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XAC PINH VA PHAN TiCH CAC GENE HSP90 O'CAY PU DU (Carica papaya L.)
BANG PHUONG PHAP TIN SINH HQC

Lé Thi Manl, Nguyén Quéc Nam?, Tran Thi Thanh Huyén?’, La Viét H(‘Sng4
va Cao Phi Bang™”~
'Khoa Khoa hoc Ti nhién, Trieong Pai hoc Hing Vicong
2Trwong Trung hoc Co so Kim Pic
3Khoa Sinh hoc, Trieong Pai hoc Sw pham Ha Ngi
*Khoa Sinh - K7 thudt Nong nghiép, Trwong Pai hoc Sw pham Ha Ngi 2

Tém tat. Ho gene HSP90 da duge chimg minh c6 vai tré quan trong dbi véi kha ning
chdng chiu cling nhu sy phat trién cua thyc vét. Bu du 1a cay an qua co gia tri dinh dudng
cao, nguon goc nhiét d6i nhung hién nay duoc trong rong rdi & nhidu ving can nhiét d6i
trén thé gidi. Vi vdy, cay du du phai d6i mit voi nhiéu tic nhan ctia mdi truong trong qua
trinh séng. Nghién ctru nay nhdm xac dinh va phan tich ho gene HSP90 & cdy du du bang
phuong phép tin sinh hoc. Bay gene HSP90 da dugc xac dinh ¢ trong hé gene cua cay du du
(Carica papaya L.) nho sur dung cac phuong phap nghién ctru tin sinh hoc. Cac gen HSP90
ctia cay du du co kich thudc tir 2650 téi 8136 nucleotide, ma hoa khong lién tuc, sé luong
intron tir 2 dén 19. Cac protein suy dién ¢6 kich thudc tir 348 t6i 796 amino acid, khoi
lugng phan tir ndm trong khoang 39,92 kDa téi 90,61 kDa. Trong s bay HSP9O,
CpHSP90-1 va CpHSP90-4 duoce coi 1a cac gene gia (pseudogene) do kich thude cua chung
bé hon so véi cac HSP90 thong thuong va protein thiéu ving bao ton HATPase c. Cac
protein suy dién c6 tinh acid véi pl dao dong tir 4,69 dén 5,42, ngoai tre CpHSP90-1 (pl
7,03). Cin cir vao két qua phan tich cdu tric, vi tri khu tra duorl té bao va cdy pha h¢, cac
HSP90 cia cdy du dii dugc phan chia thanh hai nhom, nhém I (HSP90 té bao chat gom 4
protein) va nhom II (HSP90 bao quan gém 2 protein). Phan tich dir liéu RNA-seq cho thiy
rang cac HSP90 ciia cay du dii ¢6 sy biéu hién khac nhau & cac loai md/co quan khac nhau
& cac giai doan phat trién khac nhau. Trong d6, hiu hét HSP90 cua cdy du di biéu hién
manh & chdi hoa hodc qua & giai doan 2 hodc 3. Trong d6, gene CPHSP90-2 14 gene ¢6 mirc
d6 biéu hién manh nhét, ké tiép 1a CpHSP90-5. Nguoc lai, CoHSP90-1 hau nhu khong biéu
hién hodc biéu hién rét thép 0 cac mo/co quan nay. Tét ca cac HSP90 cua cay du du déu bi
cam ung boi diéu kién dong lanh, trong d6 CpHSP90-1 c6 mirc d§ cam tnmg manh nhét
(12,13 lan), tuy nhién gene nay la mdt gene gia va c6 muc biéu hién co so rit thip.
CpHSP90-2 c6 mirc d§ cam tmg manh (2,81 1an) déng thoi cling c6 murc do biéu hién co s&
16n. Két qua nghién ciru nay co y nghia 16n, 13 co sé cho cac nghién ctru vé tach dong gene,
phén tich chirc ning cua cac gene trong ho HSP90 va chon gidng & ciy du du trong dap g
voi cac diéu kién stress vo sinh ciia mdi truong ciing nhu sy phat trién cta cay du du.

Tir khéa: biéu hién gene, cay du du (Carica papaya L.), cay pha hé, in silico, protein sbc
nhiét 90 (HSP90).
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Xdc dinh va phan tich cdc gene HSP90 ¢ cdy du dii (Carica papaya L.) bang phwong phdp Tin sinh hoc

1. Mé& dau

Céy du du co t€n khoa hoc 1a Carica papaya L. Day 1a loai cdy an qua quan trong dugc
trdng nhidu & ving nhiét d6i va can nhiét d6i. Qua du du chin chira luong 16n tién vitamin A,
vitamin C va cac chét chdng oxi hoa, qua c6 vi ngot, mém [1]. Trong mdi truong sbéng, ciy du
du ludn chiu tic dong cia cac yéu td vo sinh nhu anh sang, nhiét do, ché do nudc, gié ciing nhu
nhiéu tac nhan gy bénh [2].

Céac HSP90 14 tap hop nhom protein sdc nhiét véi khdi lwong phan tir xap xi 90 kDa. Su
diéu hoa biéu hién céc gene ma hoa HSP90 chiu tac dong ctia nhiét d6 ciling nhu mot s6 nhan t&
khéc [3]. HSP90 ciing dugc chi ra co6 chirc nang cua cac phan tir chaperon [4]. Vi vay, HSP90
¢6 vai trd quan trong trong nhiéu qu4 trinh sinh li quan trong ciing nhu truyén tin hiéu stress [3].
Vé cau tric, cac protein HSP90 ¢6 chtra cac vung bao ton & dau N va dau C, giita hai viing bao
ton nay la vung lién két v6i do dai thay doi [5]. Cac gene ma hoa HSP90 di dugc phan tich
trong hé gene cua cac cay Arabidopsis thaliana (7 gene) [6], nho (Vitis vinifera) (7 gene) [7],
dua chudt (Cucumis sativus) (6 gene) [8] va cdy thudc 1a (Nicotiana tabacum) (21 gene) [9].

Nghién ctru nay hudng téi muc tiéu xac dinh va phan tich dic diém cia cac gene HSP90
bang cac phuong phap tin sinh hoc ¢ cay du du, loai cay an qua nhiét déi quan trong. Két qua
nghién ciu la tién dé cho cac nghién ctru Ve chon tao giong loai cdy adn qua co gia tri nay cling
nhu tién dé cho cac nghién ctru sau hon vé chirc nang ctia ho HSP90. Huéng nghién ctru cic ho
gene lién quan dén kha nang chong chiu cia cy du di bang phuong phap tin sinh hoc von da
dugc thyc hién trong nhoém nghién cuu [10].

2. N¢i dung nghién ciru

2.1. Co sé dir liéu va phwong phap nghién ciru
2.1.1. Co s6 dir liéu

HE gene cua cdy du du (Carica papaya L.) dd dugc giai trinh ty [11] va duoc dat trén
server phytozome (https://phytozome-next.jgi.doe.gov/). Dit liéu RNA-seq dugc khai thac dir
liéu 13 co s dir liéu Gene Expression Omnibus, NCBI (https://www.ncbinlm.nih.gov/geo/) cua
choi hoa ¢ hai giai doan phat trién trude (pre-M) va sau (post-M) nguyén phan (GSE137547)
[12], 14 va qua & cac giai doan phat trién (GSE116581) [13] va 14 cdy non duoc xtr li hay khong
xu li boi dong lanh (GSE130188).
2.1.2. Phwong phap nghién ciru

* Xac dinh cac gene HSP90 o cay du du

Chuong trinh TBLASTN [14] dugc sir dung dé tim kiém cac gene trong dong trén toan hé
gene cua cdy du du, st dung bay protein HSP90 ctia ciy A. thaliana [6] lam trinh tu khubn do.

* Phdn tich in silico cac HSP90 cua cdy du du

Céac dic diém vat li, hoa hoc cua cac CpHSP90 duoc phan tich br:Tlng cong cu ProtParam
trén server EXPASyY (Expert Protein Analysis System) [15]. Vi tri khu tri duéi t€ bao dugc phéan
tich nho ProtComp 9.0.

* Xay dung cay pha hé

Céc protein HSP90 cua cay du du, A. thaliana, cdy nho va dua chudt duoc sip day bang
MAFFT [16], cay pha hé duoc xay dung nho phan mém MEGA X [17].

* Phén tich su biéu hién gene

Su biéu hién cua cac gene dugc xac dinh qua phan tich di liéu RNA-seq cua cdy du du
trong ngan hang Gene Expression Omnibus cua choi hoa ¢ hai giai doan phét trién trudc (pre-M)
va sau (post-M) nguyén phan (GSE137547) [12], 14 va qua ¢ cic giai doan phét trién
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(GSE116581) [13], 14 cay non dugc xt Ii hay khong xur Ii boi dong lanh (GSE130188). Mic do
biéu hién tuong dbi cua cac gene CpHSP90 dugc tinh dwa trén gia tri biéu hién caa gene
(FPKM) theo cdng thuc:
_BIC
D/E
Trong do: A: Mikc dg biéu hién nrong doi cia CpHSpI0-x, B: Mikc d6 biéu hién ciia gene CpHSp90-x &
dieu ki¢n dong lanh (FPKM), C: Mdc do bieu hi¢n cua gene CpHSp90-x ¢ dieu kién thuong (FPKM), D:
Mzitc dg biéeu hign cua gene elF4E o diéu kién dong lanh (FPKM), E: Muic dé biéu hi¢n cua gene elF4E ¢
diéu kién thuong (FPKM)
Gene elF4E dugc chon 1am gene chuan vi gene nay da duoc chang minh biéu hign 6n dinh
trong cac diéu kién khac nhau ¢ cay du da va phi hop dé chuan hoa trong céc nghién cau biéu
hién gene & cac diéu kién khéac nhau cua cay du du [18].

2.2. Két qua nghién ciru va thio luin

2.2.1. Xac dinh va phan tich hg gene HSP90 & cay du dua
Bdang 1. Cac trinh ter HSP9O0 ¢ cdy du du

Gene Tén locus Nhém (EFS)) (Z:;) I(\(I(E)A)/ pl | GRAVY | In |SCL
CpHSp90-1 |evm.TU.supercontig_10.56 | 6029 | 348 |3992/7,03| -0,832 | 3 |Cyto
CpHSp90-2 |evm.TU.supercontig_12.106 | 2989 | 699 |80,03|5,00f -0,579 2 | Cyto
CpHSp90-3 |evm.TU.supercontig_29.53 I 2650| 703 |80,80({4,99| -0,604 | 3 |Cyto
CpHSp90-4 |evm.TU.supercontig_64.164 Il |4808| 423 |48,39|4,69| -0,628 | 10| ER
CpHSp90-5 |evm.TU.supercontig_107.112 I 2728 | 703 |80,94/4,96| -0,616 | 3 |Cyto
CpHSp90-6 |evm.TU.supercontig_136.24 Il |6030| 792 |90,01|5,42| -0,525 | 19 | Mito
CpHSp90-7 |evm.TU.supercontig_998.4 Il |8136| 796 |90,61{4,90| -0,585 | 18 | Chlo

Chii thich: GS = Kich thwéc gen, PL = Chiéu dai phan tiz protein, MW = Khdi lirong phan ti protein,
pl = diém ding dién, \n = Sé heong intron, SCL = V; tri khu trii dudi té bao cia protein,
Cyto: té bao chdt, Chlo: luc lap, Mito: ti thé, ER: lwdi ngi chat

Tong s6 7 gene c6 thé ma hoa cho cac HSP90 duoc xac dinh trong hé gene cua cay du du
(Bang 1). Cac HSP90 dién hinh dwoc biét c6 chua cac ving bao ton dic trung HSP90
(PF00183) va HATPase_c (PF02518) [19]. Kiém tra Pfam [20] c4c protein suy dién chi ra tit ca
cac CpHSP90 ¢6 chira ving bao t6n HSP90 (PF00183) trong khi chi nam trong bay CpHSP90
c6 chua vung bao ton HATPase_c (PF02518), ngoai trir CpHSP90-1 va CpHSP90-4. Hai gene
nay vai kich thuéc ngén va thidu vling bao ton nén duoc x4c dinh 1a gene gia (pseudogene). Véi
bay gene, ho gene HSP90 cua cay du du twong duong so véi & cac loai A. thaliana (7 gene) [6],
nho (7 gene) [7], Ién hon so véi dua chudt (6 gene) [8] nhung bé hon so vai cay thude la
(21 gene) [9].

Cac gene HSP90 cua cay du du c6 do dai trinh ty nucleotide khac nhau, tir 2650 t6i 8136
nucleotide (Bang 1). Tt ca cac gene déu ma hoa khong lién tuc, sd lugng intron & cac gene
CpHSP90-1 d¢én CpHSP90-7 lan luot bang 3, 2, 3, 10, 3 19 va 18. O cay A. thaliana, cac gene
co tir 2 dén 19 intron [6]. Tuong tu, & cdy thudc I s intron dao dong tir 3 dén 19 [9]. Céc
protein suy dién c6 do dai tir 348 téi 796 amino acid, khdi lugng phan tir nam trong khoang
39,92 kDa tgi 90,61 kDa, trong d6, hai pseudogene m& hoa cdc protein CpHSP90-1 va
CpHSP90-4 c6 lan luot 348 va 423 amino acid, trong khi c4c protein con lai co tir 699 dén 796
amino acid, khdi lugng dao dong tir 80,03 dén 90,61 kDa. Ngoai trir CpHSP90-1, cac protein
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suy dién c6 tinh acid, gia tri diém dang dién (pl) i thuyét cua cac cpHSP90 dao dong tir 4,69 toi
5,42 (Bang 1). Biéu nay ching to cac CpHSP90 giau cac amino acid c6 tinh acid. Cac dic diém
nay kha trong ddng véi dic diém cua cac HSP9O cua cly A. thaliana [6] va cay thudc 14 [9].

Két qua phan tich vj tri khu tra duéi té bao cho thiy, cé 4 trong tong s6 7 HSP90 cua cay
du du khu trd ¢ trong té bao chat (CpHSP90-1, CpHSP90-2, CpHSP90-3 va CpHSP90-5). Ba
protein con lai niam & cac bao quan nhu lyuc lap (CpHSP90-7), ti té (CpHSP90- 6) va ludi noi
chat (CpHSP90-4). Két qua nghién ctu nay tuong ddng véi ¢ cay A. thaliana, khi c6 cac HSP90
nam ¢ té bao chét (AtHSP90-1 dén AtHSP90-4), luc lap (AtHSP90-5), ti thé (AtHSP90-6), ludi
noi chat (AtHSP90-7) [6].

2.2.2. Phan tich diic diém tién hoa cac HSP90 é ciy du di

Cay pha hé (Hinh 1) cho thay cac HSP90 & ciy du du dugc xép vao hai nhém chinh, nhom |
(gém 4 thanh vién, CpHSP90-1 dén CpHSP90-3, CpHSP90-5), va nhém 11 chi gém 3 thanh
vién con lai, CpHSP90-4, CpHSP90-6 va CpHSP90-7. Phu hop véi phan tich vi tri khu tra dudi
té bao, cac HSP90 nhom | khu tri trong té bao chat, nhém Il chi khu tri & cac bao quan (Bang 1).
Mot cach phan chia khac da dugc miéu ta, cac HSP90 duogc chia thanh 5 nhom, trong d6 cac
HSP90 té bao chat dugc chia thanh hai nhdm trong khi méi HSP90 bao quan & mot nhom khac
nhau [6, 7]. Trong khi dé, trong nghién ctru vé HSP90 cuia cay thudc Ia cho thiy cac HSP90 c6
thé duoc xép vao 10 nhom khac nhau, nhung khéng phai tit ca cic nhom déu cé dai dién cua
A. thaliana [9]. Cy pha hé ciing cho thay ring c6 mét hién tugng nhan gene sau qué trinh phat
sinh loai ¢ cay du du (so véi A. thaliana, dua chuét va nho), hinh thanh nén hai gene CpHSP90-1
va CpHSP90-2.
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Hinh 1. Cay phd hé Maximum-Likehood fiu;ot:‘thiét l@p ter cdc HSP9O0 ¢ cdc loai du du (Cp),
A. thaliana (At) va nho (VIT) nho phan mém MEGAX [18] véi 1000 bootstrap lap lai
Gia tri bootstraps diroc thé hién ¢ goc ciia nhanh
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2.2.3.Phan tich in silico sw biéu hién gene HSP90 ¢ ciy du di
_Két qua phén tich sy bieu hién gene HSP90 ciia cay du du & cc loai m6 khac nhau cling nhu
diéu kién tac dong khac nhau duoc trinh bay trong cac Hinh 2, 3va 4.

AU9-F- AU9-F- AU9-M-  AU9-M- SunUp-H- SunUp-H-
pre-M post-M pre-M post-M pre-M post-M

CpHSPY0-1
CpHSPY0-2
CpHSP90-3
CpHSP90-4
CpHSP90-5
CpHSP90-6
CpHSP90-7
CpelF4E

Til¢ I T 0 .

Hinh 2. Bin dé nhiét thé hi¢n sur biéu hi¢n trong déi ciia cic gene HSP90 6 cdc mé choi hoa ciia ciy du dii
(gid tri log2 cua ti 1¢ neong doi giiza mike dg biéu hién cia gene nghién ciu véi gene Cpel FAE)
AU9: giong du dii AU, SunUp: gidng du dit SunUp, F: hoa cdi, M: hoa dwe, H: hoa lwéng tinh,
Pre-M: truoc nguyén phén, Post-M: sau nguyén phan

Ngoai trir CopHSP90-1, céc gene con lai déu biéu hién ¢ chdi hoa duc, céi va ca ludng tinh
(Hinh 2). Trong d6, CpHSP90-2 biéu hién manh nhét & tat ca céc loai choi hoa. Khi phan tich
sau hon, cac gene CpHSP90-2, CpHSP90-3, CpHSP90-5 va CpHSP90-6 biéu hién manh hon ¢
chdi hoa céi so véi chdi hoa duc va chdi hoa ludng tinh. Trong khi d6, CoHSP90-4 biéu hién ¢
chdi hoa duc manh hon & chdi hoa céi va chdi hoa ludng tinh. CpHSP90-7 biéu hién ¢ hai loai
chdi hoa dyc va cai trong duong va déu cao hon so véi chdi hoa ludng tinh. Sy biéu hién cua
cac gene nay ciing khong giéng nhau theo pha phat trién cua chdi hoa. Cac gene CpHSP90-2,
CpHSP90-4, CpHSP90-6 va CpHSP90-7 biéu hién & hoa cai manh hon trong pha sau nguyén
phan so véi trong pha trudc giam phan. Tuong ty, CpHSP90-5 biéu hién & chodi hoa duc va
ludng tinh manh hon trong pha sau nguyén phan so v6i trong pha tru6c giam phan. Nguoc lai,
gene nay lai biéu hién ¢ choi hoa cai yéu hon trong pha sau nguyén phan so véi trong pha trudc
giam phan. Tuong ty, ba gene CpHSP90-2, CpHSP90-4 va CpHSP90-6 biéu hién ¢ hoa cai va
hoa ludng tinh yéu hon trong pha sau nguyén phén so véi trong pha trudc nguyén phan. Riéng
CpHSP90-3 lubn biéu hién manh hon trong pha truéc nguyén phan so véi trong pha sau nguyén
phan ¢ tit ca c4c loai chdi hoa.

Qué_Giai Qua_Giai Qué_Giai Qui_Giai

La doan_1 doan_2 doan_3 doan_4
CpHSp90-1
CpHSp-2 __“_
CpHSpY%0-3
CpHSp90-4 ____—
CpHSpR-s L
CpHSp90-6
CpHSp%-7
CpelF4E
|
Ti g 8 0 3

Hinh 3. Bin dé nhiét thé hi¢n sy biéu hién twong doi ciia cdc gene HSP90 6 cdc mé ki va qué ciia ciy du dii
(gid tri log2 cua ti 1¢ neong doi giiza mike dg biéu hién cia gene nghién ciu véi gene Cpel FAE)
DPA: ngay sau n¢ hoa
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~ Khi phan tich sy biéu hién cia cac gene CpHSP90 trong md 14 va qua & bén giai doan phat
trién khac nhau, két qua cho thay gene CpHSP90-1 hau nhu khong biéu hién hozc biéu hién rat
yéu & céc loai md nghién ctu (Hinh 3). Sy biéu hién caa CpHSP90-3 dwoc phéat hién & ca 14 va
c4c md qua nhung ciing & muc yéu. Nguoc lai, CoHSP90-2 1 gene biéu hién manh nhét & cac
md nghién ctu. Bén gene CpHSP90-2, CpHSP90-4, CpHSP90-5, CpHSP0-6 va CpHSP90-7
biéu hién manh nhit & mo qua giai doan 2 va giai doan 3 so véi cac loai mo khac.

Su biéu hién khéac nhau cua cc gene theo loai mé ciing nhu theo pha phét trién cho thiy
vai trod dd dang cua cac CpHSP90 d6i voi su phét trién caa du da, dic biét & giai doan phét trién
sinh san. Két qua nay khang dinh cac nghién ctu trude day khi chiing minh CpHSP90 tham gia
vao diéu tiét sy phat trién thuc vat khi biéu hién khac nhau & cac loai md khéc nhau [7, 8].

15 +

Mirc 3 biéu hién gene twong ddi

q“'\ nP'm n“'\' OP)A %Vh' a“b n\":\
& & & & & & &
% R R R R R

Hinh 4. Miic dg biéu hién twong doi ciia cdc gene HSP90 6 K ciy du dii khéng/cé xiv If dong lanh
(gid tri ti 1 tuwong doi giira mitc dé biéu hién cua gene nghién ciru
& diéu kién donglanh/diéu Kién thuwong)

Tat ca cac gene HSP90 caa cay du du déu biéu hién ¢ diéu kién dong lanh cao hon so voi ¢
diéu kién thuong (Hinh 4). Muc d6 biéu hién tuong ddi cua cac gene CpHSP90-1-7 lan luot dat
12,13; 2,81; 1,56; 2,01; 2,25; 1,39 va 1,48. Nhu vay, gene CpHSP90-1 phan tng véi diéu kién
dong lanh manh nhét trong cac gene nghién ctu, ké tiép 13 gene CpHSP90-2, CpHSP90-5 va
CpHSP90-4. Gene CpHSP90-6 phan g véi didu kién dong lanh thap nhét (1,39 lan) trong ho
gene HSP90 & ciy du du. Tuy nhién, can luu ¥ rang, gene CpHSP90-2 va CpHSP90-5 la hai
gene c6 muc biéu hién co so 16n nhat trong ho HSP90 ¢ diéu kién thuong (lan luot bing 348,55
va 135,05 FPKM) (Bang 2).

Bdng 2. Mikc dé biéu hign ciia cac gene HSP90 ¢ ld cdy du dii
trong diéu kién khong/co xi li déng lanh

Gene Khong (’(F“I;'*‘(ﬂ/‘l’)“g lanh 1 o6 xir li dong lanh (EPKM)
CpHSp90-1 1,19 12,79
CpHSp90-2 348,55 868,72
CpHSp90-3 11,02 15,26
CpHSp90-4 17.3 30,8
CpHSp90-5 135,05 269,57
CpHSp90-6 88,65 109,39
CpHSp90-7 19,92 26,19

eIFAE 96,69 85,69
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Nhiéu nghién ctru da dugc chi ra cac HSP90 c6 dap (mg vai mot sb didu kién stress vo sinh.
C6 4 trong 5 gene HSP90 & ciy nho dap ng véi didu kién nhiét do cao (37 va 45 °C) nho [7].
Tuong ty, ca 6 gene HSP90 & cy dua chudt déu dép ung véi diéu kién nhiét do cao [8]. O cay
thudc 14, cac gene NtHSP90-4, NtHSP90-5 va NtHSP90-9 phan tng manh véi nhiét d6 cao
trong khi cic gene khac nhu NtHSP90-6 va NtHSP90-7 khong bi cam ung baéi nhiét do cao [9].
Su biéu hién cua cac gene nay cling c6 dap Ung tuong tu Vi cac diéu kién nhac nhu han, man,
lanh va véi ABA [9]. Két qua nghién ciu biéu hi¢n gene goi y rang cac HSP90 ¢6 thé 1a nhém
gene tiém ning trong cic nghién cuu tiép theo vé phan ng cua cay du du véi cac diéu kién
stress vo sinh cling nhu trong cac nghién ciru chon gidng, cai tao giéng cay du du dap ung Vi
cac thay dbi cia moi truong.

3. Kétluan

Trong hé gene cia cdy du du c6 tong sé 7 gene ma hoa HSP90 dugc xac dinh, trong d6 co
hai gene gia (pseudogene). Cau tric gene va cac dic diém Ii - hoa cua cac protein HSP90 cua
cdy du du ciing duoc phan tich. Ngoai trir hai gene gia, cac HSP90 cua cay du du c6 chiéu dai tir
699 dén 796 amino acid, khdi luong tir 80,03 dén 90,61 kDa. Cac protein CpHSP90 ¢4 tinh acid
va ¢6 ai lyc voi nuoc lon. Cac HSP90 cua ciy du du dugc xép vao hai nhom, nhom | (céc
HSP90 té bao chat) va Il (cac HSP90 bao quan). Su biéu hién gene cua cac gene HSP90 ¢ 14 cay
du du da duoc phan tich tir cic RNA-seq cho thay su biéu hién cua cac gene khac nhau khéng
giéng nhau & cac mo choi hoa cai, dyc va ludng tinh ¢ hai giai doan truéc va sau nguyén phan.
Tuong tu, cac gene nay ciing biéu hién khac nhau trong md 1a va md qua & cac giai doan phat
trién. Trong d6, CpHSP90-2 Ia gene biéu hién manh nhét trong ho HSP90 cia cay du di. Khi
khao sét sy biéu hién trong diéu kién thuong va diéu kién dong lanh théng qua ngan hang RNA-
Seq, tat ca cac CpHSP90 déu biéu hién ting cuong trong diéu kién dong lanh so véi dicu kién
thuong, manh nhat Ia gene CpHSP90-1, nhung gene nay c6 mirc do biéu hién co so rat thap.
CpHSP90-2 biéu hién ting cuong trong diéu kién déng lanh véi mac do gap 2,81 lan-va cé muc
d6 biéu hién co so I6n nhat trong ho HSP90 cila cdy du dii. Két qua nay c6 y nghia I6n, mo
duong cho viéc tach dong gene va phén tich chirc nang cua céc gene trong ho HSP90 & cay du
du trong dap ng vai cac diéu kién stress vo sinh khac.

Loi cam on. Cong trinh nay dugc hoan thanh voi sy h\(’) trg kinh phi tir chuong trinh nghién ctu
khoa hoc co ban ctiia Truong Pai hoc Hing Vuong (D¢ tai ma so: 24/2020/HDKH.HV20-24).
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ABSTRACT

Identification and analysis of HSP90 genes in papaya (Carica papaya L.)
by using bioinformatics method

Le Thi Man®, Nguyen Quoc Nam?, Tran Thi Thanh Huyen®, La Viet Hong*, Cao Phi Bang'
'Faculty of Natural Sciences, Hung Vuong university

2Kim Duc Secondary School, Phu Tho

*Faculty of Biology, Hanoi National University of Education

*Faculty of Biology-Agriculture, Hanoi Pedagogical University N°2

The HSP90 gene family has been shown to play an important role in the tolerance and development
of plants. Papaya, which is a fruit crop with high nutritional value, is native to the tropics but now is
widely cultivated in many subtropical regions of the world. Therefore, papaya plants have to face many
environmental factors during their life. This study aims to identify and analyze the HSP90 gene family in
papaya by bioinformatics method. A total of seven HSP90 genes have been identified in the genome of
papaya (Carica papaya L.) by using the bioinformatic methods. The full-length genomic sequence of
papaya HSP90 genes were ranging from 2650 to 8136 nucleotides, non continuous coding, with number
of intro ranging from two to 19. The predicted protein sequences included from 348 to 796 amino acids,
according to the molecular weight ranged from 39.92 to 90.61 kDa. Among seven CpHSP90, the two
CpHSP90-1 and CpHSP90-4 were considered pseudogenes due to their small size. These proteins were
acidic with a pl value ranging from 4.69 to 5.42, except CpHSP90-1 (pl 7.03). Based on the protein
structure, subcellular localization and the phylogenic analysis, the papaya HSP90 were divided into two
groups, | (cytoplasmic HSP90, four members) and Il (organelle HSP90, three members). Analysis of
transcriptomes showed that the papaya HSP90s were differentially expressed in different tissues at
different development stages. In which, most of the papaya HSP90 is highly expressed in flower buds or
in fruits at stage 2 or stage 3. CpHSP90-2 had the highest level of expression, followed by CpHSP90-5. In
contrast, CoHSP90-1 was not expressed or very weakly expressed in these studied tissues. All of seven
HSP90 genes of papaya were induced by freeze-thaw awakening treatment (in comparison with control
treatment), among them, CpHSP90-1 was strongest induced by stress (12.13-folds), however, it was a
pseudogene and had a very low level of basal expression. CpHSP90-2 had a high induction level (2.81-
folds), and also had a high basal expression level compared to other HSP90 genes of papaya. The results
of this work have an important significance and will serve as a base for the further research on gene
cloning, functional analysis of HSP90 genes and breeding of papaya in response to environmental abiotic
stresses and the development of this fruit crop.

Keywords: gene expression, in silico, papaya (Carica papaya L.), phylogenic tree, heat shock
protein 90 (HSP90).
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