van chuyén Pb, phan b Pb trong cay va phan tmg mé hoc ciing dugc khao sat
nham xac dinh loai thuc vat c6 kha nang tich liiy va chéng chiu Pb.

Viéc tim ra lodi thuc vat cd kha nang tich lily, chong chiu KLN cao hoic
siéu tich Ity 1a rat can thiét trong tuong lai do tinh kha thi va kha nang tng dung
trén quy md 16n ctia n6 ma hién tai 1a khan hiém. Pé 1am duogc diéu nay, viéc
lam dau tién 1a tim ra cac gen c6 kha nang dap tng voi doc t6 KLN. Gidng nhu
nhiéu KL doc khac, Pb gy ra su san sinh va tich lily cac chat oxy hda dan dén
qua trinh oxy hoa cac phan tir lipit, protein, chlorophyll va axit nucleic. Thuc vat
O sy phat trién hé thong phong thi dé phan hay ROS, d6 1a do sy biéu hién
manh mé cta cac gen ma héa cac enzyme chdng oxy hda. Pay duoc xem la cac
chién binh xuét hién dau tién va nhanh nhat khi c6 ddu hiéu giy doc ¢ thuc vt
va da dugc nghién ctiru nhiéu trén nhiéu loai thuc vat. P6 ciing 1a ly do dé tai

chon cac gen chdng oxy hda dé nghién ciru.
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CHUONG 2
NOQI DUNG VA PHUONG PHAP NGHIEN CUU

2.1. TIEN TRINH NGHIEN CcUU

Khao sat kha nang sinh Khao sat anh huong cua pH
trudng va tich liy Pb caa 3 3,5; 4; 4,5; va 5 déen kha
loai thuc vat chi Dracaena nang tich Ity Pb

U S| 2

Loai thuc vat Phét tai Dracaena
sanderiana, pH toi uu cta Pb trong
nghién ctru nay 1a 4,5

Thoi gian Nong dg Pb
khio sat: & khao sat: O,
0, 10, 20, Phan tich kha nang hép thu égg ggg
30, 40, 50 va tich lity Pb Doty
va 60 ngay 1000, 2090,
3000 va
/l\moo ppm
Khao sat su sinh Khao sat sy hdp thy Khao sat su phan b
trudng cua thyc vat va tich liiy Pb Pb va phan ttng mo
té bao

I

Thoi gian Phan tich biéu hién gen Nong d¢ Pb

khao sat: chong oxy hda GST, Cyt- khdo sat: 0,
0,1,2va CuSOD va GPX 200, 400,

24 gity 600, 800 va
1000 ppm

4

Két luan

Hinh 2.1. Se' d6 tién trinh nghién ciu
Tién trinh nghién ctu dugc thuc hién theo hinh 2.1. Khao sat so bo kha

nang sinh trudng va tich lty chi cua 3 loai thuc vat trong chi Dracaena; va anh
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huong cua céc gia tri pH dén kha ning tich lity Pb cua thuc vat 1a budc dau tién
cua tién trinh nghién cttu nham chon ra loai thuc vat va pH méi truong thich hop
lam co s& cho nghién ciu.

Chon vi tri khdng nhidm Pb dé thu thap mau thyuc vat, chuan bi dung dich
Pb thi nghiém va bé tri thi nghiém 1a buéc tiép theo nham danh gia anh huong
ctiia cac nong do Pb dén kha ning sinh truong, hap thy, tich Iy Pb, phan bé Pb
va phan tng mé hoc cua cay Phat tai (Dracaena sanderiana).

Pé xac dinh kha nang chéng chiu Pb cia cay Phat tai ¢d lién quan dén sy
biéu hién gen, k¥ thuat Real-time PCR duoc sir dung dé xac dinh ty 18 biéu hién
ciia 3 gen chdng oxy héa GST, Cyt-Cu/Zn SOD va GPX trong cic bd phén ré,
than va 14 & cac ndng do Pb va thoi gian khac nhau.

2.2. VAT LIEU, TRANG THIET BI, DUNG CU VA HOA CHAT NGHIEN
cuu
2.2.1. Vat liéu nghién cau

- Loai Phét tai Dracaena sanderiana, con c6 tén goi la Phat tai 10c, thudc
nhom cdy than bui trong chi Dracaena, cao khoang 1 - 1,5 m, duong kinh 2 - 3
cm, than gdm nhiéu dét ngan 10 - 15 cm déu nhau ¢6 mau xanh trang. L4 thudn
dai, c6 phién mau luc twoi, thon rong, dau 14 nhon, cudng dai va be 6m than
(Pham Hoang H9, 2003) (hinh 5 - phu luc 4).

- Loai Phét tai Dracaena reflexa, co tén goi la Truc bach hop, thuéc nhom
cay than bui trong chi Dracaena, cao tir 0,5 - 2 m, duong kinh 2 - 2,5 cm. Than
gém nhiéu dbt ngén 10 - 15 cm. L4 hinh bau duc, thuon dai, nhon & dau, mép
nguyén, nhin bong, c6 mau xanh thAm ctung mot dai soc nga vang nhat & gitta 14
kéo dai dén cudng (Pham Hoang Ho, 2003) (hinh 5 - phu luc 4).

- Loai Phat tai Dracaena deremensis, c6 tén goi Phéat tai bdp sen, thudc
nhom cay than bui trong chi Dracaena, cao khoang 1 - 1,5 m, duong kinh 2 - 3
cm. Than phan d6t c6 mau xanh. L& dai mau xanh ddm, nhin, thuén nhon vé
phia dau, cudng tao thanh be 6m ldy than cudng (Pham Hoang Ho, 2003) (hinh
5 - phu luc 4).
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- 3 cap primer gen chong oxy héa GST, Cyt-Cu/Zn SOD va GPX va cip
primer gen ndi chuan Actin (bang 2.1).

Bang 2.1. Trinh tu cac oligonucleotide sir dung trong nghién ciru

Kich Ngudn
Tén primer Trinh ty 5° - 3’ thudc
(bp)
GSTF CACAAGAAGATCCCGGTCCT 362 *
GST R GCGCAGGTCTCGTAGGTGTA
Cyt-CWZnSODF | GACACMACAAATGGHTGCAT | . | D@
Cyt-Cu/Zn SODR | TCATCBGGATCGGCATGGACAAC (2008)
GPX F TTYCCRTGCAAYCAGTTTGG 202 .
GPXR ACTTGGAGAAGTTCCACTTGAT
Actin (ACT)F | GAAGGATCTATATGGCAACATCG Hoshikawa
Actin (ACT) R ATCCACATCTGCTGGAATGTG | 201 (2012)

Y=CIT; R= A/IG; M = C/A, H = AICIT, B = G/C/T; F: M6i xudi; R: Mdi nguoc
*: Thiét ké dua trén cdc trinh tw gen GST va GPX cua mot 56 lodi duoc cong bo
trén ngan hang gen NCBI, kiém tra viing trinh tw béo ton bang Bioedit, cdp primer
dwoc chon sau d6 duoc kiém tra cdc thong $6 bcing FastPCR 6.5 (Phu luc 1).
2.2.2. Trang thiét bi va dung cu sir dung trong nghién ciru
- Cac thiét bi dung trong nghién ctru: May do pH, bép dién, ta say, may li
tam, ndi hap tiét trung, may ly tdm, may do UV-Vis (Biotek, M¥), can phan tich,
may quang pho hap thu nguyén tir AAS (AA-7000, Shimadzu, Nhat), may PCR
geneAmp system 9700 (Biochrom, Anh), hé théng may Applied
Biosystem®7500 Real-time PCR, may soi gel, may di¢n di Mupid-One.
- Céc dung cu: Binh erlen, binh dinh mirc, pipet, micropipet.
2.2.3. Héa chét nghién ciru
- HNOs, HCIO4, HCI, NaOH, H202, Pb(NOs), (Merck, Dric).
- Kit GeneJET Plant RNA Purification (Thermo Scientific, My), kit
RevertAid First Strand cDNA Synthesis (Thermo Scientific, My). MyTaq Mix

(Bioline, Anh) va nudc khtr ion str dung trong PCR, agarose, GelRed™ loading
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buffer with Tricolor, HyperLadder™ 100bp (Bioline, Anh), dung dich dém TBE
10X (BioBasic, Canada). Thang chuin HyperLadder™ 100bp (Bioline, Anh).

- Chung E. coli DH5a™ (Promega, M¥) va vector tao dong pGEM-T
Easy (Promega, M¥), mdi truong LB ran - 16ng (phu luc 2), Ampicillin, X-gal,
IPTG, CaCl,, glycerol. Kit SensiFAST SYBR Hi - ROX (Bioline, Anh). Kit
Wizard® Plus SV Minipreps DNA Purification System ctia Promega.
2.3.NOI DUNG VA PHUONG PHAP NGHIEN CUU
2.3.1. NOI DUNG 1: CO SO CHON LUA POI TUQNG VA pH THICH HQP
CHO NGHIEN CUU

Muc dich: Chon loai thuc vét va pH dung dich cho hiéu qua hap thy va tich
lity Pb cao nhat, nham thiét ké thi nghiém v&i mong mudn danh gid su anh
huong ctia Pb dén loai Phat tai da chon lwa & cac noi dung nghién ciru tiép theo.
2.3.1.1. Thi nghiém 1: Sy tang trwéng va Kha ning tich liiy Pb cta ba loai thue
vét trong chi Dracaena trong diéu kién nhiém doc Pb

Muc dich: Xac dinh loai thyc vat thich hop c6 kha nang hap thy va tich liy
Pb cao nhat.
- Thuc vat thi nghiém: Dé tai da st dung 3 loai thuc vat chi Dracaena gom
Phat tai 1oc (Dracaena sanderiana), Truc bach hop (Dracaena reflexa) va Phat
tai bup sen (Dracaena deremensis). Cac loai thuc vat duoc lua chon dua trén co
s: Thude nhém than bui trong chi Dracaena, dugc trong phd bién ¢ Viét Nam,
c6 didc diém hinh thai, sinh thai, sinh truong va phét trién twong ddng nhau.
- B tri thi nghiém: Thi nghiém goém 3 nghiém thirc (NT) tuong tng 3 loai thuc
vat khao sat, mdi NT trong trén 2 loai mdi truong nudc cat co bd sung Pb va
khong b sung Pb (ddi chitng). Thi nghiém duoc bé tri hoan toan ngau nhién véi
3 lan lap lai (LLL) duoc trinh bay & phuc luc 5.1. Tong s6 NT: 3 x 2 x 3 =18
NT.
- Tién hanh thi nghiém

Sau khi thu thap cac cly Phat tai, tién hanh chon nhiing cdy khée manh,

khong sau bénh, c6 hinh thai tuong dong nhau, cit 1ay doan chdi khoang 40 cm,
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dem trong trong cat (cat xay dung). Sir dung nudc cat mot 1an khong chira Pb
tudi mdi ngay hai lan cho cdy. Sau 60 ngay trong, ré c6 chiéu dai 13 cm dén 14
cm, cac ciy khée manh dugc chon va sir dung 1am cay mau (chi chon nhiing cay
khong phat hién Pb).

Chuan bi cac binh erlen 250 ml dé trong thi nghiém, mdi binh chira 200 ml
dung dich Pb 100 ppm (Dung dich Pb dugc chuan bi tir nuéc cat 1 lan va
Pb(NO3)2, néng do tinh trén Pb), v6i pH 4,5. Trong mot cay/mot loai thue vat
vao mdi binh (5 cdy twong tmg mot NT). Thoi gian thi nghiém 1a 30 ngay.

- Chi tiéu theo doi va phwong phap phan tich cac chi tiéu

* Chi tiéu ting truwéng: Chicu cao (cm) va sinh khoi kho (g) cua cay duoc
theo doi ¢ cac thoi gian 0, 10, 20 va 30 ngay thi nghiém.

Phwong phap xac dinh chiéu cao cay (cm): G mdi nghiém thic, thu mot
cay va dung thudc chia vach cm do tir gbc dén chop 14 cua 14 moc sau cung (14
nay duoc danh diu bang viét 1ong dau).

Phwong phap xac dinh sinh khéi khé ciia ciy (g): O mdi nghiém thic,
thu mot cdy va ding can phan tich 2 sé 1¢ can sinh khéi kho cua cay. Sinh khoi
kho duoc xac dinh sau khi say kho & 70°C dén gia tri khong doi.

* Ham lwong Pb tong (mg/kg TLK): Ham lugng Pb tong trong ré, than, 14
va trong nude dugce phan tich sau 30 ngay thi nghiém.

Phwong phap xac dinh ham lrgng Pb tong trong ré, than va la: Sau 30
ngay thi nghiém, tién hanh thu 3 cdy & mdi nghiém thirc (Mau thuc vat dugc thu
nhan dua theo TCVN 8551:2010). Cac cdy sau d6 dugc rira sach bang nudc cét
va tham kho. Cit riéng cac bo phan &, than, 14 cua cdy, ngdm va rira v6i nudce
khir ion 3 1an, thoi gian ngdm cho mdi lan rira 1a 60 phat nham loai bo hét luong
Pb bam trén bé mit rd. Cac mau ré, than va la dugc cit nho va siy & 70°C cho
dén khi khéi lugng khong ddi va nghién min bang cdi va chay. Mau duoc xur 1y
theo phuong phap vO co hoa uét (Perkin-Elmer, 1996): Can 1 g mau (& hoic
than hodc 14) dd nghién min cho vao binh tam gi4c 250 ml, cho thém 10 ml
HNO; dam dic, 2 ml HCIO4 d¢am dic, 2 ml H20; r6i day nap binh lai va ngam
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qua dém; Tién hanh dun mau cho dén khi mau mat mau hoan toan va gan kho;
Hoa tan can béng HNO3 5% va dinh muc dén 25 ml bﬁng HNO3 5% sau do loc
lai bang gidy loc. Po mau biang may quang phd hap thu nguyén tir (AA-7000,
Shimadzu, Nhat) vé6i cac dung dich chi chuan (0,5; 1; 2; 5; 8 va 10 ppm).
Phwong phap xac dinh ham lweng Pb téng trong nwéc (ppm): Mau
nudc duge thu nhan theo TCVN 6663-1:2011. Lay 100 ml nudc & mdi nghiém
thire tir thi nghiém cho vao binh tam giac, thém vao 5 ml HNO3z 65% va dun s0i
nhe mau dén gan can, dé ngudi dén nhiét do phong. Dung HNO3 5% hoa tan cin
mau va dinh mic dén 50 ml, sau d6 loc lai bang gidy loc. Po miu bing may
quang pho hap thu nguyén ti.
Ham lwong Pb trong miu thwe vat va trong miu nuwée dwoe tinh theo
cong thuec:
X=Cx.V/m
Trong d6: X: ham lugng Pb trong mau dem do (mg/Kg dbi véi mau thue vat va
ppm dbi vi mau nuéc); Cx: Nong d6 chat phan tich trong mau do duge (ppm); V:
Thé tich dung dich mau (ml); m: Luong mau phan tich dé xir Iy va dinh marc thanh
thé tich (g d6i voi mau thuc vat va ml ddi véi mau nude).
* Kha ning loai bé sinh hoc Pb: Puoc khao sat qua chi s6 PMU
(percentage of metal ion uptake) sau 30 ngay thi nghiém. PMU duoc tinh 1a phan

trdm ion Pb dwgc hap thu va dugc tinh theo cong thic sau:

Ham luong Pb trong mau *100
Ham luong Pb trong dung dich

PMU (%) =

2.3.1.2. Thi nghiém 2: Nghién citu anh hwéng ciia pH dén kha niing hap thu
va tich lily Pb cia cdy Phat tai (Dracaena sanderiana)

Muc dich: X4c dinh gia trj pH thich hop dé dat kha ning hap thu va tich
lity Pb cao nhat.
- Thuec vat thi nghiém: Loai thuc vat dugc chon la loai cho két qua cao nhat &

thi nghiém 1, la loai Phét tai (Dracaena sanderiana).
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- B6 tri thi nghiém: Thi nghiém gom 4 NT tuong ung véi 4 gia tri pH khao sat
la 3,5; 4: 4,5 va 5, duoc bé tri hoan toan ngau nhién, 3 1an lap lai. So @6 b tri thi
nghiém dugc trinh bay & phu luc 5.2. Cac gia tri pH khao sat dugc xac dinh dua
trén co so: pH cang thap thi kha nang hoa tan cia Pb cang cao, Pb bit dau két taa
khi pH > 5 (Kabata, 2001). Chinh vi vay, trong thi nghiém nay véi 4 muc pH
khao sat 1a 3,5; 4; 4,5 va 5 di dugc chon lwa voi myc dich mong muén luong Pb
bd sung trong cac nghiém thirc duoc hoa tan trong dung dich, tranh hién tugng
két ta 1am can tré kha ning hap thu trong cay. Tong s6 NT: 4 x 1 x 3 =12 NT.

- Tién hanh thi nghiém

Sau khi thu thap, cac cdy D. sanderiana duoc cit thanh cac doan chdi co
kich thuéc bang nhau (45 cm) va duoc trong trong nudc cat 1 1an khong chira Pb
cho dén khi cdy ra r8. Chon cac cay Phat tai c6 mic do tuong dong nhau vé
chiéu cao, chiéu dai ré va sinh khdi tuoi dé thi nghiém.

Chuén bi 12 thung x6p c6 kich thudc dai 45 cm, rong 32 cm va cao 20 cm,
trén nip thung khoét 9 16 c6 dudng kinh 5 cm cach déu nhau, day thung duoc 16t
16p nilon den. Mdi cay Phat tai dugc dit vao 1 16 trén thung véi 15 lit dung dich
Pb c6 néng do 100 ppm (dung dich Pb chuan bi nhu thi nghiém 1). Mdi thung
tuong tmg 1 nghiém thirc. Thi nghiém duogc bd tri trong nha ludi tranh nuwdc mua
(phu luc 4). Viéc diéu chinh pH duoc thuc hién bang NaOH va HCI 1M.

- Chi tiéu theo déi va phwong phap phan tich cac chi tiéu
* C4C chi tiéu ting truéng: Chiéu cao cdy, chiéu dai ré, dién tich 14 duoc
theo doi ¢ cac thoi gian 0, 10, 20 va 30 ngay thi nghiém.

Phwong phap xac dinh chiéu cao cdy (cm): Puoc thuc hién nhu trinh bay
o muc 3.2.1.1.

Phwong phap xac dinh chiéu dai ré (cm): Dung thudc chia vach cm do tir
phan moc ré cta than cdy dén chop ré. Piém moc ré dau tién duoc danh diu dé
¢ dinh cho cac 1an do sau.

Phwong phap xic dinh dién tich 14 (m?): Dién tich 14 dugc x4c dinh theo
phuong phap can nhanh tham khéao theo Vii Van Vu va ctv (2004).
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* Ham lwong Pb tong (mg/kg TLK): Ham lugng Pb tong trong ré, than, Ia
dugc phan tich sau 30 ngay thi nghiém. Phuong phap xac dinh ham lueong Pb
téng trong ré, than va la duoc thuc hién nhu trinh bay ¢ muc 3.2.1.1.

2.3.2. NOI DUNG 2: KHA NANG HAP THU VA TICH LUY Pb CUA CAY
PHAT TAI

- Muc dich: Xac dinh ngudng chiu dung Pb, ham lugng Pb tich lity, vi tri
phan b6 Pb & pham vi té bao va phan tmg mo thyc vat trong diéu kién nhidm doc Pb
cua Phét tai (D. sanderiana).
2.3.2.1. Thuyc vat va pH sit dung cho thi nghiém

Loai thuc vét Phat tai (Dracaena sanderiana) duogc chon la loai cho két qua
cao nhat & thi nghiém 1 va pH duoc chon la pH 4,5 cho két qua cao nhat ¢ thi

nghiém 2.

(@) (b)

Hinh 2.2. Loai Phat tai (Dracaena sanderiana) dung trong nghién ctru.

(a): Truwée khi dudng ra ré ; (b): Sau khi dudng ra ré
Loai Phat tai dugc chon lam ddi twong nghién ctru 14 cac cay 1 nam tudi,
c6 kich thudce va trong lugng twong duong va khdng phat hién Pb. Sau d6, cac
cay duogc cat lay doan chéi (hinh 2.2 a) va nudi dudng trong nudc cat 1 1an cho
dén khi ra ré va phét trién 6n dinh thi tién hanh thi nghiém (hinh 2.2 b). C4c cay
duoc str dung nghién ctru 1a nhirng cay c6 sé lwong 1a (10 - 11 1), chiéu cao cay

(49 - 52 cm), chiéu dai ré (15-16 cm) va tinh trang sinh truéng teong dong nhau.
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2.3.2.2. Bo tri thi nghiém

Thi nghiém gom 9 nghiém thirc twong tng véi 9 ndng d6 Pb 1a 0, 200, 400,
600, 800, 1000, 2000, 3000 va 4000 ppm (ndng d¢ tinh trén Pb) dugc bd tri hoan
toan ngau nhién, 3 1an lap lai (phu luc 4). Nghiém thirc d6i chtng sir dung nudc
cat 1 lan khong bd sung Pb va khdng phat hién Pb. Nong d6 Pb khao sat duoc
giéi han dén nong do gay chét cay (4000 ppm). Tong s6 NT: 9 x 1 x 3 = 27 NT.
So d6 b6 trf thi nghiém dugc trinh bay ¢ phy luc 5.3.
2.3.2.3. Tién hanh thi nghiém

Chuan bi 27 thing x6p c6 kich thudc dai 45 cm, rong 32 cm va cao 20 cm,
trén nap thung khoét 9 16 c6 dudng kinh 5cm cach déu nhau, day thung duoc 16t
I6p nilon den. M&i cdy Phat tai duoc dat vao 118 trén thung. Mdi thing x6p trong
9 cay Phat tai. Dung dich chi stock dugc chuan bj tir chi nitrat [Pb (NOs)2] va
dugc pha loang dén nong do Pb can thi nghiém, pH 4,5. Cac diéu kién ban dau
cta thi nghiém: nhiét d6 ctia moi truong thi nghiém 1a 32°C, 46 4m 49 RH%.

15 lit dung dich Pb ¢ mdi ndng d6 dugc cho vao thung xdp va trong 9 cay
Phét tai, mdi cay dugc gin thé co danh s tht ty tir 1 - 9, s6 nghiém thirc va sb
1an 1ap lai dé tién theo ddi trong qué trinh thi nghiém (Phu luc 4). Dung dung dich
NaOH va HCI 1M dé diéu chinh pH. (Thi nghiém sir dung nudc cat 1 1an ma
khong dung dung dich dinh dudng nham tranh nhiéu yéu té dinh dudng tac dong
dén kha ning hap thu va tich liiy Pb cua cay. Ngoai ra Phat tai (D. sanderiana) c6
co ché hoat dong nhu thuc vat CAM nén c6 thé c6 kha nang thich nghi véi diéu
kién méi truong sdng khéng thuan loi (Karunananda va Abeysinghe, 2019)).
2.3.2.4. Chi tiéu khao sat va phwong phap phan tich cac chi tiéu

- Cac chi tiéu sinh truéng: Chiéu cao cdy, chiéu dai ré, sinh khdi twoi va
kho, ham luwong nude trong cdy, ham luong diép luc t6 trong 14 dugc theo dBi &
thoi gian 0, 10, 20, 30, 40, 50 va 60 ngay ciia thi nghiém.

Phwong phap xac dinh chiéu cao cay (cm) va phwong phap xac dinh
chiéu dai ré& (cm): Pugc thuc hién lan luot nhu trinh bay ¢ muc 3.2.1.1 va
3.2.1.2.
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Phwong phap xac dinh sinh khdi twoi va kho ciia cay (g): O mdi nghiém
thirc, thu mot cdy va dung can phan tich 2 s 1& can sinh khéi twoi va sinh khi
kho cua ciy. Sinh khdi khd duoc xac dinh sau khi say kho ¢ 70°C dén gi tri
khong doi.

Phwong phap x4ac dinh ham lwgng nwéce trong ciy (%): Ham lugng nude
trong cdy duoc xac dinh theo phuong phép khéi luong w6t tham khao cua Brunet
(2008). Pinh ky & mdi thoi gian, thu moi nghiém thiic 1 cay, can va ghi lai trong
luong twoi cua cdy, sau dO cat nho va ngam vao nuéc khir ion dé ¢ 4°C trong
vong 4 gio. Sau 4 gio lay lau kho nude va can, ghi lai khoi luong. Sau d6 siy
mau & 70°C dén khi khoi lugng mau khdng do6i, can va ghi lai trong luong kho.

Ham lugng nudc trong cdy dugce tinh theo cong thirc:

) (trong lwong twoi — trong lwong kho)
Ham lwong nwéc (%) = ~ — x 100
(trong lvong sau ngam — trong lwong kho)

Phwong phép xac dinh ham lweng diép luc t6 trong 14 cay (CCI): Ham
luong diép luc té duoc do bang may CCM - 200 (Opti - Sciences, M¥). Pay la
may do cAm tay, do ham luong diép luc téng cua 14, don vi 13 CCL Dung may do
& phan giira cua tat ca 13 trén cy, ghi nhan két qua va lay gia tri trung binh.

- Ham lwong Pb tong (mg/kg TLK): Ham lugng Pb tong trong cac bo
phan ré, than va 14 cuia cay duoc phan tich & céc thoi gian 0, 10, 20, 30, 40, 50 va
60 ngay cua thi nghiém (ham luong Pb duogc tinh trén trong lugng khé (TLK)).

Phwong phap xac dinh ham lwong Pb tong trong ré&, than va la: duogc
thuc hién nhu trinh bay & muc 3.2.1.1.

- Hiéu qua loai bé Pb trong nwéc cia cay Phat tai: duoc theo ddi ¢ thoi
gian 30 va 60 ngay thi nghiém

Hiéu qua loai bo Pb trong nudc cuia cay Phat tai dugc tinh theo cong thirc:
_G-C
S C

Trong d6: H: Hiéu qua loai bé Pb (%); C1: Nong do Pb ban dau; C,: Nong do Pb

H .100%

sau xu ly.
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- Kha niing chdng chiu Pb ciia cay Phat tai: Kha ning chdng chiu Pb cua
ciy duoc theo ddi ¢ 60 ngay thi nghiém va duoc danh gia qua chi sé chng chiu
TI (tolerance index) (Wang va ctv, 2014) dua trén céc chi tiéu sinh truong va
tinh theo cong thic: TI (%) = 1/3{(Chiéu cao cay nhiém chi/chiéu cao cay dbi
chung) + (Chiéu dai ré cay nhidm chi/ chiéu dai r& cay ddéi chung) + (Trong
lwong khd cua cay nhidm chi/trong luong khd caa cay déi chitng)} *100

- Kha niang van chuyén Pb cia cay Phat tai: Duoc theo dai o thoi gian
trude thi nghiém va 10, 20, 30, 40, 50 va 60 ngay cua thi nghiém va dugc danh
gia qua chi s6 TF (translocation factor) (Marchiol va ctv, 2004) theo céng thirc:

TF = Ham lwong chi trong than + 1a

ham lwong chi trong ré

- Vi tri phan bé Pb trong cac bd phén ré, than va la: dugc khao sat &
ngay thir 60 cuia thi nghiém. Sy phan bb Pb trong mé thuc vat duoc quan sat bang
phuong phap héa mé dugce tham khao theo nghién ciru ciia Tupan va ctv (2016).

Phwong phap thue hién: Thu miu cdy Phat tai & cac nong do Pb va cay
d6i ching. Dung kéo cat roi cic bd phan ré, than va 14 caa cdy. Ngam va ria
mau v6i nude khir ion 3 1an, thoi gian ngdm cho mdi 1an rira 12 60 phit. Miu sau
khi rira dugc ¢ dinh trong dung dich formaldehyde axit acetic trong 24 gio. Mau
sau cb dinh duoc cit mong bﬁng dung cu cat mau thuc vat cdm tay va duoc
ngam trong dung dich sodium rhodizonate 0,2% (da thém mot giot dung dich
dém axit axetic pH 2,8) trong 30 phit. Mau sau d6 dugc rira sach bang nudc cat
va dugc quan sat dudi kinh hién vi Olympus CX 22.

- Phan #ng mé té bao trong diéu kién nhiém déc Pb: Ciu trac giai phau
ctia cic mO ré, than va 14 duge khdo sat & ngay thir 60 cua thi nghiém.

Phwong phap thuc hién: Cac cay Phat tai duoc lay tir mdi nong do Pb xu
ly tach ra theo cac phan ré, than va 1a, duoc lam sach bang nuéc cat va ngdm
trong dung dich formaldehyde axit acetic trong 24 gid. Cac mau d6 dugc cat
mong bang dung cu cit mau thuc vat cam tay (MAu nghién ciu duoc chon 1a

doan giita cua ré, than va la). Mau sau khi cit mong dugc nhuém kép vai xanh


https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25268840
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methylen va do carmin. Quy trinh thuc hién tiéu ban hién vi tam thoi duoc thuc
hién theo Hoang Thi San va Nguyén Phuong Nga (2004). Cac mau sau d6 duoc
quan sat bang kinh hién vi. Cac thdng sb do 1a cau trdc giai phiu cia cac md &
ré, than va la. Gia tri do cua cac mo duoc tinh trén d6 day cua ching. Riéng dng
mach g duoc tinh 12 dwdng kinh. Nhitng quan sat déu dugc thuc hién bang kinh
hién vi Olympus CX 22. Kich thuéc md giai phiu dugc do bang phan mém
Optika Vision Pro. Cac gi4 tri duoc tinh 1a gia tri trung binh caa 3 lan lap lai.
2.3.3. NOI DUNG 3: SU BIEU HIEN GEN CHONG OXY HOA CUA CAY
PHAT TAI TRONG PIEU KIEN NHIEM PQC Pb

- Muc dich: Xac dinh mirc d6 biéu hién cta 3 gen chéng oxy hoa dap wng

véi kha nang chong chiu Pb ciia cay Phat tai.

. ) A\
Mau re, than, Ly trich Tong hop PCR
lasauxualy |— RNA cDNA
Pb y
A

~

Tao dong gen

(& J

P
Real — time PCR }— Ly trich
DNA

Il plasmid
[ Xay dung duong chuan ] ~
Giai trinh tyu
[ Tinh ty 18 biéu hién gen ] gen
[ \ J

Xt ly s6 ligu ]

Pang gia mic do biéu
hién gen

Hinh 2.3. Quy trinh thyc hién nghién cu biéu hién gen
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2.3.3.1. B tri thi nghiém xir Iy Pb
- Cac mau cay Phat tai (D. sanderiana) duoc chon lam thi nghiém la
nhitng cay c6 thoi gian sinh truéng nhu nhau, kich thudc dong déu, chiéu cao
khoang 45 cm duoc trong trong nude cat 1 1an bd sung Pb(NOs)2 Voi cac ndng
do 200, 400, 600, 800 va 1000 ppm & pH 4,5. Cac mau ré, than va la cay Phat
tai dugc thu nhén tai cAc thoi diém 0, 1, 2 va 24 gio sau khi xir Iy véi Pb. Mau
cay khong xir Iy Pb duoc st dung 1am ddi chimg. Thi nghiém duoc lap lai 3 lan.
- Cé4c nghiém thuc 1an luot duge danh dau véi ky hiéu nhu sau:
(RE, than, 13) x (0, 200, 400, 600, 800, 1000 ppm) x (0, 1, 2, 24 gid) = (R, T, L) x
0,2,4,6,8,10) x (0, 1, 2, 24).
2.3.3.2. Ly trich RNA tdng sb va tong hop cDNA

Cac mau cdy Phat tai sau xtr Iy duoc tach riéng tirng phan ré, than va Ia va
dem ly trich RNA tong sd. RNA tong so duoc ly trich bang kit GeneJET Plant
RNA Purification. Quy trinh ly trich dugc thuc hién theo quy trinh huéng dan
ctia nha san xuat. RNA sau ly trich dugc kiém tra do tinh sach va nong d6 bing
may do quang phé UV-Vis,

Cac mau RNA sau khi ly trich duoc dung dé tong hop cDNA. Viéc tong
hop ¢cDNA dugc thyc hién bang kit Tetro reverse cDNA Synthesis. Quy trinh
téng hop cDNA duogc thuc hién theo huéng dan cta hing san Xuét va sir dung
may PCR cho cac budce u.
2.3.4.3. Khuéch dai trinh tw gen chéng oxy hoa va gen Actin (ACT)

Mau ¢cDNA duogc st dung lam khudn mau cho phan tng PCR khuéch dai
cac doan gen muc tidu v6i primer xudi (F) va nguge (R) nong do 0,4 uM. Tong
thé tich phan ing PCR 14 12,5 pl, cic thanh phan khac gdm master mix nong do
1X, thanh phan cDNA lam khubn mau, va nudc khir ion. Phan img PCR duoc
thiét 1ap gdm 5 phit & Ta 94°C cho budc tién bién tinh, tiép theo 1a 40 chu ky nhiét
v6i 1an luot 3 budce: 30 gidy & 94°C; 30 gidy cho giai doan bat cip & 56°C (cap primer
Cyt-Cu/Zn SOD hay ACT) hoac 60°C (cho cap primer GPX hay GST); 60 gidy &
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72°C, cubi cing bo sung thém bude kéo dai & 72°C trong 7 phit. Trong chu trinh
nhiét d§ Ta phu thudc vao Tm ctia cac cap primer.

San pham PCR duoc kiém tra trén gel agarose 2% trong 25 phut véi thang
chuan DNA 100bp (Bioline, Anh). San phim PCR cac doan gen khuéch dai boi cac
primer Cyt-Cu/Zn SOD la 221 bp, GST la 362 bp, GPX 1a 202 bp, ACT la 201 bp.
2.3.3.4. Tao dong gen GST, Cyt-Cu/ZnSOD, GPX va ACT trén vi khuén
Escherichia coli DH5a
a. Tao vector pGEM-T Easy t4i té hop mang trinh tw gen muc tiéu

San pham PCR gen tir cDNA dugc chén vao vector pGEM-T Easy.
Thanh phan phan tng dé gan két gen muc tiéu va vector thé hién trong bang 2.2.

Bang 2.2. Thanh phan phan timg néi DNA vao vector pPGEM-T Easy

Thanh phan Thé tich (ul)
2X Rapid Ligation Buffer 5,0
PGEM-T Easy vector (50ng/pul) 1,0
T4 DNA ligase (3u/ul) 1,0
San pham PCR 3,0
Tong thé tich 10

Thanh phan phan Gng duoc tron déu va U trong 1 gid ¢ nhiét d6 phong.
Nho str dung Taq DNA polymerase ¢ ddc tinh gan thém mot deoxyadenosine &
mdi dau 3’ ciia DNA duoc khuéch dai nén san pham DNA duoc gin vao vector
PGEM-T Easy duogc thiét ké dic biét c6 hai dau 3’ tu do mang mot base
Thymine & mdi dau, theo nguyén tic bd sung. Sau do, enzyme T4 DNA Ligase
gip hinh thanh lién két photphodieste gitta T va A trén cling mot mach don tao
thanh plasmid téi t6 hop.
b. Tao té bao E. coli DH5a kha nap

Té bao E. coli DH50 dugc tao theo quy trinh cua Huynh va ctv (2012).
Lay 1ml vi khuan E. coli DH50 cho vao 120 ml mdi truong LB 1éng (phu luc
2.1), nudi cdy trong diéu kién lic khoang thoi gian 16 - 18 gid & 37°C. Mau dung
dich E. coli dugc do OD, gia tri ODeoonm trong khoang 0,5 - 0,7 1a dat yéu cau.
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Dich nudi cdy sau dé dugc ly tam 4000 vong/phut trong 10 phut & 4°C, thu cin
b6 dich ndi. Thém 6 ml CaCl, 50mM lanh vao va huyén phu két tua. Sau do ly
tam dich huyén phd 4000 vong/phut trong 10 phat & 4°C, thu cin bo dich nbi.
Tiép tuc lap lai budc trén v6i 6 ml CaCl, 50mM. Cudi cing thém 6 ml glycerol
30% va tai huyén phu té bao, glycerol c6 tac dung giam sdc cho té bao khi ra
dong. Tién hanh chia dich té bao kha nap vao cac tube dé bao quan & -70°C.
c. Tao té bao E. coli DH5a tai t6 hop mang trinh tw gen muc tiéu

DNA plasmid dugc bién nap vao té bao E. coli DH5a kha nap da chuéan bi
nhu muc b theo quy trinh ciia bo kit pPGEM®-T Easy Vector Systems va bang
phuong phap sbc¢ nhiét. Pau tién hat 100 ul dich huyén phu kha nap vao tube 1,5
ml, thém 5 ul DNA plasmid tai to hop, dao nhe va giir lanh trén da 10 phit va o
& 42°C trong 90 gidy dé sdc nhiét t& bao va giit lanh 4 phat. Thém 500 pl méi
truong LB long vao tube va u ¢ 37°C ¢ 30 phut, ly tam 1 phat ¢ 12000
vong/phit. Hat bo 300 pl dich ndi, phan con lai dem cdy trén dia mdi truong LB
(phu lyc 2.1) ¢6 bod sung Ampicillin/X-gal/IPTG. Thanh phan héa chét st dung
bd sung gém: 200 pl Ampicillin (100 mg/L), 400 pl IPTG (100 mM) va 400 pl
X-gal (20 mg/ml) duoc thém vao trong 200 ml méi trudng LB. Thé tich hat dé
cdy trang trén dia 1a 50 ul va o qua dém ¢ 37°C (16 - 24 gio). Quan sat mau
khuan lac trén dia petri dé chon cac khuan lac c6 mang DNA tai t6 hop.
d. Chon loc dong E. coli DH5a mang DNA tai t6 hop

Poan gen dugc chén thanh céng vao vector pGEM-T Easy sé tao khuan lac
Mau trang trén dia moi trudng LB do pha v& trinh ty ma hoa cho B-galactosidase.
Diéu nay giup kiém tra va chon loc dong té bao tai té hop. Tuy nhién, dé tuyén
chon dung dong té bao E. coli DH5a mang vector tai to hop (E. coli DH5a. -
pGEM-T Easy - GST/Cyt-Cu/Zn SOD/GPX), dé tai di tién hanh chon loc bang
phuong phap PCR khuan lac. Phan tmg PCR khuan lac dugc thyc hién: Cac
khuan lac tring dugc cho vao 20 pl nude cit 2 1an vo trung va s& dugc dung truc

tiép 1am khuén mau cho phan tng PCR kiém tra khudn lac. Thanh phan phan



53

mg va chu trinh nhiét PCR khuan lac cung budc kiém tra san pham bang dién di
twong tu nhu phan tng PCR str dung mau cDNA (trinh bay trong muc 2.3.4.4).
2.3.3.5. Ly trich DNA plasmid va giai trinh ty gen

Tir cac té bao E.coli chon loc, tién hanh ly trich DNA plasmid va tinh sach
bang kit Wizard® Plus SV Minipreps DNA Purification System theo quy trinh
cuia bo kit. Sau khi ly trich, cdc mau DNA plasmid duoc tién hanh dién di trén
gel agarose 1,5% trong 15 phut & 100V dé kiém tra, dong thoi tién hanh do mat
do quang OD & budc séng 260 nm va 280 nm dé xac dinh do tinh sach va ndng
do caa DNA plasmid. Sir hién dién cta gen trén plasmid dugc kiém tra bang phuong
phép PCR plasmid v6i cip mdi dic hiéu, dién di san pham khuéch dai trén gel
agarose 1,5% trong 25 phit. DNA plasmid sau khi kiém tra dugc st dung xay dung
duong chuan.

Céc doan gen muc tiéu dugc dem giai trinh tu dé xac dinh san phdm PCR thuc
su 1a Act, GST, Cyt-Cu/Zn SOD va GPX bang thiét bi gidi trinh tw DNA tai Cong ty
Nam Khoa Biotek, TP.HCM. Dit liéu thu dwoc sau gidi trinh tyr dugc xtr 1y bang phan
mém tin sinh hoc BioEdit 7.0.5.3. Phan tich, kiém tra va so sanh trinh tu céc
nucleotide bang Blast (NCBI), Clustal Omega.
2.3.3.6. X4y dung dwong chuin cho phan tng Real-time PCR

S6 lugng ban sao DNA plasmid mang gen muc tiéu dugc tinh theo cong
thuc:
6,022 x10%xC
660 x 10°x L

N (copies/ml) =

Trong d6: C: gid tri khéi lugng trén mot mau C (ng)
L: do dai plasmid (base)

Mot mole cua cap base trén doan DNA c¢6 khéi lwong 660 g, do vay mot
plasmid dai L base (tinh ca doan DNA da chén vao plasmid) s& c6 khdi luong
(660 x L) g hay (660 x 10° x L) ng. Theo dinh luit Avogadro, 1 mole s& gém c6
6,022 x 102 phan ttr hay 1a s6 copies plasmid. Do d6 néu dung dich plasmid

DNA ¢6 don vi nong do ng/ml thi gi4 tri khdi luong trén mot mau C (ng) cua
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plasmid 14 tich cua néng do va thé tich mau, tir d6 sé copies DNA plasmid c6
trong dung dich nay dugc tinh.

Sau khi di xac dinh duoc sb luong cua ban copies trong mau DNA plasmid
thé tich 10 pl, mau DNA plasmid nay s& duoc pha lodng 10 1an bang Nuclease-
free Water va thuc hién pha lodng lién tiép n 1an. Két qua ta s& ¢ cac mau dung
dich c6 do pha loang 1a 10, 10?2, 10 cho dén 10°°. Sau khi pha lodng cac mau
ndy dugc sit dung dé thuc hién phan ung Real - time PCR, ti d6 duong
chuin s& duogc xac dinh 1am co s& dé dinh lugng cDNA gen trong cac mau.

Puong chuin dugc thanh 1ap dua vao méi quan hé tuyén tinh cua gia tri Ct
thu nhan dugc tir phan tng Real - time PCR va sb ban copies duoc tinh toan theo
hé sé pha lodng 10 14n ¢ cac mau chuan. Két qua dinh lrong duoc xac dinh dya
vao phuong trinh dudng chuan, cu thé két qua Ct nhan duoc tir phan tng Real -
time PCR tir d6 sb ban copies cta gen chuyén s& duoc tinh todn dira vao phuong
trinh duong chuan (Mbi ban copies gen chong oxy hoa tuong dwong Vi mot
copy plasmid tai to hop).

Trinh tu primer dic trung cho gen muc tiéu tiép tuc dugc sir dung trong
phan ung Real-time PCR st dung SYBR Green I lam chat phat huynh quang.
Thanh phan phan tng c6 tong thé tich 12 20 ul bao gdm 10 pl 2x SensiFAST
SYBR Hi-ROX Mix, DNA 1am khuén mau va cap primer c6 néng d6 cudi 1a 0,4
UM. Phan tmg Real-time PCR duoc thuc hién gdm 2 phit & 95°C dé hoat hoé
polymerase, 40 chu ki ctia giai doan bién tinh (5 gidy & 95°C) va giai doan gin
két va tong hop (35 gidy & 60°C) bo sung chu ki phan tich duong cong nong
chay dé kiém tra s san phim dugc khuéch dai & mdi phan tng bing cach giit &
95°C trong 15 gidy trudc khi giit 1 phut & 60°C va cubi cung gitt 15 gidy ¢ 95°C.
Céac phan ¢ng duoc thuc hién trén hé théng may Applied Biosystem®7500
Real - time PCR. Cac mau khong xir 1y chi dugc ding 1am d6i chimg.

Str dung mirc do biéu hién cia mRNA cua gen Actin 1am gen ndi chuin
(housekeeping gene) dé danh gia twong dbi mirc d6 biéu hién cia mRNA gen
Cyt-Cu/Zn SOD, GPX va GST trong mau nghién ctru. Sy biéu hién mRNA cuia
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doan gen Cyt-Cu/Zn SOD, GPX va GST duoc phan tich bang cong thic 2-4ACt
trong d6 ACt la d6 chénh Iéch chu ky ngudng gitra gen muc tiéu (gen Cyt-Cu/Zn
SOD hodc GPX hoidc GST) v6i gen ndi chuan actin. Mire d6 biéu hién duoc thé
hién tuong dbi giita nghiém thic c¢6 xtr Iy chi so véi ddi ching khéng cé chi, sau
khi d3 dugc hiéu chuan véi gen nodi chuén actin.
2.3.3.7. Phan tich va danh gia két qua

Ty 18 biéu hién gen duoc tinh 1a ty sd giita log s6 ban copies & mau thi
nghiém xt 1y chi véi log s6 ban copies & mau ddi chig khéng xir 1y chi (Huynh
va ctv (2012)).

log (s6 ban copies mau thi nghiém)

Ty 1€ biéu hién gen (lan) = -
y 16 biéu hién gen (lan) log (s6 ban copies mau déi chirng)

Ty 18 biéu hién cua cac gen chdng oxy hoa dugc xir Iy thong ké bang phan
mém Statgraphics Centurion XV 15.1.02. Phan tich ANOVA dugc tién hanh, sau
d6 kiém tra tric nghiém phan hang bang trac nghiém LSD vé&i mic ¥ nghia P =
0,05 hoac 0,01.

2.4. Phan tich so li¢u

Mau thyuc vat dugce chon khao sat ngau nhién. Tat ca s6 liéu trong dé tai 1a
trung binh cong cta 3 lan lap lai va duoc trinh bay dudi dang trung binh + d6
léch chuan SD. Dung phan mém Excel dé v& do thi va phian mém Statgraphics
Centurion XV 15.1.02 dé phan tich sb liéu. Phan tich ANOVA duoc tién hanh,
sau d6 kiém tra tric nghiém phan hang v6i mirc y nghia P = 0,05 hoac 0,01

(Nguyén Ngoc Kiéng, 2007).
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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 Pb CUA BA LOAI
THU'C VAT THUQC CHI DRACAENA TRONG PIEU KIEN NHIEM Pb
3.1.1.1 Sw tang trwéng cua ba loai thuc vat chi Dracaena

Sy tang truong chiéu cao cdy va sinh khéi kho cua Phét tai loc (Dracaena
sanderiana), Truc bach hop (Dracaena reflexa) va Phat tai bap sen (Dracaena
deremensis) & nong d6 Pb 100 ppm la khong c6 sy khac biét so véi dbi ching
(cay khong xt 1y Pb) (p < 0,05) va cung c6 xu huéng tang dan qua thoi gian tiép
xac Pb (hinh 3.1 va 3.2). Piéu nay cho thiy, ndng d6 Pb 100 ppm khong kim
ham su tang truong caa ca 3 loai thuc vat chi Dracaena. Khi & giai doan méi bat
dau thi nghiém, cac cay Phat tai déu c6 chiéu cao khoang 43 cm va dén cudi
ngay tha 30 caa thi nghiém, chiéu cao cua D. sanderiana dat 45,5 cm, D.
deremensis dat 44,8 cm va D. reflexa dat 44,6 cm (hinh 3.1). Di vai chi tiéu
sinh khéi khd, mic du su bién thién ting truong ¢ mdi lodi thuc vat qua cac thoi
gian khao sat khdng nhiéu, cac diém biéu hién cho sinh khéi kho trén d6 thi c6
su khac nhau khéng rd rét (p < 0,05), tuy nhién, két qua cho thay sinh khéi kho
cua 3 loai thyc vat ciing tang, sinh khéi kho caa D. sanderiana, D. deremensis va
D. reflexa tang tuong tng la 0,24 g; 0,21 g va 0,18 g sau 30 ngay thi nghiém.

Pb ¢ nong do 100 ppm c¢6 hiéu qua tac dong khac nhau dén ting truong cia 3
loai thuc vat. Sau 30 ngay thi nghiém, D. sanderiana c6 toc do ting trudng chiéu
cao va sinh khéi kho cao hon (0,08 cm/ngay chiéu cao cay va 0,008 g/ngay sinh
khéi khd) so vai 2 10ai thuc vat nghién ciru con lai, va thip nhat 1a D. reflexa
(0,06 cm/ngay chiéu cao cay va 0,006 g/ngay sinh khéi khé) (p < 0,05) (hinh 3.1
va 3.2). Theo Chen va ctv (2016), hau hét thuc vat khi tiép xac véi Pb, ngay ca &
nong do thap ciing anh hudng xau dén qué trinh sinh truéng va phat trién. Céc

thong sb sinh trudng va phat trién thuong giam do stress Pb (Chen va ctv, 2016).
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Tuy nhién, & céc loai thuc vat nghién ctu, chiéu cao cay va sinh khéi khd van
tang sau khi tiép xdc véi Pb ¢ ndng do 100 ppm trong 30 ngay. Piéu nay cho
thdy, 3 loai thuc vat nghién ctiu co thé ¢ kha ning chéng chiu duoc Pb & ndng

d6 100 ppm, va trong d6 loai D. sanderiana c6 kha ning cao nhat.
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Hinh 3.1: Sy ting truéng chiéu cao cdy caa ba loai thue vat chi Dracaena
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Hinh 3.2: S ting truwéng sinh khoi khé ciia ba loai thue vat chi Dracaena
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3.1.1.2. Kha niing hap thu va tich liiy Pb ciia ba loai thue vat chi Dracaena
Ca 3 loai thuc vat Phat tai Ioc (D. sanderiana), Phéat tai bap sen (D.
deremensis) va Trlc bach hop (D. reflexa) déu c6 kha nang hap thu va tich liy
Pb va Pb dugc tich liy ¢ ca 3 b phan ré, than va 4 caa cay. Téng ham luong chi
hap thu vao trong cay da dugc xac dinh 12 2340,38 mg/kg, 1843,48 mg/kg va
1741,00 mg/kg twong tng lan luot ddi véi D. sanderiana, D. deremensis va D.
reflexa. Trong do, tong ham luong Pb hip thy va tich iy trong loai D.
sanderiana cao hon ¢ 2 loai con lai, va thap nhat Ia loai D. reflexa (p < 0,05)
(bang 3.1). Tong ham lugng Pb tich liy & D. deremensis chiém 78,77% va ¢ D.
reflexa chiém 74,39% so vé6i D. sanderiana. Theo két qua thong ké vé sé luong
thyc vat co kha nang tich Iy Pb (60 loai thuc vat) caia Kumer va Prasad (2018),
3 giéng Phat tai khao st c6 kha nang tich liy Pb cao hon mot s6 1oai thuc vat
nhu Gophyllum fabago, Acalypha indica, Ophora japonica, Iris lacteal, Pisum
sativum, Pluchea sagittalis khi so sanh ¢ diéu kién thi nghiém twong dong.

Béng 3.1. Ham lwong Pb tich liiy trong D. sanderiana, D. deremensis va D.

reflexa
*) Ham lwgng Pb (mg/kg TLK)
Loai thye vat Ré Than La Cay
D. sanderiana KPH 1952,142 221,782 166,462 2340,38
+140,4 +1,7 +4,3
D. deremensis KPH 1695,70° 46,67¢ 101,11° 1843,48
+ 33,4 +1,7 +7,3
D. reflexa KPH 1578,72P¢ 104,86° 57,42° 1741,00
+55,1 +91 +8,6

(Cdc chi cdi ¢ moi cét khdc nhau thé hién sw khdc biét cé y nghia thong ké
(p<0,05); TLK: Trong luong kh6; KPH: Khéng phat hién; (*): Ham luong Pb
trong cay trudc thi nghiém; Nguaong phat hién = 0,006 ppm)
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C6 sy gidng nhau vé ham lugng Pb tich liy trong cac bd phan gira D.
sanderiana va D. reflexa, d6 1a Pb tich lity trong ré cao nhét rdi dén than va thip
nhéat & 14, nhung & loai D. deremensis thi khéc, Pb tich lily cao nhat trong ré roi
dén 14 va thap nhat ¢ than. Singh va ctv (2012) va Sharma (2016) da bao cao
rang, kha nang hip thy, tich liiy va phan b Pb c6 sy khac nhau giira cac loai
thuc vat va ciing khac nhau giira cac bo phan caa cay. Tuy nhién, nhin chung két
qua cho thay, Pb tich iy nhiéu nhat & bo phan duéi mat dat (r&) (chiém 80,11%
dén 89,72%) va tich liy khong nhiéu ¢ cac bd phan trén mit dat (than va 1a)
(chiém 10,28% dén 19,89%). Su tap trung ctia Pb phan 16n ¢ ré trong két qua
nay phu hop vaéi nhan dinh cua Vanek va ctv (2005). Vanek va ctv (2005) da xac
dinh tinh di dong cia Pb thap, chi khoang 20% Pb dugc di chuyén Ién cac bo
phan bén trén caa cdy. Sy phan bd Pb trong mé thuc vat lién quan dén su di
chuyén cua Pb tir ré dén cac bd phan bén trén cta cay (chuyén hda). Khong
gidng nhu hau hét cac KLN khac, kha ning van chuyén Pb 1én c4c bo phan than
va |4 & hau hét thuc vat rat thiap (Dogan va ctv, 2018).
3.1.1.3. Kha nang loai bé Pb trong nwéc cta ba loai thwe vat chi Dracaena

3 loai thuc vat, Phat tai 16c (D. sanderiana), Phét tai bap sen (D. deremensis)
va Truc béach hop (D. reflexa) da dugc trong trong nuéc bé sung Pb nong do 100
ppm. Ham luong Pb trong nudc dugc phan tich vao ngay thir 30 cua thi nghiém
va c6 két qua lan luot 12 6,84 ppm; 15,62 ppm; va 33,23 ppm & D. sanderiana,
D. deremensis va D. reflexa (bang 3.2).

Bang 3.2 cho thdy, D. sanderiana c6 kha niang loai bo Pb cao hon D.
deremensis va D. reflexa. Sau 30 ngay thi nghiém, D. sanderiana c6 su khac biét
déang ké trong viéc loai bo Pb (93,16 %) so véi 2 loai thuc vat cling thi nghiém (p
< 0,05), D. deremensis (84,34 %) va D. reflexa (66,77 %) (bang 3.2). Kha nang
loai bo Pb cua loai thuc vat D. sanderiana cao hon c¢é chan vit (Lemna minor)
(76% & ndng d6 20 ppm) (Singh va ctv, 2012) va luc binh (Eichhornia crassipes)
(30% & nong do 10 ppm) (Patel va ctv, 2018).
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Béng 3.2. Hiéu qua loai bé Pb trong nwéc cua D. sanderiana, D. deremensis

va D. reflexa
Ngay thi Néong do Pb trong nwéc (ppm)
nghiém _
. Doi D. D. D. reflexa
(ngay) , : :
chirng sanderiana deremensis
0 100 100 100 100
30 100 6,84 £ 1,55 15,62 £ 0,92 33,23+ 0,62
Hiéu qua loai 0 93,16 84,38 66,77

bé Pb (%)

Bang 3.3. Kha nang loai bo sinh hoc Pb caa D. sanderiana, D. deremensis va

D. reflexa

Cac loai thuc vat thi nghiém

Cac thong s6 khao sat D. D. D. reflexa
sanderiana deremensis
Sinh khdi kho (Xm) (9) 7,88 £ 0,017 9,19 +0,19 7,51+0,12
Téng chi tich lity (mg Pb/g) 2,34+ 0,04 1,84 + 0,05 1,74 +0,10
Pb (mg/ Xm) 18,44 16,91 13,07
Pb (mg/200ml) 20 20 20
PMU (%) = Pb(mg/Xm)/Pb 92,20 84,55 65,34

(mg/200ml) *100
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DPé xac dinh kha ning loai bo sinh hoc Pb cua cac loai thuc vét chi
Dracaena, PMU duoc xac dinh trén tung loai thi nghiém. Cac gia tri PMU, ham
lwong Pb tich liy trong sinh khéi khd (Pb (mg/Xm)), Ham luong Pb trong dung
dich (Pb (mg/200ml)) va sinh khéi cua cdy duoc xac dinh & bang 3.3.

Gia tri PMU thay d6i tuy thudc vao loai thuc vat khi tiép xGc véi Pb & nong
d6 100 ppm. PMU dat cao nhat ¢ loai D. sanderiana (92,20%) va thap nhat ¢
loai D. reflexa (65,34%). Két qua ndy mét lan nira cho thay loai D. sanderiana
c6 kha nang loai bo Pb cao hon so véi 2 loai thuc vat con lai. Phuong phép xur ly
Pb bang thyc vat D. sanderiana tir moi truong nudc cé thé dugc xem 1a phuong
phap xt ly hiéu qua hon so voi xtr ly bang 2 thuc vat D. deremensis va D.
reflexa, vai hon 2g Pb dugc tich Iy trong 1kg céy (trong lugng Kho).

Két qua o bang 3.2 va bang 3.3 ciing cho thay c6 su twong dong gitta hiéu
qua loai bo Pb khi phan tich mau nudc va mau cay ¢ 3 loai thuc vat. Diéu nay co
nghia la lugng chi mat di trong nude chinh 1a lugng Pb da duoc cay hap thu. Két
qua danh gia ty 18 Pb trong cay va trong nudc ¢ hinh 3.3 cho thiy, cing chi
Dracaena, nhung loai thyc vat khac nhau thi kha ning hap thu Pb ciing khac
nhau, va loai D. sanderiana c6 kha niang hap thu Pb cao nhat, vi ham luong Pb

trong cdy cao nhat va ham lugng Pb con lai trong nuéc thap nhat.
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Nhu vay, loai thyc vat D. sanderiana c6 kha ning ting truong, hap thy, tich
liiy va loai b Pb cao nhét trong 3 loai thuc vat thudc chi Dracaena. Ngoai ra véi
cac dic diém khac nhu d& nhan gibng, gia tri kinh té cao nén s& khong khan hiém
ngudn thyc vat xt 1y, nhimg dic diém nay s& tao diéu kién thuan lgi cho viéc st
dung D. sanderiana xir Iy méi truong. Vi vay dé tai chon lodi thuc vat D.
sanderiana lam dbi tuong nghién ctru cho cac thi nghiém tiép theo.

3.1.2. ANH HUONG CUA pH PEN KHA NANG HAP THU VA TiCH LUY
Pb CUA CAY PHAT TAI

3.1.2.1 Anh hwéng ciia pH dén sw ting trwéng cia cay Phat tai & nong dé Pb
100 ppm
Két qua khao sat sy anh huong cua cac gia tri pH dén sy tang truong cua

cay Phat tai & nong do Pb 100 ppm duoc thé hién & hinh 3.4, 3.5 va 3.6 cho thay,
cac gia tri pH khao sat khdng lam wc ché sy kéo dai caa ré, sy ting dién tich l4
va chiéu cao cay. So véi tai thoi diém bat dau thi nghiém, cac gia tri chiéu dai ré,
dién tich 14 va chiéu cao cdy déu ting va ting dan qua cac giai doan thi nghiém.
Tuy nhién hiéu qua ting truong cia cay co su khac biét dang ké ¢ cac gia tri pH
khao sat (p < 0,05). Sy ting truong chiéu dai ré va chiéu cao cay ¢ pH 4,5 va 5,0
cao hon pH 4,0 va 3,5. Su tang truong chiéu dai ré va chiéu cao cay giam dan
khi pH giam tir 4,5 xudng 3,5. Sy tang truéng chiéu dai ré va chiéu cao cay & pH
4,5 va 5,0 khéng co su khac biét (p < 0,05) vai 22,39 cm ¢ pH 4,5 va 22,03 cm ¢
pH 5,0 cho chi tiéu chiéu dai ré va 48,33 cm ¢ pH 4,5 va 48,88 & pH 5,0 cho chi
tiéu chiéu cao cay (hinh 3.4 va 3.6). Riéng dién tich 14, ciy c6 su tang trudng cao
nhat ¢ pH 4,5 (226,09 cm?), ké dén 1a pH 5,0 va pH 4,0 va thap nhit 13 & pH 3,5
(180 cm?) (hinh 3.5). Nhu vay, trong mdi truong bd sung Pb 100 ppm c6 pH 4,5
va 5,0, cdy Dracaena sanderiana sinh truong tot hon trong moi trueong ¢6 pH 3,5
va 4,0 va & pH thap nhat (pH = 3,5), su tang truong cua cdy Phat tai cham hon
dang ke.
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Hinh 3.6. Sy tiang trwéng chiéu cao cay Phat tai ¢ cac pH khac nhau
(Cdc chir cdi trén cdc cét do thi khac nhau thé hién sy khdc biét cé y nghia thong
ké (p < 0,05)).
3.1.2.2. Anh huwéng ciia pH dén kha niing hap thu va tich liiy Pb trong cay

Dracaena sanderiana

D6 pH cua dung dich duoc xem 1a mot trong nhitng yéu t6 quan trong nhat
anh huong dén quéa trinh hap thy KLN cua thuc vat. Cac KLN khéc nhau c¢6 do
pH tdi wu khac nhau cho su hap thu caia ching, vi pH ¢c6 anh huong dén do hoa
tan cua KL. D6i véi Pb, pH cang thap thi kha ning hoa tan Pb (1) cang cao, khi
pH trung tinh Pb (I1) két ta (Kabata, 2001). Cho nén dé tai di chon ddy pH dudi
trung tinh 1a pH 3,5; pH 4,0; pH 4,5 va pH 5,0 dé khao sat kha niang hap thu Pb
(11) cua thuc vat Dracaena sanderiana va két qua duoc trinh bay & bang 3.4.

Két qua bang 3.4 cho thiy, cic mau cdy Phat tai trudc thi nghiém khong
phat hién co su hién dién cua Pb trong ré, than hoic la. Nhung sau 30 ngay thi
nghiém, cac mau ré&, than va 14 & cac nghiém thirc déu co6 sy hién dién cia Pb.
Diéu nay cho thay cay Phat tai c6 kha ning hap thu Pb tir mdi trudng nude &

khoang pH tir 3,5 dén 5,0 va dem tich lity vao trong cac b phén cua cay.
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Béng 3.4. Ham lwong chi tich liiy trong cac bg phan cia D. sanderiana ¢ pH

khac nhau
™ Ham lwong chi (mg/kg TLK)
pH
Ré Théan La Cay

3,9 KPH 725,8%+1,6 53,29+9,9 39,59+1,8 818,5%+9,3

4,0 KPH 1141,6+0,6 129,8%+2,7 41,3°+2,6 1312,7°+3,4

4,5 KPH 2353,3°+0,3 107,5°+2,6 83,7%+3,7 2544 ,5%+3,9

5,0 KPH 1097,2°+0,3 87,2°+2.3 82,8"+3,5 1267,2°+5,4

(Cdc chir cdi trén mai cét khdac nhau thé hién sy khdac biét cé y nghia thong ké (p
< 0,01); KPH: khéng phat hién; TLK: Trong luwong kho; (*): Ham luong Pb
trong cay trudc thi nghiém; NQuang phat hién = 0,006 ppm)

Cung noéng d6 Pb xur 1y 1a 100 ppm, nhung & pH khéc nhau, cay tich liiy Pb
trong cac bd phan ciing khac nhau, diéu nay cho thiy pH c6 anh hudéng dén su
hap thu Pb ciing nhu ham luwong Pb tich liy trong cdy. O gié tri pH 4,5 ham
lugng Pb tich Ly trong ré, than va 14 & cac thoi gian theo ddi cao hon so vé6i cac
nghiém thtrc con lai. Sau 30 ngay thi nghiém, tong ham luong Pb tich liy trong
cay & moi trudong cd pH 4,5 cao hon so voi pH 3,5 1a 3,1 1an, pH 4,0 14 1,94 lan
va pH 5,0 12 2 1an. Piéu nay c6 thé 1a do pH 4,5 1a mdi trudng thich hop cho su
sinh truong va hap thu Pb cua cay Phét tai. Raskin va Ensley (2000) da cho biét
pH c6 anh huong dén kha niang hap thu KLN cua thuc vat, va & pH thap thi cay
hap thy KLN nhiéu hon. Tuy nhién két qua dé tai cho thay khac véi ¥ kién nay,
cay Phat tai hap thu Pb thip nhat & pH 3,5. Diéu nay c6 thé do méi truong dung
dich qua axit da gay ngo doc cho ré 1am cho ré hap thu Pb it hon. pH 5,0 khéng

lam anh huéng bat loi cho cdy, nhung ¢ nghiém thirc nay, Pb ¢6 hién tuong két
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tia nhe nén c6 thé ciing da han ché sy hap thu Pb ¢ cdy. Két qua bang 3.4 ciing
cho thiy, so véi ham lugng Pb tich liy trong than va 14 thi ham lwong Pb tich liy
trong ré & cac nghiém thic cao hon va chiém chu yéu (chiém 88,7% & pH 3,5,
87% & pH 4,0, 92,5% & pH 4,5 va 86,6% & pH 5,0).

Kha ning di dong cta cac ion kim loai d6i v6i thuc vat 1a mot yéu t6 quan
trong dé thuc hién thanh coéng phytoremediation. Theo Kabata (2001), kha ning
di dong ctia Pb bi han ché néu do hoa tan caa nd thap. Pb c6 xu hudng tao phuc
chat v&i cac keo hitu co va vo co va két tia & dang hydroxyl, carbonate va
phosphate (Kabata, 2001). Khi nghién ciru vé kha niang hap thu Pb cua cac loai
tao bién Sargassum sp., Pasina sp., va Gracilaria sp., Kabata (2001) da phat
hién, Pb t6n tai du6i dang ion tu do & pH < 5, va n6 thay dbi thanh dang rin (két
ta) trén do pH nay. Trude do, Low va ctv (2000) da khao sat kha ning hap thu
Pb ctia mot loai hat va da cho biét Pb két tia & pH > 6,0. Vi vdy, véi két qua cho
thdy Pb két taa & pH = 5,0 cua nghién ctru ndy va du lugng dudi dang ran dong
lai & day thung da khang dinh Pb chi hoa tan ¢ pH < 5,0. Cho nén d¢é tai sé chon
pH 4,5 cho cac thi nghiém & ndi dung 2 va 3.

Nhu vay, qua két qua so sanh kha ning tich lity Pb cua 3 loai thyc vat Phét
tai 16c (D. sanderiana), Phat tai bup sen (D. deremensis) va Triac bach hop (D.
reflexa) va két qua anh hudéng cua pH dén su hap thu va tich ldy Pb, dé tai da
chon ra dugc lodi thuc vat nghién ctu thich hop nhat 1a loai phat tai 16c
(Dracaena sanderiana) va pH dung dich thich hop la 4,5.

3.2. KHA NANG HAP THU, TiCH LUY VA PHAN BO CHIi (Pb) CUA
CAY PHAT TAI TRONG MOI TRUONG NHIEM PQC Pb

3.2.1. Sy sinh trwéng caa cay Phat tai

3.2.1.1. Su ting trwéng chiéu cao cay Phat tai

Nong d6 Pb < 1000 ppm khéng lam &c ché su tang truong chiéu cao cay
Phat tai. Chiéu cao cay tang lién tuc (tir 8,5 % dén 15,6%), cao hon tai cac thoi
gian khao sét so v&i giai doan bat dau thi nghiém va khdng cé su khac biét so véi
cay ddi ching (cay khong xtr Iy Pb ting 8,9%) (p < 0,05) (hinh 3.7a).
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(a) Sw tiang trwéng chiéu cao cay & mdi treong nhiém Pb < 1000 ppm
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Hinh 3.7. Sw ting trwéng chiéu cao cay Phat tai theo thai gian & cac nong dd
Pb khéac nhau. (a): Nong dd < 1000 ppm; (b): Nong dé > 1000 ppm
(Cdc chir cdi trén cdc cét do thi khdc nhau thé hién sir khdc biét cé y nghia thang
ké (p < 0,05))
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Nong d6 Pb > 1000 ppm lam tc ché su ting trudng chiéu cao cay Phat tai.
Kha niang ting truong chiéu cao cdy ¢ cac nong doé 1000, 2000, 3000 va 4000
ppm chi dat twong ung la 3,7%; 1,4%, 1,8% va 0,06% so véi chiéu cao ban dau
(hinh 3.7b) va giam dén 58%, 84%, 80% va 99% so v&i cdy ddi ching. Su ting
truong chiéu cao cay Phat tai bi wc ché manh ¢ ndng do 4000 ppm. O ndng do
nay, chiéu cao cay gan nhu khdng thay doi qua cac thoi gian khao sat.

Hién twong nong do Pb cang ting cang co tac dong wc ché su phat trién
chiéu cao cay ciing da duoc chiing minh trén mot sb loai nhu Acalypha indica va
Medicago sativa. Chiéu cao cay Acalypha indica va Medicago sativa giam tir
24% - 49% & cac nong do Pb 100, 200, 300, 400 va 500 ppm (Venkatachalam va
ctv, 2017). Chiéu cao cay cham phat trién khi tiép xac véi Pb co thé do réi loan
chuyén hoa chat dinh dudng va qua trinh quang hop bi anh huéng (Gupta va ctv,
2009).
3.2.1.2. Swr ting trwong chiéu dai ré caa cay Phat tai

Tuong tu chiéu cao cay, su tang truéng chiéu dai ré ciing khdng bi kim ham
& nong do6 Pb < 1000 ppm. Ré& cay Phat tai ¢ cac nong do Pb 200 dén 800 ppm
kéo dai lién tuc qua cac thoi gian tiép xuc va cao hon 5% dén 55% so véi doi
chung, trong d6 chiéu dai ré ¢ ndng do Pb 600 ppm cho két qua cao nhat (ting
hon so vai ddi chitng 55%) (hinh 3.8). Piéu nay cho thiy néng do Pb < 1000
ppm c6 thé co tac dong kich thich ting truéng chiéu dai ré & cay Phat tai.

Nguoc lai, nong d6 Pb > 1000 ppm c6 tac dong tc ché dén sy phat trién cua
chiéu dai ré. Chiéu dai ré cia cay ¢ nong do 1000 ppm chi ting khoang 51% so
véi ddi ching, trong khi d6 & cac nong do 2000, 3000 va 4000 ppm hau nhu
khong thay c6 sy bién thién va chiéu dai ré sau 60 ngay thi nghiém ngén hon so
V6i giai doan ban dau thi nghiém. RE c6 hién tuong co lai va sung phong lén.
Nong do Pb xt ly cang tang thi chiéu dai ré cang ngan. Azmat va ctv (2006)
cling d4 phat hién Pb & ndng d6 250 ppm 1am giam chiéu dai ré ¢ 2 loai thuc vat
Phaseolus mungo va Lens culinaris. O mot sb loai thuc vat nhu Triticum

aestivum, Z. mays L., Pisum sativum va Sedum alfredii, sy giam chiéu dai cua ré
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dudi doc tinh cua Pb ciing da duoc bao céo (Gupta va ctv, 2009). Su tang trudng
cham cua bo ré ciing ¢ thé 1a nguyén nhan lam giam chiéu cao cay trong diéu
kién ngd doc Pb ¢ nong d6 > 1000 ppm do giam kha ning hap thu nudc va dinh
dudng dé nudi cac phan phia trén cdy. R& cay kém phat trién dudi tac dong cua
ndng d6 Pb > 1000 ppm c6 thé do Pb wc ché sy phan chia té bao ré va tc ché su
kéo dai cua té bao ré din dén su suy yéu mé ré lam cho ré hit nuge va dinh

dudng kém va kéo dai chu ky té bao (Azmat va ctv, 2006).
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Hinh 3.8. S tiang trwéng chiéu dai ré cay Phat tai theo thei gian & cac nong
d9o Pb khac nhau

3.2.1.3. Sur ting trwéng sinh khoi twoi va khé cia cay Phat tai

Sinh khéi cuia cay l1a mét chi tiéu quan trong dé danh gia su sinh truong va
phat trién cua cay, sinh khéi cay ting ching to cay sinh truéng va phat trién tot.
Su sinh truéng cua ciy Phat tai trong moi truong nhiém doc Pb ciing duoc danh
gia qua chi tiéu sinh khdi tuoi va kho cua cay. Két qua ¢ hinh 3.9 va hinh 3.10
cho thiy rang, kha ning tdng hop sinh khéi tuoi va khd cua cac cay Phat tai ¢
cac nong do Pb khao sat déu thap hon cac cay ddi chirng. Diéu nay cho thay viéc

Pb c6 tac dong bat loi cho su san sinh sinh khéi cua cay Phét tai. Nong d6 Pb
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cang tang thi kha nang tong hop sinh khéi tuoi va kho cua cdy Phat tai cang
giam. Sinh khéi twoi cua cay tiép xic voi Pb & ndng d6 200 dén 4000 ppm giam
tir 11% dén 52,8%, va sinh khéi khd giam tir 12% dén 49,2% so véi ddi ching,
trong d6 sinh khdi tuoi va khd cua cdy giam thap nhat & nghiém thic 600 ppm.
Trong khi d6 ndng do Pb < 1000 ppm cé tac dong khong dang ké dén su ting
truong sinh khéi twoi va khd cua cay thi nong do Pb > 1000 ppm c6 tac dong tiéu
cuc dang ké ddi vai ca sinh khéi tuoi va kho caa cdy, sinh khdi tuoi va kho cua
cay giam ngay khi tiép xtc véi Pb va thoi gian tiép xGc cang dai thi sinh khéi
cang giam. Két qua tuong ty da duoc tim thay trén Ligustrum lucidum, cay co
kha ning sinh truong dén nong do 600 ppm véi su tang truong sinh khéi tuoi va
kho dat 70,7 va 69,3% so véi doi chimg. Khi nong do Pb ting 1én 1000 ppm,
sinh khéi tuoi va khé bi anh huong dang ké (Zhou va ctv, 2016).

Sinh khoi twoi (g) ciia ciy Phat tai ¢ cic nong
do Pb
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Hinh 3.9. Swr ting trwéng sinh khéi twoi cia cay Phat tai theo thoi gian ¢ cac

néng dé Pb khac nhau
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Sinh khoi kho (g) cua cay Phat tai ¢ cac nong do
Pb
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Hinh 3.10. Sw ting truwdng sinh khoi kho ciia cay Phat tai theo thai gian &
cac nong dd Pb khac nhau

Sinh khéi thuc vat 1a mot chi s6 quan trong dic trung cho hiéu suat sinh
truong cua thuc vat khi c6 KLN. Trong diéu kién nhiém doc Pb nghiém trong,
cay trong cd cac triéu chiing uc ché sinh truong rd rang va sinh khéi thyc vat c6
thé bi han ché. Giam sinh khéi thuc vat cé thé c6 lién quan dén su ton thuong
ctia bo ré dan dén viéc giam hap thu dinh dudng cho cay va cac hoat dong trao
d6i chét bi x4o tron (Chen va ctv, 2016). Sinh khéi tuoi va kho cta cay Phat tai
bi giam c6 thé do anh huong cua viéc giam ting trudng chiéu cao cay va chiéu
dai ré, dong thoi co thé do giam diép luc t6 1am cho qué trinh quang hop bi tc
ché va giam ham lugng nudc trong cay (Chen va ctv, 2016).
3.2.1.4. Su tong hep diép luc td trong |4 cia cay Phat tai

Nong do va thoi gian tiép xic véi Pb co tac dong khac nhau dén su téng
hop diép luc t6 trong 14 cay Phét tai (hinh 3.11). Nong do Pb cang cao va thoi
gian tiép xGc cang dai thi su tong hop diép luc té cang giam. Ham luong diép luc
td trong la giam 12,4%; 11,7%; 11,7%; 15,7%, 18,5%, 18,7%, 21% va 51,3% so
Vi déi ching tuong tng Vi cc ndng do 200, 400, 600, 800, 1000, 2000, 3000
va 4000 ppm ¢ thoi diém 60 ngay cua thi nghiém. Nhu vay trong 14 c6 thé da xay
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ra qua trinh phan hay diép luc t6 do tac déng cua Pb. Diép luc t bi phan huy
nhiéu nhat & nong dé Pb 4000 ppm va thap nhat & 400 va 600 ppm. Biéu nay c6
thé 1a do sy tac dong cua Pb d4 lam gia ting hoat dong cua enzyme
chlorophyllase phan hay diép luc t6 (Khan ctv, 2018). Ciing c6 thé do stress Pb
c6 lién quan dén viéc giam téng hop ham luong diép luc té do cac chat dinh
dudng Mg, Fe va Cu di duogc thay thé bing Pb. Sy suy giam ham luong diép luc
t6 c6 anh hudong dén su hap thu va phan phdi cac chat dinh dudng thiét yéu dan
dén giam su sinh truong va phat trién caa cay (Chen va ctv, 2016). Ham luong
diép luc to trong 14 bi phan huy sau khi tiép xtc véi Pb ciing d duoc bao cao &
loai thuc vat Sesbania drummondii lam cho la bi Ua vang va khdé mép la
(Venkatachalam va ctv, 2017). Perennial ryegrass c6 ham luong diép luc té thap
hon dang ké so véi ddi chung khi tiép xtc & Pb 500 ppm (Bai, 2015). Ham lugng
diép luc t6 & cady Hudéng duong (Helianthus annuus) giam dang ké & nong do Pb
300 va 600 ppm (Saleem va ctv, 2017). Sy giam ham luong diép luc té ciing da
duoc quan séat thay & nhiéu loai thuc vat Najas indica va Wolffia arrhizal (Singh
va ctv, 2010).
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Hinh 3.11. Sw bién déng ham lwong diép luc té trong 14 cay Phat tai theo

thai gian & cac ndng d Pb khac nhau



73

Cay Phat tai co triéu chitng nhiém doc ning sau 30 ngay tiép xac vai Pb
nong do 4000 ppm. Hau hét sb 14 trén cay chuyén sang vang hon va héo. Khi
thoi gian tiép xac Pb tang 1én dén 60 ngay, tat ca cac triéu chang nay cang rd
rang hon va lam chét cay.
3.2.1.5. Ham lwgng nwéc trong cay Phat tai

Ham leong nudce trong cay Phat tai tiép xac véi Pb 6 sy bién dong qua cac
thoi gian khao sat, co xu hudng tang ¢ thoi gian 0 - 20 ngay thi nghiém va giam
& cac ngay sau do (hinh 3.12). Néu so sanh vai d6i chung, tat ca nong do Pb
khao sat déu lam giam ham luong nudc trong cdy Phat tai. Ham luong nudc
giam tir 1% dén 51% & cac nghiém thac bd sung Pb 200 - 4000 ppm so Voi
nghiém thic khdng bo sung Pb. Nong do Pb cang ting thi cang lam giam ham
lwong nudc. Ham luong nude giam giam 1% - 2,4% & cac nong do Pb 200 - 600
ppm, giam 5,5% - 12,5% & nong do Pb 800 - 2000 ppm va giam 25,3% - 51,2%
& noéng do Pb 3000 - 4000 ppm (hinh 3.12).
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Hinh 3.12. Sw bién déng ham lwong nwéc trong cay Phéat tai theo thei gian &
cac nong dé Pb khac nhau
Nong d6 Pb cao s& gay bat loi dang ké dén ham luong nudc trong cay.

Nhiéu nghién ciru da cho thiy nong do Pb cao 1am giam ham luong nuéc & thuc
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vat bi phoi nhiém Pb va gay rdi loan sy can biang nudc trong cdy. Pb c6 thé 1am
giam tinh mém déo cua vach té bao va anh huong dang ké dén ham luong nudéc
trong té bao (Pourrut va ctv, 2014). Viéc giam su ting truong ciing da duoc cho
biét co lién quan dén viéc lam suy giam ham luong nuéc twong ddi trong cay khi
cay sinh truéng trong diéu kién tiép xtc véi Pb, gy ra su cham phat trién chiéu
cao cdy dan dén lam giam dién tich 14, co quan thoat hoi nudc chinh cua cay;
giam ham lugng diép luc t6 dan dén giam tong hop sinh khéi; giam ting truong
ré dan dén giam kha nang hap thu nuéc (Chen va ctv, 2016).
3.2.1.6. Kha niing chdng chiu déc t6 chi (Pb) cia cay Phat tai

banh gia kha nang chiu dung kim loai la chi tiéu quan trong khi lya chon
thuc vat dé sir dung trong xir Iy méi truong (Wang va ctv, 2014). Kha ning
chéng chiu dbc té kim loai cua cdy dugc danh gia qua chi s6 chéng chiu
(tolerance index) (Wang va ctv, 2014) dya trén céc chi tiéu sinh truong. Chi sd
chéng chiu (T1) duoc x4c dinh dé danh gia kha nang ma cay sinh truéng trong su
hién dién cia mot ndng d6 Pb nhat dinh.

Bang 3.5: Kha ning chong chiu Pb ciia cay Phat tai

Nong do Pb (ppm)

200 400 600 800 1000 | 2000 | 3000 | 4000
TI | 80,38 | 93,53 | 114,47 | 82,32 | 32,12 - - -
(%)

Kha nang chéng chiu Pb caa cay Phat & nong do Pb 200, 400, 600, 800,
1000 ppm tuong tng la 80,38%; 93,53%; 114,47%; 82,32%; 32,12% (bang 3.5).
O néng do > 800 ppm, néng dd Pb cang cao, kha ning chéng chiu Pb cua cay
cang giam. Diéu nay cho thay, khi cay Phat tai séng trong diéu kién nhiém doc
Pb > 1000 ppm thi kha ning chdng chiu Pb cua cay rat thiap hoic khong c6 kha
ning chdng chiu. Wang va ctv (2014) da cho thay c6 su chiu dung Pb dang ké &
cac loai Salix integra (Weishanhu, Yizhibi va Dahongtou), tit ca ba loai S.

integra dugc thir nghiém c6 thé chiju dung Pb cao (T1 > 60%) va Weishanhu la


https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25268840
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25268840
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gidng chiu dung Pb nhat. Nhu vay, so vai 3 giéng cua loai Salix integra nay thi
cay Phét tai c¢6 kha ning chiu dung Pb cao hon (T1 > 80%) ¢ cac nong do Pb <
800 ppm.
3.2.2. Kha nang tich liy chi trong cay Phat tai
3.2.2.1. Ham lwgng Pb tich lily trong ré&, than va la cia cay Phat tai

Két qua ham lwong Pb tich Iy trong cac bo phan ré, than va 14 cay Phat tai
tai 7 thoi diém duogc thé hién & hinh 3.13, hinh 3.14 va hinh 3.15.
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Hinh 3.13. Ham lweng Pb tich liiy trong ré cia cay Phat tai theo thoi gian &
cac nong dd Pb khac nhau (Cdc chiz cdi ¢ cdc cét do thi khac nhau thé hién si
khdc biét c6 y nghia thong ké (p < 0.05)); d: ngay thi nghiém, N: khong phat
hi¢n; TLK: Trong luong khd, Nguong phat hién =0,006 ppm)
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Hinh 3.14. Ham lwgng Pb tich lily trong than cia cay Phat tai theo thoi gian

& cac nong dd Pb khéc nhau (Cdc chi cdi ¢ cdc cét do thi khac nhau thé hién

s khdc biét c6 y nghia théng ké (p < 0.05)); d: ngay thi nghiém, N: khéng phat
hién; TLK: Trong luong khd, Nguong phat hién =0,006 ppm)
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Hinh 3.15. Ham lwong Pb tich liiy trong la cta cay Phat tai theo thai gian ¢

cac nong dd Pb khac nhau (Cdc chiz cdi ¢ cdc cét do thi khac nhau thé hién sw
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khdc biét co y nghia thong ké (p < 0.05)); d: ngay thi nghiém, N: khong phat
hién; TLK: Trong lwong kho, Nguong phat hién =0,006 ppm)

Trong ré, than va I cay Phat tai, ham luong Pb tich lily ting dan theo thoi
gian. Tuy nhién tdc d6 tich lity lai phu thudc vao néng d6 Pb va bo phan cua cay.
Trong r&, & néng d6 Pb < 1000 ppm, ham lwong Pb tich liy ting cham trong
vong 30 ngay dau va nhanh dan sau d6 (ham lugng Pb trong ré ban dau 1a khdng
phat hién, & 30 ngay la 5252,2; 14156,9; 14782,7 va 15739,7 mg/kg TLK va 60
ngay la 33959,9; 38053,4; 37701,5 va 38518,0 mg/kg TLK tuong tng véi ndng
d6 Pb 200, 400, 600 va 800 ppm). Nguoc lai, & nong do Pb > 1000 ppm, ham
lwong Pb tich liy ting nhanh trong vong 30 ngay dau va cham dan sau do, Voi
ham lugng Pb ban dau la khéng phat hién, 30 ngay la 25893,9; 32547,1; 36473,3
va 49477,1 mg/kg TLK; va 60 ngay la 28552,2; 34320,6; 60430,0 va 60570,0
mg/kg TLK tuong tng lan luot v6i cac ndng do Pb 1000, 2000, 3000 va 4000
ppm. Dau hiéu ding tich lily Pb trong ré sau 60 ngay thi nghiém xay ra & hau hét
nong do. Ham leong Pb trong ré & 50 ngay khéng khac biét so véi 60 ngay (p <
0,05) (hinh 3.13). Trong than, ¢ tat ca nong do Pb khao sat, ham luong Pb tich
lity tang cham trong 30 ngay dau va nhanh dan sau d6 va c6 xu hudéng tiép tuc
tang sau 60 ngay thi nghiém, véi ham Iuong Pb trong than ban dau la khdng phéat
hién, 30 ngay la 139,11; 152,97; 106,75; 109,19; 314,42; 327,69; 436,42; 352,54
mg/kg TLK; va 60 ngay la 175,82; 194,74; 388,66; 459,56; 869,64; 842,85;
2197,17; 2263,83 mg/kg TLK twong ung lan lugt & cac nong do Pb ting dan
(hinh 3.14). Nguoc lai, & 14, ham luong Pb tich lily ting nhanh ¢ 30 ngay dau va
tang cham sau do, vai ham lugng Pb ¢ 30 ngay la 102,57; 93,60; 95,67; 131,90;
134,80; 164,17; 147,20; 136,33 mg/kg TLK; 60 ngay la 139,11; 151,85; 167,03;
257,01; 294,80; 389,52; 359,54; 326,19 mg/kg TLK va dau hiéu tich lay cé xu
huéng tiép tuc ting sau 60 ngay thi nghiém (hinh 3.15).

Nong d6 Pb trong dung dich nudc ¢6 anh huéng dén kha ning tich liy Pb
trong cac bd phan cua cay Phat tai (hinh 3.13; 3.14 va 3.15). Ham luong Pb tich

lity trong ré, than va 14 ¢ cac nong do c6 xu hudng ting Ién theo su gia ting nong
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d6 Pb va c6 su khéc biét co ¥ nghia théng ké & muac p < 0,05. Nong do Pb trong
moi trudng cang cao thi cay tich liiy Pb cang nhiéu. Tuy nhién, thoi gian tiép xtc
Pb cang dai thi ham lwong Pb trong ré & cac nong do6 cang it khac biét (cu thé 1a
ham luong Pb tich liy trong ré & cac ndng do 200, 400, 600, 800, 1000 va 2000
ppm c6 su khac biét c6 y nghia théng k& & muc p < 0,05 & thoi gian 0 ngay dén
40 ngay, nhung khong khac biét ¢ thoi gian 50 ngay va 60 ngay (p < 0,05)) (hinh
3.13). Piéu nay cho thay, cay Phat tai co thé co ngudng tich Iy nhat dinh, khi
dat ngudng tich liy nay thi cay s& khdng tiép tuc hap thu Pb tir bén ngoai.

Cay Phat tai cd kha nang tich lily trong ré mot luong Pb cao nhat la
38518,01 mg/kg TLK trong méi truong c6 ndng d6 Pb < 1000 ppm va 60570
mg/kg TLK trong méi truong c6 néng d6 Pb > 1000 ppm (¢ 60 ngay cua thi
nghiém) (day c6 thé 1a ngudng tich lity Pb caa cay Phat tai). So véi cly duong xi
(Pteris vittata) c6 ham luong Pb trong ré 12 3157,89 mg/kg TLK (Tran Vin Tua,
2011), cay Phat tai c6 kha ning tich Iy Pb trong ré cao hon. Cay tram oi
(Lantana camara L.) chiu dung duoc mirc d6 6 nhiém 4000 ppm, sau 1 ngay ham
lugng Pb tich liiy trong ré & néng do6 4000 ppm la 5252 mg/kg (Diép Thi My
Hanh va ctv, 2007). Néu so sanh ham lugng Pb tich liiy trong ré sau 1 ngay Véi
cay tram 6i, két qua cho thay cay Phét tai tich lity thap hon véi 60570 mg/kg
trong 60 ngay tuong tng véi 1009,5 mg/kg trong 1 ngay. Kha nang tich liy Pb
trong than va 4 cua cay Phét tai ciing cho thdy cao hon mot sb loai thuc vat nhu
Chrysopogon zizanioides, Ricinus communis, Conyza canadensis, Oryza sativa,
Pfaffia glomerata, Elsholtzia splendens (Kumar va ctv, 2018), véi ham luong Pb
trong than cao nhat 1a 2263,83 mg/kg TLK (¢ néng d6 4000 ppm) va trong 14 la
389,52 mg/kg TLK (& ndng d6 2000 ppm).
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Hinh 3.16: Sw tich liiy Pb trong cac bg phan caa cay Phat tai ¢ 60 ngay thi
nghiém. (a): 200 ppm, (b): 400 ppm, (c): 600 ppm, (d): 800 ppm, (e): 1000
ppm, (f): 2000 ppm, (g): 3000 ppm va (h): 4000 ppm
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Ham lwong Pb trong cac bo phan cua cay Phat tai ¢ tat ca cac nong do Pb
duoc xép theo thir tu ré > than > 14 (hinh 3.16), cho thay cang Ién cao kha ning
van chuyén Pb cang cham dan. Piéu nay tuong ty nhu cac cay tram 6i (Lantana
camara L.) (Diép Thi My Hanh va ctv, 2007), Armeria maritima, Agrostis tenuis
va Cardaminopsis halleri (Dahmani va ctv, 2000). O nong dé Pb tir 200 dén
4000 ppm, ham lwong Pb tich lity trong ré& & 60 ngay bién dong trong khoang
95,90% dén 99,10%, va trung binh tich liy 1a 97,50%. Ham lugng Pb tich liy
trong than ¢ 60 ngay bién dong trong khoang 0,51% dén 3,58%, va trung binh
tich lity 1a 1,95%. Ham luong Pb tich Iy trong la & 60 ngay bién dong trong
khoang 0,32% dén 1,10%, va trung binh tich liy 1a 0,55% (hinh 3.16). Nhu vay,
co ché ma cay Phat tai sir dung dé hap thu Pb c6 thé 1a phytofiltration. Theo co
ché nay, Pb duoc hap thy va tich liy cha yéu trong ré.

Quan sét hinh 3.16 a, b, ¢ va d c6 thé thay, khong co su khac biét (p < 0,05)
giita ham luong Pb tich lity trong than va trong 1a & néng d6 Pb < 1000 ppm
(dudng bicu dién nam chdng 1&n nhau). Tuy nhién, & nong do Pb > 1000 ppm,
noéng d6 cang tang thi ham luong Pb trong than va 4 cang khac biét (duong biéu
dién tach biét nhau) (hinh 3.16 e, f, g va h). Diéu nay cho thdy, trong diéu kién
nhiém doc Pb & nong do cao, cly Phat tai tap trung van chuyén Pb Ién than, 14.
Pay ciing c6 thé 1a phan ng chong chiu nhiém doc Pb cta cdy Phat tai.
3.2.2.2. Kha niing van chuyén Pb tir ré 1én than, 14 cia cay Phat tai

Hé s6 van chuyén (TF) (translocation factor) thuong dugc sir dung dé danh
gia kha nang thyc vat van chuyén kim loai tir ré dén céc phan bén trén cua cay.
Khi TF < 1, kha nang van chuyén kim loai tir ré 1én than 14 thap (thuc vat tich
lity kim loai chi yéu trong ré). Nguoc lai, khi TF > 1, kha nang van chuyén kim
loai tir r& 1én than 14 cao (thyc vat tich liy kim loai chu yéu trong than va 1a)
(Marchiol va ctv, 2004). Két qua tinh gia tri cia hé sb van chuyén cua cay Phat
tai & hinh 3.17 cho thay, TF & tat ca nong do va thoi gian déu < 1. Diéu nay cho
biét, kha ning van chuyén Pb cua cy Phét tai tir ré 1&n than 14 thap, phan 16n Pb

hap thu dugc cay tich liy cha yéu trong ré, chi mot phan nhé duoc chuyén 1én
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than va l1a. O mot sb loai thuc vat duoc khao sat, Cheraghi va ctv (2011) di phat
hién 2 loai Cirsium congestum va Cardaria draba ciing tich liiy Pb trong ré cao
hon trong chéi. Cirsium congestum tich liy 7073,7 mg/kg trong ré va 2473
mg/kg trong chéi. Cardaria draba tich lity 6119,3 mg/kg trong ré va 4251mg/kg
trong choi. Cay dwong xi (Pteris vittata) tich liiy 3157,89 mg/kg trong ré va
112,50 mg/kg trong than sau 2 thang thi nghiém. Viéc tich liiy chi chu yéu trong
ré ciing da dugc bao cdo & nhiéu loai: Vicia faba, Pisum sativum (Malecka va
ctv, 2009), Lathyrus sativus (Brunet va ctv, 2008) va Phaseolus vulgaris (Shahid
va ctv, 2011).
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Hinh 3.17. Hé s6 van chuyén Pb (TF) ¢ cay Phat tai

Nhitng loai thuc vat c6 TF > 1 duoc coi la cay siéu hap thu thich hop cho
qua trinh thu hat chat 6 nhidm cua thuc vat (phytoextraction), trong khi nhitng
cay c6 TF < 1 khong thich hgp cho phytoextraction. Tuy nhién nhirng cay cé TF
< 1 dugc coi la nhitng cay c6 tiém nang cb dinh hoic loc KLN thich hop cho qué
trinh ¢b dinh chat 6 nhiém (phytostabilization) hoic loc doc chat (phytofiltration)
(Marchiol va ctv, 2004). Cay Phat tai c6 gia tri TF < 1 & tat ca cac nghiém thic
Pb, cho thay ring Phét tai 1a cay khong c6 hiéu qua cao trong viéc van chuyén Pb

tir r& 18n chdi, nhung ¢ hiéu qua trong viéc loc va tich iy Pb trong ving ré.
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3.2.2.3. Sw can bing Pb trong nwéc va trong cay va hiéu qua loai bé Pb cia
cay Phat tai

Ham luong Pb trong cdy va trong nudc trong mdi nong do & 2 moc thoi
gian 30 ngay va 60 ngay duoc thé hién ¢ hinh 3.18. Sau 30 ngay thi nghiém,
trong &ng & cac nong do 200, 400, 600, 800, 1000, 2000, 3000 va 4000 ppm,
ham lugng Pb trong cdy chiém 14,11%:; 18,34%; 14,16%; 9,83%; 13,48%:
7,83%; 5,60% va 5,04% va ham lugng Pb trong nuéc chiém 85,89%:; 81,66%;
85,84%; 90,17%; 86,52%; 92,17%; 94,40% va 94,96% luong Pb trong hé théng.
Sau 60 ngay thi nghiém, ty 1 Pb trong cdy ¢ cac nong do tang 1én tuong tng la
91,77%; 49,23%; 37,03%; 24,22%; 15,47%; 8,41%; 8,56% va 6,21%, ty I¢ Pb
trong nudc giam xudng lan luot con 8,23%:; 50,77%; 62,97%; 75,78%:; 84,53%:;
91,59%; 91,44% va 93,79%.

Ty I¢ Pb trong cay sau 30 ngay thi nghiém & cac nghiém thirc khdong khac
biét nhiéu (bién dong trong khoang 5,04% dén 18,34%) (hinh 3.18a), tuy nhién
sau 60 ngay thi nghiém thi ty I¢ Pb trong cay & cac nghiém thac co su khac biét
dang ké (bién dong tir 6,21% dén 91,77%) (hinh 3.18b). Két qua nay cho thay, &
moi trudng nhidm doc Pb cao, cdy Phat tai han ché hap thu Pb (cu thé nhu &
nong do 4000 ppm, sau 30 ngay ham luong Pb trong cay la 5,04%, nhung sau 60
ngay chi ting thém 1,17%) cho nén dan dén hiéu qua loai bo Pb thap.

Khao sat vé hiéu qua loai bo Pb khi phan tich ham lugng Pb con lai trong
dung dich thi nghiém cho thay, ham lugng Pb dugc loai bo ting theo thoi gian o
tat ca ndng dong Pb khao sét. Hiéu qua loai bo Pb cang giam khi nong do Pb gay
nhidm cang ting. Cay Phat tai trong & nong d¢6 Pb 200 ppm sau 60 ngay phoi
nhidm cho hiéu suit loai bo cao nhat (92,3%) va ¢ nong d6 Pb 4000 ppm cho
hiéu suat loai bo thap nhat (7,2%) (hinh 3.19). Biéu nay cho thay, ham luong Pb
loai bo khoi méi trudong nude thi nghiém tuong dong véi ham lugng Pb cay hap
thu (ham luong Pb bam dinh I1&n bé mit vat liéu thi nghiém va bé mit ré khdng

dang keé).
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Hinh 3.18. Sw can bing Pb trong méi truong nwéc va cay. (a): Thai gian 30

ngay, (b): Thai gian 60 ngay
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Hinh 3.19: Hiéu suit loai bé Pb cia cay Phat tai

Trong nhitng nam qua, hau hét cac nghién ctru déu quan tam dén kha nang
tich lity kim loai ndng trong co thé thuc vat va cho rang thuc vat c6 kha nang loai
bo kim loai trong mai trudng 6 nhiém néu ching c6 kha ning hap thu va tich liy
kim loai, nhung cac nghién cau vé hiéu qua loai bo Pb cua thuc vat trong moi
truong 6 nhiém con kha it. Viéc nghién ctiru thém hiéu qua loai boé kim loai trong
moi truong dugc xem la tién dé cho ung dung xu Iy trong thyc tién. Vi két qua
nay cho thiy, cay Phat tai khi xir Iy & nong d6 200 ppm cho hiéu qua xt ly khé
cao (92%), cho thay cay Phat tai rat hitu ich trong xa Iy Pb 6 nhiém & nong do
200 ppm. Thoi gian xu ly t6t nhat 12 60 ngay. Hiéu qua loai bo Pb ¢ nong d6 200
ppm cua cdy Phét tai cao hon so véi nhiéu loai thuc vat khac da duoc béo cao
nhu: ¢ chan vit (lemna minor) xir Iy & nong do 20 ppm (Singh va ctv, 2012): luc
binh (Eichhornia crassipes (Mart.) Solms) xt Iy & nong d¢6 10 ppm (Patel va ctv,
2018) véi hiéu qua loai bd theo thir ty 1a 90%, 67%.

O ndng do cao hon (ké ca nong do 4000 ppm) van c6 thé sir dung cay Phat
tai dé xu ly, tuy nhién can phai tréng cdy méi nhiéu dot dé ting hiéu qua loai bo
Pb va can c6 phuong phap xtr 1y sinh khéi thuc vat sau khi cay hap thy Pb. Theo
co quan bao vé méi truong (EPA, 2000), hién c6 nhiéu phuong phap xt ly sinh
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khdi sau khi hap thu KLN nhu: dong ran dem chén lap ¢ céc bdi chon lap; ly
trich thu hdi Pb téi st dung cho cong nghiép. Trong diéu kién Viét Nam, phuong
phap dong ran dem chon 14p & cac bai chdn lap hop vé sinh 1a kha thi.
3.2.3. Sw phan bé chi trong pham vi té bao ciia cay Phat tai
3.2.3.1. S phén b6 chi trong ré

Phét tai 1a mot loai cay 6 ré chim, ngin va thuong ¢6 mau trang. Cau tric
cuia md ré gdm ba phan chinh: Lép biéu bi r&, mé mém vo (nhu mé ré) va phan
trung tru (g6). D& bao vé I6p mé mém vo, ¢ ré phét tai co thém mot 16p té bao vo
ngoai. Phan trung tru c6 cau tao gom mat 16p té bao noi bi ¢ dai caspari, cac té

bao gd; cac té bao libe; md mém rudt (hinh 3.20).

1 2 34 S 6 7

Hinh 3.20. C4u truc giai phau chung cia ré cay Phat tai (Hinh xem & vat
kinh 10X) (1: Biéu bi; 2: Vé ngoai; 3: Md mém vé; 4: Ngi bi véi dai caspari; 5:
mo mém rugt; 6: Go; 7: Libe)
Thudc nhuém sodium rhodizonate cho mau do dén nau den khi nhuém lén
chi trong cac mé cay (Tupan va ctv, 2016). Su xuat hién caa vét mau do (chinh 1a

chi) duoc tim thay & hinh thtrc dang hat trong cac mé ré khao sét (hinh 3.21).
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[Hinh 3.22. Sy phan bé ciaa Pb & mé biéu bi, v6 ngoai va m6 mém vé cia ré
cay phat tai (Hink xem & vdt kinh 40X)(1: Chi lién két ¢ véch té bao biéu bi; 2:
Chi lién két véi véach té bao vé ngoai; 3: Chi lién két véi vdch té bao mé mém vi)

Tai cac md ré cua cay Phét tai c6 thé thay, chi xuét hién dang hat, phan bd

cha yéu trong gian bao va lién két véi vach té bao (hinh 3.22 va hinh 3.23). Su




87

phan b Pb trong gian bao va lién két voi vach té bao 1a co ché phan bd chinh
trong mo ré caa Pb va l1a chién luoc chdng chiu va han ché doc tinh caa Pb (Al-
Saadi va ctv, 2013). Pb lién két vé&i vach té bao 1a bai vi Pb c6 i luc cao véi cac
thanh phan cia vach té bao nhu lignin, pectin, polysaccharide, cellulose (Al-
Saadi va ctv, 2013). Hon 90% Pb tich liy trong r& di dugc tim thiy o dang
khong hoa tan c6 ¢ gian bao va lién két chat ch& voi véch té bao (Jiang va Liu,
2010).

Hinh 3.23. Sw phan bd ciia Pb ¢ ndi bi ciia ré cay phat tai (hinh xem ¢ vt
kinh 40X)
Trong ré, Pb c6 xu hudng di chuyén dén mé gé dé duoc van chuyén Ién

than 14, tuy nhién do rao can noi bi, sy di chuyén Pb bi han ché. Cho nén Pb tich
lity gia ting & ndi bi, dic biét 1a trén dai caspary véi mau dé saim (Hinh 3.23). O
ndng do Pb gay chét cay (4000 ppm), rao can nay bi pha v& va dong Pb xam nhap
day vao cac mé mach (hinh 3.24). Nbi bi hoat dong nhu mot rdo can ddi véi su di
chuyén cua Pb tir ré 18n than 14 (Azmat va ctv, 2006). Diéu nay cé thé giai thich

mét phan cho két qua vé su tich lity Pb trong ré cao hon so véi than va l4. Sy tich
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lity Pb trong r& cao 1a do sy lién két ciia Pb voi c&c Vi tri trao di ion trén véch té

bao va su két tia & nodi bao (Azmat va ctv, 2006).

Hinh 3.24. Pb phan b6 trong mé ré & nong dé 4000 ppm
(@): Hinh xem ¢ vat kinh 10X va (b) 40X
3.2.3.2. Sw phan bd Pb trong than

Két qua giai phau than caa cay Phat tai cho thy than dugc bao boc bén
ngoai 1a mat 16p biéu bi gdm cac té bao hinh da giac, md mém vo gom nhiéu 16p
té bao hinh tron, sap xép 16n xon chira nhitng khoang gian bao nho. Ngan cach
gitta phan md mém vo va phan gd la cac té bao vong day. Phan gd dwoc ciu tao
gom nhiéu bo dan, mdi b6 dan dugc cau tao gom mé cung, libe va gd (hinh
3.25),

Trong md thyuc vat, Pb c6 thé lang dong ¢ 2 dang la khuéch tan va dang hat
(Tupan va ctv, 2016). Quan sét giai phiu than Phat tai cho thay, dang Pb phan bd
chu yéu trong than la dang khuéch tan va mot phan nho ¢ dang hat. Trong than,
Pb phan bé chu yéu xung quanh cac bé mach (dang khuéch tan) va c6 xu hudng

khuéch tan ra cac mé mém lan can (dang hat) (hinh 3.26).
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Hinh 3.25. Cau trac chung cia than cay phat tai (Hinh xem & vdt kinh 10X)
1- Biéu bi; 2- Md mém; 3- B6 ddn thiz cap, 4- Vong day; 5- B6 ddn so cdp

Hinh 3.26. Su phan bd Pb trong mé than Phat tai (hinh xem & vdt kinh 40X).
(a): ddi ching; (b): 3000 ppm



90

3.2.3.3. Sw phan bd Pb trong 14
Két qua giai phau 14 Phat tai dugc thé hién qua hinh 3.27.

6 S 4

Hinh 3.27. C4u truc giai phiu caa I Phat tai (Hinh xem & vdt kinh 10X)

1-Biéu bi trén; 2- Thit 1&; 3- B6 mach dan; 4- Té bao bao bé mach; 5- Cum mo

cing; 6- Biéu bi dudi

Két qua giai phau Ia Phat tai cho thdy gdm cac mé: I6p md biéu bi gém biéu
bi trén va biéu bi dudi, dudi I6p biéu bi 1a phan thit 14 (nhu mé 14) géom nhu mé
dau va nhu md khuyét, trong d6 nhu md dau 1a noi chira luc lap va thuc hién
quang hop chinh cua cay. O giira 1a phan trung tru gom cac bo dan c6 libe va gb
tao thanh vong cung. Ngoai ra con c6 nhiéu cum mé cang nam xen lan trong
vung nhu md dau, biéu bi trén va biéu bi dudi ciing c6 nhiéu khi khéng (hinh
3.27).

Két qua phan bd Pb trong cac mé & 14 Phat tai cho thay, vét mau do (Pb)
khong dugc phat hién ¢ cac mo trong 14 cua cay Phat tai tiép xuc Pb & nong do
200 ppm dén 2000 ppm. Vét mau dé chi dugc phat hién & ndng d6 3000 ppm va
4000 ppm (hinh 3.28). Két qua cho thay, mau sic & cac md 14 khong khéac nhau
gitta d6i chitng, ndng do 200 ppm va ndng d6 2000 ppm. Nguoc lai, vét mau do

duoc phat hién & ndng d6 3000 ppm va quan sét thay tap trung ¢ bé mach. Co
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thé do ndng d6 Pb tich liy trong 14 & ndng d6 xir ly thap hon 3000 ppm it nén
mau chua duoc nhin thay.

2000ppm 3000ppm

Hinh 3.28. Su phan bé Pb trong la Phat tai & mét s6 nong ad xir ly (hinh xem
& vat kinh 10X)

3.2.4. Phan tng ciia md thuc vat Phat tai trong diéu kién nhiém doc Pb
3.2.4.1. Phan @ng caa cac mo & ré

Két qua ¢ hinh 3.29 cho thay c6 mot sé thay dbi ¢ cac md cua ré cay Phat
tai khi co sy tich lity va phan bd Pb. M6 biéu bi, mé mém vo, md mém ruot va ca
trung tru déu cé kich thuéc ting & cac cay nhiém doc chi va ting hon so véi cay
dbi chitng. Cac mé nay c6 xu hudng tang khi nong do Pb gay nhiém tiang. Pic
biét md biéu bi (hinh 3.30) va md mém vé (hinh 3.31) c6 su ting kich thudc rat
rd rét so véi dbi chang.
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Nong d6 Pb cang cao cang 1am cho Ié6p mé biéu bi, mé mém vo day hon.
Cac md day hon c6 thé 1a do su tich liy Pb 1am day nhanh sy truong thanh cua
c4c té bao ciing nhu sy hinh thanh vach thar cap. Khi té bao thuc vat tiép xtc voi
Pb, qué trinh tong hop polysaccharides ting dan dén lam day lén dang ké cua
véch té bao (Khan va ctv, 2018).
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Hinh 3.29. Kich thwéc c4c 16p mo cia ré ¢ cac nong dé chi

Cac mo ¢ ré day hon ciing c6 thé 1a mot phuong thic giai doc cua cay Phat
tai nham lam tang kich thudc rao can vat ly, giam su dich chuyén Pb dén céac bo
phan bén trén cua cay. Két qua tuong ty ciing da duoc bao cdo boi Tupal va ctv
(2016) khi cho biét ring md vo va mé noi bi & ré cua cay Thalassia hemprichii
(mot loai cay tich liiy Pb kha cao trong ré khoang 17435-18630 ppm) cé kich
thudc tang hon khi nhidm doc Pb. S6 16p trung tru o loai Lens culinaris ting hon
3 16p so vai ddi ching khi nong do Pb xir Iy 250 ppm (Azmat va ctv, 2006).
Ngoai ra, viéc day Ién ctia vach té bio ciing sé& tao ra nhiéu vi tri dé gan két Pb va
do d6 ting kha ning ¢ lap ngoai bdo. Véch té bao day hon ciing di dugc phat

hién ¢ loai F. hygrometrica protonema (Khan va ctv, 2018).
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Hinh 3.30. S thay déi d9 day biéu bi ré ciia cay phét tai khi tiép xtc véi Pb &
cac nong do khac nhau (um) (Hinh dwoc xem 6 vdt kinh 10x)
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4000ppm

Hinh 3.31. Su thay ddi dé day mé mém ré& cia cay phat tai khi tiép xuc véi Pb

& cac nong dd khac nhau (um) (Hinh dwoc xem & vdt kinh 10x)
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Ngoai ra, duong kinh éng mach gé & ré cay nhiém doc Pb ciing ting cao
hon so vé6i dbi ching va dic biét 1a tang kha cao ¢ cac nong do Pb 2000, 3000 va
4000 ppm, véi duong kinh theo thir tu 14 40,00 um, 41,98 um va 47,10 um (hinh
3.32). buong kinh éng mach gd ting ¢ nong do Pb cao ciing di dwoc béo céo
trén 2 loai Lens culinaris va Phaseolus mungo (Azmat va ctv, 2006). Buong
kinh dng mach tang khi xt Iy Pb c6 thé la két qua gidp ré ting kha nang hut
nuéc, mudi khoang va dinh dudng dé cung cap cho cdy giup cay co thé chong
chiu hon trong diéu kién nhiém doc va tao diéu kién cho viéc van chuyén oxy

dén vuing ré.
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Puwing kinh ong mach g6 (um)

Hinh 3.32. Su thay déi dwong kinh 6ng mach gé & ré cia cay Phat tai khi
tiép xuc véi Pb ¢ cac ndng dd khac nhau (um)

3.2.4.2. Phan wng cia cac mo ¢ than

Két qua thu duoc & hinh 3.33, 3.34, 3.35 va 3.36 cho thay nong do Pb ¢6 anh
huong dén cau trdc cac md & than. O néng do Pb 200 - 800 ppm, phan I6n cac md
déu tang hon so vai ddi ching (16p biéu bi day hon 5 - 18%; duong kinh bd mach
mé rong hon 2 - 9% va duong kinh éng mach gd tiang hon 8% - 35%). O nong d6
Pb 1000 - 4000 ppm, phan lén cac mé déu giam hon so véi di chung (16p biéu bi

giam di 6 - 18%; 16p md mém vo ké ca kich thudc bo mach giam xuéng 4 - 23%.
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Két qua nay c6 thé la phan ¢ng cua cdy dudi tac dong giy doc caa Pb ¢ nong do
cao (Khan va ctv, 2018). Két qua Pb phan bé nhiéu & bé mach ciing s& 1am giam
kich thuéc bé mach va mé rong khéng gian caa ng mach g (Al-Saadi va ctv,
2013).
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Hinh 3.34. Sy thay déi d§ day (um) I6p md mém vé & than cay Phat tai khi

tiép xuc & cac ndng dd Pb khac nhau
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800ppm

2000ppm

Hinh 3.35. Su thay déi dwong kinh b6 mach caa than & cac nong dé Pb
(Hinh xem ¢ vdt kinh 10x)
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2000ppm

4000ppm

Hinh 3.36. P§ day (um) l6p md mém vé & than cay phat tai ¢ cac nong dé Pb

(Hinh xem ¢ vdt kinh 10x)
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La mot loai thyuc vat c6 thé séng duoc & ca 2 mdi truong dat va nuéce. Khi
séng trong mai trudng nudc, ban than cay Phat tai ciing gidng nhu cac lodi thuc
vat thuy sinh khéc can c6 khoang gian bao Ion dé dua oxy dén ré. Chinh vi thé,
trong cau tric giai phau than Phat tai, tit ca nong d6 Pb déu c6 tac dong lam ting
duong kinh éng mach gd so véi dbi ching (ting 8% dén 35%) (hinh 3.33). Két
qua nay co thé 1a cach dé cay vira chdng lai su mat oxy vira van chuyén Pb. Al-
Saadi va ctv (2013) di tim thay nhitng thay doi trong dng mach gb ¢ than cua
mot lodi cay thuy sinh Potamogeton sp. va két luan riang su thay d6i 1a do kim
loai dwoc van chuyén bén trong nén dng mach phai rong ra dé vira cé thé van
chuyén ca oxy va Pb. Viéc gia ting kich thudc éng mach c6 thé 1a mét chién
lwgc quan trong caa thuc vat séng duoc trong mdi truong nudc nhiém kim loai
nang, khdng chi tao diéu kién cho viéc van chuyén oxy dén ving ré ma con van
chuyén Pb.
3.2.4.3. Phan @ng cta cac mo ¢ 14

Két qua giai phau Ia cho thay c6 su khac nhau vé kich thudc cac 16p md cua
la & cac nghiém thac. Do day cua biéu bi trén, kich thudc nhu mé 14 va b6 mach
déu ting va cao hon so véi ddi ching. Tuy nhién sy ting kich thudc ¢ cac mo
nay khac nhau tly theo nong do chi va loai mé. Cau tric cia cac loai mé khac
nhu biéu bi dudi, 5ng mach ciing ¢6 su thay d6i theo néng do Pb. Do day cua
biéu bi dudi va kich thuéc cia 6ng mach & cac nong do Pb 200, 400 va 600 ppm
giam hon nhung khong nhiéu so véi ddi chung, nhung lai ting hon so véi doi
chang o néng d6 Pb 800, 1000, 2000, 3000 va 4000 ppm (hinh 3.37, 3.38 va
3.39).

Khi thuc vat bi nhiém doc Pb cao, thuc vat c6 mot sé co ché chng chiu Pb,
co lap Pb trong khéng bao 14 13 mot trong nhitng co ché dé. Pé tich lity Pb trong
khong bao, kich thudc khdng bao phai kéo dan ra kéo theo lam thay doi cau tric
giai phau 14 dic biét 1a mé biéu bi. Phan ung ting duong kinh éng mach & ndng

d6 Pb > 1000 ppm phu hop vai két qua phan bé Pb ¢ 14.
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Hinh 3.39. P$ day (um) l6p nhu md 14 phét tai & cac nong d Pb
(Hinh xem ¢ vdt kinh 10x)
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Tém tit:

Tac dong cia Pb dén sinh trwéng: Nong o6 Pb < 1000 ppm c6 anh huang
khong dang ké dén sinh truong cua cay Phat tai. G néng d6 Pb 200, 400, 600 va
800 ppm, sy tang trudng chiéu cao cdy va chiéu dai ré khdng khac biét so véi dbi
chung, sinh khéi tuoi, sinh khéi khd, ham lwong diép luc té va ham lwong nuéc
giam khong dang ké so vai d6i ching. Nguoc lai, nong do Pb > 1000 ppm ¢ tac
dong nghiém trong dén sinh truong cua cdy Phat tai. Nong do Pb tir 1000 dén
4000 ppm lam giam tat ca cac chi tiéu chiéu cao cay, chiéu dai r&, sinh khoi tuoi
va khd, ham lugng diép luc té va ham luong nudc. Céc triéu chiing cua nhiém
doc Pb la cay khong ting truong, (¢ ché manh su phaét trién caa ré. Nhiing triéu
chttng nay c6 thé 1a hau qua cua su giam sic té quang hop, giam ham luong
nuéc, giam kha niang tong hop sinh khoi. Nong do gy chét ¢ cay Phat tai la
4000 ppm, hau hét cay déu chét sau 60 ngay thi nghiém. Nong do Pb cao gay ra
qué trinh peroxy héa lipid, 1am hong céc axit nucleic va protein, dong thoi 1am
thay dbi carbohydrate chuyén hoa, dan dén rdi loan chirc ning va chét té bao
(Hasanuzzaman va ctv, 2020).

Pb khéng phai 1a chat dinh dudng thiét yéu nén & ndng do cao s& tc ché sy
sinh truang cua cdy. Sy khéac nhau rd rét vé sinh truong giita cdy ngd doc Pb va
cdy binh thuong cho thay phan tng chinh caa thuc vat déi véi doc tinh Pb 14 tc
ché su sinh truong cua cdy. Viéc Pb ¢ nong do < 1000 ppm khéng lam anh
huong dang ké dén céc chi tiéu sinh truong, cho thiy cay Phat tai ¢ kha ning
chéng lai stress Pb va c6 thé c6 co ché hiéu qua dé chng chiu Pb.

Nhiéu loai cay da duoc st dung trong cdng nghé phytoremediation cho &
nhidm Pb bai vi chling c6 thudc tinh chdng chiu. O cay Phét tai, kha nang chéng
chiu Pb da duoc tim thay. Cay c6 kha ning chéng chiu tét voi Pb & ndng do 200
dén 800 ppm khoang 80,38% dén 114,47%. Piéu nay cho thiy cdy Phat tai co
thé thich hop sir dung cho xir Iy Pb & nong do dén 800 ppm.

Ngudng Pb gay doc cho cay Phat tai: Cay Phat tai ciing nhu tat ca cac loai

thuc vat khac co kha nang chiu dung chat doc (Pb) dén mot mirc ¢ nhét dinh,
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mtc do nay duoc goi 1a “ngudng”. Néu gia tri chat doc (Pb) nho hon gia tri
ngudng thi qué trinh sinh truong cua cy bi anh huéng khong dang ké boi tac
dong gay doc caa Pb. Néu nong do Pb vuot qua mac do ngudng thi ting truong
cua cdy s& bi anh huong dang ké. Pb trong nudc > 1000 ppm da gay ngd doc cho
bo r&, 1am giam ham lugng nuéc trong cdy, tc ché téng hop diép luc tb, 1am
giam kha ning tong hop céc chat dan dén giam sinh khdi va giam ting truong
chdi. Nong d6 > 1000 ppm Pb trong nudc da vuot qua ngudng chiu dung dbi véi
cay Phat tai nén céac biéu hién ngd doc xuat hién rd rét (héo khd ca 14, ré co
ngan). Ngudng nong do Pb gay doc cho cay Phat tai la 1000 ppm.

Cay siéu tich liy: Viéc xac dinh thuc vat siéu tich lay kim loal
(hyperaccumulator) ¢ thé dua trén 3 tiéu chi: (a) ti 18 ndng do kim loai gitra than
14 va ré (ti I¢ giita ndng d6 kim loai trong than 14 va nong do kim loai trong ré >
1); (b) Nong d6 KLN hap thu phai cao hon gip 10 dén 500 lan so véi thuc vat
théng thuong (thuc vat khong bi nhiém Pb) (Henry, 2000); (c) tich lily cao hon
0,1% dbi vai Pb (Rotkittikhun va ctv, 2006). Trong 3 tiéu chi nay, cay Phat tai da
dap tng duoc 2 tiéu chi: hap thu Pb cao hon 500 lan, tich lily Pb cao hon 1%
trong luong cay (ham lugng PDb tich lily trong cay Phat tai dat 2,9% trong Iugng
cua cady), cho nén cay Phét tai c6 thé duoc xem la cay siéu tich liy Pb
(hyperaccumulator). Tuy nhién, ham luong Pb tich liiy cha yéu trong ré nén cay
Phat tai chi phi hop cho co ché phytofiltration dé xt Iy Pb.

Co ché chdng chiu Pb: Sy c6 mat ctiia Pb trong cay da lam cho Phat tai c6
cac chién luoc khac nhau dé ddi pho véi doc tinh ciia nd. O ré, Phat tai da sur
dung chién luoc loai bo Pb ra khoi té bao bang cach ¢ lap Pb trong gian bao.
Tai day, Pb c6 thé ¢ dang lién két vé6i céc thanh phan trén véch té bao hodc két
tda trong gian bao. Do mét lugng 16n Pb tich liy chi yéu trong ré, nén dé dam
bao ¢ nhiéu vi tri dé c6 1ap Pb trong gian bao, Phét tai da c6 thé c6 phan tng
lam day vach té bao. Sy day 1én cua véach té bao cd thé 1a két qua 1am tang kich
thuéc cia md mém ré (hinh 6 — phu luc 4). Mic khac su day 1én cua trung tru

cling c6 thé 1a mot chién luge cua cdy Phét tai dé ngan chan sy di chuyén Pb 1én
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cac b phan bén trén cua cay. O than va 14, phan Gng rd rét cta cay Phét tai dbi
v6i su ¢6 mit cta Pb trong méi trudong nude 1a ting duong kinh cia éng mach
g6 nham co thé vira van chuyén Pb va vira van chuyén dinh dudng va nuéc.
3.3. SU BIEU HIEN GEN CHONG OXY HOA O CAY PHAT TAI TRONG
MOI TRUONG NHIEM POC Pb
3.3.1. Kiém tra san pham RNA ly trich ciia cAc mAu nghién ciru

RNA thdng tin 13 vat liéu di truyén rat can thiét dugc st dung trong cac
ky thuat sinh hoc phin tir & danh gia biéu hién gen. Pé thuc hién phan tng
PCR, RNA luén duoc chuyén thanh cDNA. Cho nén chét lugng ciing nhu ndng
d6 RNA thong tin thu dugc sé anh huong dén chat va luong cDNA va ciing
quyét dinh mutrc d thanh cong cta phan tng PCR. Do vay viéc ly trich RNA c6
chét luong cao va ndng do thich hop 12 rat can thiét.

Do tinh sach ctia RNA duoc thé hién ¢ ty s6 OD260/0D280 nm. Sau khi
RNA téng s6 duoc ly trich, néng do va do tinh sach cia RNA téng s6 duge kiém
tra bang may quang phd va két qua dugc trinh bay & phu luc 2. Két qua kiém tra
ty s6 OD260/0D280 nm clia cac mau ly trich 14 1,8 - 2,0 va ndng do RNA tong
s6 dat 17 - 50 pg/ml. Piéu nay cho thay RNA tong s6 c6 do tinh sach cao va cé
nong d6 phu hop cho cac phan tng PCR.
3.3.2. Khuéch dai trinh tw gen chdng oxy hoa ¢ cay Phat tai

Két qua dién di san phém khuéch dai cac doan cDNA cua trinh tu gen

chéng oxy hoa duoc thé hién & hinh 3.40 cho thay, san pham khuéch dai tir cac
cip primer GST, Cyt-Cu/Zn SOD va GPX cho bing cé kich thuée lan luot 12
khoang 362, 221 va 202 bp so véi thang chuan, diéu nay dung véi 1y thuyét du
kién cac san pham khuéch dai tir cac cap primer GST, Cyt-Cu/Zn SOD va GPX
1an luot 1a 362, 221 va 202 bp. San pham PCR mau chimg am (mau nudc khir
ion thay cho mau cDNA) khéng xuét hién bing san pham kich thudc trén 100
bp.
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Hinh 3.40. Két qua PCR gen chéng oxy hoa tir miu cDNA cay Phat tai
(M: Ladder 100 bp; 1: gen GST; 3: gen Cyt-Cu/Zn SOD; 5: gen GPX; 2,4,6: doi

chung am)

3.3.3. Tao dong gen chong oxy hoa

Do viéc chon loc cac dong té bao E. coli DH5a mang vector téi to hop (E.
coli DH5a - pGEM-T Easy - Cyt-Cu/Zn SOD/GPX/GST) dugc tién hanh bang
phuong phép PCR khuan lac, cho nén trudc tién dé tai phai chon ra duoc céc
khuan lac cua dong E. coli mang vector tai to hop. Két qua nudi cdy vi khuan
duoc thé hién ¢ hinh 3.41. Dich vi khuan sau khi tao dong duoc nudi ciy trén
moi truong LB, bd sung IPTG, ampicillin va X-gal. Sau 24 gio nudi cdy, xuit
hién cac khudn lac mau tring, tron trén méi trudng (hinh 3.41). Tur cac khuan lac
hinh thanh & cac dia nudi cdy, lra chon mot s6 khuan lac roi rac dé kiém tra sy
hién dién cua c4c gen Cyt-Cu/Zn SOD, GPX va GST sau khi bién nap.

Céc mau khuan lac ctia dong E. coli mang vector tai t6 hop chtra doan gen
GST, Cyt-Cu/Zn SOD va GPX sau khi chon ra di duoc tién hanh phan tmg PCR.
Két qua dién di san pham PCR khuan lac cho thay xuét hién bang c6 kich thudc
trong tmg véi kich thude san pham PCR gen chéng oxy héa doan gen muc tiéu
GST, Cyt-Cu/zZn SOD va GPX lan luot 1a 362, 221 va 202 bp (hinh 3.42). biéu
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nay, ching to plasmid mang gen chdng oxy hoa di duoc chuyén thanh cong vao
vi khuén E. coli DH5a.

Hinh 3.41 Khuén lac E. coli d4 tao dong gen trén mdi trweong LB. (a): gen
GST; (b): gen Cyt-Cu/Zn SOD va (c): gen GPX
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300 bp

200 bp

(b)

200 bp

(c)

Hinh 3.42. Két qua PCR gen GST (a), Cyt-Cu/Zn SOD (b) va GPX (c) tir
khuén lac vi khuan. (M: Ladder 100 bp; (a) 1-3: gen GST tir vi khuan; 4: doi
ching am; (b) 1-2: Gen Cyt-Cu/Zn SOD tir vi khuan; 3: d6i ching am; (c) 2,3:

gen GPX tir vi khuan; 1: doi chizng &m)
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3.3.4. Ly trich DNA tai t6 hop

Cac mau khuan lac cta dong E. coli di bién nap thanh cong mang vector tai
t6 hop chtra gen chdng oxy hoa di dugc ting sinh trong méi truong LB bo sung
Ampicillin ndong do 100 pg/ml (16 gid & 37°C). Sau d6 6 mau DNA plasmid da
dugc ly trich va kiém tra bang dién di trén gel (hinh 3.43). Két qua dién di cho

thdy DNA tai t6 hop duoc ly trich tét, cac giéng xuét hién bing sang rd.

(a) (b)
Hinh 3.43. Két qua ly trich DNA tai té hop. (a) 1-2: pGEM-T Easy/GST tir vi

khuan; 3-4: pGEM-T Easy/Cyt-Cu/Zn SOD tir vi khuan; (b) 5-6: pGEM-T
Easy/GPX tir vi khuan)

3.3.5. Giai trinh tw cac gen chéng oxy hoa
3.3.5.1. Trinh tw gen GST

Két qua giai trinh tu doan gen GST cho thiy doan gen c6 kich thuéc 362
bp, bang ding vai kich thuéc doan gen muc tidu can tim. Diéu nay ching té c6
su hién dién ctia gen GST méd hoa cho enzyme glutathione S-transferase trong
cay Phat tai va cap primer thiét ké c6 d6 dic hiéu cao.

Doan gen GST ¢ cdy Phét tai co trinh ty nucleotide nhu sau:
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CACAAGAAGAACCCGGTCCTCCTCCACGACGGCAAGCCCGTCTG
CGAGTCGTCGATCATCGTCCAATACATCGACGAGGTGTGGGCCGACA
AAGCTCCGATCTTGCCCAAGGACCCCTATGGCCGGGCCCAAGCGAGA
TTCTGGGCCGATTTCATCGACAAGAAGATATACGAGTGCGGAACTAG
GCTGTGGAAGCTGAAGGGAGAAGCCCACGAGGAAGCCAAGAAGGAA
TTCATCGAAATCTTGAAGCTGTTGGAGGGCGAGCTCGGCGACAAGAA
ATTCTTTGGTGGTGATGAATTTGGGTTTGTCGACATTACTCTTGTGCC
CTTCACCGCATGGTTCTACACCTACGAGACCTGCGC

Glutathione S- transferase (GST), mot enzyme phd bién va c6 nhiéu chirc

nang da dugc phat hién dau tién & dong vat vao nam 1960, cd vai trd quan trong
trong giai doc va vai tro bao vé thuc vat cia GST chdng lai doc chét cia thube
diét c6 da duoc chu y va nghién ctru rong rai vao nam 1970 (Wilce va Parker,
1994). Sau d6, cac nghién ctru vé chirc niang va cac gen co lién quan dén enzyme
nay d& dugc nghién ciru nhiéu. Kha nhiéu gen GST da duoc xac dinh tir nhidu
loai thuc vat nhu Arabidopsis thaliana (55 gen), Oryza sativa (79 gen), Capsella
rubella (49 gen), Hordeum vulgare (84 gen), Citrus sinensis (23 gen),
Gossypium arboreum (49 gen), Gossypium raimondii (59 gen), Brassica rapa
(75 gen) va Solanum lycopersicum (90 gen) (Wang va ctv, 2019). Thé nhung,
cho dén hién tai, chua c6 cong bd chinh thirc ndo vé trinh tu gen GST trén cay
Phat tai. Do d6 viéc phat hién trinh ty gen GST s& gbp phan bd sung vao co so di
truyén cac gen lién quan dén chdng chiu stress phi sinh hoc.

Dé so sanh mirc d6 twong dong giita cac vung gen, dé tai da sir dung trinh
tur gen GST trén loai cing chi l1a cay huyét giac (Dracaena cambodiana) va két
qua str dung cong cu blast trén ngan hang gen cho thdy mic d6 twong dong dén
98,62% voi trinh tu gen GST (glutathione-S-transferase) trén cay huyét giac
(hinh 3.44).



110

Sequences producing significant alignments

) selectall 0sequences selected

Description

[ Dracaena cambodiana olutathione 3-transferase (GSTUS) mRNA, complete cds

D Dracaena cambodiana glutathione S-ransferase (GSTUS) mRNA, parial cds

D PREDICTED: Asparagus officinalis probable glutathione S-transferase parA (LOC109844903) mRNA

D PREDICTED: Musa acuminata subsp. malaccensis probable glutathiong S-ransferase parA (LOC103999064) mRNA

D PREDICTED: Elaeis quineensis uncharacterized LOC105059433 (LOC105059433). partial mRNA

D PREDICTED: Elaeis quingensis probable lutathions S-ransferase parA (LOC1I5037017) mRNA

D PREDICTED: Elaeis quinsensis probab

e qlutathione S-ransferase parA (LOC105046779). franscript variant X2, mRNA

[ PREDICTED: Eleis quineensis probable glutathione S-transferase parA (LOC105046779), ranseript variznt X1, mRNA

D PREDICTED: Ananas comosus prabable glutathione S-ransferase pard (LOC109712989), mRNA

D PREDICTED: Musa acuminata subsp. malaccensis probable glutathione S-ransferase par (LOC103999069) mRNA

]

Max

Score Score Cover value

641
368
3%
265
30
44
PEE]
2%
11
a

Manage Columns ¥ Show | 10V = @

Total Query

641
368
3%
265
30
44
PEE]
2%
11

Per.

Accession
|dent

100% 6e-180 98.62% KUSE5013.1

0% 9e-104 67.99% KUSRS017.1

100%
55%
5%
5%
100%
100%
100%

9e-09
2e-06
dg2
2660
9e-59
9e-59
2e-56

20 9% fedh

§3.65% XM_020414071.1
80.00% XM_009420713.2
1950% XM _010942728.2
19.22% XM_010912722.3
T8.56% XM_019851392.2
78.96% XM_010925435.3
78.30% XM_020236592.1
18.30% XM_009420719.2

Hinh 3.44. Két qua tim kiém trinh tw gen GST ciia ciy Phat tai trén ngan

hang gen

Khi so sanh sy khac biét gitra hai trinh tu gen GST trén cdy Phat tai va cay

huyét giac (Dracaena cambodiana - mé sé gen KU56013.1), c6 thé nhan thay

giita hai trinh tu c6 do sai khac rat nho, chi 2,38%, ving trinh ty sai khac nam rai

rac, mdi diém khong vuot qua ba nucleotide (hinh 3.45). Két qua nay cho biét

rang cO sy hién dién cua gen ma hoa chit chdng oxy hoda glutathione-S-

transferase trén cay Phat tai. Trinh tu gen GST trén cay Phaét tai ciing twong dong

dén 87,99% vdi trinh tu ciia mot gen GST khéc trén cay huyét giac (ma sb gen

KU56017.1) va nhiéu loai cay khac nhu Asparagus officinalis, Musa acuminata,

Rhodamnia argentea, Eutrema salsugineum (78% dén 83%). Piéu nay cho thiy,

ho gen GST c6 rat nhiéu loai gen GST khéc nhau. Wang va ctv (2019) da minh

chtng cho van dé nay khi phat hién c6 dén 330 gen GST khac nhau trén genome

cay lta mi (Triticum aestivum L.)
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KU565017.1 =  =-------cccecmccmemmmmmmaa- GACGGCAAGCCCGTCTGCGAGTCGE TCATCATC 33

GST CACAAGAAGAACCCGGTCCTCCTCCACGACGGCAAGCCCGTCTGCGAGTCGTCGATCATC 60

KUS65017.1 GTCGAGTACATCGACGAGGTGTGGGCCTACAAAGC TCCGATCTTGCCCAAGAGCCCTTAC 93

GST GTCCAATACATCGACGAGGTGTGGGCCGACAAAGC TCCGATC TTGCCCAAGGACCCCTAT 120
KU565017.1 GCCAGGGCCCAAGCCAGATTC TGGGCCGATTTCGTTGACAAGAAGATATACGAGTGCGGC 153
GST GGCCGGGCCCAAGCGAGATTCTGGGCCGATTTCATCGACAAGAAGATATACGAGTGCGGA 180
KU565017.1 ACCAGGCTTTGGAAAC TGAAGGCCGGAGIMAGC TCAGGAGGCAGCGAAGAAGGAATTCATC 213
GST ACTAGGC TGTGGAAGC TGAAGGGAG AGCCCACGAGGAAGCCAAGAAGGAATTCATC 237
KU565017.1 GAGCALGTGAAGTTGTTGGAGGGAGAGC TCGGCGACAAGAAGTACTTTGGTGGTGATGAG 273
GST GAAATE TTGAAGCTGTTGGAGGGCGAGC TCGGCGACAAGAAATTCTTTGGTGGTGATGAA 297

R (g P e A A N R R g el e )

KU565017.1 TTTGGGTTTGTCGACATTGCTCTCGTGCCCTTCACTGCATGGTTCTATAGCTACGGGACT 333
GST TTTGGGTTTGTCGACATTACTCTTGTGCCCTTCACLGCATGGTTCTACACCTACGAGACC 357
KUS65€17.1 TTTGCCAACTTCAGCGTGGAGGAGGAGGTGCCGAAGC TGGC TGC TTGGGGAAAGAGGTGC 393
GST TGE G- s o mmin ce et e e e T e o e e R e e e i 362

Hinh 3.45. Két qua so sanh trinh tw gen GST trén Dracaena sanderiana va
Dracaena cambodiana (KU565013.1) dwoc cong bd trén Genbank. Céc vi tri
nucleotide sai khac diwrgc biéu dién bang chit mau den ¢é khung bén ngoai.

3.3.5.2. Trinh tw gen Cyt-Cu/Zn SOD

Trinh tu gen Cyt-Cu/Zn SOD trén cdy Phét tai (Dracaena sanderiana) véi
kich thudce 221 bp:

GACACAACAAATGGATGCATGTCCACTGGACCTCATTTCAATCC
TGCTGAAAAGGAACACGGGGCACCTGAGGATGAGAACCGCCATGCC
GGTGATCTTGGAAATGTGACTGCTGCTGAGGATGGAACTGCTCCTATT
AACGTTACTGACAACCAGATTCCACTCACTGGGCCAAATTCAATTGTT
GGAAGGGCTGTTGTTGTCCATGCCGATCCGGATGA

Cho dén nay, nhdm gen SOD da dugc phét hién ¢ nhiéu loai thuc vat nhu
Arabidopsis thaliana, Musa acuminata, Sorghum bicolor, va Populus
trichocarpa. Gen SOD gom c6 3 loai Cu/ZnSOD, FeSOD va MnSOD. Nim
2016, Feng da xac dinh 9 gen SOD trén cdy ca chua (Solanum lycopersicum L.)
(4 gen Cu/zZnSOD, 4 gen FeSOD va 1 gen MnSOD) (Feng va ctv, 2015). Nam
2019, 26 gen SOD da duoc xac dinh tir bo gen IGa mi, gdm 17 gen Cu/Zn-SOD, 6
gen Fe-SOD va 3 gen Mn-SOD (Jiang va ctv, 2019). Trén cay Phat tai, chua co
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cong bd chinh thirc ndo vé trinh ty gen Cyt-Cu/Zn SOD trén ngan hang gen. Do
do, sir dung trinh tu cac gen SOD trén nhitng loai thuc vat khac dé 1am co sé so
sanh mirc d6 twong dong. Két qua cho thdy, mic do tuong dong cua doan gen
Cyt-Cu/Zn SOD & cay Phat tai véi mot sd cdy trong chi co, mang tiy 1én dén
88%, do che phit 100% (hinh 3.46).

Sequences producing significant alignments Download Manage Columns ' Show L
selectall 100 sequences selected GenBank  Graphics  Distance tree of results
D s e G |
PREDICTED: Asparaqus officinalis superoxide dismutase [Cu-Zn] 2-like (LOC109819605), mRNA 265 265 100% D9e-67 88.29% XM 0203853841
PREDICTED: Elaeis quineensis superoxide dismutase [Cu-Zn] (LOC105059944), transcript variant X1, mRNA 254 254 100% 2e-63 67.33% XM_0109434753
PREDICTED: Elneis quineensis superoxide dismutase [Cu-Zn] (LOC105053944), transcript variant X2, mRNA 20 220 8% 2e53 87.11% XM 0109434772
PREDICTED: Asparagus officinalis superoxide dismutase [Cu-Zn] 2 (LOC109831775), transcript variant X2, mRNA 48 248 100% 9e-62 86.94% XM_0203991671
PREDICTED: Asparagus officinalis superoxide dismutase [Cu-Zn] 2 (LOC109831775), transcript variant X1, mRNA 43 248 100% 9e-62 86.94% XM_020399186.1
PREDICTED: Elaeis guineensis superoxide dismutase [Cu-Zn] (LOC105036933), transcript variant X2, mRNA 245 215 100% 9e-52 84.16% XM_0292622791
PREDICTED: Elaeis guineensis superoxide dismutase [Cu-Zn] (LOC105036933), transcript variant X1, mRNA A5 215 100% 9e-52 84.16% XM_0109126513
PREDICTED: Amborella trichopoda superoxide dismutase [Cu-Zn] (LOC18445195), transcript variant X4, mRNA 25 215 100% 9e-52 84.16% XM_0206741501
PREDICTED: Amborella trichopoda superoxide dismutase [Cu-Zn] (LOC18445195), ranscript variant X3, mRNA 215 215 100% 9e-52 84.16% XM_011629099.2
PREDICTED: Amborella trichopoda superoxide dismutase [Cu-Zn] (LOC18445195), iranscript variant X2, mRNA 215 215 100% 9e-52 84.16% XM_020674149.1
PREDICTED: Amborella trichopoda superoxide dismutase [Cu-Zn] (LOC18445195), transcript variant X1, mRNA 25 215 100% 9e-52 84.16% XM_020674148.1
PREDICTED: Vits riparia superoxide dismutase [Cu-Zn] (LOC117931459), mRNA 209 209 100% de-50 8371% XM_034852474.1
PREDICTED: Elasis guineensis superoxide dismutase [Cu-7n] (LOC105037251), mRNA 09 209 100% deB0 8371% XM_0109129372
PREDICTED: Vits riparia superoxide dismutase [Cu-Znike (LOC117930961), franscript variant X3, mRNA 04 204 100% 2e-48 83.26% XM_0348517811

L

nh 3.46. Két qua tim kiém trinh tw gen Cyt-Cu/Zn SOD cuia cay Phat tai
trén ngén hang gen
Trinh ty gen Cyt-Cu/Zn SOD trén cay Phét tai c6 su twong dong rat cao véi
mot sd loai dd dwgc cong bd trén ngdn hang gen nhu ming tdy Asparagus
officinalis, co dau Elaeis guineensis, nho swong Vitis riparia, Vitis vinifera,
Amborella trichopoda. Tuy vay, vin c6 mot s6 vi tri ¢d cac nucleotide khac biét
gitta viing gen Cyt-Cu/Zn SOD cua cdy Phat tai so vdi cac loai khac, ty 1€ khac
biét khoang 12 - 17% (hinh 3.46).
Khi so s&nh trinh tu gen Cyt-Cu/Zn SOD trén cay Phét tai voi cdy mang tay
Asparagus officinalis va cay co dau Elaeis guineensis, két qua cho thdy cac
nucleotide khdc biét nam rai ric trong toan bd ving gen

Cyt-Cu/Zn SOD, d¢ phan tan dong déu. Tai mdi diém sai khac, sé nucleotide
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khéng vuot qua 03 (ba) nucleotide (hinh 3.47). Két qua niy xac nhan rang ¢ su
hién dién ciia gen Cyt-Cu/Zn SOD trén cdy Phat tai, cip mdi st dung cho phan
mg PCR khuéch dai trinh tu gen Ia dac hiéu.

XM_©18943475.3 CCALTGGGCCACATTTTAATCCTGC TGGARAGGAACATGGGGCACCTGAAGATGAGAACC 380
XM_©18943477.2 ATGLAGGGCCACATTTTAATCCTGCTGGAAAGGAACATGGGGCACCTGAAGATGAGAACC 317
XM_©20399186.1 CCALTGGACCTCATTTCAATCCTGCTGGGAAGGAACATGGAGCGCCTAATGATGAGAACC 395
XM_©20399187.1 CCALTGGACCTCATTTCAATCCTGCTGGGAAGGAACATGGAGCGCCTAATGATGAGAACC 344
YT CCALTGGACCTCATTTCAATCCTGCTGAARMAGGAACACGGGGCACCTGAGGATGAGAACC 82

XM_©20385384.1 CCALTGGACCTCATTTCAATCCTGCTGGARMAGGAACATGGGGCACCTGAAGATGAGAATC 357

R o e o W W AR W e ™

XM_010943475.3 GCCATGCCGGTGATCTTGGAAATGTGACTGCTGGCGAAGATGGTACTGTT 440
XM_©10943477.2 GCCATGCCGGTGATCTTGGAAATGTGACTGCTGGCGAAGATGGTACTGTT, 377
XM_©28399186.1 GCCATGCTGGTGACCTTGGAAATGTGACTGCTACTGAGGATGGGACTGCT 455
XM_©20399187.1 GCCATGCTGGTGACCTTGGAAATGTGACTGCTACTGAGGATGGGACTGCTA 404
YT GCCATGCCGGTGATCTTGGAAATGTGACTGCTGCTGAGGATGGAACTGCT = 142
XM_©2e385384.1 GCCATGCTGGTGACCTTGGAAATGTGACTGTTGCTGAGGATGGGACCGCTA 417
XM_018943475.3 AGATTCCTCTTAGTGGACCAAATTCTATTATTGGAAGGGCTGTTGTTG 500
XM_©1e943477.2 AGATTCCTCTTAGTGGACCAAATTCTATTATTGGAAGGGCTGTTIGTTG 437
XM_220399186.1 AGATTCCACTCACTGGGCCAAATTCCATTATAGGAAGGGCTGTTIGTTG 515
XM_©28399187.1 AGATTCCACTCACTGGGCCAAATTCCATTATAGGAAGGGCTGTTGTTG 464
YT AGATTCCACTCACTGGGCCAAATTCAATTGTTGGAAGGGCTGTTGTTG 202
XM_©2e385384.1 AGATTCCACTCACTGGGCCGAATTCCATTATTGGAAGAGCTGTTGTTG a77
XM_218943475.3 TCCATGCCGATCCTGATGACCTTGGAMAGGGTGGACATGAGCTTAGCAAAAGCACTGGAA 560
XM_018943477.2 TCCATGCCGATCCTGATGACCTTGGAAAGGGTGGACATGAGCTTAGCAAAAGCACTGGAA 497
XM_220399186.1 TCCATGCTGATCCCGATGATCTTGGAAAGGGTGGGCATGAGCTTAGCAAAAGCACCGGAA 575
XM_©20399187.1 TCCATGCTGATCCCGATGATCTTGGAAAGGGTGGGCATGAGCTTAGCAAAAGCACCGGAA 524
YT TCCATGCCGATCCGGATGA - -~~~ = s == s s s s e m e e e e c e e e e m e mm—m = — == 221
XM_©20385384.1 TCCATGCTGACCCTGATGATCT TGGAAAGGGTGGACACGAGCTTAGCAAAAGCACTGGAA 537

----------------

Hinh 3.47. Két qua so sanh trinh tw gen Cyt-Cu/Zn SOD trén Dracaena
sanderiana véi trinh tw gen cia Elaeis guineensis va Asparagus officinalis
(Céc vi tri nucleotide sai khdc dwoc biéu dién bang chit mau den c¢é khung bén
ngoai. CYT: trinh ty gen Cyt-Cu/Zn SOD cua cdy Phat tai; XM_010943475.3 va
XM_010943477.2: Trinh tuy gen Cyt-Cu/Zn SOD cay Elaeis guineensis;
XM_020399186.1, XM_020399187.1 va XM_020385384.1: Trinh ty gen SOD
cay Asparagus officinalis)
3.3.5.2. Trinh tw gen GPX

Két qua giai trinh ty doan gen GPX cho thiy doan gen c6 kich thuéc 202
bp, bang dung véi kich thudc doan gen muc tiéu can tim. Pidu ndy ching to cd
su hién dién ctia gen GPX trong cay Phat tai (Dracaena sanderiana). Trinh tu
nucleotide cua doan gen GPX trén cay Phat tai duoc xac dinh nhu sau:

TTTCCGTGCAATCAGTTTGGATCACAAGAGCCTGGGAGCAA
CGAGGAGATTTTAGAATTTGCTTGCACTCGCTTCAAGGCTGAAT
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ATCCCATCTTTGACAAGGTTGATGTGAATGGGCAAAATGCTGCA
CCCATCTATAAGTTCTTGAAGTCGCAGAAAGGTGGCATATTTGG
AGATGGCATCAAGTGGAACTTCTCCAAGT

Gen GPX di duoc tim thiy trén nhiéu loai thuc vat ¢ vai tro diéu chinh
H.0> trong diéu kién stress lanh va han nhu 5 gen GPX duogc tim thiy trén cay
lUa, 8 gen AtGPX trén Arabidopsis, 6 gen GPX trén Cucumis sativus (Ozyigit va
ctv, 2016). Gan day, Zhou va ctv (2018) ciing da xac dinh dugc 6 gen CsGPX
trén loai thuc vat Cucumis sativus.

Hién tai, trén cdy Phat tai Dracaena sanderiana, chua c6 trinh tu gen chdng
oxy hoa GPX nao dugc cong bd trén ngan hang gen. Do do, st dung trinh tu céc
gen GPX trén nhirng l0ai thuc vat khac dé 1am co so so sanh. Khi dem trinh ty
gen GPX trén cay Phat tai so sanh véi cac loai cay khac trén ngan hang gen, két
qua cho thay trinh tu gen phét hién trén cay phat tai giéng nhat véi trinh tuy gen
ctia cdy mang tay Asparagus officinalis vai mirc do twong dong la 87,75% (Hinh
3.48). Ngoai ra trinh ty gen GPX cua cay Phat tai ciing twong dong trén 80% Véi
nhiéu loai thyc vat khac nhu cay sen Nelumbo nucifera, cay cao luong Sorghum
bicolor va cay sau riéng Durio zibethinus.

DPé tai ciing di st dung phan mém BLAST dé dich mi tir trinh tu
nucleotide thanh protein, va két qua cho thay protein dugc ma hoa tir trinh tu gen
GPX trén cay Phat tai giong vai enzyme glutathione peroxidase ctia cay khoai mi
Manihot esculenta dén 92,54%, cay thau dau Ricinus communis dén 91,04%, cay
16i cong dang Tripterygium wilfordii dén 92,54% (Hinh 3.49). Piéu nay khang

dinh ¢6 su hién dién ctia gen GPX trong cay Phat tai Dracaena sanderiana.



115

Common Max Total Query E Per.  Acc.

Desciption Name Score Score Cover value Ident Len Accession
v v v v v v v

PREDICTED: Asparagus officinalis probable phospholipid hydroperox...gardena... 235 235 100% 7e-58 87.75% 998 XM _020405031.1
PREDICTED: Nelumbo nucifera probable phospholipid hydroperoxid... sacred lot... 191 191 100% 1e-44 83.90% 912 XM_010274762.2
PREDICTED: Nelumbo nucifera probable phospholipid hydroperoxid... sacred lot... 191 191 100% 1e-44 83.90% 914 XM _019199657.1
PREDICTED: Nelumbo nucifera probable phospholipid hydroperoxid... sacredlot... 191 191 100% 1e-44 83.90% 950 XM 010274761.2
PREDICTED: Sorghum bicolor probable phospholipid hydroperoxide ... sorghum 158 158 100% 1e-34 80.88% 1245 XM_002454470.2
PREDICTED: Durio zibethinus probable phospholipid hydroperoxide ... Durio zib... 152 152 100% 7e-33 80.49% 928 XM 022864510.1
:] PREDICTED: Eucalyptus grandis probable phospholipid hydroperoxi... Eucalypt... 141 141 100% 1e-29 79.51% 1013 XM_010054968.2
j PREDICTED: Arachis hypogaea probable glutathione peroxidase 2 (... peanut 19 119 64% 7e-23 83.08% 1135 XM _025783421.2
:] PREDICTED: Arachis hypogaea probable glutathione peroxidase 2 (... peanut 19 119 64% 7e-23 83.08% 936 XM 025783420.2
:] PREDICTED: Arachis hypogaea probable glutathione peroxidase 2 (... peanut 119 19 64% 7e-23 83.08% 913 XM 025835111.2
:] PREDICTED: Arachis duranensis probable glutathione peroxidase 2 (...Arachisd... 119 119 64% 7e-23 83.08% 1124 XM 021139284.1
:] PREDICTED: Arachis duranensis probable glutathione peroxidase 2 (...Arachisd... 119 119 64% 7e-23 83.08% 961 XM 016101724.2

Hinh 3.48. Két qua tim kiém trinh tw gen GPX ciia cAy Phat tai trén ngan

hang gen

Common Max Total Query E Per.  Acc.

Name Score Score Cover value Ident Len
v v v v v v v

Description Accession
v

probable phospholipid hydroperoxide glutathione peroxidase [Manih... cassava 140 140 99% 1e-39 92.54% 238 XP_021605013.1

probable phospholipid hydroperoxide glutathione peroxidase [Ricinu...castorbean 139 139 99%  2e-39 91.04% 236 XP_002509790.2

glutathione peroxidase [Tripterygium wilfordi] Tripterygi... 136 136 99% 4e-39 92.54% 164 KAF5734488.1

PREDICTED: probable phospholipid hydroperoxide glutathione pero...Tarenaya... 138 138 99% 6e-39 92.54% 242 XP_010529569.1

probable phospholipid hydroperoxide glutathione peroxidase [Pistaci...Pistaciav... 138 138 99% 6e-39 89.55% 237 XP_031278527.1

glutathione peroxidase, putative [Ricinus communis] castorbean 135 135 99% 1e-38 91.04% 168 EEF51177.1

PREDICTED: LOW QUALITY PROTEIN: probable phospholipid hyd... Euphrate... 137 137 99% 1e-38 88.06% 235 XP_011029376.1

hypothetical protein G4B88_ 014309 [Cannabis sativa] hemp 138 138 99% 1e-38 89.55% 265 KAF4403853.1

RecName: Full=Probable phospholipid hydroperoxide glutathione p... spinach 135 135 99% 2e-38 89.55% 171 023814.1

hypothetical protein SOVF 184030 [Spinacia oleracea] spinach 133 133 99% 2e-38 89.55% 118 KNAO6117.1

redoxin domain-containing protein [Acinetobacter indicus] Acinetob... 134 134 99% 2e-38 89.55% 146 WP_168415076.1

S’

PREDICTED: probable phospholipid hydroperoxide glutathione pero...Brassica ... 136 136 99% 2e-38 88.06% 229 XP_013615289.1

Hinh 3.49. Két qua BLAST nucleotide trong ngan hang gen NCBI
Nhu vay, ¢ thé khiang dinh, trinh tw gen GST, Cyt-Cu/Zn SOD va GPX trén

cay Phat tai Dracaena sanderiana da duoc khuéch dai va giai trinh tu 1a chinh

xé&c. Két qua nay ddng thoi bd sung vao ngan hang gen NCBI trinh tu cac gen
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chéng oxy héa ctia cay Phat tai dic biét 1a nhém cac gen GST, SOD va GPX c6
thé tré thanh ngudn tai liéu tham khao cho cac nghién ciru lién quan.
3.3.6. Panh gia mirc dd biéu hién gen chéng oxy héa ciia cay Phat tai
3.3.6.1. Panh gia mirc dd biéu hién gen GST

Mtc d6 biéu hién gen GST duoc x4c dinh trén 3 bo phan ré, than va 14 cta
cay Phat tai ¢ cac thoi gian khac nhau dudi su tac dong cua cac nong do Pb khéc
nhau dugc thé hién qua cac hinh 3.50, hinh 3.51 va hinh 3.52. Pb & tat ca céac
nong do khao sat déu c6 tac dong 1am ting biéu hién gen GST, ty 1é biéu hién
gen & ca ré, than va la déu cao hon va co su khac biét rat co ¥ nghia so véi

nghiém thirc khong xt Iy Pb (d6i chang) (p < 0,01).
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Hinh 3.50. Mirc d9 biéu hién ciia gen GST theo thoi gian va nong dé xir
ly Pb & cac miu ré& cay Phat tai (Cdc ché cdi trén cdc cét do thi khac nhau thé

hién sw khdc biét cé y nghia thong ké (p < 0,05)
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Hinh 3.51. Mitrc dd biéu hién ciia gen GST theo thoi gian va néng dé xir
ly Pb & cac miu than cay Phat tai (Cdc chir cdi trén cdc cét do thi khdc nhau

thé hién su khdc biét cé y nghia théng ké (p < 0,05)
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Hinh 3.52. Mirc dd biéu hién cia gen GST theo thoi gian va nong dé xir
ly Pb & cac miu la cay Phat tai (Cdc cha cdi trén cdc cét do thi khac nhau thé
hién sw khdc biét cé y nghia thong ké (p < 0,05)
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Mirc d6 biéu hién gen GST tang gap 1,67 - 6,61 lan 6 ré, 1,32 - 3,11 lan &
than va 1,42 - 2,62 lan & 1a sau 24 gio tiép xtc. Su tiép xdc truc tiép véi Pb da
thic day sy tich liy Pb va ting cuong hoat dong ciia gen chdng oxy hoéa (trong
truong hop nay 1a GST) (Brunet va ctv, 2008). Glutathione S-transferase (GST)
la mot enzyme da chirc ning, dong nhiéu vai tro trong dap tng va chéng chiu véi
diéu kién nhidém doc Pb, dic biét mot sb loai GST tham gia qua trinh gan két kim
loai nang va van chuyén dén tich lily & khong bao cua té bao (Shahrtash, 2013).

Trong diéu kién nhiém doc KLN néi chung va Pb néi riéng, viéc tang
cudng biéu hién gen GST c¢6 thé 1a cach thic dé cay giai doc vi khi d6 enzyme
GST tao ra nhiéu dé van chuyén Pb dén nhiing khu vuc khéng gay anh hudng
cho qué trinh trao d6i chit & té bao (khong bao hoic gian bao) (Shahrtash, 2013).

Mtc d6 biéu hién gen GST theo néng do Pb duoc xép theo thtr tu nhu sau:
600 ppm > 800 ppm > 200 ppm > 400 ppm > 1000 ppm > 0 ppm (ré); 800 ppm >
200 ppm > 400 ppm = 600 ppm > 1000 ppm > 0 ppm (théan); 400 ppm > 600
ppm = 800 ppm > 200 ppm > 1000 ppm > 0 ppm (14). Két qua nay cho thiy rang,
noéng do Pb khéac nhau, ty 1¢ biéu hién gen GST ciing khac nhau. Gen GST trén
cay Phét tai van biéu hién tot dén ndng d6 Pb 800 ppm va biéu hién thap nhat &
noéng do6 1000 ppm (gap 1,67 1an so voi d6i ching khong xir Iy Pb). Nong do Pb
cao lam trc ché hoat dong ciia gen GST (Brunet va ctv, 2008). Két qua nay phu
hop véi két qua vé kha nang chong chiu cta cay Phat tai, & 800 ppm Pb ciy van
c6 kha ning chéng chiu Pb rén 80%, nhung & ndng do 1000 ppm kha ning
chéng chiu Pb cua ciy rat thap hoic khong c6 kha niang chong chiu. Diéu nay c6
thé c6 lién quan dén sy biéu hién cua gen GST.

Dang chl y nhit trong két qua nay la ty 1¢ biéu hién gen GST & 24 gid cua
nghiém thtrc c6 ndng d6 Pb 600 ppm ¢ ré, cao hon rat nhiéu so véi cac ndng do
& cac nghiém thirc con lai, vd manh hon gap 6,61 1an so voi ddi chimg (0 ppm va
0 gio) (hinh 3.50). Piu nay cho thiy c6 su dap ing manh mé& cua gen GST khi
ré cay tiép xUc vai 600 ppm Pb, va ddy c6 thé 1a nguy@n nhan 1am cho cay chong

chiu stress Pb nhiéu hon so véi & cac nong do khéc.
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Ré 1a bo phan tiép xuc truc tiép v4i Pb va tich liy phan 16n Pb, nhung su
gia ting biéu hién gen GST xay ra chu yéu & than va la (than > 18) (ngoai trur
nong d6 600 ppm) (hinh 3.50, hinh 3.51 va hinh 3.52). Piéu nay cho thiy rang
gen GST trong than va |4 cam tmg voéi Pb manh hon trong ré. Hoat dong GST &
than va la ting hon khi tiép xtic v6i Pb c6 thé cho biét di c6 nhiéu GSH hon
tham gia vao quéa trinh hinh thanh lién két véi doc t6 Pb va van chuyén Pb tir ré
lén than 14 nham giam ap luc gy doc cua Pb ¢ ré. GST la gen ma hda enzyme
Glutathione S-transferase xuc tac phan tng gin két cia GSH va Pb van chuyén
dén khong bao (Mittler va ctv, 2002). Gen GST biéu hién & 14 cao hon ¢ ré ciing
duoc phat hién ¢ Arabidopsis trong diéu kién stress Al (Ezaki va ctv, 2004). Két
qua nghién ctru cua Kisa (2017) ciing cho thay, gen GST ting dang ké trong la
cay ca chua (Lycopersicon esculentum) ¢ tat ca nong do Pb xtr 1y va c6 lién quan
dén su hién dién cta enzyme Glutathione S-transferase (Kisa, 2017). Két qua
gen GST biéu hién manh ¢ than hon 14 ¢6 thé 1a Iy do dan dén ham luong Pb tich
ltiy trong than nhiéu hon trong 4.

Bang 3.6. Sw thay d6i biéu hién gen GST theo thdi gian ciia cac miu & cac

nong d6 Pb

Bé 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
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Trong cing mét nong do va bé phdn, miii tén thé hién sw thay doi mirc d biéu
hién gen tai thoi diém sau o véi thoi diém trude lien ké. 1, |, — : Tang, giam,
khong doi; “1,2, 24”: 1 gio, 2 gio va 24 gio.

Sy thay d6i biéu hién gen GST & thoi gian 1 gio, 2 gio va 24 gio giéng
nhau ¢ nong d6 Pb < 1000 ppm trén ca 3 bo phan ré, than va 14 (bang 3.6). Gen
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GST biéu hién ngay sau khi cdy tiép xtic v6i chi & ndng d6 200, 400, 600 va 800
ppm (1 gid), nhung c6 mirc d6 thip va ting nhanh dan dén 24 gid va c6 xu
huéng tiép tuc ting. O 1 gid, ty 1é biéu hién gen ting gip 1,27 - 1,77 1an & ré,
1,06 - 2,55 1an & than va 1,08 - 2,14 lan ¢ 1a. O 24 gio, ty 1é bicu hién gen ting
gip 1,97 - 6,61 lan 6 ré, 2,59 - 3,11 1an & than va 2,14 - 2,62 1an ¢ 14. O ndng d6
1000 ppm Pb, mirc do biéu hién gen GST & 24 gid khac biét c6 y nghia (p <
0,05) vai thoi diém 1 gio, 2 gid va 0 gio va ty 18 biéu hién gen ¢ 1 gid va 2 gio
khong khac biét véi 0 gior (p < 0,05). Piéu nay cho thdy, so véi cac ndong do Pb
xtr 1y khac, & nong ¢6 1000 ppm, gen GST biéu hién cham hon.

Nhu vay c6 thé thay, gen GST dap g thap d6i voi Pb o thoi gian tiép xuc
ngan (1 - 2 gid), nhung dap tmg manh & thoi gian tiép xuc lau hon (2 - 24 gio) va
c¢6 dau hién tiép tuc ting bicu hién gen. O nong d6 Pb < 1000 ppm, gen GST dap
g voi doc to Pb nhanh hon ¢ ndng d6 1000 ppm. Sy dap tng nhanh véi Pb caa
gen GST s& gilp cho cay it bi ton thuong va gitp cho cac hoat dong trao ddi chat
dién ra binh thuong. Két qua cua dé tai twong tu v4i két qua trén loai A. thaliana,
gen GST biéu hién thap & 1 - 2 gio va ting manh tir 3 gid dén 24 gid sau khi xir
ly véi Pb va mue do biéu hién gen co dau hiéu tiép tuc ting ¢ thoi gian tiép xuac
dai hon 24 gid (Liu va ctv, 2016). Theo nhan dinh cua Shahrtash (2013), biéu
hién gen GST van & mirc cao & 48 gid, cho nén rat c6 kha ning biéu hién gen
GST cua cay Phét tai c6 thé ciing dat mirc d6 cao nhét trong khoang 24 - 48 gio
sau xu 1y Pb.
3.3.6.2. Panh gia mirc dd biéu hién gen Cyt-Cu/Zn SOD

Két qua phan tich ty 18 biéu hién gen Cyt-Cu/Zn SOD trén cay Phat tai o
cac thoi gian va ndng do Pb khac nhau duoc thé hién 1an luot qua hinh 3.53; hinh
3.54 va hinh 3.55.
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Hinh 3.53. Mikc d9 biéu hién cia gen Cyt-Cu/Zn SOD theo thai gian va
nong dé xir Iy Pb & cac mau ré& cay Phat tai (Cdc chir cdi trén cdc cot do thi

khdac nhau thé hién su khdc biét cé y nghia thong ké (p < 0,05)
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Hinh 3.54. Mikc dd biéu hién cia gen Cyt-Cu/Zn SOD theo thai gian va
nong dé xir Iy Pb & cac mau than cay Phat tai (Cdc chir cdi trén cdc ot do thi

khdac nhau thé hién su khdc biét cé y nghia thong ké (p < 0,05)
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Hinh 3.55. Mirc d9 biéu hién ciia gen Cyt-Cu/Zn SOD theo thai gian va
nong dé xir Iy Pb & cac miu la cay Phat tai (Cdc chi cdi trén cdac cét do thi
khdc nhau thé hién si khdc biét cé y nghia thong ké (p < 0,05)

Két qua cho thay, nong d6 Pb khac nhau c6 anh huéng khac nhau dén mirc
d6 biéu hién gen ¢ cac bd phan cua cdy Phat tai. Nong d6 Pb < 1000 ppm c6 tac
dong 1am tang mirc d6 biéu hién gen Cyt-Cu/Zn SOD & cac bo phan cua cdy. Ty
& biéu hién gen & cAc mau ré, than va 1a & cac nong do Pb 200, 400, 600 va 800
ppm c6 sy khac biét c6 y nghia dbi v6i nghiém thirc dbi chirng (0 ppm va 0 gio)
(P < 0,01). Nguoc lai, ndng d6 Pb 1000 ppm c6 tac dong tc ché biéu hién gen, ty
1& biéu hién gen thay d6i khong dang ké va khdng c6 su khac biét so véi doi
chig (p < 0,01).

Sy tang néng d6 Pb xu 1y tir 0 dén 600 ppm lam cho mirc do biéu hién gen
Cyt-Cu/Zn SOD & ré va than ciing ting 1én. Mac d6 biéu hién gen Cyt-Cu/Zn
SOD & ré tang tir 2,61 1&n 2,85 lan va & than ting tir 2,17 1én 2,88 lan so voi doi
ching. Mtc d6 biéu hién gen ting cao nhat khi xir Iy Pb ¢ nong do 600 ppm.
Tuy nhién, ndng do Pb xtr 1y ting trén 600 ppm lam cho mitc d6 biéu hién gen
giam xudng (¢ ré giam tir 2,85 xudng 1,12 va & than giam tir 2,88 xubng 1,18 so

V6i nghiém thirc nong d6 Pb 600 ppm). Khac véi bo phan ré va than, mic do
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biéu hién gen Cyt-Cu/Zn SOD ¢ 14 ting dan tir ndng d6 0 ppm dén 800 ppm va
ting cao nhit & ndng do chi xir 1y 12 800 ppm (1,72 lan) va giam ¢ nong do 1000
ppm (1,02 1an). Két qua nay cho thdy nong d6 Pb cao 1am trc ché hoat dong cia
gen. Mot s6 nghién ctru trén cac kim loai khac cling cho rang gen SOD c¢6 biéu
hién cao & nong do thap va biéu hién thip & nong do cao: Gen SOD ting & ndng
d6 Cd 25-100 ppm va giam ¢ ndéng d6 Cd 100-200 ppm & thyc vat Brassica
juncea L.; Gen SOD ting ¢ nong d6 Fe xtr Iy 10 - 80 pM va giam & néng do 80-
160 uM ¢ thuc vat Bacopa monnieri L. (Shekhawat va ctv, 2010).

Sy tac dong cua Pb 1am ting biéu hién gen SOD ciing da dwoc phét hién
trén nhiéu loai thyc vat nhu Perennial ryegrass (Li va ctv, 2012), Festuca
arundinacea Schreb, 3 gidng lta mi mba xudn (Triticum aestivum L.)
(Navabpour va ctv, 2020). Thyc vat c6 su gia ting biéu hién gen SOD khi nhiém
doc Pb 1a nham chdng lai stress oxy hoa va bao vé hé théng phong thua trudc tac
dong cua cua cac chat oxy hoa (Malecka va ctv, 2009).

Mtc do biéu hién gen Cyt-Cu/Zn SOD & cac bd phan cay c6 su bién dong
khac nhau theo thoi gian xu 1y (bang 3.7). O ré, mutc d6 bicu hién gen & tat ca
ndéng d6 Pb biéu hién manh & 1 gio Xt Iy va giam dan cho dén 24 gio; O thén,
muc do biéu hién gen tang dan cho dén khi dat mac do cao nhat ¢ 24 gio; Va o
14, mtrc d6 biéu hién gen ting dén 1 gio xur 1y, sau d6 giam dén 2 gid va ting 1én
lai dén 24 gio. Muc d6 biéu hién gen Cyt-Cu/Zn SOD cao nhat duoc xac dinh &
bo phan ré cua cay ¢ thoi gian 1 gid. Két qua nay c6 thé duoc giai thich nhu sau:
SOD la gen mé ho4 cho mdt enzyme quan trong trong hé thong chdng oxy hoé 1a
superoxide dismutase, xuc tdc khir O™ thanh H202 va Oz, cho nén SOD la gen
cam tng dau tién ddi voi chi va bo phan ré 1a bo phan truc tiép va dau tién tiép
XUc véi tac nhan Pb nén da cé su dap Gmg gen tir sém dé tang cuong su biéu hién
va tang hoat tinh enzyme superoxide dismutase trong cdy, kiém soat nhanh
chong va kip thoi tinh trang stress lam giam thiét hai, sau d6 da giam dan Kkhi di
vao giai doan thich nghi. Malecka ciing cho rang SOD 1a 1ép bao vé dau tién

chbng lai ROS do tac nhan Pb (Malecka va ctv, 2009). Két qua nghién ctru cia
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Li (2012) trén cay L. perenne va Liu (2016) trén cay A. Thaliana cho thay ring
su c6 mit ctia Pb 1am ting biéu hién gen SOD déng ké trong vong 3 gid sau khi
xt 1y va sau d6 giam dan dén mirc 6n dinh (Li va ctv, 2012; Liu va ctv, 2016).
Rossatto va ctv (2017) khao sat hoat dong cia nhdm gen SOD trén cay laa ciing
nhan thay rang, hoat dong cua gen SOD c6 xu hudng ting khi xir 1y trong thoi
gian ngin, nhung khi tiép tuc ting thoi gian xir 1y thi cac gen giam mirc do biéu
hién.
Bang 3.7. Su thay d6i biéu hién gen Cyt-Cu/Zn SOD theo thoi gian ciia cac

mau ¢ 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
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Trong cling mét nong dé va bg phdn, miii tén thé hién s thay déi mirc dg biéu hién gen
tai thoi diém sau so N&i thoi diém trude lién ké. Y, |, —: Tang, giam, khéng doi; “1,
2,24": 1 gio, 2 gio va 24 gio.
3.3.6.3. Panh gia mirc d§ biéu hién gen GPX
GPX la gen ma hoa enzyme Glutathione peroxidase (GPX), mét loai
enzyme chéng oxy héa quan trong co vai trd trong viéc duy tri su cin bang
hydrogen peroxide (H20;) trong té bao va diéu chinh phan tng cua thyuc vat doi
véi cac stress phi sinh hoc (han, man, nhiét do khic nghiét va Kim loai nang)
bang cach xuc tac phan tng chuyén doi H20, thanh H,0 (Zhou va ctv, 2018).
Két qua phan tich biéu hién gen GPX & cdy Phat tai dugc thé hién qua hinh
3.56, hinh 3.57 va hinh 3.58. Ty 1& biéu hién gen GPX & tit ca cac mau cay Phat
tai xtr Iy Pb c6 sy khac biét rat co y nghia S0 v6i cac mau cay khong xu Iy Pb va

c4c mau cay trude xir Iy (p < 0,01). Ty 1é biéu hién gen GPX & tat ca cac mau ré,
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than va 14 & cac nong do 200, 400, 600, 800 va 1000 ppm déu ting cao hon so
v6i dbi chuing. Gidng nhu gen GST va Cyt-Cu/Zn SOD, su tic dong cua Pb ciing
da 1am tang biéu hién gen GPX & cay Phat tai. Két qua dé tai twong tu v6i két
qua ctia Lou (2017) khi cho rang su tac dong cua Pb 1am ting biéu hién gen GPX
trén Festuca arundinacea (Lou va ctv, 2017). Tuong tu, su tac dong ctia Pb lam
ting biéu hién ctia 6 gen GPX trén nhiéu b phan cua cdy dwa hau Citrullus
lanatus (Zhou va ctv, 2018). Ngoai ra, sy biéu hién cia mot s gen GPX da dugc
xé&c dinh ting dudi cac ap luc ciia moi truong khac nhau nhu nhiém bénh, nong
d6 mudi cao va doc tinh Al (Ozyigit va ctv, 2016). Mot s loai thuc vat ciing da
dugc ching minh 1 ¢6 phan tng lai voi stress moi truong bang cach ting su
biéu hién cua gen GPX nhu Arabidopsis thaliana, Pisum sativum L., diéu nay c6

thé bao vé té bao khoi tac hai ciia qua trinh oxy hoa (Zhou va ctv, 2018).
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Hinh 3.56. Mikc dé biéu hién cia gen GPX theo thai gian va nong dd
xir Iy Pb & cac mau ré& cay Phat tai (Cdc chir cdi trén cdac cét do thi khac nhau
thé hién sir khdc biét ¢é y» nghia théng ké (p < 0,05)
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Hinh 3.57. Mirc dd biéu hién ciia gen GPX theo thoi gian va nong dé xir
ly Pb 6 cac mau than cay Phat tai (Cdc chir cdi trén cdc cot dé thi khac nhau

thé hién sir khdc biét cé y nghia théng ké (p < 0,05)
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Hinh 3.58. Mirc dd biéu hién ciia gen GPX theo thoi gian va nong dé
xir Iy Pb & cac miu la cay Phat tai (Cdc chir cdi trén cdc cét do thi khdac nhau

thé hién sir khdc biét cé y nghia théng ké (p < 0,05)
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Sy tac dong cua ndong d6 Pb khac nhau s& 1am cho ty 18 biéu hién gen GPX
cling khac nhau. Ty 1¢ biéu hién gen GPX tang dan khi ndng do Pb ting dan tur
200 dén 600 ppm. Nhung khi ting nong d6 Pb tir 600 dén 1000 ppm thi ty 1&
biéu hién gen giam dan. Két qua nay chi xay ra & bo phan dudi dét 1a ré. Vi bo
phan trén mit dat 1a than va 14 thi khac, ty 1& biéu hién gen GPX van ting & ndng
d6 Pb xir 1y 800 ppm Vva chi giam khi ting ndng do 1én 1000 ppm. Nhu vay c6
thé thay, ty 1& biéu hién gen ¢ ré cao nhat & nong do xir Iy 600 ppm, ¢ than va 14
la 800 ppm. Su tang biéu hién gen GPX trong ré cdy Phat tai khi nong do chi xur
ly ting dén 600 ppm cho thay rang n6 da gdp phan bao vé chong lai tac hai cua
quéa trinh oxy hda gay ra boi sy tic dong caa Pb, gilp cdy c6 thé hap thu mot
lugng 16n Pb vao trong cdy ma khong anh hudéng dén qua trinh sinh truong va
phat trién ctia cdy. O than va 14, ¢ thé do ham luong chi thap hon trong ré nén
da kich thich sy biéu hién gen dap tng dén ndng d6 chi 800 ppm hodc do GPX
con co thé co vai trd phong thu bang cach phat ra tin hiéu H20; trong té bao thuc
vat dé té bao kip thoi ung phé (Singh va ctv, 2019). Véi két qua cua dé tai, co
thé thay, nong do chi quéa cao (trén 800 ppm) 1am ting nong d6 ROS, lam trc ché
hoat dong cua gen GPX va 1am gen im ling. Pay c6 thé 1a két qua anh huéng cua
doc t chi ddn dén pha huy DNA, giy doc gen. Shahid va ctv (2011) ciing da cho
biét, & nong do6 cao, chi anh huong rat dang ké dén hoat dong gen, 1am nhiém sac
thé bi phan cit thanh nhiéu doan va hinh thanh vi nhan.

Yéu té thoi gian ciing anh huéng dén ty 18 biéu hién gen GPX (bang 3.8).
Khi thay d6i thoi gian ¢ 3 gia tri 1a 1 gio, 2 gio va 24 gio, ty Ié biéu hién gen &
cac bo phan cua cay ciing khac nhau. O &, ty 18 biéu hién gen & cac ndng do 200,
400, 600 va 800 ppm ting manh & thoi gian 1 gio, dimg lai ¢ 2 gio (ty 1& biéu
hién gen ¢ 1 gio khong khac biét so véi 2 gio & timg ndng do Pb) va giam ¢ 24
gio. O than, ty 1& biéu hién gen GPX ¢6 xu hudng ting dan khi ting dan thoi
gian xu 1y, tuy nhién tir thoi gian 2 gio dén 24 gio, ty 1 biéu hién gen & than c6
xu hudng ting chiam lai. O 14, ty 1 biéu hién gen GPX ting nhe dén 2 gid xtr 1y

va ting manh & 24 gid xt 1y. Riéng véi ndong d6 Pb 1000 ppm, & ré va than, ty 16
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biéu hién gen GPX giam dan theo thoi gian xtr 1y va c6 xu huéng ngimg biéu
hién & 24 gio va ¢ 14, ty 1& biéu hién gen GPX thay d6i khéng rd rét va khong
khéc biét so voi ddi chimg (p < 0,05).

Bang 3.8. Sw thay déi biéu hién gen GPX theo thoi gian ciia cAc méiu ¢ cac

néng dé Pb

Bé 200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm

phan | |2 |24 |1 |2 |24 |1 |2 |24 |1 |2 |24 |1 |2 |24
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Trong ciing mét nong dg va bg phdn, miii tén thé hién sw thay déi mirc @6 biéu hién gen
tai thoi diém sau so véi thoi diém truéc lién ké. “1, |, = 7: Tang, giam, khong doi: “I,
2,247 1 giv, 2 gior va 24 gio,

Két qua tuwong tu ciing di duoc bdo cdo trén nhiéu diéu kién nhiém doc
khac nhau. Khi khao sat su tac dong cua cac yéu td phi sinh hoc dén sy biéu hién
ctia cac gen GPX & Arabidopsis thaliana, Miguel va cdng su da cho biét, dbi véi
tac dong ciia man, cac gen AtGPX1, AtGPX2, AtGPX4 va AtGPX5 tang biéu hién
trong vong 3 gid xtr Iy va dan 6n dinh ¢ thoi gian tiép theo, gen AtGPX6 c6 xu
hudng ting trong sudt thoi gian xtr 1y va tang gap 5 lan sau 12 gio tiép xtc. Do
v6i tac dong cta lanh (4°C), mirc d6 biéu hién gen AtGPX6 ting 1én gan 4,5 lan
sau 3 gio xir 1y. Phan tng rat nhanh véi doc to Fe ¢ thoi gian 3 gio dau xu ly
cling xay ra voi cac gen AtGPX2, AtGPX5 va AtGPX6, trong khi mirc biéu hién
ciia AtGPX1 va AtGPX3 thip hon (Miguel va ctv, 2003). Theo nhiing két qua
nay cé thé thiy, su c6 mit ciia cac gen GPX ¢ thyuc vat Arabidopsis thaliana 1am
cho né chéng chiu dugce voi nhidu yéu td bat loi ma khong phu thude vao thoi

gian gen biéu hién. Nhu vay, Su ¢c6 mat cua gen GPX va su dap ing vai tac dong
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ctia Pb thdng qua biéu hién gen c6 thé 1a yéu t6 1am cho cay Phét tai chéng chiu
Pb.

Mirc d6 biéu hién gen GPX & cac bd phan ctia cdy Phat tai trong tu nhu gen
Cyt-Cu/Zn SOD, duoc xép theo thir tu r& > than > 14 (hinh 3.56; 3.57 va 3.58).
Biéu hién gen GPX cao ¢ r& phl hop Vvéi gia thuyét cho rang, gen GPX mi hoa
enzyme glutathione peroxidase (GPX) lién quan dén viéc loai bé H20, du thira
hinh thanh do qua trinh khir O™ cia SOD (Singh va ctv, 2010).

Thao ludn:

Viéc gy doc cua Pb 1am ting su hinh thanh nhiéu géc oxy hoa tu do 1Oy,
H.02, O° > va OH" (ROS) din dén stress oxy hoa (Malecka va ctv, 2009). Nong
d6 Pb 200 ppm c6 thé lam tang ham luegng H202 I1én 95% (Hasanuzzaman va ctv,
2020). Khi ROS dugc sinh ra nhiéu trong té bao, ching lam ton hai nghiém trong
dén céc thanh phan té bao nhu diép luc té, axit nucleic, protein va lipid dan dén
gay rdi loan chirc nang trao do6i chat va gay chét té bao (Raja va ctv, 2017). Thuc
vat di ph6 chu yéu véi stress oxy hoa thdng qua co ché phong tha ndi sinh gdm
cac enzym chong oxy hoéa khac nhau nhu superoxide dismutase (SOD);
glutathione peroxidase (GPX); glutathione S-transferase (GST);....(Kaur va ctv,
2019). Khi ham lugng ROS ting cao, hoat dong cta cac enzym chéng oxy hoa
nay tang 1én dé han ché thiét hai do ROS gay ra. Piéu nay co lién quan dén ting
biéu hién cua cac gen chéng oxy hoa dé dap tng véi tac dong cua Pb (Sharma va
Dubey, 2005).

O cay Phat tai, su biéu hién cua 3 gen chdng oxy héa GST, Cyt-Cu/Zn SOD
va GPX di tang 18n sau khi xir Iy véi Pb & cac ndng do 200, 400, 600, va 800
ppm. Diéu nay cé thé co lién quan trong viéc dap tng voi Pb. Su hoat hoa, biéu
hién ting cudng cla cac gen chdng oxy héa GST, Cyt-Cu/Zn SOD va GPX ¢ céc
bo phan cua cdy di giup cho cdy ¢ kha ning thich ¢tng va chéng chiu dugc
trong diéu kién nhiém doc Pb < 1000 ppm. Trong khi nhiéu thuc vat da bj anh
huang nghiém trong khi tiép xac voi ndng do Pb 200 - 800 ppm (Medicago

sativa, Acalypha indica, Brassica nupus va Sesbania grandiflora) (Kumar va ctv,
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2018), cay Phat tai van c6 kha nang chong chiu Pb > 80% va su sinh truong gan
nhu binh thuong ¢ khoang nong d6 nay. Chiéu cao cay, chiéu dai ré, sinh khéi
tuoi va khd, ham luong diép luc t6 va ham luong nudce bi anh huong khdng déng
ké khi cay Phat tai tiép xtac v6i 200 - 800 ppm Pb. Nhu vay, su hién dién cta Pb
& ndng do thap (< 1000 ppm) c6 thé da kich hoat sy biéu hién ctia 3 gen quan
trong GST, Cyt-Cu/Zn SOD va GPX lién quan dén co ché bao vé thuc vat. Pb da
kich thich sy phién ma caa cac gen chdng oxy hoa trén ciy Phat tai, diéu nay co
thé dong nghia v6i sy ting tong hop cic enzyme twong tng dé tham gia vao qua
trinh chéng oxy hoa gitp cy chong chiu va thich nghi vai diéu kién nhiém doc
Pb trong té bao. Sy biéu hién manh ¢ cac gen GST, Cyt-Cu/Zn SOD va GPX da
duoc chirng minh co vai tro bao vé & mot sé loai thuc vat nhu Lepidium sativum,
Raphanus sativus chdng lai stress oxy héa do Pb gay ra (Ai TN. va ctv, 2018).

Nguoc lai, nong d6 Pb = 1000 ppm lam giam biéu hién gen GST, Cyt-
Cu/Zn SOD va GPX ¢ cay Phat tai. Mac d6 biéu hién gen thap co thé da lam cho
kha nang chdng chiu Pb caa cdy Phat tai ciing thap. Biéu hién nhiém doc Pb d6i
v6i cay bat dau xuat hién ¢ ndng d6 Pb 1000 ppm va cang rd rét khi ndong do Pb
cang tang. Sy tac dong qua muac cia ROS do Pb gay ra cé thé lam thay doi cac
base din dén pha hay soi d6i DNA. Su gay hai DNA c6 thé lam &c ché su biéu
hién gen dan dén tc ché qua trinh sao ma va vi vay ac ché qua trinh sinh téng
hop protein lam giam sinh truong caa cady (Kumar va ctv, 2018). Tac dong gay
doc gen cua Pb ¢ ndng do cao ciing di duoc bao cao trén nhiéu thuc vat nhu
Nicotiana tabacum, Solanum lycopersicum va T. triangulare (Hasanuzzaman va
ctv, 2020).

Xu hudng biéu hién ciia cac gen chéng oxy hda co thé co lién quan dén
ther tv ham lugng Pb tich ldy trong cay Phat tai. Gen Cyt-Cu/Zn SOD va GPX
biéu hién nhiéu nhat ¢ 1, ké dén than va thap nhat ¢ 14. Diéu nay cho biét, gen
Cyt-Cu/Zn SOD va GPX bj kich thich manh & b phan tich Iy nhiéu Pb (rd).
Nguoc lai gen GST khong phu thudc vao bd phan ¢ ham luong Pb tich liy ma

phu thudc VAo noi ¢d sy van chuyén Pb, biéu hién manh hon ¢ than va Ia. Su biéu
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hién gen Cyt-Cu/Zn SOD, GPX va GST khac nhau & bd phan ciy c6 thé co lién
quan dén vai tro ctia chung. Trong cac bd phan khéng c6 luc lap cua cay, dic biét
1a & ré, ty thé 12 ngudn san xuat ROS chinh, noi tao ra 02", sau d6 gen SOD ma
hoa enzyme superoxide dismutase (SOD) chuyén hoa goc anion dioxide (O2")
thanh H>O> va O2 (Singh va ctv, 2019). Gen GPX m& hda enzyme Glutathione
peroxidase 1a mot trong nhiing enzyme quan trong loai bé H202 du thira trong
qué trinh trao d6i chat ciing nhu trong qua trinh stress do mdi truong, dac biét 1a
lwong H202 hinh thanh do qua trinh khir O, ciia SOD (Berwal va ctv, 2018).
Gen GST mi hoa enzyme Glutathione S-transferase 1a enzyme nam trong té bao
chat, c6 vai tro van chuyén Pb vao khong bao. Trong sb cac chat chdng oxy héa
chinh, GST ¢6 vai tro hd trg GSH dé giam doc tinh cua Pb bang cach lién hop
chang va van chuyén vao khong bao (Navabpour va ctv, 2020).

Gen Cyt-Cu/zZn SOD va GPX biéu hién manh & thoi gian rat sém (1 gid) &
bd phan ré cdy, nhung biéu hién mudn hon & than va 13 (24 gio). Nguoc lai gen
GST biéu hién manh ¢ thoi gian mudn hon so véi Cyt-Cu/Zn SOD va GPX ¢ ca 3
bd phan ré, than va la. Diéu ndy c6 thé 1y giai rang: ré 1a bo phan tiép nhan va
hap thu Pb dau tién, ciing 12 bo phan dau tiéu chiu tac dong cta stress do Pb.
Tiép xac Pb lam ting san sinh H202 va O" — dau tién trong ré (Singh va ctv,
2019). Bé chéng lai tac dong bat loi ciia H,0, va O" ~; thi cac enzyme SOD, GPX
phai duoc tong hop, dé lam duoc diéu nay doi hoi gen Cyt-Cu/Zn SOD va GPX
phai duogc kich hoat tir som. Khong giéng nhu hau hét cac KLN khac, Pb ¢6 hién
tugng han ché su di chuyén (Dogan Vva ctv, 2018). Phan 16n Pb trong cdy Phat tai
tap trung & ré (97,5%) va chi mot lugng nhoé (2,5%) dugce chuyén dén céc bo
phan trén mit dat. Sy di chuyén cia Pb c6 lién quan dén rat nhidu gen véan
chuyén (Zhou va ctv, 2016). GST la mét trong nhitng gen c6 lién quan dén viéc
van chuyén chi. Viéc van chuyén Pb thudng xay ra sau qué trinh giai doc bang
cac enzyme chdng oxy hoa khac nhu SOD va GPX.

Hién nay, Pb duoc coi 1a mot trong nhitng chit gy 6 nhidém phd bién nhat

trong moi truong. Hoat dong khai thac khoang san va qua trinh ché bién di tao ra
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mot khdi lwong 16n Pb trong mdi truong dat va nudc. O cac vang dat khai thac
cac quing Pb, nong do6 Pb tich tu trung binh dao dong trong khoang 385,8 ppm
dén 3231 ppm. Nong do Pb trong dat ¢ khu vuc mo pyrit & Aznalcollar (Tay Ban
Nha) dao dong khoang 4352 ppm dén 9635 ppm; Dat & khu vuc mé Pb va Zn &
Rubiais (Tay Ban Nha) c6 ndng d6 Pb khoang 46 — 6100 ppm (Martin va ctv,
2014). Noéng do Pb trong nudc thai nganh cong nghiép ché tao pin dao dong
trong khoang 2393 - 4600 ppm (Poonam va ctv, 2018). Pb 1a mdt trong nhiing
KLN it di dong nén no6 c6 xu hudng tich tu lau dai trong dat, nuéc va anh huong
cho sinh vat. Ngoai ra, cac loai dit mo thuong cho thay cé cac diéu kién khong
thuan loi cho Sy phat trién cta thuc vat vi lugng dinh dudng rat thap, ham luong
chat hitu co han ché. Martin va ctv (2014) cho biét hon 30% céc loai dat mo co
ham lugng dinh dudng va chat hitu co rat thap. Véi hién trang nay, ciy Phat tai
(Dracaena sanderiana) c6 thé dugc xem la mot ang vién tiém ning st dung cho
xt Iy & nhiém Pb & cac vung dat mé va nudc thai nganh cong nghiép ché bién Pb
nham khoi phuc chét lugng va chirc nang ctia dat va nudc, tién dén dé phuc hoi

cac chu trinh sinh dia hdéa quan trong.
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KET LUAN VA KIEN NGHI
1. KET LUAN

T nhitng két qua dat duoc, dé tai c6 mot s6 két luan nhu sau:

- Béi voi cay Phat tai (Dracaena sanderiana) dugc trong trong dung dich
Pb(NO3)2 & pH 4,5, ndng d6 1000 ppm Pb duoc x4c dinh 13 ngudng gay doc. Sy
tang truong ciia cdy Phat tai bi anh huong khong dang ké khi nong do Pb trong
moi truong thap hon ngudng gay doc va nguoc lai n6 bi anh huong nghiém trong
khi néng do Pb vuot ngudng.

- Cay Phat tai c6 kha ning hap thy va tich liiy trong cdy mét luong Pb 1én
dén 39235 mg/kg TLK trong moéi truong c6 ndng do Pb = 800 ppm. 97,5% Pb
hap thu duoc cay Phat tai tich iy trong ré va sy tich lity Pb trong cdy tap trung
& 1é, sau d6 Pb duoc chuyén Ién than va 1a. Cay Phat tai c6 kha nang tich Iy Pb
& mirc do cao hon 1000 mg/kg sinh khdi khd nén cé thé dugc xem la cay siéu
tich liy Pb.

- Cé4c phan ung dé d6i pho vai doc tinh Pb cia cay Phat tai la: O ré cay, Pb
duogc 1oai bo Pb ra khoi té bao chat bang cach cb lap Pb trong gian bao; Lién két
Pb v&i cic thanh phan trén vach té bao hoic két tua trong gian bao; Ngin chan
su di chuyén Pb vao md mach cua dai Caspary; Lam day véach té bao va trung
tru. O than va 14, cay Phat tai dbi v6i sy co mat cua Pb 1a tang duong kinh cua
6ng mach gb nham c6 thé vira van chuyén Pb va vira van chuyén dinh dudng va
nuoc.

- Cay Phét tai c6 chira 3 gen chong oxy héa GST, Cyt-Cu/Zn SOD va GPX.
Trinh tu 3 doan gen chéng oxy héa GST, Cyt-Cu/Zn SOD va GPX cua cdy Phat
tai (Dracaena sanderiana) véi kich thuéc tuong tmg 1an luot 1a 362, 221 va 202
bp 14n d4u tién di duoc xac dinh. Mirc do biéu hién gen GST, Cyt-Cu/Zn SOD va
GPX ¢ cy Phat tai bi (rc ché & ngudng Pb gay doc. Su ting biéu hién cia 3 gen
chbng oxy héa nay & cac ndng do 200, 400, 600 va 800 ppm gilip cay chdng chiu
>80% v&i cac tac dong bt loi ciia Pb. Gen Cyt-Cu/Zn SOD va GPX biéu hién

som va manh & bo phan ré noi c6 ham lugng Pb tich lily cao nhat nham dap tng
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kip thoi voi doe td Pb. Gen GST biéu hién manh & than 14 dap tng khi c6 sy van
chuyén Pb.
2. KIEN NGHI

- Bé danh gia toan dién hon vé kha ning chdng chiu Pb cua cdy Phat tai,
can nghién ctu thém sy tac dong cua Pb trén cac chi tiéu sinh 1y cua ciy nhu
cudng dé quang hop, kha niang hap thu dinh dudng, trao ddi chat,...

- Pé c6 duogc két luan day di hon vé sy twong quan giita biéu hién cua cac
gen chdng oxy héa va chdng chiu Pb cua cay Phat tai, can nghién ciu thém mic
d6 biéu hién cia mot sd gen chdng oxy hoa khac trong dap tng voi stress Pb va
nghién ctru thém céc gen lién quan co ché kiém soat sy van chuyén, tich ty va
chuyén hoa chi ciia cay Phat tai trong diéu kién nhiém Pb.

- Pé ung dung cdy Phat tai trong viéc xir Iy 6 nhiém nhiéu kim loai ning
khac nhau, can nghién ctu thém kha niang hap thu va tich liy cac kim loai ning
khac cua cay Phat tai.

- Ngoai ra, dé ung dung cay Phat tai cho viéc xir Iy Pb trong thuc tién, can
nghién ctu thém kha nang sinh truong, hap thu va tich liy Pb cua cay Phat tai

trén moi trudng dat mo hodc nudce thai cong nghiép ché bién Pb.
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PHU LUC 1. KET QUA KIEM TRA TRINH TU GEN VA
PRIMER

Phu luc 1.1. Két qua kiém tra trinh tw gen va primer GST

AY987385,1 Ginkgo biloba GST m G - GGCAACAAGAGTCAGCTTCTGCTGGAAATGAATCCTATTCACAAGAAGATACCTGTCCTCATCCAC

KT964562.1 Lolium perenne clon .CTC.C.GG...... C0:C.0C. 0.+ . CoOICE C. BB B e s svuniaiivaa o« T ¢ R oS
KT964563.1 Solanum elaeagnifol . A.G..... AvviiCP00 1T Covindiiinnn Rivovisive AiiCiiiia 1.6..7..¢
KU565013.1 Dracaena cambodiana .GTG.A...A..A..C.CA,.G..C,.CA,.TCq .C..G6.C..ovvvivnn CiiGiikiui Civine
€10 €20 €30 €40 €50 €E0 €7

PPN [FRRPSISY [PUPPOINY [P (PMPRS) RPN USSP PPy [PSPOSY [POPRPRY [SPUPUR [Pl IO [Py |

AY987385.1 Ginkgo biloba GST m TTTCTTACCTACGAAACCCTTGGAAACTTCAAGATATCGTTGGATGAGAAGTTTCCAAGGT TGGGGGCGT
KT964562.1 Lolium perenne clon |..CA.G.G......G.AGTAC..GG.G......G. c.C....GTT6CG..C.A.A.T.C.....
KT964563.1 Solanum elaeagnifol |....A...T..T..G..TTA...T....... GC.. A..G.CTG.A.GC. .. .AAC.T.T...T.
KU565013.1 Dracaena cambodiana |..CTAC........ (¢ I ¢ i /SRR GCG, ...0A,.G..6CG..6.A.C..,.TT..T.

Hinh 1.1. Két qua kiém tra trinh tw bao ton gen GST bing Bioedit

No mispriming library specified
Using 1l-based sequence positions
OLIGO start _len tm gck any 3° seq

LEFT_PRIMER 1 28 61 .42 S5.0a 4.08 32,00 CACAAGAAGATCCCGGTCCT
SEQUENCE SIZE: 41
INCLUDED REGIOM SIZE: 41

1 CACAAGAAGATCCCGGETCCTOCTCCACGACGECAAGCCCGT
B o

KEYS (in order of precedence):
>>»»>»>» left primer

ADDITIOMAL OLIGOS

start _len tm Bck any 31" seq
1 LEFT_PRIMER = 2e 61.87 60 .0 5.0 2.90 AGAABATCCCGGTCCTCCTC
2 LEFT_PRIMER & 19 68 .96 63.16 S.aa 2,080 GAAGATCCCGGETCCTCCOTC
3 LEFT_PRIMER 2 19 58.53 52.63 4.88 3.00 ACAAGAAGATCCCGGTCCT
4 LEFT_PRIMER 7 185 58.98 61.11 4.0 2.00 AAGATCCCGGTCCTCCTC
Statistics
con too in in no tm tm high high high
sid many tar excl bad GC too too  any 3*  poly end
ered MNs get reg GCE clamp low high compl compl X stab ok
Left 183 a =] @ (=] =] 2 166 a B a 3 a

primer3 release 1.1.4

Hinh 1.2. Két qua kiém tra trinh tw primer bang FastPCR 6.5

Trong do:

KU565013.1: mRNA sequence ctua Dracaena cambodiana (1004 bp)
AY987385.1: GST mRNA cua cay Ginkgo biloba (1082 bp)
KT964562.1: Lolium perenne GST mRNA (681 bp)
KT964562.1: Lolium perenne GST mRNA (681 bp)
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Phu luc 1.2. Két qua Kkiém tra trinh tw gen va primer GPX

700 710

GCCCAGG 682
e " =

XN_020393860.1 PREDICTED: Aspa 644 AGG TCTIGG C]TICCC&TG CAACCAGTTT GG|A
NN 001280840.1 Setaria italica 360 GA SCL . T o C.G . 39
1 Setaria italica pho 360 GA . C T ,,,,,,, c.cG .. 397
1 Triticum aestivum g 277 GA - - ... .. . . T.GG - 314
Triticum turgidum s 2386 GaA - T T.GG .. 32.
94551 PREDICTED: Dend 452 . . A L .GTG . A. 450
2400.1 PREDICTED: Aegi 361 GA e e e e N - - T oL - .T.CGG. - 308
723.1 Triticum turgidum s 43 GA - - ... ... N . e e aToo oo . T.GG. 380
ﬁL'J 64468 1 Triticum monococcum 317 G A - .. T. T.GG . 354
NM_001154209.1 Zea mays phosph 343 - A cC.cC. G .. T.GG . 380
EU956246.1 Zea may's clone 1559 343 . A c.c. G T.GG . 380
AFA475124.1 Triticum aestivum g 4 GNA - . ... . ST T.GG . 85
K¥368669.1 Eleusine coracana ¢ S0 .. A s T T.GA. . .. 128
JF747495.1 Lolium perenne ght 19 A .C.T. JR C.GG . 57
850 s50 s70 550
XM_020393860.1 PREDICTED: Aspa 803 AGTCGAGCAA GGGTAGCCTG TTCGGGGACA ACIATCAAGTG 842
NM_001280840.1 Setaria itatica 518 . .. .T. .. e .G . ... C Ce e T G .| .. . 557
AY511604.1 Setaria italica pho 518 ... T ... .. .. .G R T. ... G.|.. .. ... 557
7777.1 Triticum aestivem g 435 e eaeaTo oo A...G....T ..... C G .|« 0. 474
2.1 Triticum turgidum s 444 P R A...G....T ..... < G.| ... 483
8194551 PREDICTED: Dend 611 . . . . A . . . . . AL T....... G .| ... 650
322400.1 PREDICTED: Aegt 519 T A, - C . G . 558
3.1 Triticum turgidom s 301 T. .. .. A...6G....T ..... C . G.|- .. 540
364465.1 Triticum monococcum 475 T. .. .. AL L. G. ... T L. C . G .| 514
001154209.1 Zea mays phosph 01 ... .T ... .. e e G LT L c. G .|.. ... ... 540
6.1 Zea may's clone 1559 501 e e aTo oL e e -G.L LT Ll C . G| - e . 540
4.1 Triticum aestivum g 206 . ...T... A .C. G 245
KY368669 1 Eleusine coracana c 245 . A..C.aA. - SAL G .| ... 288
JF747495.1 Lolivm perenne ghut 178 --A.CL L. A - AL 217
890 210 220
3M_020393860.1 PREDICTED: Aspa 843 GAACTTCTCC AAGTTIICTTGG TCGATAAGGA TGGTCATGTIC 882
\'\{ 001280840 1 Setaria italica 558 | . ... 00 e 0. . T C..... G..6G.G...T 597
AYS531694.1 Setaria italica pho 558 . R T..C G..G.G. T 597
ENM3 77.1 Triticum aestivem g 475 - - T . C..... G..... < - T 514
TN 1 Triticum turgidum s 484 | ... .00 00 - T . C..... G..... < - T 523
819455 1 PREDICTED: Dend 651 | . ... ... B AL . G -G - T 690
400.1 PREDICTED: Aegi 559 | . . . . . . . . .. N N G .GC .. T 508
Triticum turgidum s 540 | - .o e LT €. G. .. .. c..T 580
NM_001154209.1 Zea mays phosph b T .00 a G..A.G. . T 380
EU956246.1 Zea mays clone 1559 B .T..C. . ... G..A.G. . T 580
AFA475124.1 Triticum sestivem g 246 |. .. B S G..... Cc..T 285
K¥368669.1 Eleusine coracana ¢ 289 e - G..C .. G..G.G. 328
JF747493.1 Lolium perenne ghut . T..C..... G..G.G. 257

Hinh 1.3. Két qua kiém tra trlnh tu bao ton gen GPX b?lng Bloedlt

5'-ttyccrtgcaaycagtttgg-3'

Length=20 A=3.5 G=4.5 T=7.0 C=5.0 CG=47.5%

Linguistic complexity = 89%; Primer's PCR efficiency = 78%

dG =-24.9 kcal/mol; dH = -153.3 kcal/mol; dS = -435.1 cal/K mol

Tm =54.2°C (Allawi's thermodynamics parameters (Biochemistry, 1997, 36:10581-10594)
Tm =55.0°C (Tm =77.1 + 11.7Log[K+] + (41(G + C)-528)/L)

Extinction coefficient = 183950 L/(mol-cm)

Molecular weight = 6091 g/mol

ODg260 = 1.000; pg = 33.112; nmol = 5.436

100uM = dissolve in 54.4 pl of MQ-water or TE buffer

5'-aacttggagaagttccacttgat-3'

Length=23 A=7.0 G=5.0 T=7.0 C=4.0 CG=39.1%

Linguistic complexity = 85%; Primer's PCR efficiency = 77%

dG =-26.6 kcal/mol; dH = -175.7 kcal/mol; dS = -504.8 cal/K mol
Tm =53.6°C (Allawi's thermodynamics parameters (Biochemistry, 1997, 36:10581-10594)
Tm =55.0°C (Tm =77.1 + 11.7Log[K+] + (41(G + C)-528)/L)
Tm =51.7°C (Tm = 64.9 + 41(G + C-16.4)/L)

Extinction coefficient = 226300 L/(mol-cm)

Molecular weight = 7063 g/mol

OD260 = 1.000; pg = 31.211; nmol = 4.419

100pM = dissolve in 44.2 pul of MQ-water or TE buffer

Hinh 1.4. Két qua kiém tra cip primer GPX bang FastPCR
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PHU LUC 2. THANH PHAN MOI TRUONG NUOI CAY VI
KHUAN E. coli VA KET QUA LY TRICH RNA

Phu luc 2.1. Thanh phan mdi trweong nudi cdy vi khuin
Thanh phan méi trwong Luria - Bertani (LB)
LB long: Tryptone Type | : 10 g/l

Yeast extract 59/l
NaCl 10 g/l
pH (7-7,2
Nudc ct vira di : 1000 ml
LB rin: M6i truong LB 1ong b sung agar 15g/1

Bang 2.1. Thanh phan bo sung vao moi trweong LB rin

Tén thanh phan | Nong @9 stock ban ddu | Nong d6 can sir dung
Ampicillin 100 mg/ml 100 pg/ml
IPTG 100 mM 0,5mM
X-gal 40 mg/ml 100 pg/m

Phu luc 2.2. Két qua ly trich RNA

Bang 2.2. Nong dd va d¢ tinh sach ciia cAc mAu RNA tong sb dwoc ly trich

Noéng PH MAiu Nong PH Ma Non PH
Mi do tinh do tinh u g do tinh
" (ng/m sach (ng/m sach (ng/ sach

)] 1) ml)
RO 50,3 1,82 T0 100,3 1,82 LO 90,3 2,02
R1 24,7 1,88 T1 54,7 1,87 L1 94,7 1,78
R2 19,5 1,78 T2 49,5 1,88 L2 89,0 1,98
R24 17,2 1,92 T24 87,2 1,96 L24 97,7 1,82
RO? 45,8 1,85 T2 95,8 1,88 L02 1(:)35, 1,84
R12 459 1,80 T12 105,9 2,02 L12 105, 1,88
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1
R22 42,3 1,84 T22 42,3 1,80 L2o | 526 | 189
R4 19.2 1,88 o4 67.2 1,78 |_§4 595 | 1,98
RO4 21,4 1,88 To4 52,4 1,78 Loa | 419 | 198
R14 49,5 1,95 T14 59,5 1,98 L14 | 478 | 19
R24 49,9 1,85 Toa 59,9 1,84 Loq | 446 | 189
Ro44 36,7 1,81 Toas 76,7 1,89 Li4 66,3 | 1091
RO6 323 1,80 T06 52,3 1,90 Lo | 723 | 185
R16 45,1 2,01 T16 45,9 1,91 L16 1%5, 2,11
R26 26,4 1,98 126 29,9 1,78 L26 | 963 | 190
R4 26,1 1,92 To46 86,4 1,86 Lé4 66,6 | 1,95
R08 40,3 1,89 T08 56,3 1,83 Los 130, 1,99
R1S 40,9 1,89 T18 49,2 1,85 L18 | 91 | 1,79
RS 40,8 1,89 T8 40,8 1,81 Log | 909 | 181
R4 50,1 1,98 Tosg | 1041 1,91 |_§4 90,4 | 183
R010 36,2 1,88 Tolo | 1535 1,89 Lgl 66,3 | 186
R110 38,7 2,02 T110 58,8 1,92 Lcl)l 586 | 1,79
910 38,1 1,85 T910 54,1 1,82 |_§1 880 | 1,86
R%41 39,7 1,80 T2041 49,6 1,90 |_204 506 | 1,93
1

Thir tw trong Ky hiéu mau:

R: ré; T: than: L: 14

0,1, 2,24:0 gio, 1 gio, 2 gio, 24 gio

2,4, 6,8, 10: 200, 400, 600, 800, 1000 ppm
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PHU LUC 3. KET QUA PHAN TICH ANOVA

Bang 3.1. Két qua phan tich ANOVA vé ham hrgng chi trong ré ciia D.
sanderiana ¢ cac pH khac nhau

Po twdo | Tong binh | Trungbinh | Tiso F | Giatri P
phwong binh
phwong
Giira c4c nhom 3 4.50567E6 | 1.50189E6 | 1995866.88 | 0.0000
Trong nhém 8 6.02 0.7525
Tong 11 4.50568E6

Bang 3.2. Két qua phén tich ANOVA vé ham lwong chi trong than cia D.

sanderiana & cac pH khac nhau

Po tw | Tong binh | Trung binh Tiso F | Gia tri
do phwong | binh phwong P
Gitra cdc nhém 3 9522.14 3174.05 108.12 0.0000
Trong nhém 8 234.86 29.3575
Tong 11 9757

Bang 3.3. Két qua phan tich ANOVA vé ham lweng chi trong 14 ciia D.
sanderiana & cac pH khac nhau

Pote | Tong binh | Trungbinh | Tiso F | Giatri P
do phuong binh phwong
Gitra c&c nhom 3 5514.44 1838.15 204.58 | 0.0000
Trong nhém 8 71.88 8.985
Tong 11 5586.32

Bang 3.4. Két qua phan tich ANOVA vé ham lwong chi trong cay cia D.

pH khac nhau

sanderiana ¢ cac
Po tw | Tong binh | Trungbinh | Tiso F | Giatri P
do phwong | binh phwong
Gitra cac nhém 3 4.93165E6 | 1.64388E6 46443.98 | 0.0000
Trong nhém 8 283.16 35.395
Tong 11 4.93194E6

Bang 3.5. Két qua phan tich ANOVA vé toc d9 ting chiéu cao cay Phat tai &

cac nong dd Pb khac nhau
Po tw | Tongbinh | Trungbinh | Tis6F | Giatri P
do phwong binh phwong
Gitra cac nhém 8 13.5603 1.69504 2.58 0.0205
Trong nhém 45 29.5122 0.655827
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Bang 3.6. Két qua phan tich ANOVA vé ham lwong Pb tich liy trong ré cay

Phét tai sau 10 ngay thi nghiém

Po tw | Tongbinh | Trungbinh | Tiso F | GiatriP
do phwong binh phwong
Gitra cac nhom 7 2.52E+09 3.60E+08 39.88 0.0000
Trong nhém 16 1.44E+08 9.02E+06
Tong 23 2.66E+09

Bang 3.7. Két qua phan tich ANOVA vé ham lwong Pb tich liiy trong ré ciy

Phat tai sau 20 ngay thi nghiém

Po tw | Tong binh | Trungbinh | Tis6 F | Giatri P
do phwong binh phwong
Gitra cac nhém 7 2.41E+09 3.44E+08 12.72 0.0000
Trong nhém 16 4.33E+08 2.71E+07
Tong 23 2.84E+09

Bang 3.8. Két qua phan tich ANOVA vé ham lweng Pb tich liiy trong ré ciy

Phét tai sau 30 ngay thi nghiém

Po tw | Tong binh Trung binh | Tiso F | Giatri P
do phwong binh phwong
Gitra cac nhom 7 4.45E+09 6.35E+08 6.91 0.0007
Trong nhém 16 1.47E+Q9 9.19E+07
Tong 23 5.92E+09

Bang 3.9. Két qua phan tich ANOVA vé ham lweng Pb tich liiy trong ré cay

Phét tai sau 40 ngay thi nghiém

P te | Tong binh | Trungbinh | Tiso F | GiatriP
do phuwong binh phwong
Gitra cac nhdm 7 4.04E+09 5.56E+08 0.86 0.0005
Trong nhém 16 1.12E+08 6.43E+07
Tong 23 5.16E+09

Bang 3.10. Két qua phan tich ANOVA vé ham lwgng PD tich liiy trong ré cay

Phat tai sau 50 ngay thi nghiém

Potw | Tongbinh | Trungbinh | Tiso F | GiatriP
do phuwong binh phwong
Gitra cac nhom 7 3.44E+09 4.91E+08 10.71 0.0001
Trong nhém 16 7.33E+08 4.58E+07
Tong 23 4.17E+09
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Bang 3.11. Két qua phéan tich ANOVA vé ham lwong Pb tich lity trong ré cay
Phét tai sau 60 ngay thi nghiém

Do tw | Téng binh | Trungbinh | Tis6F | GiatriP
do phwong binh phwong
Gitra cac nhom 7 4.08E+09 5.83E+08 9.23 0.0001
Trong nhom 16 1.01E+09 6.32E+07
Tong 23 5.09E+09

Bang 3.12. Két qua phan tich ANOVA vé ham lwong Pb tich lity trong than cay

Phat tai sau 10 ngay thi nghiém

P tw | Tong binh | Trungbinh | Tis6 F | GiatriP
do phuwong binh phwong
Gitra cac nhom 7 96101.7 13728.8 3.7 0.0144
Trong nhém 16 59402.7 3712.67
Tong 23 155504

Bang 3.13. Két qua phan tich ANOVA vé ham lweng Pb tich liiy trong than cay

Phat tai sau 20 ngay thi nghiém

Po tw | Tongbinh | Trungbinh | Tis6F | GiatriP
do phwong binh phwong
Gitra cac nhom 7 120221 171745 9.52 0.0001
Trong nhém 16 28865.5 1804.1
Tong 23 149087

Bang 3.14. Két qua phan tich ANOVA vé ham lugng Pb tich liiy trong than cay
Phét tai sau 30 ngay thi nghiém

Pote | Tongbinh | Trungbinh | Tiso F | GiatriP
do phwong binh phwong
Gitra cac nhom 7 2.62E+07 3.74E+06 16.74 0.0000
Trong nhém 16 5.42E+07 3.38E+06
Tong 23 8.03E+07

Bang 3.15. Két qua phan tich ANOVA vé ham lwgng PD tich liiy trong than cay
Phat tai sau 40 ngay thi nghiém

Pote | Tongbinh | Trungbinh | Tis6 F | GiatriP
do phuwong binh phwong
Giira cic nhom 7 1.03E+07 1.47E+06 47.39 0.0000
Trong nhém 16 495181 30948.8
Tong 23 1.08E+07
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Bang 3.16. Két qua phéan tich ANOVA vé ham lwgng Pb tich lity trong than cay

Phét tai sau 50 ngay thi nghiém

Pote | Tongbinh | Trungbinh | Tis6 F | GiatriP
do phwong binh phwong
Gitra cdc nhom 7 8.31E+06 1.19E+06 14.13 0.0000
Trong nhom 16 8.31E+06 84012.5
Tong 23 8.31E+06

Bang 3.17. Két qua phan tich ANOVA vé ham lwong Pb tich lity trong than cay

Phat tai sau 60 ngay thi nghiém

Po tw | Tongbinh | Trungbinh | Tiso F | GiatriP
do phwong binh phwong
Gitra cac nhom 7 1.55E+07 2.22E+06 23.44 0.0000
Trong nhém 16 1.51E+06 94607.4
Tong 23 1.70E+07

Bang 3.18. Két qua phan tich ANOVA vé ham lwong Pb tich lity trong |4 cay

Phat tai sau 10 ngay thi nghiém

Po tw | Tongbinh | Trungbinh | Tis6F | GiatriP
do phwong binh phwong
Giira cac nhom 7 42990.2 6141.46 11.24 0.0000
Trong nhém 16 8742.23 546.389
Tong 23 51732.4

Bang 3.19. Két qua phan tich ANOVA vé ham lweng Pb tich liiy trong 14 cay

Phét tai sau 20 ngay thi nghiém

Po tw | Tongbinh | Trungbinh | Tiso6F | GiatriP
do phwong binh phwong
Giita cac nhom 7 16502.2 2357.46 3.36 0.0213
Trong nhém 16 11241.3 702.58
Tong 23 277435

Biang 3.20. Két qua phan tich ANOVA vé ham hrgng Pb tich liiy trong la cay

Phét tai sau 30 ngay thi nghiém

Po tw | Tongbinh | Trungbinh | Tis6 F | GiatriP
do phwong binh phwong
Gitlra cdc nhom 7 13798.5 1971.22 11.94 0.0000
Trong nhém 16 2642.18 165.136
Tong 23 16440.7
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Bang 3.21. Két qua phan tich ANOVA vé ham lwgng Pb tich liiy trong 14 cay
Phét tai sau 40 ngay thi nghiém

Po tw | Tongbinh | Trungbinh | Tis6F | GiatriP
do phwong binh phwong
Gitra cdc nhom 7 37053.1 5293.3 6.34 0.0011
Trong nhém 16 13350.8 834.423
Tong 23 50403.9

Bang 3.22. Két qua phan tich ANOVA vé ham hwong Pb tich lity trong I cay
Phat tai sau 50 ngay thi nghiém

Po tw | Tong binh | Trungbinh | Tis6F | GiatriP
do phwong binh phwong
Gitra cac nhom 7 166390 23770 3.42 0.0198
Trong nhém 16 111333 6958.32
Tong 23 277723
Bang 3.23. Két qua phan tich ANOVA vé ham hrong Pb tich liiy trong l4 cay
Phét tai sau 60 ngay thi nghiém
Po tw | Toéng binh Trungbinh | Tis6F | GiatriP
do phuong binh phwong
Gitra cdc nhom 7 265703 37957.5 8.56 0.0002
Trong nhém 16 70955.6 4434.73
Tong 23 336658
Biing 3.24. Két qué phén tich ANOVA vé& mirc d9 biéu hi¢n gen Cyt-Cu/Zn SOD
o re
Pote | Tongbinh | Trungbinh | TisoF | GiatriP
do phwong binh phwong
Gitra cac nhom 23 93.3994 4.06084 46.00 0.0000
Trong nhém 48 4.23747 0.0882806
Tong 71 97.6368
Bang 3.25. Két qua phan tich ANOVA vé mirc d biéu hién gen Cyt-Cu/Zn SOD
¢ than
Potw | Tongbinh | Trungbinh | Tiso F | GiatriP
do phuong binh phwong
Gitra cac nhom 23 61.0645 2.65498 22.55 0.0000
Trong nhém 48 5.65253 0.117761
Tong 71 66.717
Bang 3.26. Két qua phan tich ANOVA vé mirc dd biéu hién gen Cyt-Cu/Zn SOD
o la
Po tw | Tong binh | Trung binh Tiso F Gia tri P
do phwong binh phwong
Gitra cadc nhom 23 11.9847 0.521073 6.22 0.0000
Trong nhédm 48 4.0222 0.0837958
Tong 71 16.0069
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Bang 3.27. Két qua phan tich ANOVA vé mirc dd biéu hién gen GST & ré

Potwy | Tongbinh | Trungbinh | Tiso F | GiatriP
do phwong binh phwong
Gitra cdc nhom 23 104.78 4.55567 58.42 0.0000
Trong nhém 48 3.743 0.0779792
Tong 71 108.523
Biang 3.28. Két qua phan tich ANOVA vé mirc d9 bi¢u hién gen GST & than
Pote | Tongbinh | Trungbinh | Tis6 F | GiatriP
do phwong binh phwong
Gitra cac nhom 23 42.8367 1.86246 81.69 0.0000
Trong nhém 48 1.09433 0.0227986
Tong 71 43.931
Bang 3.29. Két qua phan tich ANOVA vé mirc dd bi¢u hién gen GST ¢ l&
Potw | Tongbinh | Trungbinh | TisoF | GiatriP
do phwong binh phwong
Gitra cac nhom 23 21.8656 0.950677 35.78 0.0000
Trong nhom 48 1.27553 0.0265736
Tong 71 23.1411
Bang 3.30. Két qua phan tich ANOVA vé mirc d9 bi¢u hién gen GPX & ré
Po tw | Tongbinh | Trungbinh | Tiso F | GiatriP
do phwong binh phwong
Gitra cac nhom 23 141471 6.15092 151.37 0.0000
Trong nhém 48 1.95053 0.0406361
Tong 71 143.422
Bing 3.31. Két qua phan tich ANOVA vé mirc d9 biéu hién gen GPX & than
Po tw | Tong binh | Trungbinh | Tiso F | Giatri P
do phwong binh phwong
Gitra c&c nhom 23 77.7813 3.3818 123.35 0.0000
Trong nhém 48 1.31593 0.0274153
Tong 71 79.0972
Bang 3.32. Két qua phan tich ANOVA vé mirc d biéu hién gen GPX é 14
P te | Tongbinh | Trungbinh | Tis6 F | GiatriP
do phwong binh phwong
Gitra cac nhom 23 43.96 1.9113 60.51 0.0000
Trong nhém 48 1.51627 0.0315889
Tong 71 45.4763
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PHU LUC 4. MOT SO HINH ANH THI NGHIEM

Hinh 3: B§ tri thi nghiém khéo sat anh hwéng pH dén kha niing hép thu,

tich liiy chi caa cay Phét tai (Dracaena sanderiana)

F— SGMIEM THEC )

"
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Hinh 4: Bo tri thi nghiém khio sat kha ning hap thu va tich liiy chi ciia ciy

Phat tai (Dracaena sanderiana)
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Hinh 3 thé hién so @6 b tri thi nghiém khao sat anh huong pH dén kha
nang hap thy, tich liy chi cua cay Phat tai (Dracaena sanderiana) va hinh 4 thé
hién so do bb tri thi nghiém khao sat kha nang hap thy va tich liiy chi cua cay
Phat tai (Dracaena sanderiana). Ca 2 thi nghiém dugc thuc hién trong nha luéi
c6 mai che mua nham tao thuan lgi cho su luu thong khdng khi giira bén trong
va bén ngoai nha ludi va vira dam bao che mua hiéu qua, dugc xay dung tai

Truong DH Thu Dau Mét, Tinh Binh Duong.

Hinh 5: Hinh thai cia 3 loai thwe vat Trlc bach hgp (Dracaena reflexa),
Phat tai bup sen (Dracaena deremensis) va Phat tai 19c¢ (Dracaena
sanderiana) (tir trai sang phai). 3 loai thuc vat da duoc dudng ra ré trong nuéc

cat va chuan bi dem vao thi nghiém 1.
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Hinh 6. Sw thay déi dé day mé mém ré caa cay phat tai khi tiép xdc véi chi &

cac nong dd khac nhau (um) (Hinh dwoc xem ¢ vt kinh 10X)



