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XAC PINH VA PHAN TiCH CAC GENE MA HOA PROTEIN
LIEN KET STRESS (SAP) G CAY PU PU (Carica papaya L.)
BANG PHUONG PHAP IN SILICO

Lé Thi Man', Tran Thi Thanh Huyén?", L& Chi Toan?, Tran Thi Thanh Loan* va Cao Phi Bang*
'Khoa Khoa hoc T nhién, Truong Dai hoc Hung Vieong
Khoa Sinh hoc, Truong Pai hoc Sw pham Ha Ngi
*Khoa Sinh - K7 thugt Nong nghiép, Trieong Pai hoc Sw pham Ha Ngi 2
*Truong Trung hoc co so Tién Kién, Lam Thao, Phi Tho

Tom tat. Nho st dung cac phuong phap nghién ctu in silico, chung t6i da xac dinh duoc 7 gene
ma hda cac protein lién quan stress (SAP) ¢ trong hé gene cua cay Pu du (Carica papaya L.). Cac
gene SAP cua cay Pu du c6 kich thudc tir 416 t6i 813 nucleotide, khdng cd hoadc chi cd mot
intron. C4c protein suy di&n co kich thudc tir 114 téi 270 amino acid, khdi lwong phan tir nam trong
khoang 13,10 kDa t6i 29,63 kDa. Cac protein suy dién c6 tinh kiém véi pI dao dong tir 8,82 dén
9,95. Cin cir vao két qua phan tich ciu tric va cay pha hé, cac SAP cua cay Pu da duoc phan
chia thanh hai nhém nhom I (ndm gene) va phan nhom II (hai gene). Cac SAP nay cua cay
Pu du ¢6 mirc d6 bao ton cao vé cau trdc véi hai viing bao ton A20-AN1 (nhom 1) hoic ving
AN1 (nhém I1). Phan tich dit liéu RNA-seq duoc xay dung tir 14 du di trong diéu kién thuong
va diéu kién dong lanh cho thiy tit ca 7 gene SAP cua cay Du du déu biéu hién va déu dugc
cam (g biéu hién manh hon trong diéu kién dong lanh so véi diéu kién thuong. Gene CpSAP2
¢ mirc do biéu hién tuong d6i manh nhit trong cac gene SAP cua cdy Pu di. Két qua nghién
ctru nay 1a co sé cho cac nghién ctu vé tach dong gene, phan tich chire ning cua cac gene trong
ho SAP va chon gidng & cy Pu du trong dép (g vai cc diéu kién stress vo sinh ciia méi trudng.
Tir khoa: biéu hién gene, cay Pu du (Carica papaya L.), cdy pha hé, in silico, protein lién
két stress (SAP).

1. Mé& dau

Cac protein lién két stress (stress-associated protein, SAP) thuc vé nhom protein kep kém,
c6 chira ving A20/AN1, dugc coi nhu mét thanh té quan trong trong su chdng chiu stress cua
thuc vat [1]. M do phién ma cua céc gene SAP tiang dudi tac dong cua nhiéu stress v sinh. CAc
protein SAP cling dugc phat hién ¢ thuc vat chiu taic dong cua cac stress nhu nong, lanh, han,
man, kim loai nang [1, 2]. Cac SAP con dugc chung minh hoat dong nhu 1a ubiquitin ligase, cam
g oxi hoa khir, tac nhan diéu hoa biéu hién gene dap ung stress & thuc vat [2].

O mitc do hé gene hoan chinh, cac gene mi héa SAP da dugc xé4c dinh trong hé gene cua cac
cay lda (18 gene), A. thaliana (14 gene) [3], ca chua (13 gene) [4], bong (37 gene) [5], dau tuong
(27 gene) [6]. Mac du nhitng nghién ctru da bd sung cac ho gene SAP & thuc vat nhung nhiing
nghién ciru trong tu van can duoc thuc hién & cac déi twong cdy trong khac nhim 1am sang to vai
tro cua cac protein nay trong tinh chéng chiu cta thuc vat vai cac stress moi trudng.
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Cay bu du (Carica papaya L.) la cdy an qua quan trong dugc trong & ving nhiét déi va can
nhiét dsi. Qua du du chin mém va ngot, giau dinh dudng, chira luong lon tién vitamin A, vitamin C
va cac chat chdng oxi hoa [7]. Cay Pu du chiju tac dong cua nhiéu nhan t6 sinh thai nhu anh sang,
nhiét 49, ché o nudc, gié ciing nhur nhidu tac nhan stress sinh hoc [8].

Nghién ciru ndy huéng téi muc tiéu xac dinh va phan tich dic diém ciia cac gene SAP & cy
du di, loai cdy an qua nhiét d6i quan trong, bang cac phuong phap tin sinh hoc, phuong phap nghién
ctu hién dai, pho bién trong cong nghé sinh hoc hién dai [9].

2. N¢i dung nghién ciru
2.1. Co s¢ dir liéu va phwong phap nghién ciru

* Co so dir lieu hé gene cua cay Pu du

Trinh ty hé gene cua cay Pu du (Carica papaya L.) dugc khai thac tur phytozome V12
(http://www.phytozome.net/) [10].

* Xdc dinh cac gene SAP o cdy Pu du

Mudi bdn protein SAP cua cay A. thaliana [3] dwoc st dung 1am trinh tu khuon do dé tim
kiém céac gene twong dong trén toan hé gene cia cay Pu du bang chwong trinh TBLASTN [11].

* Xay dung cdy pha hé

Céc protein suy dién SAP cia cay Pu du duoc sap ddy bang MAFFT [12] cling c4c protein
SAP cua cay A. thaliana va cay lua. Cay pha hé dugc xay dung nho phan mém MEGA X [13].

* Phan tich in silico cdc gene SAP cua cdy Pu du

Cac dic diém vat i, héa hoc cua cac gene/protein SAP dugc phan tich bang céng cu
ProtParam trén server ExPASy (Expert Protein Analysis System) [14]. Vi tri khu tra duéi té bao
dugc phén tich nho ProtComp 9.0 [15]. Chure nang cta cac gene CpSAP dugc phén tich nho cong
cu agriGO v2.0 [16].

* Phén tich sy biéu hién gene

Sy biéu hién cua cac gene duoc xac dinh qua phan tich dir lisu RNA-seq ciia cay Pu du trong
ngan hang Gene Expression Omnibus GSE130188 [17], gom c6 dit liéu RNA-seq tir mau 4 cay
Pu du trong diéu kién thuong (26°C) (GSM3733617) va trong diéu kién dong lanh ¢ -60 °C sau
qua trinh giam m&i 0,5 °C/ngay trong thoi gian 180 ngay (GSM3733618). Mirc do biéu hién tuong
dbi cua cac gene CpSAP duoc tinh bang cach lay gia tri biéu hién cua gene quan tim (FPKM) &
diéu kién dong lanh chia cho gi4 tri biéu hién cua gene ¢ (FPKM) ¢ diéu kién thuong. Gia tri thu
dugc dugc chuan hoa (chia cho) ti ¢ gitra gié tri biéu hién cua gene elF4E (FPKM) ¢ diéu kién
déng lanh va gid tri biéu hién cua gene elFAE (FPKM) & diéu kién thuong. Gene elF4E duoc
chon lam gene chuan vi gene nay da duoc chizng minh 1a ¢6 mic d6 biéu hién 6n dinh trong céc
diéu kién khac nhau & ciy Pu dii va phil hop dé chuan hda trong cac nghién ciru biéu hién gene &
cac diéu kién khéc nhau ciia cay Pu di [18].

2.2. Két qua nghién ciru va thio luin

2.2.1. Xac dinh ho gene SAP ¢ ciy Pu di

Téng sb 7 gene ¢6 thé ma hoa cho cac SAP duoc xé4c dinh trong hé gene cia cay Pu da (Bang 1).
Kiém tra Pfam [19] cac protein suy di&n chi ra tit ca cac CpSAP cd chira cac viing bao ton AN1-
like Zinc finger (PF01428) trong khi chi 5 trong 7 CpSAP cd chira viing bao ton A20-like zinc
finger (PF01754), ngoai trir CpSAP2 va CpSAPS5. Véi bay gene, du du ¢ s lugng gene SAP it
hon so v&i & cac loai da biét nhu lua (18 gene), A. thaliana (14 gene) [3], ca chua (13 gene) [4],
bong (37 gene) [5], dau twong (27 gene) [6].
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Bdang 1. Cac trinh tu SAP ¢ cay Pu du

Phan Tén GS | PL | MW
Gene Ahom locus (bp) | (aa) | (KD) pl |GRAVY |In|SCL
CpSAP1 | A20-AN1 | evm.TU.supercontig 5.42 | 522 | 173 18,788,90| -0,381 | O (Ii/tl]ilt%
CpSAP2 | AN1-AN1 | evm.TU.supercontig 14.84 | 653 | 187 120,79 8,90| -0566 | 1 | Nucl
CpSAP3 | A20-AN1 | evm.TU.supercontig 29.64 | 507 | 168 | 17,58 |8,82| -0,348 | 0 | Chlo
CpSAP4 | A20-AN1 |evm.TU.supercontig_32.102 | 534 | 177 {19,041 885| -0530 | O %T;
CpsaPs | “S- AN evm TU supercontig_92.40 | 813 270 (2063|891 | -0566 | 0 | Nuc
CpSAP6 | A20-AN1 |evm.TU.supercontig 107.19| 416 | 114 | 13,10/9,95| -0,595 | 1 | Nucl
CpSAP7 | A20-AN1 |evm.TU.supercontig 2168.1| 561 | 186 | 19,80 |9,05| -0,511 | 0 | Chlo

Chii thich: GS = Kich thwéc gen, PL = Chiéu dai phan tir protein, MW = Khéi lwong phan ti protein,
pl = diém dang dién, In = Sé lwong intron, SCL =Khu trii duéi té bao, Chlo: luc lgp, Mito: ti the,
Nucl: nhan té bao

2.2.2. Phan tich dic diém va tién hoa cac SAP & cAy Pu di

Céc gene SAP cua cay Bu du co do dai trinh tu nucleotide khac nhau, tir 416 toi 813 nucleotide. Chi
hai gene, CpSAP2 va CpSAP6 co mét intron, cac gene con lai ma héa lién tuc. bac diém nay ‘tuong dong
v6i phan I6n cac SAP da biét nhu & cy bong [5]. O cay A. thaliana, chi c6 hai gene c6 sb intron I6n
hon 1 1a AtSAP2 (2 intron) va AtSAP14 (3 intron). Tuong tu, & cdy lGa chi duy nhat gene OsSAPS
c6 hai intron [3]. Cac protein suy dién c6 d6 dai tir 114 téi 270 amino acid, khdi lugng phan tir nam
trong khoang 13,10 kDa t6i 29,63 kDa. Céc protein suy dién cd tinh kiém, gié tri diém dang dién (pl) Ii
thuyét cua cac SAP & cay Pu dit kha tuong dong, dao dong tir 8,85 téi 9,95 (Bang 1). Cac dic diém nay
kha gidng vai dic diém cua cac SAP cua cay Lua va A. thaliana [3], Ca chua [4], Bong [5]. Riéng &
cay Pau tuong co ba trong tong sé 27 SAP c6 pl nho hon 7 [6]

0sSAP18

Hinh 1. Cay phd h¢ Maximum-Likehood duwoc thiét Idp tir cAc SAP & cac loai du dii (Cp),
A. thaliana (At) va la (Os) nhé phan mém MEGAX [13] véi 1000 bootstrap lip lai
Gia tri bootstraps dwroc thé hién ¢ goc cua nhanh
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Cay pha h¢ (Hinh 1) cho thay cac SAP ¢ cay Du du dugc Xép vao hai nhém chinh, nhom |
gom phan 16n céac gene (5 trong tong sb 7 gene), trong khi nhém 11 chi goém c6 hai gene, CpSAP2
va CpSAP5. Cac SAP nhém | ¢6 hai viing bao ton A20-AN1, nhém 11 chi ¢6 viing bao ton AN1
(2 ving AN1) ma khéng c¢6 ving A20 (hinh 2). Dic diém nay giéng vai ¢ cay dau twong [6]. Tuy
nhién, & cay Pu du khéng co thanh vién nao mang mét ving bao thit AN1 nhu da dugc tim thay
& cac loai A. thaliana (AtSAP14), la (OsSAP13-OsSAP15), Ca chua (SISAP10), Bbng
(GhSAP15A, GhSAP15B va GhSAP19), dau trong (GmSAP15 va GmSAP17). O Lua va Dau
twong con tim thiy gene chi chira viing bao ton A20 (OsSAP18 va GmSAP23) [3, 5, 6, 20]. Cay
pha hé ciing cho thdy rang cac SAP ¢ cay Pu du da co6 mit tir cly t6 tién chung giira cay mot la
mam va cay hai la mam. Hon nira, & cdy Du di khdng phat hién ra bét cir hién twong nhan gene
nao sau su phat sinh loai. Hién tuong tién héa nay ¢ cay Pu du khac hoan toan so véi & cac cay
IUa, Arabidopsis, ca chua, bong va dau tuong.
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Vung AN1
Hinh 2. Céc trinh tw peptide ciia cdy Pu dii va A. thaliana dwoc sip day béi MAFFT [12]
thé hién rd cac vang bdo ton A20 va AN1
Céac amino acid Cystein va Histidine bao ton dwoc danh ddu bang nén xam

EVNNE: cone

ETNNE COKE

BANS L cone

LANSE cone <
ESGE ERE EADH HIC
{ofalet o] CRrRE CSER HOC
CSRE Cre CCEH HCC
cise ERE EGRH HIC

Hinh 3. So sanh trinh tw peptide ciia CpSAP7 véi AtSAP5 va OsSAP1
Céac amino acid Cystein va Histidine bao ton dwoc danh ddu bang nén xam
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Trong sé cac SAP cua cdy Pu du, CpSAP7 cd cau tric rat twong dong véi AtSAPS va
OsSAP1 (Hinh 3) thé hién hoat tinh E3 ligase, c6 kha ning hoat dong nhu mot tac nhan diéu hoa
duong vai céc stress vo sinh. B&n canh do, CpSAP7 c6 cac amino acid Cystein va Histidine bao
t6n ¢ thé lién quan dén hoat tinh ubiquitin ligase goi y ring CpSAP7 ciing hoat dong nhu mot
ubiquitin ligase, tuong tw nhu GhSAP9A/D ¢ cady Bong [5].

EsvDvE CDRC CLDH H°C cric CPVPREI
EsVDYE CDRE CLDH HIC erLe CPVPRE!
ESVEDE CDRE CLEH HIC crig Crvrce
c c EDRE CLDH EPVSSE
CODPDE EDGE CLEH HIC GETE: CPVKREI
CoHPDC coce CLEH HEC coie CrVREC
crig CLKH HIC
ERDE: CLKH HSE
CrIC CLFH HKC
CKYE CLKH HVE
crve CLKH HOC
CPRE
CPHC:
Ccric:

Hinh 4. So sanh trinh ty peptide ciza CpSAP2, CpSAPS vgi AtSAP11-14
Cac amino acid Cystein va Histidine bao tén dwoc danh ddu bang nén xam

Trong khi d6, trinh tw amino acid cia CpSAP2 rét gidng véi AtSAP12 (Hinh 4), protein von
da duoc ching minh ¢ vai trd trong su diéu hoa biéu hién gene phu thudc oxi hda khir & cac cay
bi stress. Vi cac amino acid Cysteine va Histidine bao ton tuwong tu nhu & AtSAP12, c6 thé
CpSAP2 c6 chirc niang nhu cam bién oxi hoa khir trong dép tng véi stress ¢ cdy du du, tuong tu
nhu GhSAP8A/D ¢ cay Bong [5],

Vi tri khu trd Ii thuyét cua cac protein SAP cua cdy Pu du duoc dy doan nhd cdng cu
ProtComp 9.0, két qua phan tich cho thay c6 ba protein (CpSAP2, CpSAPS5 va CpSAPT) khu tru
trong nhan trong khi ba protein (CpSAP1, CpSAP3 va CpSAP6) nam trong cac bao guan c6 mang
kép (luc lap hoic ty thé) (Bang 1). Riéng CpSAP4 dugc tim thay trong nhan va luc lap. Két qua nghién
ctru ndy tuong dong véi ¢ cay ca chua [4]. Bang thuc nghiém, GmSAP16 di dong thoi duoc phat
hién & trong nhan va té bao chit [6].

2.2.3. Phan tich in silico sy biéu hién gene SAP & cdy Pu di

Sy biéu hién gene SAP cua cdy Pu du duoc trinh bay trong Hinh 5. Tt ca cac gene SAP cua
cay Pu du déu biéu hién ¢ diéu kién dong lanh cao hon so véi & didu kién thuong. Muac do biéu
hién tuong dbi cua cac gene CpSAP1-7 lan luot dat 1,78; 19,23; 3,15; 1,15; 1,40; 4,51 va 1,90.
Nhu vy, gene CpSAP2 phan ng véi diéu kién dong lanh manh nhat trong cac gene nghién cuu,
ké tiép la gene CpSAP6 va CpSAP3. Trong khi d6, gene CpSAP4 phan ting véi diéu kién dong
lanh thap nhat trong ho gene SAP ¢ cay du du. Trong mot so nghién cau gan day, ho gene SAP
da dugc chimg minh c6 dap wng voi mot sb diéu kién stress vo sinh. O cay bong, hau hét trong sb
37 gene SAP, ngoai trir GhSAP19, GhSAP2A va GhSAP2D, déu biéu hién dap tng vai it nhat mot
trong sé cac diéu kién stress vo sinh nhu lanh, néng, han (xu |i bing PEG), va man (NaCl 300
mM) [5] O cay dau twong, da sd cac gene SAP dugc cam @ng boi céc stress vo sinh nhur thiéu
nuéc va man [6]. Két qua nghién ciru biéu hién gene goi ¥ rang cac SAP c6 thé 1a nhom gene tiém
nang cho nhing nghién ctru tiép theo Ve phan ung cua cdy Pu du véi cac diéu kién stress vo sinh
cing nhur trong cac nghién ciru chon gidng, cai tao giéng cay Pu du dép tng véi cAc thay doi cua
moi truong.
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3. Kétlun

Chiing toi da xac dinh duoc 7 gene trong ho gene SAP ¢ cay Pu du va phan tich bang
phuong phap in silico. Cau triic gene va cac dic diém Ii - hda cua cac protein SAP cua cay Pu du
ciing duoc phan tich. Cac SAP cua ciy Pu du duoc xép vao hai nhém, nhém 1 (cé hai viing bao ton
A20-AN1) va Il (chi c6 ving bao ton AN1). Sy biéu hién gene cua cac gene SAP ¢ 14 cay Pu du da
duoc khao sét trong diéu kién thuong va didu kién dong lanh théng qua ngan hang RNA-Seq. Tat
ca cac gene SAP cua ciy Pu di déu biéu hién, va mac do biéu hién tuong di cho thiy cac gene nay
dap (g véi didu kién dong lanh (nhiét do thip), manh nhat 12 gene CpSAP2. Két qua nay co y nghia
I6n, mo duong cho viéc tach dong gene va phan tich chirc nang cua cac gene trong ho SAP ¢ cay
Pu du trong dap tng véi cac diéu kién stress vo sinh khac.

Loi cam on. Cong trinh ndy dwoc hoan thanh véi sy hd trg kinh phi tir chwong trinh nghién
ctu khoa hoc co ban cta Trudng Pai hoc Hing Vuong (Dé tai ma sé: 24/2020/HDKH.HV20-24).
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ABSTRACT

Identification and analysis of stress-assiciated protein (SAP) encoding genes
in papaya (Carica papaya L.) by using in silico methods
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By using the in silico methods, total of seven stress-associated protein encoding genes have
identified in the geneome of papaya (Carica papaya L.). The full-length genomic sequence of
papaya SAP genes were ranging from 416 to 813 nucleotides. These genes had single intron or
were intronless. The predicted protein sequences included from 114 to 270 amino acids, according
to the molecular weight ranged from 13.10 to 29.63 kDa. These proteins were alkaline with a pl
value ranging from 8.82 to 9.95. Based on the protein structure and the phylogeneic analysis, the
papaya SAP were divided into two groups, | (five members) and Il (two members). The papaya SAP
had a highly conserved level of structure including two conserved regions, A20-AN21 (group I),
or AN21 domains only (group Il). RNA-seq analysis showed that all of seven SAP genes
expressed in papaya leaves and were induced by freeze thaw awakening treatment (in comparison
with control treatment). CpSAP2 showed the highest relative expression level in compared to
other SAP genes of papaya. The results of this work have an important significance and are base
of the further research on gene cloning, functional analysis of SAP genes and breeding of papaya
in response to environmental abiotic stresses.

Keywords: gene expression, in silico, papaya (Carica papaya L.), phylogeneic tree, stress-
associated protein (SAP).
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