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ABSTRACT

Photosynthesis is an important physiological process in plants. It plays a crucial role in plant
growth and development. In this study, we investigated the impact of zerovalent cobalt
nanoparticles on the photosynthesis and expressing of gene involving in this process in leave of
soybean Glycine max (L.) Merr “DT26” at different growth stages. The results showed that
treatment of zerovalent cobalt nanoparticles made in Vietham and USA (with two doses of 0.17
and 16.67 mg/kg of soybean seed) enhanced the photosynthesis of soybean by increasing the
content of chlorophyll a and the ratio of Fv/Fm compared with the control (without treatment of
zerovalent cobalt nanoparticles). These values tended to increase and reached the maximum
value at 40 days and then decreased in at 70 days. The expression level of photosynthesis-related
genes of soybean leaves also changed depending on the soybean’s growth stage and
concentration of zerovalent cobalt nanoparticles being treated. The genes psaA, Lhca, psaB,
Cytb6f (belonging to photosystem 1) and psbA, psbB, psbC, psbD, psbE (belonging to
photosystem 1) in the experimental fomulas were higher expressed than that in control group at
20 and 70 days. However, at 40 days, the expression levels of these genes were significantly
different. Obtained results supplied the basis for understanding the active mechanism of the
above genes to control/regulates photosynthetic activity of plants with and without the presence
of zerovalent cobalt nanoparticles as well as under stress conditions.
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TOM TAT

Quang hop 1a mét qué trinh sinh 1y quan trong va 1a co so cia Sy sinh truéng va phét trién cua
thuc vét. Trong nghién ctru nay, chung t6i da danh gid tic dong cua hat nano cobalt hoa tri 0 1én
quang hop va mirc d6 biéu hién cua cac gen chinh lién quan dén quang hop cua l4 cay dau turong
Glycine max (L.) Merr. ‘DT26’ ¢ c4c giai doan sinh truong khac nhau. Két qua thu dugc cho
thy hat nano cobalt (v6i 2 muc liéu 0,17 va 16,67 mg/kg hat do Viét Nam va My san xuét) co
tac dong tich cuc 1én quang hop cua l4 dau twong théng qua ting ham luong chlorophyll a va
hiéu suit quang héa cuc dai (FV/Fm) so véi 16 ddi chung. Céc gia tri nay c6 xu hudng ting dan
va dat gia tri cuc dai tai thoi diém 40 ngay, sau d6 giam dan o thoi diém 70 ngay. Muc do biéu
hién cua cac gen lién quan dén hoat tinh quang hop cua 14 dau tuong ciing thay d6i theo thoi gian
sinh truong va ndng do cobalt xir ly. Cac gen thudc quang hé | (psaA, Lhca, psaB), quang hé 2
(pshA, psbB, pshC, pshD, pshbE) va cytochrome BgF (Cytb6f) & 16 thi nghiém déu cd mirc d6 biéu
hién cao hon so v&i 16 ddi chung tai thoi diém 20 va 70 ngdy. Tuy nhién, tai thoi diém 40 ngay,
muc d6 biéu hién ciia cc gen nay lai c6 su khac biét dang ké. Két qua nghién ctru 1a co so dé
hiéu biét vé& chire ning va co ché diéu hoa cia cac gen néu trén nham cai thién kha ning quang
hop ctia thuc vat dudi diéu kién c6 va khdng cé mat hat colbalt héa tri 0 cling nhu ¢ nhing diéu
kién bat loi.

Tw khoéa: Glycine max, gen psaA, Lhca, psaB, Cyth6f, psbA-E, Fv/Fm, nano cobalt, quang hop.
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MO DAU

Déau twong, mot cay trong kinh té quan
trong trén thé gioi, la ngudn cung cap protem
va dau thuc vat cha lyc. San luong va chat
lugng cua dau tuong chiu dnh hudng nhiéu boi
diéu kién moi truong bat loi, ké ca tac nhan
sinh hoc va phi sinh hoc. Viéc sir dung cac
phuong phap hién dai nhu cong ngh€ nano dé
tang nang suat cay dau tuong dang 1a hudng di
tiem nang. Cac hat nano (sat, dong, mangan,
kém, cobalt, selen... va cac dang oxit cua nd)
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thuong duoc sir dung nhu mét chat kich thich
sinh truong thuc vat va vi dinh dudng. Uu
diém cua ching 1a ¢ kich thuéc nhd, di¢n tich
bé mat 16n, dé hap thu va nong do str dung
thap, c6 khd ndng kich hoat cac qua trinh trao
d6i chat trong co thé dong thuc vat. Do véi
cay ho dau, cobalt dong mét vai tro thiét yéu
trong sinh truong phét trién cua cay bang cach
diéu chinh viéc st dung nuée va giam tée do
thoat hoi nudc cla cay, dic biét 1a cho sy hinh
thanh ndt san va qua trinh ¢ dinh nito
(DalCorso et al., 2014). N6 la mat yéu t6 thiét
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yéu dé tong hop cac enzyme va coenzyme khac
nhau nhu vitamin Bi, (cyanocobalamln) can
thiét cho dinh dudng cua ngudi va dong vat
(C0||InS & Kinsela, 2011). Gad et al. (2013) da
cong b san lugng déu tuong tang 42,5% khi
cay dugc xu ly vai dung dich cobalt & nong do
12 mg/L. Cobalt da dugc chung minh c¢é anh
huong dén tang truéng va trao ddi chat cua
thuc vat & cac mirc d6 khac nhau tuy thugc vao
nong do va trang thai cua ching. Jayakumar
(2009) da chi ra nang suat dau tuong chi ting
khi bo sung cobalt ¢ nong d6 thap (50 mg
cobalt/kg dat). Khi xir ly & ndng do cobalt cao
(100-250 mg/ kg dat) lai lam giam dang ké
ning suit dau tuong.

Quang hop ¢ thuc vat la qua trinh hap thu
va chuyén doi ning luong anh sang mat troi
thanh ning luong lién két héa hoc duoc tich
liy dudi dang cac hop chit hitu co nhd bd
may quang hop (Chia & He, 1999). Hiéu qua
cia qua trinh quang hop phu thuoc vao kha
nang hap thy, van chuyén ning luong anh
sang vé tam phan tng cua quang h¢ 1 (PSII)
va hiéu suit chuyén di nang lugng anh sang
mat troi thanh sinh khéi cay trong Mot so
nghién ctru ciing chirng minh rang cac gen
lién quan véi hé thdng quang hop (quang hé |
- PSI va quang hé 11 - PSII) rat nhay cam voi
moi trudng bat loi nhu han, man (Chaves et
al., 2009), &nh sang va nhiét @6 cao (Murchie
et al., 2005). C4c protein lién quan dén ciu
trdc va chuc nang cua qua trinh quang hop
cling bi trc ché do diéu kién moi truong bat loi
ve nhiét gay ra (Ahsan et al., 2010). Cac yéu
t6 moéi truong bat loi 1am cham qué trinh
quang hop ¢ thuc vat thong qua Vi¢c thay dol
cau trdc luc lap va giam ham lugng sic t6
quang hop. Nang lugng anh sang hap thu bai
cac sac to quang hop nhu chlorophyll khéng
dugc st dung hi¢u qua boi cac h¢ thong PSI
va PSII dan dén hiéu suit quang hop thap va
lam giam ning suit cua thyuc Vat.

O Viét Nam, mot sd nghién ciu vé anh
hudéng cta hat nano cobalt 1én kha ning ndy
mam, kéo dai ré, sinh trueang, mot sé thong so
vé quang hop va hoat tinh cia cac enzyme
chéng 6xy héa va ning sudt cua cdy dau
twong da duoc thuc hién (Ngo et al., 2014;
Tran My Linh va nnk., 2018 ; Phan Hoang

Tuin va nnk., 2018a, b). Tuy nhién, cac
nghién cau vé sy biéu hién caa mot sé gen
chinh lién quan dén quang hop ¢ 14 ciy dau
tuong dudi tac dong cua cac hat nano cobalt
hoan toan chua dwoc thuc hién. Dé gop phan
ly giai tac dong tich cyc cua hat nano cobalt
Ién viéc ting ning suit cua cdy dau tuong
thong qua tdng hoat dong quang hop, ching
toi da tlen hanh danh gia muc do biéu hign
ciia mot s6 gen ma hoa cho cac proteln nam
trong trung tam phan (ng cua PSI va PSllI,
phac hop thu nhan anh sang va chudi van
chuyén dién tir trong mach van chuyén quang
hop nhu psaA, psaB, psbA, psbB psbC,
psbD, psbE, Cyt b6f va Lhca cua giéng dau
twong DT26 ¢ cac giai doan sinh tru’ong khac
nhau trong diéu kién cd va khdng c6 mit cua
hat nano cobalt héa tri 0.

VAT LIEU VA PHUONG PHAP

Gidng dau twong DT26 (Glycine max (L.)
Merr. ‘DT26’) do Trung tdm Nghién ctu va
Phat trién dau dd, Vign Khoa hoc Nong
nghiép Viét Nam cung cap.

Bé tri thi nghiém

Thi nghigm duoc tién hanh voi 5 cong
thirc: Di chang (ky hiéu bC), xu ly bing nuéc
RO; thi nghiém-xir ly véi hat nano cobalt do
Viét Nam (VN) va My (USA) ché tao véi 2
Ileu 14 0,17 va 16,67 mg/kg hat twong ung voi
nong do kich thich (KTVN va KTUSA) va ic
ché (UCVN va UCUSA) nhu d3 mé ta chi tiét
trong céng bé Phan Hoang T‘uan va nnk.
(2018a). M&i cong thic lap lai 5 lan.

~ Tai thoi diém 20, 40 va 70 ngay sau gieo,
tién hanh thu cac mau 14 ¢ 16 d6i chang va 16
thi nghi¢ém dugc xir ly véi hat nano cobalt hoa
tri 0 & cac nong do khac nhau. Cac mau la
tuoi sau khi thu dwoc giit ¢ (-)20°C cho dén
khi tién hanh thi nghiém (Phan Hoang Tuan
va nnk., 2018a).

Xac dinh ham lwgng chlorophyll a ¢ 1a dau
twong

La dau twong non hoan chinh nhat thu tai
cac thoi diém 20, 40 va 70 ngay sau gieo duogc
tach chiét chlorophyll. Qui® trinh tach chiét
chlorophyll dugc md ta chi tiét theo cong b
ctia Phan Hoang Tuan va nnk. (2018a).
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Po huynh quang chlorophyll a hap thu &
bwdéc séng 680 nm

Huynh quang chlorophyll a dugc xac dinh
tai budc song 680 nm thudc tdm phan tng cua
hé PSII (P680 nm) bang may chlorophyll
fluorometer OS-30 (do hang ADC (Anh) cung
cép) theo mo ta cua Nguyen Van Ma va nnk.
(2013). Piéu kién do cu thé nhu mo ta trong
cong bd cua Phan Hoang Tuan va nnk.
(2018a). Hiéu suat luong tr quang héa cuc dai
ddc trung cho phin ning lwong anh sang hap
thy bang PSII dugc st dung t6i da trong phan
g quang hoa duoc thé hién bang ty 16 Fv/Fm

véi Fv = Fm - Fo. Trong d6, Fm - huynh quang
cuc dai, Fo - huynh quang on dinh.

Phwong phap tach chiét RNA téng sb

RNA tong s6 cua 14 dau twong DT26 dugc
tach chiét bang kit RNAiso plus (Takara, Tokyo,
Nhat Ban) theo hudng dan cta nha san xuat.

Téng hep cDNA tir khudn RNA téng sb

cDNA duoc téng hop trén khudn RNA st
dung kit RevertAid First Strand cDNA
(Singarpore), thyc hi¢n theo huéng dan cua
nha san Xxuat. Luong RNA lam khudn mau
cho mét phan tng tong hop cDNA 14 1 pg.

Bang 1. Trinh tu cip mdi dic hiéu dé nhan cac gen biéu hién lién quan dén hoat tinh quang hop
& cay dau tuong DT26 [Nguon: Teixeira et al. (2016)]

Kich
TT| Gen ID gen Locus tag dglgggn Mabi xudi (F) Mai ngwoc (R)
(bp)
L | lrea | 100815780 ﬂ;gn(?sooo 155 | ACCCATGGCACAAC | ACAGCACAGCGATAC
2 | psaA | 3989266 | GImaCpoil | 149 TASECA('?CTCCCTTTT iﬁigcA%TATCAAGA
3 | psaB | 3989267 | GImaCpo12 | 180 gg%gTrTTATCAGT E%‘PATTGAGGCGG
4 | psbA | 3989259 | GlmaCpooi | 184 ggﬁéﬁCCTATAGCC $TG&T\TG§;TTGGTGTT
5 | psbB | 3080323 | Glmacpoa7 | 101 | SESTCTGACCCTET | ATATTCCAACCECCC
6 | psbC | 3989283 | Glmacpois | 119 | Go A CTACTTTECC | CACSTEGAAACELTC
7 [0 | somo2se | cimacoots | 10 | AACGAAGTCATAGG | CTTTGGGGTTGCTTTT
8 | psbE | 3989313 | Glmacpos7 | 105 | ATTSCTTOTCEGC | TCCCIATICATIGCAG
9 | Cytber | 3089327 | Glmacposl | 169 | SoToCCTCTOTTCT | BOACACSTGATGCRTG
10 | pracin | caozrzo | © 2|37/21; g | 15, |CATCTTGCTGGTCG | GTCTCCAACTCTTGET

RT-PCR ban dinh lwgng khuéch dai cac
gen lién quan den hoat tinh quang hep &
cay dau twong DT26

RT-PCR (Reverse transcription
polymerase chain reaction) ban dinh luong
duoc thuc hién v6i khuon 1a ¢cDNA duoc
téng hop tir RNA ciia cAc mau 1a dau tuong
thu & cac cong thirc dbi chung va thi nghiém
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tai cac thoi diém 20, 40 va 70 ngay. Cac cap
mdi dac hiéu cho cac gen chinh lién quan dén
hoat tinh quang hop nhu psbA, psbB, psbC,
psbD, psbE, psaA, psaB, Cyth6f va Lhca
dugc trinh bay ¢ bang 1. Phan tmg PCR dugc
thuc hién vai téng thé tich 1a 20 uL bao gom
1 uL cDNA, 10 uL Master Mix (10X); 1 uL
moi F (10 pmol), 1 pL moéi R (10 pmol), 7
pL H,O. Chu trinh nhiét dugc thyc hién nhu



Tdc dong cua hat nano cobalt

sau: Buagc 1: 95°C, 5 pht; bugce 2: 95°C, 30
gidy; bugc 3: 49°C, 30 gidy (d6i véi cac gen
psbA, psbC, psb D, psbE, psaA, psaB) va
52°C, 30 gidy (d6i voi cac gen pshB, Cyt b6f,
Lhca); budc 4: 72°C, 1 phit 30 gidy; budc 5:
Lap lai 35 chu ky tir buéc 2 dén budc 4;
bugc 6: 72°C, 5 phit, budc 7: Giit san pham
¢ 15°C cho tei khi sir dung. Sir dung p-actin
nhy 14 gen tham chiéu dé chuan héa sé liéu.
Diéu kién nhan gen B-actin la twong ty Vi
ting gen néu trén. San pham PCR duoc kiém
tra bang dién di trén gel agarose 2%, nhuom
véi ethidium bromide, sau d6 dwgc chup anh
va xtr ly bing phan mém phan tich Gel pro32
Analyzer.
Xir 1y so ligu

Mtc do biéu hién cua cac gen dugc danh
gia thdng qua dién tich va d6 dam nhat cua
cac bang sau dién di bang phin mém phan
tich Gel pro32 Analyzer dé dinh lwong gian
tiép ham lugng cia cic bang. Ty & do dam
bang cua cac gen psaA, psaB, psbA-E Cytb6f
va Lhca ¢ ting thoi diém tai moi cong thiac
thi nghiém s& dwoc chuan héa véi gen B-actin
tuong (g va so sanh véi cong thie di ching
(khong duoc xir ly hat nano cobalt). Sé liéu
duoc trinh bay bang MEAN + SEM. Cac két
qua thu duge dugc xu ly biang phan mém
Excel. Su sai khac gitta cac cong thic thi

350 1A

Ham Iwong chlorophyll a

Ngay

DBC SKTVN 8UCVN &

nghiém duoc danh gia bing phan tich
ANOVA mét yéu té voi mac y nghia P <
0,05.

KET QUA VA THAO LUAN

Ham lwgng chlorophyll a va higu suat
quang hoa cwe dai (Fv/Fm) cita la dau
twong & cac giai doan sinh trwéng khac
nhau duwéi tac dong cha hat nano cobalt
hoa tri 0

Téc do quang hop cia thyc vat lién quan
tryuc tiép dén mat do va kich thudc cua cac dng
ten thu nhan anh sang, cu thé Ia cac phan tir
sic t6 chlorophyll (Shao et al., 2014). Khi
phan tir chlorophyll a hap thu ning lwong anh
sang, ching s& chuyén tir trang thai co ban 1én
trang thai kich thich. Phan tir chlorophyll a &
trang thai kich thich s& mat ning luong bang
mét sé qua trinh nhu mét nhiét, phat huynh
quang va thuc hi¢n phan tng quang héa. Tong
hang SO cta cac phan ng néu trén la khong
dbi. Neu coi qué trinh mét nhiét 1a nhu nhau &
moi diéu kién thi nghlem thi hiéu qua guang
hop cua thuc vat c6 thé duoc danh gia théng
qua huynh quang caa chlorophyll a trong la
cady. Két qua vé su thay dbéi ham lwong
chlorophyll a va ty 1é Fv/Fm cta ciy dau
tuong ¢ cac giai doan khac nhau dudi tac
dong cua hat nano cobalt dugc trinh bay trén
hinh 1.
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Hinh 1. Sy thay d6i ham lugng chlorophyll a (A) va ty 18 Fv/Fm (B) cua l4 cay dau tuong DT26
& cac giai doan sinh truong khac nhau khi cé va khéng cd mat hat nano cobalt. Dau “*” chi sy
sai co co y nghia thdng ké & 16 thi nghiém so véi 16 BC (P < 0,05)

Két qua chi ra trén hinh 1A di cho thay
viéc xur ly hat dau twong DT26 véi dung dich
hat nano cobalt cia Viét Nam va My déu c6

tac dong tich cuc 1én quang hop cua cay dau
tuong thong qua tdng ham luong chlorophyll a
SO v&i 16 doi chung. Ham lugng chlorophyll a
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¢ xu hu’ong taing dan va dat cuc dai o thoi
diém 40 ngay sau gleo Sau d6, ham lugng
ndy giam manh khi cdy dau tuwong chuyén
sang giai doan sinh truong sinh thuc (70 ngay
sau gieo). Khdng cd su sai khac c6 y nghia
thong ké sinh hoc vé& ham lugng chlorophyll a
giita 16 PC va thi nghiém & thoi diém 20 va
70 ngay (P > 0,05). Tuy nhién, su khac biét
c6 y nghia thong ké sinh hoc vé ham lwong
chlorophyll a giira cac 16 xir ly véi hat nano
cobalt so véi 16 BC dugc thé hign ro rét tai
thoi diém 40 ngay (P < 0,05). Diéu nay co thé
do viéc xir ly hat cobalt da gitp hd tro qua
trinh tong hop chlorophyll va han ché sy phan
hiy cua no ¢ trong t6i (Abdul Jaleel et al.,
1999) Két gua cua chiing t6i cling tuong dong
véi cdng bo caa Ngo et al. (2014) cho thay
ham luong chlorophyll cia cay dau tuong
DT51 tang khoang 10% so véi ddi ching khi
hat duoc xur ly véi dung dich hat nano cobalt
& ndng d6 0,08 g/ha.

Ty 18 Fv/Fm I1a mét tham sé huynh quang
chlorophyll quan trong, thé hién hiéu qua st
dung | t6i da nang luong dnh sing duoc hap thu
boi sic tb trong phan tng quang héa & PSI va
II'va dugc str dung nhu la mét chi thi dé phat
hién sém nhu:ng thay ddi vé ciu tric va chirc
nang ctia by may quang hop cuaa thyc vat dudi
diéu kién sinh 1y binh thuong va diéu kién bat
lgi (Qiu et al., 2013). Su thay doi ty I1¢ FV/Fm
cua la cay dau tuong O cac giai doan sinh
truong khac nhau dudi taic dong cua hat nano
cobalt duoc chi ra ¢ hinh 1B. Xu huéng thay
doi cua hiéu suat quang hda cuc dai cling
tuong tu nhu ham luong chlorophyll. Sy sai
khic c6 y nghia théng ké khi so sanh giira 16
DC va 16 xir ly hat nano cobalt ¢ nong d6
0,17 mg/kg hat (P < 0 05) tai thoi diém 40
ngay sau gieo. Két qua nay cho thay xir Iy hat
dau tuong véi dung dich nano cobalt da gitp
viéc sir dung nang lugng anh sang trong phan
ung quang hoa ¢ PSII dat hiéu qua cao hon
dan toi tang ty lé Fv/Fm.

Mire d9 biéu hién ciia cac gen lién quan dén
quang hegp ¢ la cay dau twong DT26 duwdi
tac dong cua hat nano cobalt

Cac yéu té moi truong bat loi déu anh

huong 16n den quang hop. Vi vay, thuc vat
luén c6 co ché tu bao vé bang cach thay doi
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mic do biéu hién cua céc gen lién quan dén
hoat dong cua PSI va PSII dé bao vé bo may
quang hop, lam glam nhe anh huéng cua cac
yeu t6 moi truong gay uc ché quang hop va
can bang noi mai té bao (Wang et al., 2014).

Loi caa PSIl gom 2 proteln D1 va D2
(dugc ma hoa bsi gen psbA va psz) lién két
thanh heterodimer nam ngay gitra trung tam
phan ung PSII dugc ky hiéu la phan tar huynh
quang Pego, 1a chit nhan dién tir so cdp trong
mach van chuyén dign tir quang hop. Chung

cing V& mot sb cac phan tir sic to

chlorophyll a, B-caroten va sat..., tao nén tam
phan ung cua PSII. T4t ca duoc ket ndi thanh
mét mach van chuyén dién tir [Mn] 4, TyrZ,
pheophytin a, QA, QB va nonheme. Trong khi
do, 2 loai protem khic (dugc ma hoa boi hai
gen pshB va pst) lien két mang vai cac phan
tur chlorophyll va Bcarotene dudi dang phuc
hop thu nhan anh sang, CP47 va CP43
(Barber et al., 1997) Sy thay ddi muc biéu
hi¢n cua cac gen nay s€ anh hudng dén chic
niang quang h0‘p nhu higu suit lwong tir cua
quang hop va thay ddi hoat tinh quang hop
(Lucinski & Jackowski, 2006). PSI (theo sau
PSII trong chudi van chuyen dién tr quang
hop), la chit nhan dién to tir phic hop
cytochrom b6f va chuyen chung dén
ferredoxin dé san xuat cac phan tur ¢ higu
nang cao nhu NADPH. Sau d6, ching tiép tuc
duoc str dung trong cac phan ung téi dé cb
dinh COj, theo chu trinh Calvin Benson. Cac
thanh phan cuaa PSI dugc ma hoa bai cac gen
luc lap va gen nhan nhu psaA psaB Lhca, cé
chitc ning thu nhan anh séang va van chuyén
nang luong dugc hap thu téi I16i cua PS Il
(Berry et al., 2013).

Két qua vé dién di san pham PCR nhan
cac gen psaA-B, psbA-E, Cyth6f va Lhca ma
hoa cho cac protein lién quan dén bo may
quang hop ¢ cay dau twong DT26 dugc chi ra
& hinh 2. Murc d6 biéu hién cua cac gen néu
trén cua la cay dau tuong DT26 & Cac g|a|
doan sinh tmong khac nhau duéi diéu kién co
va khéng c6 mit cua hat nano cobalt hoa tri 0
duoc chira & bang 2 va hinh 3.

Két qua chi ra ¢ bang 2 va hinh 3 cho thay
khi xtr Iy hat nano cobalt cia Viét Nam va My
& ca 2 nong do kich thich (0,17 mg/kg hat) va
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e ché (16,67 mg/kg hat), ca 9 gen lién quan
den hoat tinh quang hop (thudc ca PSI va Il)
déu ¢ xu hu'O’ng tang mirc do biéu hién (voi
muc tang tir 1 dén 1,7 lan tuy ting gen) so voi
16 BC ¢ g1a1 doan 20 va 70 ngay. Tai thoi
diém 20 ngay, su sai khac co y nghia thong ké
sinh hoc ¢ mirc do biéu hi¢n cua cac gen nay
& cac 16 xtr ly hat cobalt ndng d6 16,67 mg/kg

hat so v6i BC (P< 0,05). Tuy nhién, & ndng
do xu |y 0,17 mg/kg hat thi mirc do sai khac
khong c6 y nghla thong ké (P> 0,05). Tai thoi
diém 70 ngay, viéc xir Iy hat nano cobalt deu
lam ting biéu hién cua cac gen lién quan dén
hoat tinh quang hgp cia cay dau tuong (P<
0,05).
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Hinh 2. Anh dién di nhan gen psaA-B, psbA-E, Cyth6f va Lhca ma hoa
cho céc protein lién quan den b may quang hop ¢ cay dau twong DT26
Giéng 1-17 twong irng véi mau:

1: BC- 20 ngay

2: KTVN - 20 ngay
3: KTUSA - 20 ngay
4: UCVN - 20 ngay
5: UCUSA- 20 ngay

O giai doan 40 ngay, la thoi diém gquang
hop cua cay dau tuong dat cuc dai, su bleu
hién ctia cac gen nay co su sai khac rd rét. Doi
Vi c&c gen Lhca, psaA (thuoc PSI, co chirc
ning thu nhan &nh sang va van chuyén dién
tr), gen cytb6f (thudc phic hop cytochrome)

6: BC- 40 ngay

8: KTVN - 40 ngay
9: KTUSA - 40 ngay
10: UCVN - 40 ngay
11: UCUSA- 40 ngay

12: BC- 70 ngay

14: KTVN - 70 ngay
15: KTUSA - 70 ngay
16: UCVN - 70 ngay
17: UCUSA- 70 ngay

va gen psbA (ma hda cho protein D1 cia PSII
c6 chirc ning van chuyén dién ta) c6 xu
huéng biéu hién ting & 16 duoc xir ly hat nano
cobalt so véi 16 DC (ngoai trir 16 xur ly hat
nano cobalt My & nong d6 16,67 mg/kg hat).
Nhu vay, tai thoi diém quang hop ting thi
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muc do biéu hi¢n cua cac gen ma hoa cho cac
protein lién két vai sac to dé thu nhan anh
sang trong PSI ciing tang, tc la qua trinh van
chuyén dién tir trong PSI dugc tang cuong.
Nguoc lai, cac gen psaB (thuoc PSI, co chic
nang van chuyén di¢n tir trong mach véan
chuyén dién tor quang hop), cac gen psbB-E
(m& hda cho protein cua tdm phan ang PSII,
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c6 chirc ndng van chuyén dién tir trong mach
van chuyén dén tir quang hop) lai co mirc do
biéu hién gen giam so véi 16 DC. Két qua nay
c6 thé do toc do van chuyén dién tir cua
protein dwgc ma hoa boi cac gen psaB, psbB-
E, tham gia vao phan tng sang cua qué trinh
quang hop ¢6 xu huéng giam khi hoat tinh
quang hop cua cay tang.
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Hinh 3. Mirc d6 biéu hién cta cac gen lién quan dén hoat tinh quang hop cua cdy dau tuong
DT26 & cac giai doan khac nhau khi khi cd va khdng c6 mat hat nano cobalt. Dau “*” chi sy sali
c6 ¢ y nghia thong ké ¢ 16 thi nghiém so véi 16 BC (P < 0,05)
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Bang 2. Mirc d6 biéu hién ctia cac gen chinh lién quan dén hoat tinh quang hop & 14 ciy dau
tuong DT26 & cac giai doan sinh trudng khac nhau

. . e Murc do biéu hién gen
Gen Ma hoa protein Chtrc nang 20ngay | 40 ngy | 70 ngdy
Quang hé |
psaA Apoprotein Al Van chuyén dién tir + + +
psaB Apoprotein A2 Van chuyén dién tu + - +
Lhca Protein gan voi sac to Thu nhan anh sang + + +
Quang h¢ Il ﬂ
psbA Protein D1 Van chuyén dién tir + + +
Protein cua trung tam
PSOB | ohin ting CP47 nt " - *
Protein cua trung tam
psbC phan wng CP43 nt * i *
psbD Protein D2 nt + - +
Tiéu phan a cua
psbE Cytochrome b559 nt " *
Cyt6f Protein PET A nt + + +

Ghi cha: nt: Nhu trén; diu (-): Giam muc do biéu hién gen; dau (+): Tang mirc d6 biéu hién gen & cong
thare thi nghiém so vai cong thire doi chiing. PET: Photosynthetic electron transport - van chuyén dién tir
quang hop; Vi tri va chiic nang ctia cic gen tham khao theo cong bo ciia Berry et al. (2013).

Trong cung mét cdng thic, biéu hién caa
cac gen lién quan dén quang hop ciing c6 xu
huang khac nhau (hinh 4).

O 16 BC, muc do biéu hién cua cac gen
psaA, psaB, psbA-E co tuong quan chat vai
ham lugng chlorophyll a. Khi ham lugng
chlorophyll a dat cuyc dai tai thoi diém 40
ngay, hoat dong cuia cac gen nay ciing dat cao
nhat. Ngoai trir 2 gen Lhca va Cytb6f c6 xu
huéng 6n dinh trong sudt thoi gian sinh
truéng cua cay dau tuong. O 16 xir ly hat nano
cobalt & nong do 0,17 mg/kg hat (KTVN va
KTUSA), tat ca 9 gen lién quan dén quang
hop déu c6 mac do biéu hién thay doi khéng
dang ké gitra thoi diém 20 dén 40 ngay Tuy
nhién, tai thoi diém 70 ngay, tit ca cac gen
nay déu duogc ting cuong hoat dong. Co su
khac bigt c6 y nghia & mirc do biéu hién cua
cac gen tai thoi diém 40 va 70 ngay (P <
0,05). Khi ting néng do cobalt xu ly (16,67
mg/kg hat), sy thay doi biéu hién cua cac gen
& cac thoi diém khac nhau 1a khdng nhiéu va
su sai khac khong c6 y nghia théng ké sinh
hoc (P> 0,05). Két qua nghién ciru cua ching
t6i cling cho thay hiéu qua tac dong cua hat
nano cobalt ciia Viét Nam va My & ca 2 lidu

0,17 va 16,67 mg/kg hat la khong c6 su khac
biét. Ngay ca lidu xur ly cao 16,67 mg/kg hat
déu chua phat hién thiy tac dong tidu cuc dén
b6 may quang hop cua cay dau twong DT26.

Mot s6 nghién ciu trén thé gioi cling cho
thdy cobalt & nong do thip c6 anh hudng tich
cuc 1én sinh truong ciing nhu toc d6 van
chuyén dién tir trong mach van chuyén dién tir
guang hop (Mohanty et al., 1989 ; Ali et al.,
2010). Mohanty et al. (1989) da dua ra gia
thuyét rang tac dung cua cobalt I&n quang hop
¢6 thé do chiing c6 vai tro thay ddi chirc ning
cia Qg trong mach van chuyén dién tu, din
dén anh huong 1én hoat dong cua quang hop.
El- Sheekh et al. (2003) da cong bd vé anh
huong cua nong do cobalt 1én sinh trudng,
ham luong sic td va mach van chuyén dién tir
trong quang hop cia 2 loai tao
Monoraphidium  minutum va  Nitzschia
perminuta. Két qua cho thay cobalt kich thich
sinh truéng va ham luong sac to cua 2 loai tao
nay ¢ nong do thap (0,1-0,5 ppm). Cobalt anh
hudng truc tiép 1én phic hop Peg caa mach
van chuyén dién tir ‘trong PSII. CO su thay doi
trong viéc phan phdi ning luong kich thich co
loi cho hé théng PSI. Piéu nay ciing c6 thé
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dan t6i sy ting cuong tong hop phan tir ATP
thdng qua qua trinh van chuyén dién tir vong
trong mach van chuyén dién tir quang hop dan
t6i tang cuong/klch thich su tich lity carbon
v0 co trong cac t€ bao sinh truong khi nong
d6 cobalt thap. Tuy nhién, dé hiéu rd hon co
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ché phan tir caa hat nano cobalt tic dong 1én
hoat dong quang hop & cay dau twong DT26
can phai ¢6 nhitng nghién ciru sau hon nita &
cac san pham méa hda boi céc gen lién quan
dén quang hop cua PSI va PSII néu trén.
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Hinh 4. Mirc d6 biéu hién cua cac gen lién quan dén hoat tinh quang hop cua ciy dau tuong
DT26 ¢ céng thire khac nhau khi ¢6 va khdng cd mat hat nano cobalt

KET LUAN

Hat nano cobalt héa tri 0 véi nong d6 0,17
va 16,67 mg/kg hat cé anh hudong tich cuc 1én
hoat dong quang hgp cua cay dau tuong DT26
thong qua tang ham lugng chlorophyll a va
hiéu suat quang hoa cuc dai, Fv/Fm. Khong
c6 su khac biét vé hiéu qua tac dong lén
quang hop giita hat nano cobalt do Vié¢t Nam
va My san xuat.

Muc do biéu hién cua cac gen lién quan
dén hoat tinh quang hop cia 14 dau twong
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cling thay doi theo thoi gian sinh truong va
ndng do cobalt xir ly. So véi 16 d6i ching, cac
gen psaA, Lhca, Cyth6f (thudc quang hé 1) va
gen psbA (thuoc quang h¢ II) cuaa 16 thi
nghiém c6 xu hudéng biéu hién tang dan trong
sudt thoi glan sinh truong cua cdy. Cac gen
ma hda cho cac protein thuéc quang hé II nhu
psbB, pshbC, psbD, psbE va gen psaB (thugc
quang hé 1) lai cé6 xu huong tang mirc do biéu
hién & thoi diém 20 va 70 ngay va glam biéu
hién o thoi diém 40 ngay. Ngay ¢ nong do xu
ly cao 16,67 mg hat nano cobalt/kg hat ciling
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chua anh huong tiéu cuc dén chirc ning quang
hop cta cay dau twong DT26.

Loi cdm on: Cong trinh dugc hd trg kinh phi
Cla de tai thuoc Hop phan IV “Nghién ctru co
che tac dong va danh gia an toan sinh hoc cta
cac ché pham nano dugc nghién ctu trong du
an” c¢6 Ma so: VAST.TD.NANO.04/15-18,
thugc Du an KHCN trong diém cap Vién Han
lam KHCNVN “Nghién ctru tng dung cong
nghé nano trong néng nghiép”. Tac gia xin
duoc cam on GS.TS. Choon-Hwan Lee (Khoa
sinh hoc phan tu, Pai hoc Quoc gia Pusan,
Han Quoc) vé nhitng trao doi quy bau trong
viéc xur ly cac so liéu biéu hién cua cac gen.
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