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TOM TAT

Bién d6i khi hau 1a mot van dé cap thiét dang dwoc quan tim khong chi ¢ Viét Nam ma trén toan the gi6i

boi anh huong ciia nd & nhiéu mit khac nhau, ddc biét la tac dong xau dén su phat trlen bén viing ciia nen néng
nghiép. Trong bdi canh d6, nang sudt va sy én dinh cia san lugng cac gidng cay trong bi anh hudng xAu boi
céc stress phi sinh hoc, nhur han han, nhim man, nhiét do cao, ngap ung va cac chit 6 nhiém. Gan déy, ho gen
Rboh (respiratory burst oxidase homologs) ¢ thyc vét duoc chimg minh 1a c6 lién quan truc tiép dén rat nhiéu
dudng dan truyén tin hiéu khi cdy d6i mat vai cac stress phi sinh hoc. Bai nghién ciru nay ap dung phuong
phéap phén tich tdng quan dya trén hé gen hoc (genome-wide characterization) cho ho gen Rbok trén hé gen ciia
cdy dau twong [(Glycine max L. Merr.)]. Str dung trinh ty hé gen chit luong cao, ching t6i dd xac dinh dugc 17
gen Rboh & cdy dau twong. Cac gen Rboh nay phan bd kha dong déu trai dai trén 14 trong tong s6 20 nhiém sic
thé cua cay dau tuong. Sé lwong gen GmRboh gin nhu gip d6i & cac loai thuc vét (dd dugc khao sat ho gen
Rboh) 1a két qua tir sur tién hoa trong hé gen ctia cdy dau ‘tuong. Phan tich cdy phat sinh loai cho thdy cac gen
Rboh cua du tuong duge chia thanh sdu nhom, va ¢ moi nhom, cAu trac gen va sy phan bd cac vung chuc
ning c6 tinh bao tdn cao. Ngoai ra, phan tich biéu hién gen dya trén dif liu RNA-seq c6 the nhan thay 17 gen
Rboh cia dau twong biéu hién khac biét nhau trén 14 méu mo va biéu hién nhiéu nhit & r& va ndt san. Cudi
cung, két qua tir bai nghién ctru nay déng gop cac dir liéu nén tang quan trong cho cic cong trinh phén tich
chuyén sau ho gen Rboh trén cdy dau tuong trong tuong lai.

Tir khéa: Cdy phat sinh lodi, cdu triic gen, ddu tiwong, Rboh, stress phi sinh hoc, RNA-seq

GIOI THIEU

Cac loai oxy hoat hoa (Reactive Oxygen Species
- ROS) déng nhiéu vai tro trong viée truyén tin hi¢u
trong mot pham vi rong cuia cac sinh vét, bao gdm ca
vi khuén, dong vat co v, va ciing dugc biét dén dé
kiém soat co ché t& bao khac nhau & thuc vat. That
vdy, ngdy cang c6 nhidu bang chimg cho thdy ROS
1a chia khoa cho cac qua trinh trao ddi chat co ban &
thyc vat nhu sy tang trudng té bao (Foreman et al.,
2003; Mittler et al., 2004), va phan ing trudce sy hién
dién cua stress phi sinh hoc (Apel, Hirt, 2004;
Torres, Dangl, 2005).

Trong s6 cac nguén san xuat ROS khac nhau &
thyc vat, NADPH oxidase (NOX) la nhém protein
dugc nghién ciu nh1eu nhit. Ngay cang nhiéu bing
chimg chimg minh ring NADPH oxidase hoat dong
nhu céc nat tin hiéu chu chét trong mang ludi hoat

dong lién quan dén ROS cua thuc vat. Hon thé nira,
NADPH oxidase con tich hop cac con duong truyen
tin hiéu ROS, béo hiéu va dan truyén trung gian dén
nhiéu qué trinh sinh hoc quan trong, bao gom tang
truéng té bao va phat trién cay trong, cac phan ung
cla cdy dbi véi stress phi sinh hoc va cac vi khuén
cong sinh giy bénh khac (Torres, Dangl, 2005;
Suzuki et al., 2011; Marino et al., 2012). Ho gen
Rboh dugc chiing minh dam nhan trach nhiém ma
héa cho protein NADPH oxidase & thuc vat (Torres
et al., 1998). Protein ma hoa tir gen Rbhoh ddng dang
& thyc vat nay van giit phan 16n céu tric va cac ving
chirc nang twong tu véi gen dong dang mammalian
gp91""™* & ddng vat ¢ va. Tuy nhién, van ¢ sy khac
biét, cu thé, & thuce vat, chudi amino acid viung dau N
clia protein nay dugc mé rong. Phin mé rong nay
chira ha1 vung lién két canxi (EF-hands), day duoc
cho rang 14 ving diéu hoa tryc tiép cua protein nay
khi c6 tuong tac voi Ca®" (Torres, Dangl, 2005).
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Ho gen Rboh van dang dugc nghién ciru nhidu
nhit & cay Arabidopsis, khi cac thanh vién trong ho
gen nay dong vai tro ¢t yéu trong viée dam bao thé
trang va cac hoat dong trao ddi chét cua cay. Mot
nhoém nha khoa hoc dd xac dinh c¢6 10 thanh vién
trong ho gen Rboh trong hé gen cla Arabidopsis.
N6i bat trong 10 thanh vién cua ho gen AtRboh,
AtRbohD va AtRbohF cho thiy biéu hién & tit ca cac
loai mé cua cdy, trong khi cac gen khac chi biéu hién
& mot s6 loai md nhit dinh (Sagi, Fluhr, 2006). Hon
thé nira, hai gen nay con tham gia vao dudng truyén
tin hiéu ABA cua té bao bao vé (guard cell) va 1a hai
gen tién quyét diéu hoa qué trinh tich tu ROS khi
thuc vat kich hoat phan ing phong vé (Kwak et al.,
2003). Ngoai ra, chi v&i AtRbohD dd c6 thé didu
phdi nhanh chéng cac hé thong tinh higu tam xa giita
cac té bao, khi thuc vat kich hoat kha ning ty vé
trude cac kich thich da dang tir bén ngoai nhu nhiét
do cao, rét, anh sang cuong do cao va nhiém min
(Miller et al., 2009).

Sau phat hién ban ddu & ciy Arabidopsis, gen
Rboh lan luot dugc xac dinh tir cac loai thuc vat
khac, bao gf‘)m ca chua (Orozco-Cardenas et al.,
2001; Sagi et al., 2004), thudc 1a (Simon-Plas et al.,
2002; Yoshioka et al., 2003; Asai et al., 2008; Zhang
et al., 2009), khoai tay (Yoshioka et al, 2001;
Kobayashi et al., 2007), ngd (Lin et al., 2009), dua
hau (Si et al., 2010), lta mach (Trujillo et al., 2006;
Lightfoot et al., 2008), Medicago truncatula (Marino
et al, 2011) va lepidium sativum (Miiller et al.,
2012). Pang chu ¥ hon, trong sé chin gen Rboh ciia
cay lua (Oryza sativa), OsRbohA da dugc tim théy
¢6 kha ning biéu hién dé dap tng voi cac diéu kién
moi truong khac nhau (Wang et al., 2013), OsRbohA
dac biét phan ing voi han han va sy biéu hién manh
cua gen nay gilp tang cuong kha nang chiu han cua
cdy (Wang et al., 2016). Mic du cac co ché phic tap
van chua duorc giai thich cu thé, cac nha khoa hoc
cho thdy ring nhimng thay ddi trong biéu hién cua
OsRbohA dan dén viéc giam kha nang chiu dung cia
cay tréng dé stress kho han (Wang et al., 2016). Cac
nghién ctru con chi ra khi OsRbohA bi suy yéu, nd
lam giam lugng ROS ngi bao, mot yéu tb quan trong
dé kich hoat cac yéu té khang stress va nguoc lai
(Kobayashi et al., 2007).

Tir cac két qua nghién ctru da dwoc cong bd ¢
thé khiang dinh tam quan trong ctia ho gen Rboh d6i
v6i kha nang phan Ung stress cua thuc vat. Tuy
nhién, cho dén nay, chua c6 mot nghién ctru danh
gia chiic ndng cia ho gen nay ¢ cdy dau tuong
(Glycine max). Pau tuong la mdt trong nhiing cay
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lwong thuc quan trong trén toan ciu, nim trong
nhom cay ho dau (legumes). H¢ gen hoan chinh cia
cdy dau tuong da dugc cong bd, tao diéu kién thuan
loi cho nghién ciru danh gia tong quat dua trén hé
gen hoc (genome-wide characterization) dbi véi cac
gen GmRboh. Trong bio cdo nay, cac két qua dua ra
nhim nhan dién ho gen GmRboh cua ciy dau
trong, va phan tich vé& ciu trac exon-intron, danh
gia mbi quan hé dya trén cay phat sinh loai giita cac
gen Rboh cia dau tuong va cdy Arabidopsis. Sau
cing, phan tich tich md hinh biéu hién cia ho gen
Rboh trong qua trinh phat trién cta cdy dau twong
duogc thyc hién dya trén dir liéu hé phién ma (RNA-
seq) nham dy doan chirc ning ciia cac gen GmRboh
nay. Céac dir lidu cong bd trong bai nghién ctru nay
s& la nén tang vimg chic cho cic nghién ctru
chuyén sau trong tuong lai dé phat trién gidng cay
dau tuong chéng chiu stress phi sinh hoc, dic biét
1a stress han han.

VAT LIEU VA PHUONG PHAP

Tim kiém thong tin mé rong tir cic co so dir lidu
ho gen dé xic dinh ho gen Rboh & cac ciy ho dau

Phuong phép tim kiém BLAST s& duoc tién
hanh dé thu thap tat ca cac protein Rboh tiém ning
tir cdy dau twong. Tim kiém Blastp trén hé gen cua
dau tuong va dau cove (Phaseolus vulgaris) dugc
thyc hién tai co s& dir liéu Phytozome (v10.0)
(Goodstein et al., 2012) (http://www.phytozome.net)
st dung trinh ty amino acid ciia 10 Rboh protein tir
Arabidopsis (AtRbohA-J) qua cong thong tin vé
Arabidopsis (http: //www arabidopsis.org/) (Rhee et
al., 2003) Céc truy van véi mot ngudng e- value la
0.0. Néu c6 nhleu hon mét ban phién ma ton tai,
phién ban so cap s&€ dugc chon 1am dai dién. Nhitng
gen Rboh gia dinh thu thap duogc s€ dugc xac nhan
bang cach chon loc ving chirc nang tiéu biéu tir cong
cu Pfam (http://pfam.sanger.ac.uk/) va INTERPRO
(Hunter et al., 2009; Punta et al., 2011). Thong tin
vé céc vi tri nhidém séc thé ctia gen Rboh s& thu dugc
tr co s¢ dit liéu Phytozome v10.0.

Xiy dung ciy phat sinh loai va phén tich ciu tric
gen

Phuong phép phén tich so sanh da chudi cia tat
ca cac chudi protein Rboh trén cac ciy dau tuong,
dau cove véi cac chudi protein Arabidopsis Rboh
dugc thyc hién béng cach st dung ClustalX (Larkin
et al., 2007) véi cac thong sb mic dinh va cay phat
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sinh loai s& dugc xdy dung theo phuong phap
Neighbor-Joining (N-J) thong qua phan mém MEGA
(V7.0) (http://www.megasoftware.net/) (Tamura et
al., 2013). Cac muc do tin cay cua cac nhom don
nganh dugc ude tinh bang cach sir dung mot phan
tich bootstrap 1000 1dn. Gia tri bootstrap dugc hién
thi bén canh cac nut nhanh. Ciu tric cua cic gen
Rboh dugc thé hién bang cach sir dung Gene Display
Server (Guo et al., 2007), thong qua so sanh cac
trinh tw ma hoa voi chudi gen tuong tmg. S6 diém
déng dang dwgc tinh bing phin mém SIAS

(http://imed.med.ucm.es/Tools/sias.html).

Phén tich cic ving protein bio tdn ciia ho gen
Rboh ciia dju twong

Bang 1. Cac gen Rboh cla cay dau twong.

Trinh ty amino acid cia Rboh cua céac cay dau
tuong s& duoc phan tich so sanh véi muoi chudi
protein Rboh ctia Arabidopsis dé xac dinh cac ving
protein bao ton. Két qua phéan tich chudi trinh t
protein dugc trinh bay bang phan mém Esprit 2.2-
ENDscript 1.0  (http://espript.ibcp.fr/ESPript/cgi-
bin/ESPript.cgi) (Robert, Gouet, 2014).

Phén tich biéu hién gen duwa trén dir liéu RNA-seq

M5 hinh biéu hién gen cta ho gen Rboh & déu
twong dugc phan tich dya trén dir liéu hé phién ma
(RNA-seq) tir phan tich cic mau md/giai doan cua
qué trinh phét trién. Dir lidu biéu hién gen di chuin
héa (normalized gen expression data, RPKM) dugc
tai vé tir co s& dit lidu SoySeq (Severin et al., 2010).

Ma dinhydanh gen Ma dinh danp Vi tri Vi tri Do dai Do dai
Tén gen phién ban méi gen phién bancii  NST* b;"at aiu két thiic gen ORF

(Wm82.a2.v1) (Wm82.a1.v1) (bp) (bp)
GmRboh1 Glyma.01G222700 Glyma01g43190 1 55163018 55172994 9977 2784
GmRboh2 Glyma.03G236300 Glyma03g39610 3 43613864 43620694 6831 2658
GmRboh3 Glyma.04G203200 Glyma04g38040 4 47586065 47593249 7185 2787
GmRboh4 Glyma.05G021100 Glyma05g00420 5 1871904 1878678 6775 2463
GmRboh5 Glyma.05G198700 Glyma05g33280 5 38284019 38289957 5939 2697
GmRboh6 Glyma.05G212500 Glyma05g37330 5 39400390 39409178 8789 2826
GmRboh7 Glyma.06G162300 Glyma06g17030 6 13406793 13414094 7302 2826
GmRboh8 Glyma.07G130800 Glyma07g15690 7 15510316 15515154 4839 2580
GmRboh9 Glyma.08G018900 Glyma08g02210 8 1537491 1547018 9528 2826
GmRboh10 Glyma.08G005900 Glyma08g00880 8 479952 485633 5682 2667
GmRboh11 Glyma.09G073200 Glyma09g08470 9 7697529 7708882 11354 2787
GmRboh12 Glyma.10G152200 Glyma10g29280 10 38696013 38703000 6988 2478
GmRboh13 Glyma.11G020700 Glyma11g02310 11 1456226 1467091 10866 2784
GmRboh14 Glyma.15G182000 Glyma15g20120 15 17766334 17781770 15437 2811
GmRboh15 Glyma.17G078300 Glyma17g08610 17 6103499 6110894 7396 2466
GmRboh16 Glyma.19G233900 Glyma19g42220 19 48360813 48367717 6905 2664
GmRboh17 Glyma.20G236200 Glyma20g38000 20 46855413 46862143 6731 2670

Ghi chu: *NST: Nhiém séc thé

KET QUA VA THAO LUAN

Nhén biét ho gen Rboh trén hé gen ciia ciy dau

twong

Téng cong ¢6 17 gen mi héa cho protein Rboh
tir hé gen cua cay dau tuong dugce tim thay (Bang 1).

Duya trén sy xuét hién trén bo nhidm sic thé, cac gen
nay dugc dit tén theo sb thir tu tt GmRbohl dén
GmRbohl7. Két qua nay khong ddng nhit véi mot
dir liéu dugc cong b trude day, khi mot bao céo
nhan dinh c6 18 gen trong ho gen Rboh cla dau
twong (Marino et al., 2011). Déi chiéu giita két
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qua trén va két qua Blast search mdi nhat, 17 gen
trong s6 18 gen da dugc cong bd khép véi 17 gen
GmRbohl d&én GmRbohl7, trix gen GmRboh dugc
cho réng nim trén nhiém sic thé (NST) thu 18
trong két qua trudc, hoan toan khong nim trong
dir liéu hé gen moi nhat cta dau twong. Lan kiém
tra thr hai di tién hanh bang cach st dung ma
dinh gen phién ban cii (Wm82.al.vl) dé tim kiém
trong hé gen phién ban méi (WmS82.a2.vl), Kkét
qua van cho ra dung 17 gen GmRboh kém theo
thong tin vé ma dinh danh gen thay ddi cho phién
ban méi (Bang 1). Tuy nhién, viéc sir dung ma
dinh danh gen phién ban cii cho gen Rboh nam &
NST thtr 18 (Glymal8g39500, theo bai bdo trudc)
dé tim kiém trén hé gen dau tuong phién ban mai
khong cho ra két qua nao. Diéu nay c6 thé duoc
giai thich thong qua viéc trong cong trinh nghién
clru true day da cong bd, cac nha khoa hoc sir
dung hé gen lip rap phién ban cii (Wm82.al.vl),
trong khi d0, két qua khao sat méi dva trén hé gen
dau turong dwgc cap nhat mdi nhat (Wms82.a2.v1).
Trong hé gen mdi nay, cac ma dinh danh cho gen
dugc thay doi va cac 16i 1ip ghép cta hé gen phién
ban trude duge sira dbi. Do d6, két qua khing dinh
s6 lugng 17 gen Rboh & cdy dau tuong dua trén hé
gen dau tuong phién ban mai 1a hoan toan dang tin
cdy (Bang 1).

Céc thanh vién cia ho gen GmRboh trong
nghién ciru nay phéan bd rai déu trén 14 trong tong s6
20 nhim sic thé cua hé gen cdy dau twong (ngoai
trir cac nhidm sic thé sé 2, 12, 13, 14, 16, va 18).
Poan gen c6 do dai nho nhét trong ho GmRboh dugc
tim thiy 1a GmRboh8 (4.839 bp) va dai nhit la
GmRbohl4 (15.437 bp), trong khi d¢ dai khung doc
md (Open Reading Frame, ORF) cua ca 17 GmRboh
gen gan nhu twong dwong véi nhau.

Phén tich cAy phit sinh loai va cdu tric gen cia
ho gen GmRboh

Dé phan tich mdi quan hé phat sinh loai giita cac
thanh vién trong nhom protein Rboh cua cay dau
tuong, va gitra cdy déu trong cing mot s6 loai khac,
ciy phat sinh loai dugc xay dung dua trén 17 chudi
protein GmRboh hoan chinh ciia dau twong, 9 chudi
PvRboh tir diu cove, 10 chudi AtRboh tir
Arabidopsis. Nhu dugc trinh bay ¢ hinh 1, cay phat
sinh loai dya trén phuong phap neighbor-joining da
chia cac chudi protein néu trén thanh 6 phan nhénh
(I, 10, III, IV, V, VI). O céc phan nhanh tir I dén V
déu co cac dai dién tir 3 loai thuc vat (dau teong, dau
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cove va Arabidopsis). Tuy nhién, & phan nhanh VI
thiéu sy hién dién tir cdy Arabidopsis. Két qua nay
trung khdp véi mot nghién cliru khao sat trude day,
khi khong c6 dai dién chudi Rboh tir cay Arabidopsis
xudt hién cung phan nhinh v6i GmRboh 4 va
GmRbohl5 (Glyma05g00420 va Glymal7g08610,
theo thu tw xudt hién cia ma dinh danh gen trong
nghién ctu trudc) (Marino et al., 2011). Diéu nay
cho théy su phan chia 15 rét trong qua trinh tién hoa
gitta cdy Arabidopsis va céc cay ho dau (trong
nghién ciru nay 1a dau tuong va dau cove). Co thé du
doan rang, hai protein GmRboh4 va GmRboh15 thuc
hién chuc nang riéng biét chi c6 & cac cay ho dau.
Kha ning nay hoan toan c6 thé xay ra khi su biéu
hién cia PvRbohB dugc chimng minh 13 can thiét khi
1& cdy dau cove bi nhim khudn Rhizobia (Montiel et
al., 2012). Mot nghién ctu tuong ty trén cay ho dau
khac 13 Medicago truncatula ciing cho thdy cac
nhém protein Rboh ciia giéng cdy niay tham gia vao
qué trinh thyc hién chtrc ning cong sinh & ndt san
(Marino et al., 2011).

Dua vao su phin bd cic gen tuong dong khac
loai (orthorlogous gene) trong cung mdt phan nhanh
¢6 thé du doan chtrc ning gen méi do mot phan
nhéanh (cluster) cua cdy phat sinh loai dugc xay dung
dya trén cac gen co cau triic tuong ty va diém tuong
ddng cao. Do d6, chirc ning cia cac gen GmRboh
cua cdy dau tuong co thé dugc du doan dua trén viéc
so sanh véi cac gen twong ddng tir cdy mo hinh
Arabidopsis, khi hé gen AtRboh da dugc nghién ciru
chuyén sau.

Céc nghién ctru da cong bd cho thdy biéu hién
cua gen AtRbohl dugc gia tang dudi tac dong cua
cac chat diéu hoa sinh truéng thuc vat nhu anoxia,
cycloheximide, norflurazone va chi biéu hién & vung
kéo dai cua ré (root clongation zone) (Sagi, Fluhr,
2006). Gen AtRbohB chi biéu hién ¢ mbd hat dang
ndy mam va nghién ctru cho thiy viéc lam mat biéu
hién ciia gen ndy ngan can qué trinh nay mam cua
hat (Miiller ef al., 2009). Cubi cung, chirc ning ciia
hai gen AtRbohD va AtRbohF dugc tim thdy c6 lién
quan dén qua trinh phong vé cta thyc vat véi sau
bénh va qué trinh dong mé khi khong khi cay bi tac
dong bai cac stress phi sinh hoc (Torres ef al., 2002).
Céc chirc ning tuong dwong cua gen tuong dong
GmRboh cia ciy dau twong c6 thé du doan dya trén
céac nghién ctu dugc néu trén ¢ cdy Arabidopsis, tuy
nhién, cac nghién ctru chuyén sau hon can thyuc hién
trong tuong lai.
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Hinh 1. Phan tich cay phat sinh loai gira cac protein Rboh clia cay dau twong va
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mét vai loai thuc vat khac. Cay phat sinh

loai dwoc xay dwng dwa trén cac chudi protein chirc nang Rboh tir cay dau twong, Glycine max (GmRboh), cay dau cove,
Phaseolus vulgaris (PvRboh) va cay Arabidopsis thaliana (AtRboh). K&t qua cho thay sy phéan chia thanh sau nhom: |, II, 1ll,
IV, V, VI. Céac s0 dinh trén cac phan nhanh thé hién gia tri bootstrap.
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Hinh 2. Cay phat sinh loai (A) va sw phan bb exon-intron (B) clia ho gen GmRboh. Céc viing exon va intron dwoc thé hién

theo nhw chu thich.
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Mot cay phat sinh loai khac duogc xay dung chi
dya trén cac chudi GmRboh dé c6 mot dénh gid sdu
hon vé mdi quan hé gilta ho gen nay 6 cay dau tuong
(Hinh 2A). C6 thé d& dang thiy rang, 17 gen
GmRboh hién dién thanh cac cdp gen, tru gen
GmRboh8. Hau hét cac cdp gen nay co6 chi s6 tuong
ddng (sequence identity) kha cao. Két qua nay goi y
rfmg cac cdp gen GmRboh & bang 2 la cac cap gen
dang giao (paralogous pair). Co tong cong 8 cdp gen
dang giao dugc xac dinh voi s6 diém tuong ddng tir
90,94% dén 97,30% (Bang 2). Ngoai ra, cu tric gen
(s phan bd exon-intron) cua hé gen GmRboh ciing
dugc x4c dinh dua trén chudi phién ma (coding
sequence) va chudi DNA tuong tng (Hinh 2B). Mo
hinh exon cua cac gen Rboh ¢ cdy dau tuong khong
nim ngoai mo hinh chung cua da sb ho gen Rboh tir
cac loai thyc vat da duoc nghién ctru khi $6 luong
exon ciia mot gen hodc 1a 12 hoic 1a 14. Két qua nay
khing dinh sy bao toan cua hé gen Rboh trong modi
lién hé tién hoa gitta cac loai thuc vat. Hon thé nira,
dya vao hinh 2, ¢6 thé két luan cac cip gen ding
giao ¢6 ciu truc phan bd exon-intron kha gidng nhau
va hoan toan bang nhau vé sé lugng exon. Pién hinh
la cdp gen GmRbohll va GmRbohi4, mac du cé sy
khéc biét kha 16n gilra do dai gen, cac d¢ dai cac
doan exon gan nhu twong duong. Céac két qua trén
phii hop v6i ménh d& tién hoa ciia cdy dau twong.
Céc nha khoa hoc khing dinh, ciy dau tuong trai qua
hai qua trinh ty nhan d6i hé gen (genome
duplication) trong sudt qua trinh tién hoa (Schmutz
et al., 2010). Gia thuyét ndy co thé d& dang duogc
nhin thiy théng qua viéc sd luong gen trong hé gen
Rboh cia ciy dau twong gin nhu gip doi cic cay
khac (17 gen GmRboh, 9 gen PvRboh va 10 gen
AtRboh).

Bang 2. Chi sb twong dong cta cac cadp chudi protein
GmRboh.

Chuéi 1 Chubi 2 SI*

GmRboh2 GmRboh16 97,06%
GmRboh12 GmRboh17 97,57%
GmRboh5 GmRboh10 93,01%
GmRboh3 GmRboh7 90,94%
GmRboh4 GmRboh15 91,09%
GmRboh1 GmRboh13 96,65%
GmRboh6 GmRboh9 97,13%
GmRboh11 GmRboh14 97,30%

Ghi cha: * SI: sequence identity: Biém tuong déng
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Phén tich chudi amino acid va phan bd viing chirc
ning cia nhém protein dong dang GmRboh

Protein Rboh ¢ thyc vat da dugc chirng minh cé
ving protein chirc nang riéng biét bao gdbm ca khu
vuc dau C (C-terminal), ving dau N (N-terminal) va
sdu vung xuyén mang (transmembrane) (Vignais,
2002). Bac biét, co6 nhitng tiéu vung déc trung cho vi
tri twong tdc voi FAD, NADPH-ribose va NADPH-
adenine trong khu vuc ddu C (Yoshida et al., 1998).
Khu vyc dau N chira hai vi tri bam Ca®" dugc goi 1a
EF-hands, duoc biét dén nhu mot vi tri dong vai tro
quan trong trong viéc diéu tiét hoat dong cua protein
Rboh ¢ thyc vat (Wong et al., 2007). Hon nita, trong
vung xuyén mang, cac vung xuyén mang th ba va
thtr ndm ciling chira cac cdp du lugng histidine da
dugc bao cdo la quan trong trong cac protein
gp91phox con ngudi trong qua trinh van chuyén dién
tr qua mang té bao (Finegold ef al., 1996). Tt ca 17
chudi protein GmRboh trong bai nghién ciru nay
duoc dung dé phén tich sip xép thing hang (MSA,
multiple sequence aligment) nhim khao sat cic ving
chirc nang néu trén. Két qua phén tich MSA cho thy
cac vung chirc nang cia cac thanh vién ¢ nhom
GmRboh cua cdy déu twong co tinh bao tén cao.
Trong s d6, bai nghién ctru nay dic biét quan tam
dén ving EF-hands do ddy l1a ving dam nhan diéu
hoa chirc ning cta protein Rboh & thyc vat. Céu trac
khong gian 3D ciia ving nay di dugc cong bd (véi
ma trén ngan hang Protein Data Bank (PDB) la:
3A8R-A) cung phan doan dau N cua protein
OsRbohB ¢ cdy lua (Oda et al., 2010). bay 1a cong
b cau trac 3D dau tién cia protein Rboh trén thuc
vat. Duya vao mo hinh nay c6 thé xéc dinh chinh xac
cac don phan amino acid trong vung EF-hands chiu
trach nhiém tao lién két véi Ca®’, hoat hoa chuc nang
cho protein Rboh. Hinh 3 thé hién két qua MSA cho
vung EF-hands ctia 17 protein GmRboh vé4i doan
EF-hands trong chudi OsRbohB. Vung EF-hands
dugc chia lam hai phan vung la EF-hand 1 va EF-
hand 2. Céc ky hiéu déu sao danh diu cac don phan
amino acid trén doan EF-hand 1 cta protein
OsRbohB tao lién két truc tiép véi Ca®’, bao gdm:
Asp242, Asp246, Arg248, Asn244, va Glu253 (vi tri
céc amino acid dua trén chudi OsRbohB). Sau amino
acid dwoc danh dau tam giic trén ving EF-hand 2
cia OsRbohB (Asp286, Asn289, Leu290, Gly 291,
Glu 294 va Asp297) tuy khong tao lién két tryc tiép
voi Ca** , hhung dong vai tro quan trong trong viéc
két hop v6i EF-hand 1 hinh thanh nén cdu trac
khong gian téng thé cho EF-hands nho vao cac luc
lién két noi (internal interaction) (Oda et al., 2010).
Dua trén cac chudi EF-hand ctia OsRbohB, c6 thé
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thdy cac don phan amino acid twong tng & 17 chudi
GmRboh c¢6 sy twong dong cao, khing dinh day la
cac vi tri amino acid quan trong va dwgc bao ton
xuyén sudt qué trinh tién héa. Tuy nhién, mot thanh
vién (GmRboh8) trong s6 17 protein GmRboh ¢
don phan hoan toan khac biét voi cac don phan
(Lys248) o vi tri tuong Ung véi Arg248 cua
OsRbohB. Nam & vi tri 248 trong diy chudi MSA
(vi tri cac amino acid dya trén chudi OsRbohB),
Arg 1a mot trong ndm amino acid quan trong viéc
tao lién két voi Ca®". Vi su thay ddi khac biét & vi

EF-hand 1

tri amino acid Lys248, protein GmRboh8 dugc du
doan s& anh huong dén cdu hinh khong gian cia
ving EF-hand, tir d6 din dén thay ddi trong luc
tuong tac va lién két voi Ca’". C6 thé nhan thay,
GmRboh8 khong c6 gen tuong tmg dé hinh thanh
cip gen dang giao nhu cac thanh vién con lai cua
ho Rboh & dau twong. Piém khac biét nay, mot lan
nita, khong loai trir kha nang GmRboh8 giit chiic
nang riéng biét trong nhém protein GmRboh. Cac
nghién ciru tiép theo can duoc thyc hién dé chimg
minh gia thuyét nay.

EF-hand 2
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Hinh 3. Phan tich MSA & viing EF-hand ctia chudi protein GmRboh (dau twong) va OsRbohB (ma PDB: 3A8R-A, cay lua).
Cac don phan amino acid c6 diém twong dong cao dwoc thé hién bang viéc td d6 nén dam. Cac don phan khac cé do
twong déng thap hon dwoc trinh bay theo thir tw diém twong ddng giam dan: ky tw mau dé > ky tw mau den. Ky hiéu sao
vang va hinh tam giac xanh la chi vi tri ciia cac amino acid don phan quan trong.

Phén tich mé hinh biéu hién gen GmRboh trong
qua trinh phat trién cia cay dau tuong dua trén
dw liéu RNA-seq

Dir liéu RNA-Seq cua 17 gen GmRboh & dau
tuong dugc tai vé tir co so dir litu mé SoySeq
http://soybase.org./soyseq/) dé phan tich danh gia
biéu hién gen ciia ho gen nay trén nhidu mé va co
quan cua cdy (Bang 3). Két qua phan tich RNA-Seq
cho thay ho gen Rboh & dau twong biéu hién tai 14
mé va co quan & cic giai doan phat trién khac nhau
(Bang 3). Tuy nhién, chi c6 mét vai thanh vién trong
ho gen GmRboh biéu hién trén ca 14 miu phén tich,
da phan cac gen GmRboh biéu hién trén mot vai mo
nhit dinh. Didu nay twong tu véi cac cong bd vé ho
gen AtRboh & cay Arabidopsis, khi chi c6 hai gen
AtRbohD va AtRbohF biéu hién trén hiu hét cac bo
phan cua cdy, cac gen khac nhu AtRbohH va
AtRbohJ chi biéu hién & bao phan, cic gen AtRboh
con lai chu yéu biéu hién & mé ré (Zimmermann et
al.,). Pbi v6i 17 gen GmRboh ciia cdy dau tuong, chi
¢6 3 gen c6 biéu hién gen cao va xuat hién trong tat

cd 14 mau dugc kiém tra, gdm c6: GmRbohs,
GmRboh7, va GmRboh9. Cac gen GmRboh con lai
hau hét co biéu hién gen thip va giéi han & mot s6
mau. O cidc md 14, hoa va vo dau, GmRboh3,
GmRboh5, GmRboh7, GmRboh9 va GmRbohl3 co
biéu hién twong d6i cao hon so véi cac gen con lai.
Nhitng gen nay c6 thé thyc hién cac chirc ning dic
hiéu ¢ cac mo 14, hoa va vo dau. Nguogc lai, hau hét
cac gen trong ho gen GmRBoh, trtt GmRbohS, 11,
14, biéu hién manh ¢ ré va ndt san; trong s6 do,
GmRboh9 va GmRbohI2 cb cac biéu hién gen cao
nhit. Két qua nay pht hop véi cac nghién ciru trude
do ¢ hai loai cdy ho dau khac 1a Medicago va dau
cove, khi chi c6 mét s6 thanh vién gen Rboh cu the o
ha1 glong cdy nay c6 biéu hién gen ndi trdi & ré va
nét san (Marino et al., 2011; Montiel et al., 2012). O
cdy Medicago, MtRbohA va MtRbohF da dugc
chtrng minh tham gia vao chudi phan tng sinh hoc
¢b dinh nitrogen & ndt sin va phat trién kéo dai ré
(Marino et al., 2011). O dau cove, trong s chin gen
Rboh cong bd, chi PvRbohB dugc chimg minh c6
lién quan dén ting truong cua ré va ¢ dinh Nitrogen
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& ndt san (Montiel e al., 2012). Nhing phat hi¢n
nay c6 thé cho thay chirc ndng sinh hoc dac trung
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cua ho gen Rboh & ré va ndt san, khong chi doi véi
cay dau twong ma con doi vai cac cay ho dau khac.

Bang 3. Di¥ liéu RNA-seq chuan héa ctia ho gen GmRboh trén 14 mau md & cay dau twong.

La Ho g’; (;/;L (;/;L Hat Hat Hat Hat Hat Hat Hat 3 Nét
Ten gen nno a 1c 10DA 14DA 10FDA 14FDA 21FDA 25FDA 28FDA 35FDA 42FDA Ré s3n
m F F
UEECYERS) 4" (5)* (6)* (7 (8)* (9)* (10) (11" (12" | (13) [ (14)
GmRboh1 2 1 2 2 1 0 0 1 0 0 0 0 4 1
GmRboh2 0 1 0 1 5 0 1 0 2 1 1 0 5 5
GmRboh3 4 3 5 4 6 1 1 1 2 1 3 2 7 5
GmRboh4 0 0 1 1 1 0 1 0 2 1 2 1 4 0
GmRbohb 3 17 6 8 13 2 2 3 4 2 4 4 6 2
GmRboh6 1 1 3 2 1 1 2 2 1 5 4 9 1
GmRboh7 9 10 12 11 1 2 4 4 2 5 4 8 6
GmRboh8 0 1 0 0 0 0 0 0 0 0 0 0 1 0
GmRboh9 6 14 11 13 _ 3 4 5 6 5 ¢ 5 - 17
GmRboh10 1 1 1 1 1 1 2 3 3 2 4 2 8 1
GmRboh11 0 0 0 0 0 0 0 0 0 0 0 0 2 2
GmRboh12 0 2 1 1 1 0 1 1 1 1 1 0 14 14
GmRboh13 3 5 4 2 4 0 1 1 1 1 1 2 8 1
GmRboh14 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GmRboh15 0 1 0 0 1 0 0 0 0 0 0 0 7 1
GmRboh16 0 0 0 0 0 0 0 0 0 0 0 0 6 2
GmRboh17 0 0 0 0 0 0 0 0 0 0 0 0 8 5

Ghi cht: *DAF( Days After Flowering): sé ngay tinh tir khi ra hoa
KET LUAN

Trong bai nghién ctru nay, cac két qua dua ra
nhim danh gia phan tich tong quat ho gen Rboh &
cay dau twong dua trén céc co sé& dir li€u hé gen
hoc. Cac két qua cho thdy c6 tit ca 17 thanh vién
GmRboh trong hé gen cua cay dau tuong. S6 luong
gen ndy gan gap doi sb lugng gen Rboh & céc loai
thyc vét khac do cdy du tuong trai qua hai chu ky
nhan d6i hé gen trong sudt qua trinh tién hoa. Phan
tich quan h¢ gilra ho gen Rboh cua cay dau tuong,
cay Arabidopis, va dau cove, dua trén cay phat sinh
loai cho thdy sy phan nhanh c6 diém khac biét giira
hai ciy ho ddu va cdy Arabidopsis. Piéu nay ching
minh ring ngoai cac chirc ning sinh hoc twong tu
véi loai thye vat khac, gen Rboh co thé thuc hién
cac chirng nang riéng biét va dic thu ¢ cay ho dau.
Tiép theo, trong phan tich ciu tric gen va cau triic
chudi protein cta 17 gen GmRboh, cac két qua cho
thiy gen thanh vién GmRboh8 mang nhiéu diém
khéc biét so v4i cac thanh vién con lai. Cu thé, gen
GmRboh8 khong nam trong cip gen ding giao voi
bat ky gen nio trong ho gen. Hon thé nira, khac biét
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¢ mot vi tri amino acid quan trong trong viéc tao
lién két voi Ca®", gitip hinh thanh nén gia thuyét vé
chtrc nang dic trung cia GmRboh8. Cudi cung, két
qua phan tich tir dir liéu RNA-seq trén 14 miu mo
cho thiy b1eu hién gen cua ho gen GmRboh tép
trung & r& va ndt san, trong s6 d6 gen GmRboh9
va gen GmRbohl2 cé biéu hién cao nhét ¢ hai vi
tri nay. Két qua trén, cung voi cac cong bd trude
day, mot 1an nita cing cb gia thuyét vé chirc nang
dac trung cta ho gen Rboh & cac cdy ho dau. Cac
dir liéu cong bd trong nghién ciru ndy nhim déng
g6p vao co sé dir liéu nén tang cho nghién ciru ho
gen Rboh & cay déau tuong nodi riéng va cac cay ho
dau noi chung. Tuy nhién, cac phan tich chuyén
sdu hon can ap dung ca cong cu tin sinh hoc va
sinh hoc phén tir 4 danh gia chinh xac co ché cua
ho gen Rboh tham gia vao qua trinh phan vé cua
thuc vat trude cac yéu t6 moi trudng va céc stress
phi sinh hoc.

Loi cdm on: Nghién ciu nay dugc tai tro boi Quy
Phat Trién khoa hoc va cong nghé NTTU trong dé
tai md so 2016.01.32.




Tap chi Cong nghé Sinh hoc 16(1): 107-117, 2018

TAI LIEU THAM KHAO

Apel K, Hirt H (2004) Reactive oxygen species:
metabolism, oxidative stress, and signal transduction.
Annu Rev Plant Biol 55: 373-399.

Asai S, Ohta K, Yoshioka H (2008) MAPK signaling
regulates nitric oxide and NADPH oxidase-dependent
oxidative bursts in Nicotiana benthamiana. Plant Cell
20(5): 1390-1406.

Finegold AA, Shatwell KP, Segal AW, Klausner RD,
Dancis A (1996) Intramembrane bis-heme motif for
transmembrane electron transport conserved in a yeast iron
reductase and the human NADPH oxidase. J Biol Chem
271(49): 31021-31024.

Foreman J, Demidchik V, Bothwell JH, Mylona P,
Miedema H, Torres MA, Linstead P, Costa S, Brownlee C,
Jones JD (2003) Reactive oxygen species produced by
NADPH oxidase regulate plant cell growth. Nature 422
(6930):442-446.

Goodstein DM, Shu S, Howson R, Neupane R, Hayes RD,
Fazo J, Mitros T, Dirks W, Hellsten U, Putnam N (2012)
Phytozome: a comparative platform for green plant
genomics. Nucl Acids Res 40(D1):D1178-D1186.

Guo A, Zhu Q, Chen X, Luo J (2007) [GSDS: a gene
structure display server]. Yi chuan= Hereditas/Zhongguo
yi chuan xue hui bian ji 29(8): 1023-1026.

Hunter S, Apweiler R, Attwood TK, Bairoch A, Bateman
A, Binns D, Bork P, Das U, Daugherty L, Duquenne L
(2009) InterPro: the integrative protein signature database.
Nucl Acids Res 37(suppl 1): D211-D215.

Kobayashi M, Ohura I, Kawakita K, Yokota N, Fujiwara
M, Shimamoto K, Doke N, Yoshioka H (2007) Calcium-
dependent protein kinases regulate the production of
reactive oxygen species by potato NADPH oxidase. Plant
Cell 19(3): 1065-1080.

Kwak JM, Mori IC, Pei ZM, Leonhardt N, Torres MA,
Dangl JL, Bloom RE, Bodde S, Jones JD, Schroeder JI
(2003) NADPH oxidase AtrbohD and AtrbohF genes
function in ROS-dependent ABA signaling in Arabidopsis.
EMBO J22(11): 2623-2633.

Larkin MA, Blackshields G, Brown N, Chenna R,
McGettigan PA, McWilliam H, Valentin F, Wallace 1M,
Wilm A, Lopez R (2007) Clustal W and Clustal X version
2.0. Bioinformatics 23(21): 2947-2948.

Lightfoot DJ, Boettcher A, Little A, Shirley N, Able AJ
(2008) Identification and characterisation of barley
(Hordeum vulgare) respiratory burst oxidase homologue
family members. Funct Plant Biol 35(5): 347-359.

Lin F, Ding H, Wang J, Zhang H, Zhang A, Zhang Y, Tan
M, Dong W, Jiang M (2009) Positive feedback regulation
of maize NADPH oxidase by mitogen-activated protein

kinase cascade in abscisic acid signalling. J Exp Bot:
erpl57.

Marino D, Andrio E, Danchin EG, Oger E, Gucciardo S,
Lambert A, Puppo A, Pauly N (2011) A Medicago
truncatula NADPH oxidase is involved in symbiotic
nodule functioning. New Phytol 189(2): 580-592.

Marino D, Dunand C, Puppo A, Pauly N (2012) A burst of
plant NADPH oxidases. Trends Plant Sci 17(1): 9-15.

Miller G, Schlauch K, Tam R, Cortes D, Torres MA,
Shulaev V, Dangl JL, Mittler R (2009) The plant NADPH
oxidase RBOHD mediates rapid systemic signaling in
response to diverse stimuli. Sci Signal 2(84): ra45-ra45.

Mittler R, Vanderauwera S, Gollery M, Van Breusegem F
(2004) Reactive oxygen gene network of plants. Trends
Plant Sci 9(10): 490-498.

Montiel J, Nava N, Cardenas L, Sanchez-Lopez R,
Arthikala M-K, Santana O, Sanchez F, Quinto C (2012) A
Phaseolus vulgaris NADPH oxidase gene is required for
root infection by Rhizobia. Plant Cell Physiol 53(10):
1751-1767.

Miiller K, Carstens AC, Linkies A, Torres MA,
Leubner-Metzger G (2009) The NADPH-oxidase AtrbohB
plays a role in Arabidopsis seed after-ripening. New Phytol
184(4): 885-897.

Miiller K, Linkies A, Leubner-Metzger G, Kermode AR
(2012) Role of a respiratory burst oxidase of Lepidium
sativum (cress) seedlings in root development and auxin
signalling. J Exp Bot 63(18): 6325-6334.

Oda T, Hashimoto H, Kuwabara N, Akashi S, Hayashi K,
Kojima C, Wong HL, Kawasaki T, Shimamoto K, Sato M
(2010) Structure of the N-terminal regulatory domain of a
plant NADPH oxidase and its functional implications. J
Biol Chem 285(2): 1435-1445.

Orozco-Cardenas ML, Narvaez-Vasquez J, Ryan CA
(2001) Hydrogen peroxide acts as a second messenger for
the induction of defense genes in tomato plants in response
to wounding, systemin, and methyl jasmonate. Plant Cell
13(1): 179-191.

Punta M, Coggill PC, Eberhardt RY, Mistry J, Tate J,
Boursnell C, Pang N, Forslund K, Ceric G, Clements J
(2011) The Pfam protein families database. Nucl Acids
Res:gkr1065.

Rhee SY, Beavis W, Berardini TZ, Chen G, Dixon D,
Doyle A, Garcia-Hernandez M, Huala E, Lander G,
Montoya M (2003) The Arabidopsis Information Resource
(TAIR): a model organism database providing a
centralized, curated gateway to Arabidopsis biology,
research materials and community. Nucl Acids Res 31(1):
224-228.

Robert X, Gouet P (2014) Deciphering key features in

115



protein structures with the new ENDscript server. Nucl
Acids Res 42(W1): W320-W324.

Sagi M, Davydov O, Orazova S, Yesbergenova Z, Ophir
R, Stratmann JW, Fluhr R (2004) Plant respiratory burst
oxidase homologs impinge on wound responsiveness and
development in Lycopersicon esculentum. Plant Cell
16(3): 616-628.

Sagi M, Fluhr R (2006) Production of reactive oxygen
species by plant NADPH oxidases. Plant Physiol 141(2):
336-340.

Schmutz J, Cannon SB, Schlueter J, Ma J, Mitros T,
Nelson W, Hyten DL, Song Q, Thelen JJ, Cheng J (2010)
Genome sequence of the palacopolyploid soybean. Nature
463(7278): 178-183.

Severin AJ, Woody JL, Bolon Y-T, Joseph B, Diers BW,
Farmer AD, Muehlbauer GJ, Nelson RT, Grant D, Specht
JE (2010) RNA-Seq Atlas of Glycine max: a guide to the
soybean transcriptome. BMC Plant Biology 10(1): 1.

Si Y, Dane F, Rashotte A, Kang K, Singh NK (2010)
Cloning and expression analysis of the Ccrboh gene
encoding respiratory burst oxidase in Citrullus colocynthis
and grafting onto Citrullus lanatus (watermelon). J Exp
Bot: erq031.

Simon-Plas F, Elmayan T, Blein JP (2002) The plasma
membrane oxidase NtrbohD is responsible for AOS
production in elicited tobacco cells. Plant J 31 (2):137-
147.

Suzuki N, Miller G, Morales J, Shulaev V, Torres MA,
Mittler R (2011) Respiratory burst oxidases: the engines of
ROS signaling. Curr Opin Plant Biol 14(6): 691-699.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S
(2013) MEGAG6: molecular evolutionary genetics analysis
version 6.0. Mol Biol Evol 30(12): 2725-2729.

Torres MA, Dangl JL (2005) Functions of the respiratory
burst oxidase in biotic interactions, abiotic stress and
development. Curr Opin Plant Biol 8 (4):397-403.

Torres MA, Dangl JL, Jones JD (2002) Arabidopsis
gp91phox homologues AtrbohD and AtrbohF are required
for accumulation of reactive oxygen intermediates in the
plant defense response. Proc Nat Acad Scie 99(1): 517-
522.

Torres MA, Onouchi H, Hamada S, Machida C,
Hammond-Kosack KE, Jones JD (1998) Six Arabidopsis
thaliana homologues of the human respiratory burst

116

Ong Ding Quang & Nguyén Phuong Thao

oxidase (gp91phox). Plant J 14(3): 365-370.

Trujillo M, Altschmied L, Schweizer P, Kogel K-H,
Hiickelhoven R (2006) Respiratory burst oxidase
homologue A of barley contributes to penetration by the
powdery mildew fungus Blumeria graminis f. sp. hordei. J
Exp Bot 57 (14):3781-3791.

Vignais P (2002) The superoxide-generating NADPH
oxidase: structural aspects and activation mechanism. Cell
Mol Life Sci 59(9): 1428-1459.

Wang G-F, Li W-Q, Li W-Y, Wu G-L, Zhou C-Y, Chen
K-M (2013) Characterization of rice NADPH oxidase
genes and their expression under various environmental
conditions. Int J Mol Sci 14(5): 9440-9458.

Wang X, Zhang MM, Wang YJ, Gao YT, Li R, Wang GF,
Li WQ, Liu WT, Chen KM (2016) The plasma membrane
NADPH oxidase OsRbohA plays a crucial role in
developmental regulation and drought-stress response in
rice. Physiol Plant 156(4): 421-423.

Wong HL, Pinontoan R, Hayashi K, Tabata R, Yaeno T,
Hasegawa K, Kojima C, Yoshioka H, Iba K, Kawasaki T
(2007) Regulation of rice NADPH oxidase by binding of
Rac GTPase to its N-terminal extension. Plant Cell 19
(12): 4022-4034.

Yoshida LS, Saruta F, Yoshikawa K, Tatsuzawa O,
Tsunawaki S (1998) Mutation at histidine 338 of gp91
phox depletes FAD and affects expression of cytochrome b
558 of the human NADPH oxidase. J Bio Chem 273(43):
27879-27886.

Yoshioka H, Numata N, Nakajima K, Katou S, Kawakita
K, Rowland O, Jones JD, Doke N (2003) Nicotiana
benthamiana gp91phox homologs NbrbohA and NbrbohB
participate in H202 accumulation and resistance to
Phytophthora infestans. Plant Cell 15(3): 706-718.

Yoshioka H, Sugie K, Park H-J, Maeda H, Tsuda N,
Kawakita K, Doke N (2001) Induction of plant gp91 phox
homolog by fungal cell wall, arachidonic acid, and
salicylic acid in potato. Mol Plant Microbe Interact 14(6):
725-736.

Zhang H, Fang Q, Zhang Z, Wang Y, Zheng X (2009) The
role of respiratory burst oxidase homologues in elicitor-
induced stomatal closure and hypersensitive response in
Nicotiana benthamiana. J Exp Bot: erp146.

Zimmermann P, Hirsch-Hoffmann M, Hennig L, Gruissem
WG Arabidopsis microarray database and analysis toolbox
(www. genevestigator. ethz. ch); Plant Physiol 2004. doi
10:104.046367.



Tap chi Cong nghé Sinh hoc 16(1): 107-117, 2018

GENOME-WIDE CHARACTERIZATION OF RESPIRATORY BURST OXIDASE
HOMOLOG (RBOH) IN SOYBEAN [(GLYCINE MAX L. MERR.)]

Ong Dang Quang '*, Nguyen Phuong Thao®

NTT Hi-tech Institute, Nguyen Tat Thanh University
*International University, Vietnam National University, Ho Chi Minh City

SUMMARY

Plant respiratory burst oxidase homologs (RBOHs), also known as NADPH oxidase (NOX) have involved
as a key producers of reactive oxygen species (ROS) in a wide range of biological processes, including plant
growth, development, and abiotic stress responses. In this work, a total 17 soybean RBOH encoding genes
(GmRBOHs) were identified. Furthermore, their domain architecture, chromosomal distribution, gene
structure, gene duplication, and phylogenetic analysis were carried out. Phylogenetic tree divided the RBOHs
from soybean, another legume plants (Phaseolus vulgaris), and Arabidopsis into six subfamilies, with soybean
RBOH genes distributed in subfamily I to VI. All RBOH proteins of soybean contained four major domains,
which focused on EF-hands domains with Caztbinding residues provided more insights into function of
RBOH proteins in soybean. The differential expression pattern using RNA-seq of 17 RBOH genes in soybean
indicated that most of the genes express in root and nodule; among them, GmRboh9 and GmRbohi2 have the
highest expression. The analysis presented provides a scientific basis for further research on function of RBOH
genes in soybean.
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