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TOM TAT

Cay ca tim (Solanum melongena), loai cay cho qué co gia tri thuc pham va dugc liéu cao, thudng
dé bi con trung va mam bénh tan céng. Trong sé cac phan tich chiic nang cac gene tham gia
vao sy dap Ung vdi cac tac nhan gay cang thdng & ca tim, phan tich dinh luong biéu hién gene
bang RT—gPCR la mét trong cac phuong phap dugc st dung phé bién va hiéu qua. Phuong phép
RT—gPCR can phai c6 budc chudn hoa dir liéu biéu hién clia gene muc tiéu véi gene tham chiéu
(reference genes) dé dam bao tinh chinh xac trong két qua dinh lugng. Bai bao trinh bay viéc khao
sét sy biéu hién phién ma clia gene ma hoa adenine phosphoribosy! transferase (SmAPRT) trén cac
loai mé khéac nhau clia S. melongena trong diéu kién binh thuong, va trén mé 14 clia cac cay ca tim
bi gay vét thuong co hoc hodc xU ly véi MeJA/MeSA. Cap moi dugc thiét ké dé nhan ban déc hiéu
doan DNA dai 103 bp tlr ban sao SmAPRT. Hiéu sudt phan ting gPCR dat 92,7% va gid tri nay & trong
pham vi khuyén nghi (90—110%). Gid tri C, clia cac phan tng gPCR st dung khudn cDNA tir cac
cay xt ly gay tao vét thuong hodc xU ly véi MeJA/MeSA khong co su khéac biét co y nghia thong
ké so vdi cac gié tri C; thudc nghiém thirc déi chiing. Gene SmAPRT ciing biéu hién én dinh & mo
ré, than, 14, hoa va quéa ca tim trong diéu kién binh thudng. Do vay, SmAPRT c6 thé dugc sir dung
lam gene tham chiéu dé chudn héa dir liéu dinh lugng muc d6 biéu hién gene quan tdm & cdéc mo
khéc nhau ciing nhu trong dép Ung clia S. melongena véi cac tac nhan gay cang thang dugc mo
phéng.

Tu khoa: gene tham chiéu, Solanum melongena, methyl jasmonate, methyl salicylate, RT-gPCR,

adenine phosphoribosyl transferase

MG PAU

Céay ca tim (Solanum melongena) 1aloai nong san quan
trong va phé bién & cdc nuéc Chau A, Trung Dong,
Cén Dong, bia Trung Hai va Chau Phi. Ca tim dugc
sti dung d€ diéu tri mot s6 bénh nhu tiéu duong, viém
khép, hen suyén va viém phé quan'. Vihiéu qua bién
nap gene cao, cdy ca tim con dugc st dung lam cay
mo hinh d€ nghién ctu céc tinh trang noéng hoc khéc
nhau thong qua céng nghé chuyén gene . Hién tai, co
s& dit liéu bd gene ca tim da dugc gidi ma tuong doi
hoan chinh, v6i khoang 35.000 gene dugc chi thich®.
Déy 13 moét ngudn dii liéu hitu ich d€ phén tich chic
ndng cac gene mdi, dac biétla cac gene tham gia trong
con dudng truyén tin hiéu cing thing (stress) & loai
nay -,

Cay ca tim 13 cay hiang nién, qua mong va dugc thu
hoach lién tuc, khién cho viéc bao vé cay khoi nim
bénh va siu hai gdp nhiéu khé khin. Hon niia, do
ngudi tiéu dung thudng dé nguyén vé qué khi ché

bién ca tim, ngudi trong cin han ché st dung cac
loai thudc bao vé thuc vat trén loai cay nay. Thuc vat
néi chung va cdy ca tim néi riéng phan ting véi cac
tdc nhan gy cing thing bing cach cdm ting cic con
dudng dan truyén tin hiéu, thong qua viéc kich hoat
téng hgp cdc hormone thuc vat hoat dong nhu nhiing
tin hiéu phong vé bao gém jasmonic acid (JA), sal-
icylic acid (SA) va ethylene (ET)”®, din dén nhiing
thay d6i trong su bi€u hién ctia cdc gene lién quan dén
co ché phong vé”. Viéc phan tich cic tac dong clia
t6n thuong co hoc va tdc dong cua tin hiéu gay cang
thdng (JA/SA) dén sy biéu hién ctia cac gene lién quan
dén co ché phong vé c6 thé gop phan lam sang to co
ché phan ti ctia nhiing qua trinh nay.

Ngay nay, phuong phap dinh lugng RT-qPCR da trg
thanh mot trong nhiing phuong phép dugc st dung
rong rai d€ dinh lugng nhanh chéng va chinh xac
su bi€u hién ctia gene ¢ mtc phién ma. Tuy nhién,
su chinh xdc ctia phuong phap dinh lugng RT-qPCR
phu thudc vao viéc chon gene tham chiéu (reference

Trich dén bai bdo nay: Vy KL U, ViBT T, Hong P T A, Thuong N T H. Nghién citu st dung gene ma héa
Adenine Phosphoribosyl Transferase (APRT) lam gene tham chiéu trong phan tich biéu hién gene
theo mé hoac duéi anh hudng ctia xit ly stress & cay ca tim (Solanum melongena) bang phuaong phap

RT—qPCR. Sci. Tech. Dev. J. - Nat. Sci.; 6(3):2314-2326.
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genes) phit hgp d€ c6 thé chuin héa di liéu biéu
hién cuia cic gene muc tiéu. Viéc st dung gene tham
chiéu giup kiém sodt sy khac biét vé s6 lugng va
chat lugng RNA tach chiét gitia cdc mau khao sat,
hiéu sudt ctia phan tng phién ma ngugc, tinh dac
hiéu cta cip moi va hiéu sudt cta qud trinh nhan
ban. Mot s6 gene gitt nha (housekeeping genes) lién
quan dén cac hoat dong thiét yéu ctia té bao nhu cac
gene ma hda 18S rRNA, 25S rRNA, glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) va ubiquitin
(UBQ) thuong dugc stt dung lam gene tham chiéu
trong cdc phan tich RT-qPCR vi ching c6 mic biéu
hién 6n dinh trong cdc diéu kién thi nghiém khac
nhau %14, Tuy nhién, cac nghién ctu gin day chi ra
rdng sy biéu hién ctia cic gene giti nha ciing thay déi
déng ké trong nhiéu trudng hop >, Do dé, trudc
khi phan tich sy biéu hién phién ma ctia gene muc tiéu
trén mot hé thong sinh hoc cu thé, can dénh gid tinh
6n dinh cua gene tham chiéu dugc chon trén chinh hé
théng d6 1819,

Su biéu hién phién mi ctia cic gene 18S rRNA, ade-
nine phosphoribosyl transferase (APRT), GAPDH,
cyclophilin, actin, va ribulose-1,5-bisphosphate car-
boxylase (RuBP) da dugc khao sit trén 6 mod khac
nhau bao gém 14 non, 14 truéng thanh, chéi, ré, nu
hoa va hoa?. Két qua phan tich dit liéu biéu hién
gene bang ba thuat todn thdng ké khac nhau (geNorm,
NormFinder va BestKeeper) da cho thiy ring 18S
rRNA, cyclophilin va APRT la cdc gene c6 su biéu
hién 6n dinh nhét & cic md néu trén?!. Két qua nay
dugc ghi nhéan trén 4 gidng ca tim khac nhau (Pusa
Shyamla, Pusa Ankur, Pusa Kranti va Pusa Uttam), 2
dong ca tim chuyén gene va 2 dong ca tim bi nhiém
tuyén trung.

Bai bdo nay trinh bay kha nang stt dung APRT lam
gene tham chiéu trong phan tich biéu hién gene bing
phuong phép RT-qPCR & ca tim, khi ¢6 tén thuong
co hoc hodc dudi anh hudng cta xt ly véi MeJA
hoéc MeSA. Tinh 6n dinh trong sy biéu hién ctia gene
SmAPRT ciing dugc danh gia trén cac mo khac nhau
clia cdy ca tim, bao gébm nhiing moé da dugc khao sat
trude déy gom 14 non, l4 truéng thanh, ré, va hoa,
cung nhiing mo chua dugc khao sat nhu than va qua.

VAT LIEU VA PHUONG PHAP

Vat liéu nghién ctu

Hat ca tim (Solanum melongena L.) dong thuén (giong
ca tim Mé Linh qua dai) dugc cung cdp boi Vién Cay
an qua mién Nam (SOFRI). Hat dugc gieo trong trong
nha mang ctia Phong thi nghiém Sinh héa Ung dung,
B mon Sinh hoéa va dugc dinh danh tai BO mon Sinh
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thdi-Sinh hoc tién héa, Khoa Sinh hoc-Cdng Nghé
Sinh Hoc, Trudng Pai hoc Khoa hoc Ty nhién, Pai
hoc Qudc gia Tp. HCM.

Thu mau mé chia ca tim

Chin cay ca tim 13 tudn tudi (Hinh 1) c6 kich thuéc
dong déu nhau dugce st dung d€ thu mau 14 non, 14
trudng thanh, than, ré, hoa va qua. Mbi nghiém thtc
bao gom 3 t6 hgp, v6i méi té hgp bao gém 3 céy ca
tim.

XU ly tao vét thuong co hoc va xit ly véi tin
hiéu cang thang (MeJA/MeSA) trén cay ca
tim

Ba muoi sdu cay ca tim 6 tudn tudi, c6 kich thudc dong
déu, khong bi con trung va mam bénh tdn cong dugc
lya chon cho 4 nghiém thic bao gém xu ly tao vét
thuong, xti ly véi MeJA, xti Iy v6i MeSA va déi ching.
Mbi nghiém thiic ¢6 3 t6 hgp, v6i méi t& hgp bao gébm
3 cay ca tim.

O nghiém thtic xi If tao vét thuong: motl4 & tAng trén
cung (ngay dudi chdi ciy) bi gay t6n thuong co hoc
bing cach dung kep hemostate bdim 3 dudng ngang
qua gan chinh va gan phu cta la (Hinh 2). Sau 24 gi¢
xt 1y, mot 14 nguyén ven & ngay tdng dudi ctia 14 bi gay
t6n thuong dugc thu nhin va bdo quan trong nitrogen
long.

O nghiém thic xt Iy v6i MeJA: moi cay dugc dat trong
mot hop thuy tinh kin c6 chtta mét mau gidy loc dugc
t4m 6,8 mg MeJA %2 (Hinh 2). Sau 2 gits xt ly, cay dugc
dét trd lai diéu kién sinh dudng binh thuong trude dé
dé tiép tuc tang trudng. Sau 24 gid, mo 14 ciia mobi cay
dugc thu nhan va bao quén trong nitrogen 1ong.

0] nghiém thic xt ly v6i MeSA: thuc hién tuong tu
nhu nghiém thic xt Iy MeJA, v6i méu gidy loc dugc
tdm 3 mg MeSA 2 (Hinh 2).

& nghiém thtic d6i chiing (control): cay khong bi gay
tao vét thuong va khong trai qua xt ly MeJA hodc
MeSA.

Tach chiét RNA tdng sé va tdng hap cDNA

M?au m6 ca tim tii méi t6 hgp dugc nghién thanh dang
bot trong nitrogen 1ong. RNA t6ng s6 dugc tdch chiét
ti 50 mg bot mo bang kit EZ-10 Spin column Plant
RNA Mini-preps (Bio Basic, Canada). DNA b¢ gene
con hién dién trong mau RNA téch chiét dugc loai
bo theo huéng dan ctia kit RapidOut DNA Removal
(Thermo Scientific, USA). Mau RNA ¢6 chét lugng t6t
thudng hién thi rd 2 vach 28S va 18S khi dién di trén
gel agarose 1%. Chit lugng RNA dugc danh gia dua
trén ty 1é ctia sy hdp thu tai budc séng 260 va 280 nm
(Az60/A280). Ham lugng RNA dugc xdc dinh bing
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Xw ly véi MeJA hoac

miéng gidy loc tdm
MeJA hoac MeSA

Gay ton thwong co hoc

dung kep hemostate
bam 3 dwong ngang
gua gan chinh va
gan phu cla la

Hinh 2: Thi nghiém mé phdng cay ca tim chiu tdc dong clia cac tac nhan gay cang théng

Hinh 1: Cay ca tim 13 tuan tudi dugc st dung dé thu
cac mau mé 14 non, 14 trudng thanh, than, ré, hoa va
qua

phuong phép do mat d6 quang trén mdy quang phé
NanoVue Plus 7415 (Biochrom, UK). Qua trinh tng
hop ¢cDNA dugc thuc hién theo hudng din cua kit
Reverse transcriptase Aid First Strand (Thermo Fisher
Scientific, USA), sti dung 1,5 g RNA cho phén ting
c6 thétich 20 uL. cDNA dugc st dung lam khuén cho
cdc phan ting qPCR.

Thiét ké cap moi nhan ban dac hiéu mét
doan trinh tu DNA tir ban sao cGla gene
SmAPRT

Moéi xudi SmAPRT-qF va méi ngugc SmAPRT-qR st
dung trong phan ting RT-qPCR dugc thiét ké dua
trén trinh ty ma héa APRT (Genbank: JX448345)2!
theo nguyén tac sau: i/ Chiéu dai ctia méi (bp), ham
lugng GC (%) va nhiét do ndéng chay (°C) trong
khoéng khuyén nghi va cic thong s6 nay dugc kiém
tra bing phin mém OligoAnalyzer 3.1%°; ii/ Khoang
cach gitta moi xudi va moi ngugc dao dong trong
khoang 75-150 bp; iii/ It nhét mot trong hai méi
bét cip b6 sung v6i vung trinh tu tiép ndi gitia hai
exon ké nhau d€ moi chi bat cap v6i SmAPRT cDNA
nhung khong bt cdp véi trinh tu gene muc tiéu (trong
trudng hgp DNA b gene con 1an trong mau RNA
tach chiét); iv/ Cdp moi bét cdp dac hiéu véi mot trinh
tu duy nhét 1a ban sao ctia gene SmAPRT.

Khao sat nhiét d6 gan méi va kiém tra tinh
déc hiéu cia méi trong phan ting qPCR

Phan tng qPCR dugc thuc hién trén hé thdng real-
time PCR CFX96-Touch system (BioRad, USA) tai 4
diém nhiét d6 gdn mai (Ty): 52 °C; 55 °C; 56,3 °C va

2316



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2022, 6(3):2314-2326

60 °C. Thanh phén ctia phan ting qPCR (tong thé tich
12,5 uL) bao gobm: 6,7 uL nudc di loai nuclease; 1,25
1L dém phan ting h-Taq 10X; 0,6 uL MgCl, 50 mM;
0,25 uL ANTP 10 mM; 0,5 4L mdi xudi SmAPRT-qF
10 mM; 0,5 uL moi ngugc SmAPRT-qR 10 mM; 0,6
uL EvaGreen® Dye 20X; 0,1 uL SolGent™ h-Taq
DNA polymerase 2,5 U/uL; 2 pL ¢cDNA. Chu trinh
nhiét ctia phan ting qPCR nhu sau: 95 °C/ 15 phit,
40 chu ky cua 95 °C (20 giay), T, °C (40 gidy) va 72
°C (6 gidy), trong d6 T, (annealing temperature) la
nhiét d6 gan moi. Pudng cong néng chay (melting
curve) sau khi phan ting qPCR két thuc dugc thiét lap
theo chuong trinh nhiét d¢ nhu sau: ting din nhiét
do tli 55 dén 95 °C, mbi lan ting 0,5 °C, giii lai trong
5 gidy va doc tin hiéu. Nhiét d6 gin mdi dugc chon
dé thuc hién cdc khao sét tiép theo la nhiét do tai
d6 mau ching &m cho két qua 4m tinh (khong ngoai
nhiém), con mau khdo sit chi cho mot dinh tin hiéu
huynh quang duy nhat trong khoang 75-90 °C trén
duong cong néng chay (ting véi sain phdm nhéin ban
dac hiéu); dong thdi, phan ting tai nhiét d6 gdn maoi d6
c6 gid tri chu ky nguéng C; thip nhat. DEkiém ching
rdng phéan ting qPCR véi cdp moi trén da tao ra sin
phdm nhéan ban duy nht va dic hiéu, sin phdm nhan
ban dugc dién di trén gel agarose 1%, dugc tinh sach
va gtii gidi trinh tu hai chiéu v6i mé6i SmAPRT-qF va
SmAPRT-qR tai 1¥ Base (Malaysia).

Khao sat hiéu suat nhan ban

Hiéu suit nhan ban ctia phan ting qPCR véi cap mai
SmAPRT-qF va SmAPRT-qR tai nhiét d6 gan moi da
khao st dugc dénh gid thong qua dudng chuén biéu
dién méi tuong quan gitia chu ky ngudng (C;) véi s§
lugng ban sao trong cdc mau cDNA di dugc phaloang
theo hé s6 bac 10. Hiéu sudt nhan ban ctia phan ting
qPCR (E%) dudgc tinh toan theo cong thic: E% = (n
~1/a 1) x 100, v6i n 1a hé s6 phaloang cDNA vaala
hé s6 goc clia dudng chudn c6 dang y = ax + b4,
Phan ting qPCR cho két qua dinh lugng tin cdy khi hé
s6 tuong quan R? > 0,985 va hiéu suét nhan ban (E%)
trong khoang 90-110% 2426

Khdo sat su bi€u hién phién ma cta gene
SmAPRT & ca tim

Miic d6 bi€u hién phién ma ctia gene SmAPRT trong
cic mo khdc nhau dugc khao sit bang phuong phap
real-time PCR v6i cac diéu kién phan tng da dugc
thiét 1ap nhu trén. Khuén dugc st dung trong phan
tng qPCR la cdc miu cDNA dugc tng hgp tit RNA
tong s6 thu nhén tit mo 14 non, 14 trudng thanh, than,
ré, hoa va qua ctia ciy ca tim.

Tuong tu, mic do bi€u hién phién ma cta gene
SmAPRT trong mo 14 ctia cdc cay chiu tac ddng clia
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c4c tdc nhén gay cing thing bao gém xt ly gy tao vét
thuong co hoc, xti Iy véi MeJA va xti Iy v6i MeSA cling
dugc khao sit bang phuong phap qPCR véi cac diéu
kién phan tng tuong ty. Gia tri chu ky nguéng C;
trong nghiém thtic d6i ching va xt ly dugc ghi nhin
va so sanh béng phan tich théng ké.

XU ly théng ké

Phuong phap phén tich thong ké ANOVA mot yéu td
(Tukey HSD test) dugc st dung dé so sanh cac gid tri
chu ky ngudng C; trung binh (C,_;;) ctia cic phan
tng qPCR trong thi nghiém khéo sat nhiét d¢ gin
moi, va trong thi nghiém khdo st biéu hién ctia gene
SmAPRT theo md & cay ca tim. O thi nghiém mé
phong cay ca tim chiu tdc dong clia cac tac nhan gay
cing thing, phuong phdp Student’s t-test (two-tail,
unpaired, equal variance) dugc sti dung dé€ so sanh gid
tri chu ky ngudng C,_,p, ctia cac phan ting qPCR trong
nghiém thic xt ly véi gia tri C,_;;, trong nghiém thiic
déi chung.

KET QUA VA THAO LUAN

Thiét ké cdp méi nhan ban dac hiéu mét
doan trinh tu DNA tir ban sao cGia gene
SmAPRT

Trinh tu, théng s6 va vi tri clia m6i xudi SmAPRT-
qF va moi ngugc SmAPRT-qR dugc trinh bay trong
Bang 1 va Hinh 3. Cap moéi dugc dy doan cho phép
nhan ban dic hiéu mot doan trinh ty DNA c6 chiéu
dai 103 bp.

Tach chiét RNA téng s6

Céc mau RNA téch chiét dugc dién di trén gel agarose
1%. Hinh anh ti ban gel (Hinh 4) cho th4y cdc mau
RNA déu c6 chit lugng t6t v6i cac vach 18S va 28S
hién dién ro nét.

Khao sat nhiét d6 gan maéi trong phan iing
qPCR

Mau ¢DNA ctia m6 qua (pha lodng 10 14n) dugc st
dung lam khudn trong phan ting. Két qua 6 Hinh 5
cho thdy cac dudng cong nong chay ting véi cic diém
nhiét d6 gdn moi dugc khao sat déu chi c6 mot dinh
tin hiéu huynh quang duy nhat trong khoang nhiét 4o
81,5-82,5 °C. Dua trén phan tich thong ké ANOVA
mot yéu td - Tukey HSD test, cac gid tri chu ky ngudng
C;_sp clia céc phan ting qPCR st dung nhiét do gin
modi khdc nhau (Bang 2) khong c6 su khac biét c6 y
nghia thong ké (p-value = 0,088 > 0,05) (Bang 5). Nhu
vay, trong cdc thi nghiém tiép theo, ¢4 thé stt dung mot
trong 4 nhiét do gdn moi néu trén. Cu thé, 55 °C da
dugc chon lam nhiét d6 gan moi.
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TGGCGGCTCATGAACCGATTCTTAAGGACGATCGTATCGCTGGGATCTCTTCTGCTATTCG
GGTCATACCCGACTTTCCTAAACCCGGGATTATGTTTCAGGATATAACGACTTTGCTTCTT
GATACTAAGGCGTTTAAGGACACTGTTGACTTGTTTGTTGAGAGATACAAGGACAAAAAC

SmAPRT-gF R
ATCACTGTGGTTGCAGGTGTGGAAGCAAGAGGTTTTATCTTTGGTCCTCCCATTGCATTGG

CTATTGGAGCCAAATTTGTCCCCATGAGGAAACCTAAGAAGCTACCTGGGGAGGTTATTT
SmAPRT-qR

CAGAAGAGTATTCTTTGGAATATGGAACAGACAAGATGGAGATGCATGTAGGTGCTGTGC

AAGCCAGTGACCGTGCACTTGTGGTAGATGATCTTATTGCGACTGGAGGGACCCTAACTG

CTGCGATTAGGCTTCTTGAGCGTGTGGGAGC

Hinh 3: Vi tri bat cap ctia m6i xudi SMAPRT-gF va m6i ngugc SmAPRT-gR trén mot phan trinh tu ma héa SmAPRT
(Genbank: JX448345). Cac exon ké nhau dugc phan biét véi nhau béi mau nén.

LN1 LN2 LN3 L1 L2 L3

(A)

(B)

(©)

Hinh 4: Két qua dién di mau RNA t8ng s6 tach chiét tir cic mé khac nhau (A va B) va tir mé 1a trong thi nghiém mé
phéng cdy ca tim chju téc dong clia cac tac nhan gay cing thang (C). LN: |4 non; L: I3 trudng thanh; R: ré&; T: than;
H: hoa; Q: qud; C: d6i chiing; W: xU ly gay tao vét thuong; J: xtr ly véi MeJA; S: xtr ly véi MeSA; L: thang chudn DNA
1kb.
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Bang 1: Cac théng s8 co ban ciia cdp mdi SmMAPRT-qF va SmAPRT-qR

Tén moi Trinh tu (5" — 3) S6

nt
SmAPRT-qF TGGTTGCAGGTGTGGAAG 18
SmAPRT-qR CCAGGTAGCTTCTTAGGTTTC 21

Céu tric Bit cip Tm GC
thi cap gilia 2 moi (°C) (%)
khong khong 55,4 55,6
khong khong 52,6 47,6

Bang 2: Gia tri chu ky ngudng (C,) trong phan tng qPCR véi cip mdi SmAPRT-qF va SmAPRT-qR khi st dung cac

nhiét @6 gan mai (T,) khac nhau

Ta 52°C 55°C 56,3 °C 60 °C
Ci 25,12 25,09 25,06 24,37
Cr2 25,22 25,07 24,89 24,98
Ci3 25,61 25,23 25,23 25,30
Ci—p £SE 25,32 £ 0,15 25,13 + 0,05 25,14 + 0,10 24,88 + 0,27

Cdc gid tri C;_y, ctia cdc phdn ving qPCR sit dung nhiét do gin méi khdc nhau khong khdc biét c6 y nghia thong ké, thé hi¢n qua két qud phan

tich ANOVA mot yéu t6 (p = 0,088 > 0,050) (Bdng 5)

800 +

-d(RFU)dT

400 +

Temperature, Celsius

Hinh 5: Dudng cong néng chay clia sdn phdm nhan ban trong cac phan ting qPCR st dung cac nhiét do gdn méi

(T,) khac nhau

Phan tich trinh tu ciia doan DNA dugc nhan
ban trong phan ting qPCR

Hinh anh dién di san phdm nhén ban ctia phan tng
qPCR st dung cap mdi SmAPRT-qF va SmAPRT-qR
cho thiy & giéng M clia ban gel xudt hién mot vach
¢6 vi tri thip hon vach 250 bp ctia thang chudn DNA
(Thermo Fisher Scientific, USA). Vach nay phu hgp
véikich thude dy dodn 103 bp ctia san ph&m nhan ban
déc hiéu (Hinh 6). Bén canh d6, & giéng d6i ching (st
dung nudc da loai nuclease thay cho cDNA) khong
xudt hién vach c6 kich thudc tuong ting (Hinh 6). San
phdm nhan ban sau d6 dugc tinh sach tu gel agarose
va gidi trinh ty hai chiéu v6i méi SmAPRT-qF va
SmAPRT-qR. Két qua gidi trinh tu (Hinh 7) cho thdy
doan DNA nay chinh 13 san ph&m nhan ban duy nhét
va ddc hiéu ctia phan ting qPCR.
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Hiéu suit nhan ban ctia phan iing qPCR

DéE danh gid hiéu suit nhan ban ctia phan tng qPCR,
duong chuén biéu dién moi tuong quan gita chu ky
ngudng (C;) v6i s6 lugng ban sao hién dién trong mau
cDNA da pha lodng néng d6 theo hé s6 10 dugc xay
dyng nhu mo ta trong Hinh 8. D6 thi duong chuidn
6 hé s6 tuong quan R? = 0,9996 vi c6 phuong trinh
y=-3,511x + 20,167; trong d6 hé s6 goc (a) = -3,511
(Hinh 8). Hiéu sudt nhan ban ctia phan ting qPCR
dugc tinh todn dya trén hé s6 goc cua dudng chudn
1a 92,7 %. Gia tri hiéu suit ndy nim trong pham vi
khuyén nghi (90-110 %) dam bao d¢ tin cdy ctia két
qua dinh lugng.

Su biéu hién phién ma cGia gene SMAPRT &
cac mo khac nhau cuia ca tim

Duya trén céc dit liéu nghién cttu so sanh d6 6n dinh
trong biéu hién phién ma cla cic gene tham chiéu
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CCGAATTTTGGTCTCCAT TG CAT TGGCTAT TGG AGCCAMTTTGTCCCCATGAGGAAACCTAAG AAGCTACCTGG

TCCGGGGGAATTGGGCT OCAATAAG CRA TG CAATGGGG AGG ACCAAAGAT AAAACCTCTTGCTTCCACACCTG CAACCA

\ b« & .
mf\/\z\f\f\m' A o

(B)

Genbank JX448345
Giai trinh tu

TGGTTGCAGGTGTGGAAGCAAGAGGTTTTATCTTTGGTCCTCCCATTGCATTGGCTATTG
TGGTTGCAGGTGTGGAAGCAAGAGGTTTTATCTTTGGTCCTCCCATTGCATTGGCTATTG

R R R

Genbank JX448345
Giai trinh tu

GAGCCAAATTTGTCCCCATGAGGARACCTAAGAAGCTACCTGE
GAGCCAAATTTGTCCCCATGAGGARAACCTAAGAAGCTACCTGG

ER e o e

(©)

Hinh 7: Phan tich trinh ty doan DNA dugc nhan ban trong phan ting gPCR véi cap mbi SmAPRT-gF va SmAPRT-
gR. (A) Két qua gidi trinh tu sdn phdm gPCR véi méi xudi SmAPRT-gF; (B) K&t qua gidi trinh tu sdn phdm gPCR vdi
mo6i ngugc SMAPRT-gR; (C) K&t qua sdp giong cot trinh tu doan DNA dugc nhan ban theo ca sé dir liéu (Genbank:
JX448345) va theo két qua gidi trinh tu.

Bang 3: Gia tri chu ky ngudng C; trong phan tng qPCR khao sat biéu hién ciia gene SmAPRT & cac mé khac nhau

clia cay ca tim

Mo Ci1 Cp

La non 21,82 21,87
L gia 22,65 21,60
Théan 21,47 21,69
Ré 22,76 21,64
Hoa 20,82 20,67
Qua 22,36 22,44

Ci3 Cip = SE

21,85 21,85+ 0,01
22,16 22,14 + 0,30
20,71 21,29 + 0,30
22,45 22,28 + 0,33
21,39 20,96 + 0,22
22,49 22,43 4+ 0,02

Cc gid tri C,—y, ciia cdc phdn 1ing qPCR khong khdc biét c6 y nghia thong ké, thé hién qua két qud phan tich ANOVA mot yéu t6 (p-value = 0,70

> 0,05) (Bdng 6)

tiém ndng & cay ca tim, SmAPRT dugc danh gid 1a
gene c6 sy bifu hién phién ma tuong ddi 6n dinh
trong 6 mo dai dién cho céc giai doan phdt trién cta
ca tim (14 non, 14 trudng thanh, chéi, ré, nu hoa va
hoa) 2!,

su biéu hién cta gene SmAPRT dugc khao sat mot

Trong nghién ciu nay, tinh 6n dinh trong

cach ddy du hon trén cac mo khac nhau cta céy ca
tim bao gom ca nhiing mé chua dugc st dung trong
nghién ctiu néu trén nhu mo than va mo6 qua. Gia
tri C; ctia cac phan ting qPCR véi cdp mbi SmAPRT-
qF va SmAPRT-qR trén cic mau cDNA 14n lugt dugc

chudn bi tit mo6 14 non, 14 trudng thanh, than, ré, hoa
va qué dugc thé hién ¢ Bang 3. Gia tri chu ky ngudng
(Cr) ctia SmAPRT & cac mo khac nhau khong c6 su
khdc biét c6 y nghia thong ké (p-value = 0,70 > 0,05)
theo phan tich ANOVA mét yéu t6 (Bang 6), chling to
gene nay bi€u hién 6n dinh & cac mo ca tim dugc khao
sat. Két qua nay tuong dong véi nhin dinh cta Gan-
tasala va cong su (2013) khi phan tich tinh 6n dinh
trong biéu hién phién ma cta gene SmAPRT trén 6
mau mo dai dién 6 giai doan phét trién khéc nhau

clia ca tim gém: 14 non, 14 trudng thanh, choi, ré, nu
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DC T M

Hinh 6: Két qua dién di sdn phdm qPCR st dung cip
m&i SmAPRT-gF va SmAPRT-gR trén gel agarose 1%.
PC: D6i chliing am khéng bé sung cDNA; T: Thang
chudn DNA 1kb; M: S&n ph&m nhan ban st dung
khuén cDNA chuén bi tir mé qua ca tim.

35
30
25

R?=0.9996 15
y =-3.511x+ 20.167
E%=92.7%

N
o
Chu ky ngwéng (Ct)

-6 -5 -4 -3 -2 -1 0
Logarit @ pha lodng cDNA (mé hoa) theo cép sb 10
Hinh 8: D6 thi dudng chuan biéu dién méi tuong

quan gitta chu ky nguéng (C;) va néng dé cDNA
trong phan tng gPCR

hoa va hoa. Dong thoi, két qua ctia nghién ctiu nay
cho thdy SmAPRT cing biéu hién 6n dinh trong ca
md than va mo6 qud, von khong dugc khao sat trong
nghién ctiu ctia Gantasala va cong su?!.

Su biéu hién phién méa cia gene SmAPRT
khi cay ca tim chiu tac dong cta cac yéu té
gay cang thing
Gia tri C; cla cac phan Ging qPCR trong thi nghiém
khdo sat sy biéu hién phién ma ctia gene SmAPRT
trong diéu kién cdy ca tim chju tén thuong co hoc
hodc dugc xti Iy v6i MeJA hay MeSA dugc thé hién &
Bang 4. K&t qua phan tich thong ké so sanh gid tri chu
ky ngudng C, gitia nghiém thtic d6i chling va nghiém
thitc xtt ly bang phuong phéap Student’s t-test (two-tail,
unpaired, equal variance) cho thiy khong c6 sy khac
biét c6 y nghia théng ké gitta mau xu ly va miu déi
chiing (p-value > 0,05) (Bang 7). Diéu nay cho thiy
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gene SmAPRT biéu hién 6n dinh & tat ci cdc nghiém
thiic cia thi nghiém mo phong cay ca tim chiju cac tac
dong i cic yéu t6 giy cing thing néu trén.

Ném 2014, nhém nghién ctiu ctia Zhou va cdng su 27
da khéo sat sy biéu hién phién ma ctia 9 gene giii
nha (I18sRNA, CYB UBQ, GAPDH, TUB, TUA, EF1I,
ACTIN va RPOB) trén 4 hé thong thuc nghiém khac
nhau & cay ca tim S. melongena L. bao gom cic mo
khdac nhau, xti ly hormone (ABA, MeJA va SA), cing
thing sinh hoc (xAm nhiém tuyén trung Verticillium
dahliae) va cang thdng phi sinh hoc (n6ng, lanh, han
han va nhiém man). Duya trén nghién ctiu nay, xét
mot cach tong thé, gene méa hoa cho GAPDH va 18S
RNA dugc cho la ¢6 biéu hién 6n dinh nhit trong cac
diéu kién thi nghiém dugc khéo sat. Tuy nhién, c6 thé
théy r6 muic do 6n dinh trong sy biéu hién phién ma
clia tling gene gili nha thay déi ddng ké gitia cdc hé
thong thuc nghiém khac nhau. N6i cach khac, mic
biéu hién phién ma ctia cdc gene c6 thé 6n dinh trong
diéu kién thi nghiém nay nhung lai c6 sy bién dong
trong nhiing diéu kién khac. Gene ma hoéa 18S RNA
dugc dénh gid 13 ¢4 biéu hién 6n dinh nhét trong thi
nghiém xt Iy hormone, tuy nhién chi dugc xép & vi
tri thi 6 vé d6 6n dinh trong thi nghiém khao sat su
biéu hién theo mo. Ngugc lai, gene ma héa GAPDH
diing d4u vé miic 46 6n dinh trong biéu hién & cdc mod
khéc nhau ctia ca tim nhung dugc xép & vi tri thi 4 &
thi nghiém xt Iy hormone ?”. Trong béo c4o nay, gene
SmAPRT khong chi thé hién tinh dn dinh trong biéu
hién & cdc mo khac nhau ma con ca trong diéu kién
céy ca tim chju anh hudng cia mot s6 tac dong ctia cac
tdc nhéan gy cing thing bao gom xi ly giy t6n thuong
co hoc, xti Iy v6i hormone (MeJA hodc MeSA).

KET LUAN

Gene adenine phosphoribosyl transferase (SmAPRT)
¢6 muc biéu hién phién ma 6n dinh & cdc m6 khic
nhau cta ca tim (p-value = 0,70 > 0,05) hodc khi
cdy ca tim & trong diéu kién cing thing nhu c6 ton
thuong co hoc (p-value = 0,16 > 0,05), hodc c6 xti ly
vGi MeJA (p-value = 0,12 > 0,05) hay MeSA (p-value
= 0,70 > 0,35) - nhiing hormone lién quan dén con
dudng truyén tin hiéu cing thdng. Do vdy, SmAPRT
6 thé 1a gene tham chiéu phti hgp cho cdc phén tich
dinh lugng sy biéu hién gene bing phuong phap RT-
qPCR trong céc diéu kién thi nghiém néu trén. Phan
ung qPCR v6i cap mdi dugce thiét ké trong Bang 1
da cho phép nhéan ban dic hiéu mot doan trinh ty
DNA c6 kich thudc 103 bp tii ban sao gene SmAPRT
v6i hiéu sudt nhén ban (92,7%) trong khoang khuyén
nghi 90-110%.

PHU LUC
Bang5,6,7,8va9
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Bang 4: Gia tri chu ky nguéng C; trong phan itng qPCR khao sat biéu hién gene SmAPRT & cay ca tim khi cay
chiu tac déng chia cac yéu té gay ciang thing

Yéu t6 gay cing thing T6n thuong cohoc Xt ly véi MeJA Xt ly véi MeSA Do6i chiing
Ci 22,92 21,39 22,13 22,69

Cp 22,95 20,99 22,74 21,57

Ci3 22,34 21,64 22,56 21,98

Ci—p £SE 22,74 £ 0,20 21,34 £ 0,19 22,48 + 0,18 22,08 + 0,33
p-value 0,16 0,12 0,35

Gid tri Ci—yy ctia mdu xit Iy va mdu doi chiing khong khdc biét c¢6 y nghia thong ké, thé hién qua két qud phan tich thong ké Student’s t-test
(two-tail, unpaired, equal variance) (p-value > 0,05) (Bdng 7, 8 va 9)

Bang 5: K&t qua phan tich théng ké ANOVA mét yéu té dé so sanh cac gia tri chu ky ngudng (C;) trong phan iing
gPCR st dung cac nhiét dé gan mai (T,) khac nhau

Groups Count Sum Average Variance

Row 1 4 99,64 24,91 0,130

Row 2 4 100,16 25,04 0,020

Row 3 4 101,37 25,34 0,033

ANOVA

Source  of df MS F P-value F crit
Variation

Between 0,394 2 0,197 3,231 0,088 4,256
Groups

Within 0,549 9 0,061

Groups

Total 0,943 11

Bang 6: K&t qua phan tich théng ké ANOVA mét yéu té dé so sanh cac gia tri chu ky nguéng (C;) trong phan ting
gPCR khao sat su biéu hién phién ma ctia gene SmAPRT & cac mé khac nhau ciia ca tim

Groups Count Sum Average Variance

Column 1 6 131,88 21,98 0,567

Column 2 6 129,91 21,65 0,327

Column 3 6 130,95 21,83 0,451

ANOVA

Source of Varia- df MS F P-value F crit
tion

Between Groups 0,324 2 0,162 0,361 0,703 3,682
Within Groups 6,725 15 0,448

Total 7,049 17
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Bang 7: K&t qua phan tich théng ké bing phuong phap Student’s t-test (two-tail, unpaired, equal variance) dé
so sanh céc gia tri chu ky nguéng (C;) trong phan ting qPCR khao sat biéu hién ciia gene SmAPRT khi cay ca tim

bi xit ly gay vét thuong co hoc

Mean

Variance

Observations

Pooled Variance

Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail

P(T<=t) two-tail

t Critical two-tail

Variable 1 Variable 2

22,080 22,737
0,321 0,11233
3 3

0,220

0

4

-1,716

0,081

2,132

0,161

2,776

Bang 8: K&t qua phan tich théng ké bing phuong phap Student’s t-test (two-tail, unpaired, equal variance) dé
so sanh céc gia tri chu ky nguéng (C,) trong phan ting qPCR khao sat biéu hién ciia gene SmAPRT khi cay ca tim

bi xtt ly véi MeJA

Mean

Variance

Observations

Pooled Variance

Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail

P(T<=t) two-tail

t Critical two-tail

Variable 1 Variable 2

22,080 21,340
0,321 0,107
3 3

0,214

1,958
0,061
2,132
0,122

2,776

LOI CAM ON

Nhom nghién ctiu chin thanh cdm on TS. Tran Kim
Cuong, Vién Cay dn qua mién Nam da cung cdp hat
giong ca tim.

DANH MUC CAC TU VIET TAT

ABA: abscisic acid

APRT: adenine phosphoribosyl transferase
CYP: cyclophilin

dNTP: deoxynucleotide triphosphate

E%: PCR efficiency
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EF1: elongation factor 1-alphaET: ethylene

GAPDH: glyceraldehyde-3-phosphate dehydroge-
nase

HSD: honestly significant difference

JA: jasmonic acid

MeJA: methyl jasmonate

MeSA: methyl salicylate

RPOB: RNA polymerase beta subunit

RT-qPCR: reverse transcriptase — quantitative poly-
merase chain reaction

RuBP: ribulose-1,5-bisphosphate carboxylase

SA: salicylic acid
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Bang 9: K&t qua phan tich théng ké bing phuong phap Student’s t-test (two-tail, unpaired, equal variance) dé
so sanh céc gia tri chu ky nguéng (C;) trong phan ting qPCR khao sat biéu hién ciia gene SmAPRT khi cay ca tim

bi xt ly véi MeSA
Variable 1 Variable 2
Mean 22,080 22,477
Variance 0,321 0,098
Observations 3 3
Pooled Variance 0,210
Hypothesized Mean Difference 0
df 4
t Stat -1,061
P(T<=t) one-tail 0,174
t Critical one-tail 2,132
P(T<=t) two-tail 0,349
t Critical two-tail 2,776

TUA: alpha-tubulin
TUB: beta-tubulin
UBQ: ubiquitin

XUNG POT LO1 iCH

Céc tac gia khong c6 xung dot 1gi ich nao lién quan
dén cac két qua da cong bo.

PONG GOP CUA CAC TAC GIA

Khuét Lé Uyén Vy 1én ké hoach nghién ctiu, thuc hién
céc thi nghiém, thu thap, xu ly di liéu va viét ban
théo. Bui Thi Tudng Vi thuc hién cac thi nghiém, thu
thép va xtt Iy di liéu. Nguyén Thi Hong Thuong dinh
huéng va 1én k& hoach nghién cttu, hudng dan nghién
cu va gép v ban thdo. Pham Thi Anh Héng dong
huéng dan nghién ctiu.

TAILIEU THAM KHAO

1. Franklin G, Sheeba C, Lakshmi Sita G. Regeneration of
eggplant (Solanum melongena L.) from root explants. In
vitro Cellular & Developmental Biology-Plant. 2004;40(2):188-
91;Available from: https://doi.org/10.1079/TVP2003491.

2. Magioli C, Mansur E. Eggplant (Solanum melongena
L): tissue culture, genetic transformation and use as
an alternative model plant. Acta Botanica Brasilica.
2005;19(1):139-48;Available from:  https://doi.org/10.1590/
§0102-33062005000100013.

3. Barchi L, Pietrella M, Venturini L, Minio A, Toppino L, Ac-
quadro A, et al. A chromosome-anchored eggplant genome
sequence reveals key events in Solanaceae evolution. Scien-
tific Reports. 2019;9(1):1-13;PMID: 31409808. Available from:
https://doi.org/10.1038/s41598-019-47985-w.

4. Chen L-m, Li X-w, He T+j, Li P-j, Liu Y, Zhou S-x. Compara-
tive biochemical and transcriptome analyses in tomato and
eggplant reveal their differential responses to Tuta absoluta
infestation. Genomics. 2021;113(4):2108-21;,PMID: 33964421.
Available from: https://doi.org/10.1016/j.ygeno.2021.05.002.

5. Pang Y-Z, Wang Z-H, Guo S-S, Zhang S-S, Zheng L-W, Zhang
J-Z. Verticillium dahliae reduces plant growth, constitutively
induces antioxidant metabolism and gene expression in egg-
plant (Solanum melongena L.). Physiological and Molecular
Plant Pathology. 2021;114:101641;Available from: https://doi.
org/10.1016/j.pmpp.2021.101641.

6. Miyatake K, Saito T, Negoro S, Yamaguchi H, Nunome T,
Ohyama A. Detailed mapping of a resistance locus against
Fusarium wilt in cultivated eggplant (Solanum melongena).
Theoretical and Applied Genetics. 2016;129(2):357-67;PMID:
26582508. Available from: https://doi.org/10.1007/s00122-
015-2632-8.

7. Maffei ME, Arimura G-I, Mithofer A. Natural elicitors, effectors
and modulators of plant responses. Natural Product Reports.
2012;29(11):1288-303;PMID: 22918379. Available from: https:
//doi.org/10.1039/c2np20053h.

8. Pieterse CM, Van der Does D, Zamioudis C, Leon-Reyes A,
Van Wees SC. Hormonal modulation of plant immunity. An-
nual Review of Cell and Developmental Biology. 2012;28:489-
521;PMID: 22559264. Available from: https://doi.org/10.1146/
annurev- cellbio-092910-154055.

9. Howe GA, Jander G. Plantimmunity to insect herbivores. Annu
Rev Plant Biol. 2008;59:41-66;PMID: 18031220. Available from:
https://doi.org/10.1146/annurev.arplant.59.032607.092825.

10. Czechowski T, Stitt M, Altmann T, Udvardi MK, Scheible W-
R. Genome-wide identification and testing of superior refer-
ence genes for transcript normalization in Arabidopsis. Plant
Physiology. 2005;139(1):5-17;PMID: 16166256. Available from:
https://doi.org/10.1104/pp.105.063743.

11. Bézier A, Lambert B, Baillieul F. Cloning of a grapevine
Botrytis-responsive gene that has homology to the to-
bacco hypersensitivity-related hsr203J. Journal of Experimen-
tal Botany. 2002;53(378):2279-80;PMID: 12379797. Available
from: https://doi.org/10.1093/jxb/erf101.

12. Burleigh SH. Relative quantitative RT-PCR to study the ex-
pression of plant nutrient transporters in Arbuscular myc-
orrhizas. Plant Science. 2001;160(5):899-904;Available from:
https://doi.org/10.1016/S0168-9452(00)00460- X.

13. Foss DL, Baarsch MJ, Murtaugh MP. Regulation of hypox-
anthine  phosphoribosyltransferase,  glyceraldehyde-3-
phosphate dehydrogenase and B-actin mRNA expression
in porcine immune cells and tissues. Animal Biotech-
nology. 1998;9(1):67-78;PMID: 9676236.  Available from:
https://doi.org/10.1080/10495399809525893.

2324


https://doi.org/10.1079/IVP2003491
https://doi.org/10.1590/S0102-33062005000100013
https://doi.org/10.1590/S0102-33062005000100013
https://www.ncbi.nlm.nih.gov/pubmed/31409808
https://doi.org/10.1038/s41598-019-47985-w
https://www.ncbi.nlm.nih.gov/pubmed/33964421
https://doi.org/10.1016/j.ygeno.2021.05.002
https://doi.org/10.1016/j.pmpp.2021.101641
https://doi.org/10.1016/j.pmpp.2021.101641
https://www.ncbi.nlm.nih.gov/pubmed/26582508
https://doi.org/10.1007/s00122-015-2632-8
https://doi.org/10.1007/s00122-015-2632-8
https://www.ncbi.nlm.nih.gov/pubmed/22918379
https://doi.org/10.1039/c2np20053h
https://doi.org/10.1039/c2np20053h
https://www.ncbi.nlm.nih.gov/pubmed/22559264
https://doi.org/10.1146/annurev-cellbio-092910-154055
https://doi.org/10.1146/annurev-cellbio-092910-154055
https://www.ncbi.nlm.nih.gov/pubmed/18031220
https://doi.org/10.1146/annurev.arplant.59.032607.092825
https://www.ncbi.nlm.nih.gov/pubmed/16166256
https://doi.org/10.1104/pp.105.063743
https://www.ncbi.nlm.nih.gov/pubmed/12379797
https://doi.org/10.1093/jxb/erf101
https://doi.org/10.1016/S0168-9452(00)00460-X
https://www.ncbi.nlm.nih.gov/pubmed/9676236
https://doi.org/10.1080/10495399809525893

Tap chi Phdt trién Khoa hoc va Céng nghé — Khoa hoc Tu' nhién 2022, 6(3):2314-2326

14.

20.

21.

Schmittgen TD, Zakrajsek BA. Effect of experimental treat-
ment on housekeeping gene expression: validation by real-
time, quantitative RT-PCR. Journal of Biochemical and Bio-
physical Methods. 2000;46(1-2):69-81;Available from: https:
//doi.org/10.1016/S0165-022X(00)00129-9.

. Thellin O, Zorzi W, Lakaye B, De Borman B, Coumans B, Hennen

G. Housekeeping genes as internal standards: use and limits.
Journal of Biotechnology. 1999;75(2-3):291-5;Available from:
https://doi.org/10.1016/S0168-1656(99)00163-7.

. Suzuki T, Higgins PJ, Crawford DR. Control selection for

RNA quantitation. Biotechniques. 2000;29(2):332-7;PMID:
10948434. Available from: https://doi.org/10.2144/00292rv02.

. Lee PD, Sladek R, Greenwood CM, Hudson TJ. Control genes

and variability: absence of ubiquitous reference transcripts
in diverse mammalian expression studies. Genome Research.
2002;12(2):292-7;PMID: 11827948. Available from: https://doi.
org/10.1101/gr.217802.

. Remans T, Keunen E, Bex GJ, Smeets K, Vangronsveld J,

Cuypers A. Reliable gene expression analysis by reverse
transcription-quantitative PCR: reporting and minimizing the
uncertainty in data accuracy. The Plant Cell. 2014;26(10):3829-
37;PMID: 25361954. Available from: https://doi.org/10.1105/
tpc.114.130641.

. Chapman JR, Waldenstrom J. With reference to reference

genes: a systematic review of endogenous controls in gene
expression studies. PloS one. 2015;10(11):e0141853;PMID:
26555275.  Available from: https://doi.org/10.1371/journal.
pone.0141853.

Owczarzy R, Tataurov AV, Wu Y, Manthey JA, McQuisten
KA, Almabrazi HG. IDT SciTools: a suite for analysis and
design of nucleic acid oligomers. Nucleic Acids Research.
2008;36(suppl-2):W163-W9;PMID: 18440976. Available from:
https://doi.org/10.1093/nar/gkn198.

Gantasala NP, Papolu PK, Thakur PK, Kamaraju D, SreevathsaR,
Rao U. Selection and validation of reference genes for quanti-
tative gene expression studies by real-time PCR in eggplant
(Solanum melongena L). BMC Research Notes. 2013;6(1):1-

2325

22.

23.

24,

25.

26.

27.

11;PMID: 23919495. Available from: https://doi.org/10.1186/
1756-0500-6-312.

Falara V, Alba JM, Kant MR, Schuurink RC, Pichersky E. Ger-
anyllinalool synthases in solanaceae and other angiosperms
constitute an ancient branch of diterpene synthases involved
in the synthesis of defensive compounds. Plant Physiology.
2014;166(1):428-41;PMID: 25052853. Available from: https:
//doi.org/10.1104/pp.114.243246.

Ament K, Van Schie CC, Bouwmeester HJ, Haring MA, Schu-
urink RC. Induction of a leaf specific geranylgeranyl pyrophos-
phate synthase and emission of (E,E)-4,8,12-trimethyltrideca-
1,3,7,11-tetraene in tomato are dependent on both jas-
monic acid and salicylic acid signaling pathways. Planta.
2006;224(5):1197-208;PMID: 16786318. Available from: https:
//doi.org/10.1007/s00425-006-0301-5.

Svec D, Tichopad A, Novosadova V, Pfaffl MW, Kubista M. How
good is a PCR efficiency estimate: Recommendations for pre-
cise and robust qPCR efficiency assessments. Biomolecular
Detection and Quantification. 2015;3:9-16;PMID: 27077029.
Available from: https://doi.org/10.1016/j.bdq.2015.01.005.
Towe S, Kleineidam K, Schloter M. Differences in amplifica-
tion efficiency of standard curves in quantitative real-time
PCR assays and consequences for gene quantification in en-
vironmental samples. Journal of Microbiological Methods.
2010;82(3):338-41;PMID: 20621132. Available from: https://
doi.org/10.1016/j.mimet.2010.07.005.

Rogers-Broadway KR, Karteris E. Amplification efficiency and
thermal stability of qPCR instrumentation: Current land-
scape and future perspectives. Experimental and Therapeutic
Medicine. 2015;10(4):1261-4;PMID: 26622475. Available from:
https://doi.org/10.3892/etm.2015.2712.

Zhou X, Liu J, Zhuang Y. Selection of appropriate reference
genes in eggplant for quantitative gene expression studies

under different experimental conditions. Scientia Horticul-
turae. 2014;176:200-7;Available from: https://doi.org/10.1016/

j.scienta.2014.07.010.


https://doi.org/10.1016/S0165-022X(00)00129-9
https://doi.org/10.1016/S0165-022X(00)00129-9
https://doi.org/10.1016/S0168-1656(99)00163-7
https://www.ncbi.nlm.nih.gov/pubmed/10948434
https://doi.org/10.2144/00292rv02
https://www.ncbi.nlm.nih.gov/pubmed/11827948
https://doi.org/10.1101/gr.217802
https://doi.org/10.1101/gr.217802
https://www.ncbi.nlm.nih.gov/pubmed/25361954
https://doi.org/10.1105/tpc.114.130641
https://doi.org/10.1105/tpc.114.130641
https://www.ncbi.nlm.nih.gov/pubmed/26555275
https://doi.org/10.1371/journal.pone.0141853
https://doi.org/10.1371/journal.pone.0141853
https://www.ncbi.nlm.nih.gov/pubmed/18440976
https://doi.org/10.1093/nar/gkn198
https://www.ncbi.nlm.nih.gov/pubmed/23919495
https://doi.org/10.1186/1756-0500-6-312
https://doi.org/10.1186/1756-0500-6-312
https://www.ncbi.nlm.nih.gov/pubmed/25052853
https://doi.org/10.1104/pp.114.243246
https://doi.org/10.1104/pp.114.243246
https://www.ncbi.nlm.nih.gov/pubmed/16786318
https://doi.org/10.1007/s00425-006-0301-5
https://doi.org/10.1007/s00425-006-0301-5
https://www.ncbi.nlm.nih.gov/pubmed/27077029
https://doi.org/10.1016/j.bdq.2015.01.005
https://www.ncbi.nlm.nih.gov/pubmed/20621132
https://doi.org/10.1016/j.mimet.2010.07.005
https://doi.org/10.1016/j.mimet.2010.07.005
https://www.ncbi.nlm.nih.gov/pubmed/26622475
https://doi.org/10.3892/etm.2015.2712
https://doi.org/10.1016/j.scienta.2014.07.010
https://doi.org/10.1016/j.scienta.2014.07.010

Science & Technology Development Journal - Natural Sciences 2022, 6(3):2314-2326

a Open Access Full Text Article

Research article

Adenine phosphoribosyl transferase (SmAPRT) is an appropriate
reference gene for quantitative gene expression analysis by
RT-gqPCR in different tissues as well as in the response to some
specific stress conditions of eggplant (Solanum melongenal L.)

Vy Le Uyen Khuat'-2, Vi Thi Tuong Bui"2, Hong Thi Anh Pham'-2, Thuong Thi Hong Nguyen'-%"

Use your smartphone to scan this
QR code and download this article

'Department of Biochemistry, Faculty of
Biology and Biotechnology, University of
Science, Ho Chi Minh City

*Vietnam National University, Ho Chi
Minh City, Vietnam

Correspondence

Thuong Thi Hong Nguyen, Department
of Biochemistry, Faculty of Biology and
Biotechnology, University of Science, Ho
Chi Minh City

Vietnam National University, Ho Chi
Minh City, Vietnam

Email: nththuong@hcmus.edu.vn

History

® Received: 30-3-2022
o Accepted: 26-7-2022
o Published: 30-9-2022

DOI : 10.32508/stdjns.v6i3.1177

‘ '.) Check for updates

Copyright

© VNUHCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

% \=
‘\_

‘ I
VNUHCM PRESS

)

ABSTRACT

Eggplant (Solanum melongena L), an important vegetable crop because of its nutritional and
medicinal values, is often attacked by insects and pathogens. Quantitative gene expression analy-
sis by reverse transcription—quantitative PCR (RT—gPCR) is an effective and common approach to
analyze the function of genes involving in the stress responses in eggplant. The RT—gPCR method
always included the step of normalizing the expression data of the target gene to that of a stably
expressed internal reference gene to ensure the accuracy of the quantitative results. This paper
presented the evaluation of the transcriptional expression of adenine phosphoribosyl transferase
(SmAPRT) gene in different tissues of S. melongena (young leaf, mature leaf, stem, root, flower, and
fruit) under normal conditions. Besides, the expression of SmAPRT was also measured in leaf tissues
of plants damaged by mechanical wounding, plants treated with stress signal molecules induced
by methyl jasmonate (MeJA) or methyl salicylate (MeSA), and untreated control plants. PCR with a
SmAPRT-specific primer pair (SmAPRT-gF as forward primer and SmAPRT-gR as reverse primer) am-
plified a 103-bp fragment from S. melongena with the efficiency of 92.7%. This value was within the
recommended range (90—110%). The Ct values of gPCR reactions using cDNA template from the
wounded plants or plants treated with MeJA or MeSA were not statistically significantly different
from the Ct ones of the control plants. This SMAPRT gene was also stably expressed in all tested
eggplant tissues. Therefore, SMAPRT would be used as a reference gene to normalize expression
data of genes of interest in different tissues as well as in the response of S. melongena to the specific
stress conditions as stated above.

Key words: reference gene, Solanum melongena, methyl jasmonate, methyl salicylate, RT-gPCR,
adenine phosphoribosyl transferase
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