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Abstract: In plants, the study of mutation spectra has become a powerful approach for understanding the
molecular mechanisms underlying DNA repair and mutagenesis. Ultraviolet (UV) radiation is an important
environmental factor that affects plant growth and development. However, excessive exposure to UV
radiation can cause mutations in plant cells, leading to detrimental effects on plant growth and survival. In
this paper, we review the mechanisms by which UV radiation induces genetic mutations in plant cells.

Keywords: Ultraviolet, UV, Cyclobutane pyrimidine dimer, (6—4) Photoproduct, Mutations.

1. Pit vén dé

Co ché gay dot bién do birc xa UV 1a mot cha dé rat
dugc quan tAm trong linh vuc sinh hoc phan tir. Buc
xa cyc tim (UVR) (chii yéu 1a UV-B: 280315 nm) 1a
mdt trong nhitng tac nhan manh c6 thé lam thay doi
trang thai binh thuong cta sy sdng bang cach tao ra
nhiéu t6n thuong DNA giy dot bién va gay doc té bao
nhu chat lam giam cyclobutane-pyrimidine (CPDs),
6-4 (6-4 PPs) va cac dong phan hoa tri Dewar cua
chung ciing nhu sy pha v& chudi DNA bing cach can
thiép vao tinh toan ven cua bd gen (S. W. Mpoloka,
2008).

Buc xa UV dugc chia thanh 3 vung chinh dya
trén tac dong 1én strc khde con nguodi va mdi truong:
UV-A (400 =315 nm), UV-B (315 —280nm), UV-C
(280 —100nm); trong do birc xa UV-C la buc xa c6
budc song ngén nhat va ving birc xa nam trong 253.7
nm nén UV-C thich hop nhat dé lya chon lam tac
nhan gy dot bién (Katerova et al., 2009). Viéc tim
hiéu co ché tac dong ctia tia UV vai thuc vat s€ 1a mot
cong cu quan trong hd trg trong viéc hoc tap, nghién
ctru trong linh vye Cong nghé sinh hoc (CNSH) néi
riéng va nong nghiép néi chung.

2. No¢i dung nghién ctru
2.1. Co ché giy dét bién ciia tia UV dén té bao thuc
vt

Tia ultraviolet (UV) ciing 1a mot ngudn nang luong
kich thich dot bién gen nhu tia X, nhung ning luong
photon ciia tia UV yéu hon tia X nén kha ning Xuyén
sau cua nd ciling han che Tia UV gay ra dot bién boi
vi céc cap base thugc gde purin va pyrimidine hap thy
manh 4nh sang trong quang phd tir 254 dén 260 nm
nhung manh nhat 1a & budc séng 253.7 nm (Bui Chi
Biru va Nguyén Thi Lang, 2008).

Khi song dién tir lan truyén dén té bao thi dién
truong trong song s& 1am cho cac electron trong té
bao dao dong. Néu cuong d6 dién truong du lon, tic
la cuong do anh sang kich thich du manh, thi electron
c6 thé bi bét ra, bat ké budc song cia song dién tir d6
1a bao nhiéu. Két qua 1a tao ra cac gdc tu do va cac
gbc tur do d6 co thé anh hudng dén tinh toan ven cua
phan tir DNA. C¢6 4 tac dong:

*L6i ciia base trong qud trinh sao chép DNA

Qua trinh nay dién ra trong qua trinh phan bao, cu
thé 1a trong giai doan sao chép DNA.

* Hu ton thuy phan, két qua cta hu ton nay 1a khir
amin hoéa cua base, depurinnation va depyrimidination

Loai thudng gip nhat cta hu ton thity phan 1a khir
amin cua base cytosine. Khuramin la loai bo mét nhém
amin cia mot phan tr. Enzyme xtc tac phan ting nay
dugc goi la deaminases. Sy khir amin cytosin thanh
uracil dién ra & mot ti 1¢ dang ké & té bao. Cap base C:
G s& chuyén thanh T: A khi DNA tién hanh sao chép.
Sy khtr amin chuyén adenine thanh hypoxanthine va
hypoxanthine nay bt cap lién két hydro véi cytosine
hon 14 thimine. Guanine s& chuyén thanh xanthine va
bt cdp véi cytosine chi bang 2 lién két hydro.

Depyrimidine 1a mot qué trinh phan cat lién két
gitra duong deoxyribo voi base pyrimidine. Nhung
qua trinh depyrimidine dién ra ¢ tan sé thip hon
depurine.

Depurination trong DNA la mgt phan ing héa hoc
cua deoxyribonucleosides purine, deoxyadenosine
va deoxyguanosine, trong do lién két p-N-glycosidic
dugc phan cit thay phan va phong thich ra mot base
nucleic, adenine hodc guanine (Rajesh P. Rastogi et
al, 2010).

*Thiét hai do oxy hoa
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Thiét hai oxy hoa géy ra truc tiép bang birc xa ion
héa trén phan tt DNA hoac qua trung gian biic xa
UV gay ra cac gdc tu do hay céac loai phan tng oxy
hoéa. Oxy hoa DNA 1a qua trinh oxy hoa dién ra trén
phan tir DNA. Qua trinh nay xay ra thuong trén base
guanine, boi vi tiém ning oxy hoa cua base nay cao
hon A, T, C.

O ndng do cac gde oxy tu do cao va cac loai phan
g oxy hoa c6 thé giy ra thiét hai cho cau tric té
bao, lipid, protein, ciing nhu DNA. Cac gbc hydroxyl
(OH) c6 thé 1am hong tit ca cac thanh phan ctia phan
to DNA nhu amin hoa purine va pyrimidine va ciling
nhu 12 xuong sng deoxyribose, trc ché cac chirc
ning binh thuong cua té bao (Rajesh P. Rastogi et
al., 2010).

*Cdc tdc nhan alkyl héa cé thé gdy ra sira doi
base Alkylation 1a viéc chuyén mot nhom alkyl tir
mot phan tir nay dén phan tir khac. Trong alkyl hoa
cac nhom methyl orethyl duoc chuyén dén cac vi tri
phan tng trén cic base va dén phosphate trong phan
tir DNA.

2.2. UV-Induced Pyrimidine Photoproduct

C6 ba nhom ton thuong: Cyclobutane pyrimidine
dimers (CPDs), pyrimidine 6-4 pyrimidone
photoproducts (6-4 PPs), va cac dong phan Dewar
ctia no.

CPDs dugc hinh thanh tir mot cau tric vong bon
lién quan dén C, va C, ctia hai base 1an can. Trong khi
6-4 PPs duoc h1nh thanh boi mot lién két C J(cta 5’ —
end) va C, (3’-end) cua pyrimidine tham gia thong qua
viéc sip xép lai cua trung gian oxetan va azetidin.
6-4 PPs duoc chuyén d6i thanh dong phan hoa tri
Dewar cua no khi tiép xuc véi bic xa UV-A va UV-B
va co thé duoc chuyén doi lai thanh 6-4 PPs khi tiép
xuc véi birc xa UV ¢6 bude song ngan.

Céc ddng phan diastereo ctia pyrimidine dimers
c6 thé dugc phat hién bang cac giai phap khac nhau
trong dinh huéng hai vong pyrimidin twong dbi so
voi vong cyclobutane va xac dinh huéng twong doi
ctia cac lién két C, - C, trong modi base pyrimidine.

Mot trong nhung yeu t6 phién ma, TATA — box
gin voi protein (TBP) thiic day su chon loc cta 6 — 4
PPs trong TATA — box. Noi ma cac DNA bi bé cong
nhung CPDs dugc uu tién hinh thanh canh TATA —
box va bén ngoai noi ma cac DNA khong bi bé cong.
Cac lugng CPDs va 6-4 PPs tuong Gng khoang 75%
va 25%. Tuy nhién, ti 1¢ CPDs va 6-4 PPs chii yéu
phu thudc vao hai base 1an can tham gia hinh thanh
dimer.

Mot dic tinh quang hoa bd sung cho cytosine
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la sy hinh thanh cta photo momomerric. “Cytosine
photohydrate” nhu 1a két qua cua phan ung
photohydration. Cac san pham ctia qua trinh oxy hoa
base pyrimidine nhu glucol pyrimidine ciing dugc
hinh thanh bing phan tng hydrat hoa (Rajesh P.
Rastogi va cs, 2010).

2.3. UV-Induced Purine Photoproducts

TCT c6 kha ning sira d6i cac base purine cua
DNA da dugc cong nhan. Muc do cua adenine chua
photoproduct (A — T) la rat thip (10~ trong DNA
nguyén thuy). Nhiing ton thuong do tia cuc tim co
thé cho ra cac san pham cong A —T da dugc ching
minh 13 ¢6 thé gay dot bién.

Photodimerization ctia adenine (A) lién quan
dén cycloaddition cua lién két doi N.-C, cua 5 -A
qua cac vi tri C, va C 3 -Avataora mot azetidin
trung gian rat khong on dinh. Diéu nay photoproduct
trung gian trai qua con duong phan tmg canh tranh dé
tao thanh hai photoproducts adenine riéng biét nhu
adenin dimer (A = A) va P orschke photoproduct.
Ca hai photoproducts ¢6 thé dwoc chuyén ddi thanh
4,6-diamino-5 guanidinopyrimidine (DGPY) va 8-
(5-aminoimidazol-4-yl) adenine (8-AIA) (Rajesh P.
Rastogi et al., 2010).

2.4. Tiém ning iing dung tia UV trong néng nghiép
va cong nghé sinh hoc

Tia UV (tia cuc tim) c6 ning lugng cao va co thé
duogc st dung trong CNSH thyc vat dé thuc hién céac
ung dung sau:

Kiém tra chat luong cia cdy trong: Tia UV ¢ thé
dugc sir dung dé phat hién nhitng déu hiéu cua bénh
hodc sau bo trén cay tréng. Su xuét hién ctia mot sb
loai bénh hodc sau bo cé thé duoc phat hién béng
cach xem xét nhitng thay d6i trong mau sic va hinh
dang cua 14 cay.

Tang cuong san luong: Tia UV co thé dugc sir
dung de tang cuong san luong cua cdy trong trong
mot s truong hop. N6 ¢o thé duge sir dung dé kich
thich qua trinh sinh san cuia cay trong va tdng cudng
qua trinh chuyén héa chét dinh dudng.

Tao ra céc loai cdy moi: Tia UV c6 thé dugc st
dung dé tao ra cac loai cdy moi thong qua qua trinh
tao dot bién di truyén. Qua trinh nay dwoc goi la “tao
dot bién & murc gen” va co thé duoc str dung dé tao
ra cac loai cay moi voi cac dac tinh khac nhau, chéng
han nhu kha nang chéng lai bénh tat hoac kha nang
chiu han.

Xtr Iy nude thai: Tia UV ciing c¢6 thé duoc st dung
dé xir Iy nude thai trong cong nghlep N6 ¢6 thé dugc
sir dung dé tiéu diét cac loai vi khudn va virus co trong
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nudc thai, gitp lam sach nudc va bao vé€ moi truong.

Tuy nhién, can luu ¥ rang viéc sir dung tia UV
trong CNSH thyc vat can duoc thyc hién can than
va diing cach dé tranh gy hai cho cdy trong va moi
truong.

2.5. Ung dung sir dung tia UV dé gdy djt bién trén
cdy Linh sam

Nham danh gia budc dau kha ning gay dot bién
cta tia UV-B (budc soéng 253.7 nm), nhom tac gia da
thuc hlen thi nghiém trén cac hat ctia cdy Linh sam c6
ngudn gdc tai song Hinh (tinh Phu Yen)

Thi nghiém duoc bb tri theo kiéu hoan toan ngiu
nhién v&i 73 nghiém thirc va 12 1an lap lai mdi lan
lap lai 1a 1 hat. Cac nghiém thirc duoc dénh dau tir
TO dén T72. Vi 73 nghiém thirc 1a khoang thoi gian
chiéu tia cyc tim tir 0 gior dén 72 gid. Céc hat linh sam
S6ng Hinh s& dugc boc vo dé anh sang cyc tim ¢6 thé
xuyén sau hon vao DNA cua cac hat, cac hat s€ dugc
xt ly ¢ nhiét do tor 22 — 25 °C. Sau d6 cac hat nay s€
duogc xtr Iy va dugc b tri ngdu nhién vao 876 6 trén
khay va chiéu tia & nhiing thoi gian da du kién. Sau
khi chiéu tia xong céac hat s& dugc xur 1y tdi trong 8
tiéng. Tiép theo do6 cac hat duorc dat vao bong gon am,
sau 10 ngay cac hat nay mam s& dugc dem vao trong
trong khay dé xem xét va quan st sy sinh truong dé
tim ra nhiing cy dot bién c6 kiéu hinh khac véi cay
nguyén thuy.

Két qua cho thay tia UV-B (budc song 253.7 nm)
da tao ra duoc cac dot bién trén cac ca thé cay Linh
sam song Hinh, trong d6 cu thé 1a 5 dang dot bién:
Maculata, Xantha, hinh dang 14, dang cdy nho va
dang cay rat nho. Tan sb xuét hién dot bién Maculata
la 0,81%, Xantha 1a 0,11%, hinh dang 14 1a 1,26%,
dang cay rat nho 1a 0,23%, dang cay nho 1a 0,22%.
Tdng tan sb xuat hién cac loai dot bién 1a 2,62%.

Dang dot bién Maculata dugc miéu ta boi Imran
M. Kozgar (2014), véi cac dic diém hinh dang 14 c¢6
cac chdm va vét mau vang hodc tring trén nén 1a xanh
va né ton tai dén khi cdy truong thanh, xuat hién & cac
nghiém thtrc ¢6 thoi gian chiéuxala2, 11, 19, 62, va
71 gio. Hinh thirc dot bién nay dugc ghi nhan trong
thi nghiém voi sb ca thé dot bién 1a 7, twong g voi
tan s6 dot bién 12 0.81%.

Dang dot bién Xantha dugc miéu ta béi Imran M.
Kozgar (2014), véi dic diém hinh dang 14 c6 mau
vang tuoi xudt hién & nghiém thirc c6 thoi gian chiéu
14 23 gio. Hinh thirc dot bién nay dugc ghi nhan trong
thi nghiém voi sb ca thé dot bién 1a 1, twong ng voi
tan s6 dot bién 14 0.11%.

Dang 14 bi dot bién c6 thuy xé sau vao trong tao
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thanh dang 14 chia thiy c6 hinh dang giéng hinh trai
tim hodc 14 dot bién bi bién dang tao ra dang 14 la
va c6 kich thude rat nho, khac véi hinh dang 14 hinh
trimg ngugc khong chia thuy cua 14 cdy linh Song
Hinh binh thuong, xuét hién & cac nghi¢m thirc co
thoi gian chiéu tuong ung la 11, 23, 29, 34, 39, 41,
42, 43, 53, va 65 gio. Hinh thirc dot bién nay dugc
ghi nhan trong thi nghiém véi s6 c4 thé dot bién 1a 11,
tuong g véi tan s6 dot bién 1a 1.26%.

Dang d6t bién cdy nho ¢ chiéu cao cay tir 25% -
50% chiéu cao cua cdy binh thuong, xuit hién & cac
nghiém thirc ¢ thoi gian chiéu 1a 7 va 13 gio. Hinh
thirc dot bién nay dwoc ghi nhan trong thi nghiém véi
s6 ca thé dot bién 1a 2, tuong tng voi tan sb dot bién
1a 0.22%.

3. Két luan

Viéc tim hiéu cac co ché giy dot bién cua tia UV
1a rat can thiét. Dya trén nhiing nghién ctru va thir
nghiém hién c6, kha ning tmg dung tia UV dé tao
d6t bién trén cy trong 1a kha thi. Cac nghién ctru cho
thy rang tia UV c6 thé gdy ra dot bién gen trén cay
trong, gitp tao ra nhimg ching cay méi ¢ tinh chat
khang bénh, chiu duoc sy bién déi khi hau va ting
nang suat. Tuy nhién, viéc sir dung tia UV can phai
dugc thyc hién ding cach va vai lidu lugng phit hop
dé khong gay hai cho cdy tréng va méi truong.

Ngoai ra, viéc su dung tia UV dé tao dot bién trén
cy trong con dang dbi mat véi mot s thach thirc nhu
kha ning ung dung thuc té chua dwoc chimg minh
0 réng, mic dil so v6i cac PP gay dot bién bang hoa
cht hay sir dung phong xa thi ro rang st dung tia UV
¢6 nhiéu wu diém ndi troi; nhu chi phi thdp hon, an
toan hon va dé thuc hién. Do d6, viéc ap dung PP nay
trong san Xuét néng nghi¢p can dugc tiép tuc nghién
clru va danh gia ky ludng dé dam bao hiéu qua va an
toan cho cdy trong va con nguoi.
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