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NGHIEN CUUMUC PO BIEU HIEN CUA CAC GEN LAP TRONG HO NHAN TO
PHIEN MA NAC LIEN QUAN PEN PAP UNG HAN O CAY LAC (Arachis hypogaea)
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Tém tit. NAC 1a mot trong nhitng nhom nhan t6 phién mé (transcription factor, TF) dic
trung c6 s6 luong thanh vién 16n nhit ¢ thyc vat. O loai lac (Arachis hypogaea), 29 gen
AhNAC di dugc xac dinh va _phén tich déc tinh cu triic. Tuy nhién, chirc nang cua nhirng
gen nay lién quan dén co ché chong bat loi van chua duoc dé cap. Trong nghién clru nay,
tong so bay sy kién lap gen, bat ngudn tir hién twong 13p doan trén cic nhidm sic thé da
dugc du doan trong ho gen ADNAC ¢ lac. Phan tich ti 1€ Ka/Ks cho thay chon loc tu nhién
da kim ham sy xuat hién cta cac dot bién diém & phan 16n cac gen lap, tir d6 bao tdn cau
tric va chirc ning cta gen trong tién hoa. Duya trén so d6 hinh ciy giita trinh ty protein day
du ctia NAC ¢ lac va 23 NAC dap ung han ¢ dau ga (Cicer arietinum) da dugc xay dung,
12 AhNAC d3 duogc dé xuat chia sé chirc niang tuong tu nhu cac TF NAC & dau ga. Hon
nita, viing promoter ctia cic gen nay dugc ghi nhan ¢6 nhiéu nhom yéu té diéu hoa cis- dap
tmg tin hiéu hormone va d4p ng han. Khai thac dir liéu RN A-Seq da chimg minh da sé cac
gen dé xuét co biéu hién dap tng trong diéu kién bt lgi tham thau. Két qua ciia nghién ciru
nay da cung cip nhing din liéu quan trong cho phan tich chtic ning gen nham nang cao
tinh chéng chiu bét loi & cay lac.

Tir khéa: lac, tin sinh hoc, nhan t& phién ma, NAC.

1. Mé dau

Lac (Arachis hypogaea) la mot trong nhimg cay ho dau quan trong nhatva dugc trdng phd bién
va rong rai & hau hét cac vung nhiét d6i va can nhiét doi. Day la ngudn cung cép protein, axit béo
khong bdo hoa don, mot sb chat chat 6xi hoa va cac hop chét trao doi thtr cip khac [1, 2]. Hon nita,
trong lac cling dugc xem 13 bién phép ludn canh va xen canh hiéu qua nhim san xudt sinh khéi lam
vat liéu che phu bé mit dat, cai tao dat nhd co ché cd dinh dam, dong thoi tang thém thu nhép cho
noéng ho [3]. Tuy nhién, canh tac lac hién nay dang chiu anh huong bét loi tir cac diéu kién ngoai
canh bat thuan, dic biét 1a sy thiéu hut vé ngudn nudc [4].

Dé dap tmg v6i su thay doi ciia moi truong, cdy trong noi chung va loai A. hypogaea noi riéng
d4 thich nghi v6i co ché diéu hoa su biéu hién cia hang loat gen chirc ning thong qua vai trd cia cc
nhém nhén t6 phién ma (TF) [5]. Trong d6, TF NAC la mdt trong nhimg nhom protein diéu hoa dic
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trung & thue vét ¢o sb luong gen thanh vién nhidu nhit, duoc chimg minh 14 tham gia vao cac qua
trinh sinh hoc quan trong dién ra & cdy trong [6]. Nghién ctu di chimg minh ring mot s6 gen thanh
vién ciianhém TF NAC ¢ loai dau ga (Cicer arietinum) c6 mirc d6 biéu hién dap tmg manh voi xir Ii
han [6, 7]. Trong khi do, nghién ctu gin day di xac dinh duoc tong s6 29 gen mi hoa TF NAC
(ANNAC) phan bb rai rac & hé gen cua lac [8]. Nhimg két qua nay di goi mo ra huéng nghién ciu
nhiam 1am 13 vé co ché phat sinh ctia ho gen ma héa TF NAC va vai trd ctia nhiing gen ip lién quan
dén dép tmg han & cay lac.

Nghién ctru nay duge thyuc hién nhdm chi ra nhimg sy klen 1ap gen xay ra & ho gen ma hoa TF
NAC ¢ lac. Dya trén cac phan tich tin sinh hoc, gia thuyét vé vai tro ciia chon loc tw nhién dén co
ché nhan rong cuia ho gen mad hoéa TF NAC ¢ lac dd dugc lam rd. Bén canh do, chiic nang ciia gen
ma hoa TF NAC lién quan dén dap tng han da duoc dé xuat dua trén so d6 hinh cdy va danh gia
ving promoter. Cudi ciing, dit liéu biéu hién phién ma ciia cic gen ing vién di dugc khai thac trong
diéu kién xt Ii han.

2. NOi dung nghén ciru
2.1. Dirliéu nghién ctru

He¢ gen, hé protein ciia gidng lac mo6 hinh Tifrunner (mé sb du an: PRINA419393) [9] dugc
khai thac trén PeanutBase [10] va NCBI.

Trinh ty protein day du cia 23 TF NAC dap ung han & loai C. arietinum dugc khai thac
dua theo nghién ciru gan day [7]. Thong tin chd giai, bao gdm mi dinh danh, trinh ty gen
(CDS), trinh tu protein ctiia 29 gen ma hoa TF NAC ¢ lac dugc khai thac dya trén nghién clru
trude day [8].

2.2. Phwong phap nghién ciru

Phuong phép phan tich mtc do tuong dong: Cac trinh ty CDS cta gen AWNAC (.fasta)
dugc st dung dé can trinh ti twong dong trén ClustalX [11]. Két qua dugc tiép tuc phén tich trén
BioEDIT [12] dé khai thac mirc d6 trong dong (%) giita cac thanh vién trong ho gen AANAC 6 lac.

Phuong phép xéac dinh sy kién 13p gen: Mot su kién 13p xdy ra trong ho gen AhNAC ¢ lac
dugc dinh nghia 1a mot cap gen c6 mirc d tuong dong trong cau trac 16n hon 60%, tuong tu
nhu mé ta trong nghién ctru trude day [7, 13]. Trong d6, néu cac gen lip phan bd trong cliing
mot vung 20 kb trén nhiém sdc thé duoc hiéu 1a lip doan nhiém sdc thé (tandem duplication),
trong khi cac gen ldp phan bd trén cac nhidm sic thé khac nhau duoc hiéu 1a lip doan trén cac
nhiém séc thé (segmental duplication) [13, 14].

Phuong phép tinh toan gia tri thay thé dong nghia va trai nghia: Tri s6 thay thé trai nghia
Ka (non-synonymous substitutions per non-synonymous site) va thay thé dong nghia Ks
(synonymous substitutions per synonymous site) gitra cap gen 1ap dugc phan tich trén DNAsp [15]
dua trén trinh tw CDS va protein ddy du theo md ta trong nghién ctru trude day [13, 14].

Phuong phép xay dung so dd hinh cay: Trinh ty protein déay da caa AhNAC ¢ A. hypogaea
va CaNAC ¢ C. arietinum [7] duoc sir dung dé thiét 1ap cay phan loai Neighbor-Joining véi gia
tri bootstrap 1000. Gié tri cut-off tai cac nhanh duoc kién nghi la 50% dua theo nghién ctru
trude day [13, 14].

Phuong phap du doan yéu té diéu hoa cis- trén ving promoter: Poan 1000 bp (truéc ma
mé dau 'ATG') trén ving promoter cua gen AhNAC duoc khai thac trong hé gen cua giong lac
Tifrunner [9] trén NCBI. Cac yéu to dap ung tin hiéu hormone, bao gdm yéu t6 dap Gmg véi axit
abscisic (ABA) ('ACGTG'), yéu t6 dap ung axit jasmonic (JA) (CGTCA-motif, 'CGTCA' va
TGACG-motif, 'TGACG'), yéu to dap tng gibberellin (GARE-motif, 'TCTGTTG' va hop P,
'CCTTTTG", yéu t6 dap tng auxin (TGA-element, 'AACGAC' va AuxRR-core, 'GGTCCAT"),
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yéu t6 dap tmg ethylene (‘ATTTTAAA"), thu thép trong cac ngheien ctu trude day [13, 14, 16],
dugc xac dinh trén ving promoter bing cong cu PlantCARE [17]. Sau yeu t6 dap img han, bao
gom yéu t§ dap img mat nuéc (DRE, 'GCCGAC' hoic 'ACCGAC), vi tri nhan biét TF MYB
(MYBRS, 'CAACTG' hoic 'TAACTG'), vi tri nhan biét TF MYC (MYCRS, 'CACATG),
coupling element 3 (CE3, 'CACGCG"), hép T/G ('CACGTT') va evening element (EE,
'AATATC") khai thac tir nghién cuu trude day [13, 14, 16] dugc sang loc trén toan b promoter
ctia gen bang BioEDIT [11].

Phuong phép khai thac dir liéu RNA-Seq: Dit lidu xt I ciy lac trong diéu kién bat loi vé ap
suit thdm thau (ma sd du an: GSE56439) duoc khai thac trén GEO NCBI dya theo nghién ciu
trudc day [18]. Cu thé, cdy lac hai tan i dugc xir Ii voi nude bd sung 30% polyethylene
glycol (PEG) 600 trong 30 phat. Cac mau dugc thu thap dé tich ARN tong s6 phuc vu phan tich
hé phién ma bang Ilumina HiSeq2000 [18]. S6 lidu duoc khai thac va phan tich bang thuat toan
geomean.

2.3. Két qua va thao luin

2.3.1. Phan tich hién twgng lap xday ra é ho gen ma héa TF NAC ¢ lac

Pé 1am 15 vé co ché nhan rong ciia ho gen ma hoa TF NAC ¢ lac trong qué trinh tién hoa,
cac su kién lap gen di duoc du doan dya trén muc do tuong dong giita cac gen thanh vién. Két
qua dugc minh hoa ¢ Hinh 1 va Bang 1. Theo d6, tong s6 bay cip gen lip da dugc du doan
trong ho gen AhNAC & lac. Céc cap gen lip chia sé mic d6 tuong dong trong céu tric doan
CDS tir 60,50 (AhNAC21/25) dén 70,70% (AhNAC04/13) (Bang 1).

Dang chii y, cac cap gen lip nay déu dugc phan bd ¢ nhimg nhiém sic thé khac nhau trong
hé gen cua lac (Hinh 1, Bang 1). Cu thé, ba cip gen lap, AANAC01/10, 02/20 va 03/14 1an luot
cu tra trén cac cap nhiém sic thé Arahy.01/08, 03/15 va 03/10, trong khi cac cip gen lap con lai,
AhNNAC04/13, 06/19, 17/23 va 21/25 ciing lan lugt nam trén cac cip nhiém sic thé khac nhau,
Arahy.05/09, 06/15, 13/18 va 17/18 (Hinh 1, Bang 1). Két qua nay cho thiy tat ca cac sy kién
lap xdy ra trong ho gen AhNAC & lac déu xuét phat tir hién tuong lip doan trén cac nhiém sic
thé khac nhau. Nghién ctru nay ciing dong thuén véi cac nghién ctru trude day khi xem xét vé co
ché 1ap xayra 6 ho gen ma hoa TF NAC o loal C arletlnum [7] cung nhu cac loal thuc vat khac [6].
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Cap gen Vitri Co ché Mirc do twong | Giatri | Giatri | Tilé
lap phéin bo lap dong (%) Ka Ks Ka/Ks

AhNACO01/10 | Arahy.01/08 S 61,40 0,4373 | 0,4955 | 0,88
AhNACO02/20 | Arahy.03/15 S 66,70 0,3140 | 0,3984 | 0,79
AhNACO03/14 | Arahy.03/10 S 63,40 0,3117 | 0,3321 | 0,94
AhNACO04/13 | Arahy.05/09 S 70,70 0,2935 | 0,3435 | 0,85
AhNACO06/19 | Arahy.06/15 S 69,50 0,3035 | 0,2708 | 1,12
AhNAC17/23 | Arahy.13/18 S 67,20 0,3097 | 0,4236 | 0,73
AhNAC21/25 | Arahy.17/18 S 60,50 0,4780 | 0,4494 | 1,06

Ghi chu: S - Lap doan trén cac nhiém sdc thé, Ka -
Ks -

Gid tri thay thé trdi nghia,
Gid tri thay thé dong nghia

Tiép theo, ti 1€ Ka/Ks cuia cac su kién 13p gen dugc tinh toan nhim dua ra gia thuyét veé vai
tro cua ap luc chon loc tur nhién dén sy nhéan rong ctia ho gen AhNAC & lac trong qua trinh tién
hoa. Két qua cho thay phan lon cac cap gen lap (5/7) co ti 1€ Ka/Ks nho hon 1 (Bang 1), cho
thdy su sai khac trong ciu triic (thé hién ¢ s6 luong dot bién trai nghia) xay ra it hon & cac gap
gen ldp. Trong khi do, hai cap gen lap, AhNACO06/19 va 21/25 ¢6 ti 1€ Ka/Ks l6n hon 1 (Bang D),
nghia 13 s0 lugng dot bién trai nghia xay ra nhiéu hon, chimg to cac cip gen lap co su sai khac
dang ké trong cau triic. Nghién ciru trudc day cho thay sy sai khac trong céu tric ctia cac cip
gen 1ap 1a dong luc dé hinh thanh chiic nang gen mdi, trong khi cac cap gen lap co su tuong
ddng cao trong cau tric duogc giit toan ven vé mit chic ning [14].

2.3.2. Phén tich m01 twong quan giita TF NAC 6 lac va cac NAC dap irng han ¢ ddu ga va
khai thac yeu to diéu hoa CIS trén vung promoter ciia gen

Dé cung cb gia thuyét vé chirc ning cia cac gen mi hoa TF NAC lién quan dén dap tmg
han ¢ lac, so @ hinh cay da duogc xay dung dya trén trinh ty protein day da cda 23 CaNAC da
biét chirc ning & C. arietinum [7] va 29 AhNAC ¢ lac [8] (Hinh 2). Dua theo gia tri cut-off
50%, téng s6 12 AhNAC thanh vién da duoc x4c dinh nam cung nhanh véi CaNAC dap tng voi
han [7] (Hinh 2). Cu thé, gia tri bootstrap ctia cac nhanh giita AWNAC va CaNAC dao dong tir
59 (CaNAC57 va AhNACI0) dén 100 (CaNAC33 va AhNAC26, CaNAC41/71 va
AhNAC09/28, CaNAC06/67 va AhANAC17/23, CaNAC24 va AhNACO5) (Hinh 2). Gan day,
phuong phap thiét 1ap so d6 hinh cay giita cc protein da biét chirc nang voi cac protein muc
tiéu theo gla tri bootstrap da dugc ghi nhén trén nhom TF NF-Y trén san [19] va dau ga [14], tu
d6 cung cap nhimg dan liéu quan trong cho phén tich thuc nghiém kiém chimg lai cac gia thuyét
v& vai tro cua cic gen muc tidu trong dap ng bt loi.

Dé tim hiéu vé chuic ning cia 12 gen AhNAC nay, cac yéu 6 didu hoa cis- dap tmg han va
tin hiéu hormone [13, 14, 16] da dugc xac dinh trén doan trinh ty 1000 bp thudc vung promoter.
Theo d6, mdt yéu td dap tmg ABA, hai yéu t§ dap tmg JA, hai yéu t6 dap tng gibberellin, hai
yéu t dap g auxin, mot yéu t6 dap tmg ethylene va tong sb sau yéu t6 diéu hoa cis- lién quan
den dap ung han [13, 14, 16] da dugc phan tich (Hinh 3). Két qua cho thiy, viing promoter ciia
tat ca 12 gen AANAC déu chira it nhat mot nhom yéu to dap tmg v6i hormone (Hinh 3). Trong
do, vung promoter cua gen AhNACO9 chi chira mét yéu to dap tmg véi JA, trong khi co bon
nhom yéu t6 diéu hoa, dap img ABA, JA, auxin va ethylene (Hinh 3). Dang chu y, cac yéu t6
dap ung ABA d3 duoc tim thay trén ving promoter cia da sé cac gen ANNAC, ti 1¢ trung binh
dat xap xi 1,67 yéu té/gen. Vé mat Ii thuyét, ABA 1a hormone dugc ching minh dong vai tro
chu dao trong co ché chong chiu va thich nghi vai diéu kién han ¢ cdy trong [5, 6].
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Hinh 3. Sw phin bo ciia yéu to dieu hoa cis- trén ving promoter ciia cdic gen AhRNAC ¢ lac

Trong nghién ctru nay, cac yéu t5 diéu hoa cis- dap Gmg vé6i han [13, 14, 16] da duoc tap
trung khai thac trén ving promoter cua 12 gen AhNAC (Hinh 3). Két qua cho thdy phan 16n cac
gen ( O/12) deu chtra it nhat mot yéu t6 dép umg han, ngoai trir hai gen, AANAC12 va 17 khong
chtra yéu t6 diéu hoa cis- dap mg han (Hinh 3). Vung promoter cua gen AhNAC21 va 10 chu’a
nhiéu yéu té diéu hoa dap tmg han nhét, 1an lugt bao gdm hai DRE, mot MYBRS va hai yéu t6
CE3, va hai MYBRS, m6t hop T/G va mot yeu t6 EE (Hinh 3). Trong so cac yéu to dap tng
han, MYBRS va yéu t6 EE xuét hién nhiéu nhat (5) trén ving promoter & cic gen, lan luot tai
AhNACO5 (1 EE), 10 (2 MYBRS va 1 EE), 11 (1 EE), 18 (1 EE), 21 (1 MYBRS), 23 (1 EE), 26
(1 MYBRS) va 28 (1 MYBRS) (Hinh 3). Sy phén bb day dic cua cac yéu to didu hoa cis- dap
mg han nay ciing d6ng thuén véi nhitng phan tich ving promoter ctia cic nhom gen ma hoa TF
NF-Y lién quan dén dic tinh chéng chiu bét loi & cac cdy trong khac nhu mé ta trong nghién
cuu trude day [14, 19].
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2.3.3. Khai thac mirc dd biéu hién ciia cic gen ma héa TF NAC c6 tiém niing dap wng han
Dé nghién ctru chirc ning cuia 12 gen ma hoa TF NAC lién quan dén tinh chdng chiu ¢ lac,
dir liéu RNA-Seq da dugc khai thac nham phan tich mac do biéu hién cia gen trong diéu kién
xtr If PEG 600 [18]. Trong nghién ctru ndy, mot gen c6 mirc d biéu hién thay doi it nhat 1,5-
fold duoc xem 1a dap tmg c6 y nghia (ting cudong biéu hién véi gia tri fold-change > 1,5 va kim
ham biéu hién véi gia tri fold-change < -1,5) trong diéu kién xu Ii. Két qua dugc minh hoa &
Hinh 4.
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Hinh 4. Di liéu biéu hién ciia 12 gen ARNAC trong diéu kién xir li PEG 600 6 lac

Két qua cho theiy /12 gen c6 dép Ung tang, Y15 gen co dap ung giam, trong khi *12 gen
ANNAC c6 mitic @6 biéu hién khong thay doi c6 ¥ nghia trong diéu kién xtr Ii PEG 600 (Hinh 4).
Trong do, AANAC11 la gen c6 muc do biéu hién ting manh nhét (~41,73-fold), trong khi
AhRNAC10 bi kim ham biéu hién nhat (~3,22-fold) trong diéu kién xir Ii PEG 600 (Hinh 4). Céac
gen AhNAC24 va 12 ¢6 mirc do biéu hién dap tmg ting, lan luot dat ~4,46 va 4,42-fold (Hinh 4).
Mure do biéu hién cua ba gen, AhNAC21, 23 va 26 tang nhe, dugc ghi nhan 1a ~1,75; 1,51 va
1,70-fold (Hinh 4). Trong nghién ctru trude day, gen CaNACO5 ¢ C. arietinum (mé hoa protein
cung nhanh véi AhNACI11) (Hinh 2) duoc ghi nhan biéu hién manh & 14 xtr If méat nude [7].

3. Kétluan

ba xac dinh duoc bay cap gen lap trong ho gen ma hoa TF NAC ¢ lac. Cac cap gen lap nay
déu xuét phét tir hién tuong lap doan trén cac nhiém sdc thé. Trong d6, °/; cip gen lap dugc bao
ton céu trac trong qué trinh tién hoa.

Di xéac dinh duoc 12 gen AANAC c¢6 tiém ning dap tmg voi didu kién han théng qua xay
dung so d6 nhoém véi cac TF NAC di biét chirc ning & loai C. arietinum. Ving promoter cta
cac gen ANNAC gdm nhiéu nhom yéu t6 cis- dap tmg tin hidu hormone va dap tng han.

Di chimg minh dugc %1, gen AANAC c¢6 mirc d6 biéu hién dap tmg véi xtr If PEG 600 dwa
trén khai thac dir liéu RNA-Seq. Gen AhNAC11 duogc ting cudng muc d6 biéu hién manh nhét
(~41,73-fold) trong diéu kién xir Ii PEG 600.
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ABSTRACT

Expression analysis of the duplicated genes in the NAC transcription factor gene family
related to the drought stress response in peanuts (Arachis hypogaea)
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NAC has been considered one of the largest transcription factor families in plant species. In
peanut (Arachis hypogaea), 29 members of the AhNAC gene family have been identified and
characterized. However, the information of their functions related to the mechanism of the stress
response has been reported. In this study, a total of seven duplication events, which occurred
from the segmental duplication, has been predicted in the AhDNAC gene family in peanuts. The
Ka/Ks ratios revealed that natural selection prevented the presence of the point mutations in the
most duplicated genes, consequently, maintaining their structure and function during evolution.
Based on the unrooted phylogenetic tree between AhNAC proteins in peanuts and 23 drought-
responsive CaNAC in chickpea (Cicer arietinum), we proposed 12 members of the AhNAC that
potentially share similar functions with well-characterized NAC in chickpea. Furthermore,
various hormone- and drought-responsive cis-regulatory elements have been found in the
promoter regions of these candidate genes. Re-analysis of the previous RNA-Seq demonstrated
that the majority of the candidate AhDNAC genes were responsive to the osmotic stress. Taken
together, our study could provide an important foundation for further functional characterization
towards the improvement of stress tolerance in peanuts.

Keywords: peanut, bioinformatics, transcription factor, NAC.
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