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PHAN TICH HQ GENE KNOX O CAY DUA (ANANAS COMOSUS L.)
BANG PHUONG PHAP IN SILICO

ANALYSIS OF KNOX GENE FAMILY IN PINEAPPLE (ANANAS COMOSUS L.)
BY USING IN SILICO METHODS

Cao Phi Bing
Truong Pai hoc Hung Virong, Phii Tho,; phibang.cao@hvu.edu.vn

Tom tat - Nho st dung cac phwong phéap nghién ciru in silico, tac
gia da xac dinh va phan tich 10 gene KNOX & trong hé gene cla
cay dra (Ananas comosusL.). Can ct vao két qua phan tich cau
trdc va cay pha hé, cac gene KNOX cla cay dira dwoc phan chia
thanh hai phan nhém la phan nhém | (néam gene) va phan nhém I
(nam gene). Cac gene KNOX cua céy dira c6 mirc do béo tdn cao
vé cdu tric exon/intron. Cac KNOX clia cay dira déu cé di bén
trinh tw bao tha dac trwng. Phan tich Gene Ontology cho thay ca
10 gene KNOX clia cay dira déu co vai tro diéu hoa sinh hoc. Phan
tich di¥ liéu RNA-seq cho thay ca 10 gene KNOX clia cay dira déu
biéu hién & tat ca cac mé nghién ctru. Trong d6, nhiéu gene (6/10
gene) biéu hién yéu nhat & hoa khi so v&i cac mé khac. D&c biét,
hau hét cac gene bidu hién manh trong qua & céc thoi ki phat trién
khac nhau.

T khéa - bidu hién gene; cay dia (Ananas comosus L.); cay pha
hé; KNOX; in silico

1. bit van dé

Céc protein KNotted-like homeobOX (KNOX) thudc vé
ho protein ¢6 chira viing bao thu homeodomain. Céc protein
nay c6 cau tric giong voi protein duge md héa boi gene
knottedl dugc phat hién 1an dau & cidy ngo [14]. Dua trén cau
triic cua gene, su biéu hién va cdc phén tich ciy pha hé, cdc
KNOX ¢ thyc vat duoc xép vao ba phan nhom [8, 12]. Phan
nhém I gdm céc gene c6 viing bao ton homeodomain gan
gidng v&i gene KNI (> 71%), cic gene nay biéu hién trong
céc viing giao nhau ciia cac mé phan sinh dinh chdi nhung
biéu hién thip & 14. Cic protein phan nhém I giit vai trd quan
trong trong viéc duy tri chitc nang cua mo phan sinh dinh
chdi va trong qua trinh phét sinh co quan. Cay Arabidopsis
thaliana c6 bén gene ma héa protein phan nhém I 1a KNAT]
(BREVIPEDICELLUS), KNAT2, KNAT6 va STM
(SHOOTMERISTEMLESS). Trong do, STM giit vai tro chu
yéu trong viéc hinh thanh va duy tri mo phan sinh dinh, hai
gene KNATI va KNAT6 tham gia vao viéc duy tri chirc nang
ctia md phan sinh dinh chdi, ddng thoi tham gia diéu khién
su phat trién ciia mam hoa [5, 6]. Phan nhém II gom bdn
gene KNAT3, KNAT4, KNATS va KNAT7 véi dac diém
chung 12 mang mgt intron trong ving ELK, biéu hién da
dang [5]. Phan nhém III chi gdm mot gene KNOXM m&i
dugc xac dinh, md héa protein thiéu ving bao thi
homeodomain va biéu hién & cic viing bén cua cdc tién co
quan va ¢ 16p bao cuia céc co quan thanh thuc [9].

O muc do hé gene hoan chinh, lan luot tdm, muoi va
muoi lam cdc gene KNOX da dugc xac dinh trong hé gene
clia cic cAy hai 14 mam nhu A. thaliana (chin gene), ciy dao
(10 gene) va cy sdi (15 gene), ciy quyt (10 gene), cay dau
cove [1], cAy ngd (12 gene) va cay lda (13 gene) [2, 5; 6, 15].

Cay dira (Ananas comosus L.) 1a ciy trong c6 gid tri
kinh té quan trong nhit trong nhém cdy mong nudc
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(metabolism acid crassulacean, CAM) va la cdy &n trai
nhiét déi quan trong thir hai. Hé gene cuia cay dira dugc giai
trinh ty tao co hdi cho cdc nghién ctru phan tich cAu tric,
chirc niang cua cdc gene, ho gene ctia loai cdy nay, cung cap
thong tin khoa hoc ¢4 gid tri trong cong tic chon tao giéng
[10]. Nghién ctru nay hudng t6i muc tiéu phan tich cac dac
diém ciia cic gene KNOX ¢ cdy dira, mot dai dién dién hinh
ctia thyc vat CAM, bang cac phuong phap tin sinh hoc.

2. Giai quyét van dé
2.1. Trinh tw gene ciia cdy dira

Co so dur liéu vé trinh tu hé gene (phién ban v3) cua ciy dira
duoc lay tr website phyozome (http://www.phytozome.net/)
duoc gidi trinh ty bdi Ming va cong su [10, 11].
2.2. Xdc dinh cdc gene KNOX o6 cdy dira

Céc trinh tu protein KNOX cua cdy lda l4y tir Xiong va
cong sy [15] duogc dung 7lam khuén do, chuong t{inh
TBLASTN duogc str dung dé tim kiém cac gene tuwong dong
trén toan hé gene cua ciy dua.

2.3. Xay dung cdy phd hé

Trinh ty protein suy dién KNOX ctia ciy dira, cdy lda
va A. thaliana duong dugc sap ddy bang MAFFT [7], cay
pha hé dugc xay dyng nho phan mém MEGA7 [8].
2.4. Phdn tich tin sinh hoc cdc gene KNOX ciia cdy dira

Céac dic diém vat 1y, héa hoc ciia cic gene/protein
nghién ctu dugc khao sit nho cidc cong cu ExPASy
ProtParam (Expert Protein Analysis System) [4]. Vi tri khu
tra dudi t€ bao dugc phan tich nhd ProtComp 9.0
(http://linux1.softberry.com/berry.phtml ?topic=protcomp
pl&group=help&subg roup=proloc). Chirc nang cua cic
gene dugc phan tich nhd cong cu agriGO
(http://bioinfo.cau.edu.cn/agriGO) [13].
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2.5. Phén tich sw biéu hién gene

Su biéu hién cta cic gene dugc xac dinh qua phan tich
dir liéu RNA-seq da dugc dat trén ngan hang Sequence

read archive (SRA) (SRX1465561, SRX1465570,
SRX1465592, SRX1465595, SRX1465596,
SRX1465597, SRX1465632, SRX1465633,

SRX1465636) cia ciy dira, dugc 14y tir Ming va cong sy
[10]. Gid tri biéu hién gene duoc tinh bang log1 0(RPKM),
RPKM = Reads per kilo base per million mapped reads
(S6 ban ma phién (ARN)/(chidu dai doan gene ma
héa/1.000 nucleotide x tong s6 ma phién/1.000.000).

3. Két qua nghién ctru va ban luin

3.1. Xac dinh ho gene KNOX ¢ cdy dira

Khi str dung céc protein KNOX cua cay lda lam khudn
do dé chay chuong trinh TBLASTN trén hé gene cua ciy
dira, téc gia di xac dinh dugc tong s6 10 gene c6 thé ma héa
cho ciac KNOX (Bang 1). Kiém tra Pfam [3] céc protein suy
dién chi ra ching c6 chita cdc viing bao thu KNOXI
(PF03790) va KNOX2 (PF03791), Homeodomain
(Homeobox_KN, PF05920) va ELK (PF03789). Khi so vé&i
mot s6 loai ciy khéc, dira ¢6 s6 luong gene KNOX tuong
dwong véi cic cdy hai 14 mam than g& nhu cdy quyt duong
[2], cay dao [6] nhung it hon so v&i cdc cdy mot 14 mam nhu
cay lda (13 gene) va cay ngd (12 gene) [6].

Bdng 1. Cdc trinh tw KNOX ¢ cay dira

Gene Phin nhém| Tén locus GS (bp) | PL (aa) | MW (kD) pI GRAVY NST I SCL
AcKNATI I Aco015871 7834 330 37,55 6,54 -0,74 1 4 N
AcKNAT2 I Aco015873 7486 409 45,14 6,30 -0,75 1 4 N
AcKNAT3 I Aco016892 9254 323 35,83 5,85 -0,73 2 4 N
AcKNAT4 I Aco002548 7080 315 34,92 5,55 -0,66 4 4 N
AcKNATS I Aco012803 10294 327 36,66 5,07 -0,69 5 4 N
AcKNAT6 I Aco004983 5982 391 43,46 6,24 -0,73 7 4 N
AcKNAT7 I Aco016636 3473 304 33,84 5,96 -0,53 8 4 N
AcKNATS8 I Aco006448 5246 437 46,37 5,69 -0,50 14 4 N
AcKNAT9 I Aco008183 4196 342 36,88 5,26 -0,57 19 5 N
AcKNATI0 I Aco028389 7430 335 37,55 5,29 -0,77 2079%* 5 N

Chii thich: GS = Kich thudc gen, PL = Chiéu dai phan nt protein, MW = Khoi lwong phdn ti protein, pl = DPiém da“’ng,dién,
NST = Nhiém sac the, I = So lugng intron, SCL = Khu trii oZu“o"i té bao, N = Nhdn té bao * scaffold 2079: chwa dwoc lap rdp
vao nhiém sac thé nao

3.2. Phaén tich dic diém va cdy phd hé ciia cdic KNOX &
cdy dira

Cac gene KNOX cua cdy dua c6 40 dai trinh ty
nucleotide khac nhau, gene dai nhat (AcKNATS) chira t6i
10.294 nucleotide, trong khi gene ngan nhit (AcKNAT?)
chi c6 c6 3.473 nucleotide. Cac gene nay ma héa cho cic
protein ¢6 d6 dai tir 304 t6i 437 amino acid, khéi luong
phén tir ciia céc protein suy dién nam trong khoang 38,84
kDa tdi 46,37 kDa. Cdc protein suy dién c6 tinh axit yéu
hodc trung tinh, gid tri diém ding dién (pI) 1y thuyét cua
cdc KNAT & cdy dira kha tvong dong, dao dong tir 5,07
t6i 6,54 (Bang 1). Cac dic diém nay kha twong dong véi
dic diém cua cdac KNOX cua cdy quyt dudng [2] va ciy
dau cove [1].

Trinh ty protein suy dién cta cdc KNOX ctia cy dira
dugc déng hang cling véi céc trinh ty tuong dong & ciy A.
thaliana va cdy lda nhd phan mém MAFFT
(https://mafft.cbrc.jp/alignment/server/) dugc st dung dé
tao cay pha h¢ (Hinh 1). Cay pha h¢ gém c6 ba nhanh, trong
d6, AtKNATM tao thanh m{t nhanh riéng, hai nhanh cé
dai dién ctia cic KNOX ¢ cd ba loai. Phan tich ciy pha h¢
cho phép phan chia cic KNOX cua cay daa thanh hai phan
nhém. Phan nhém I gdm c6 AcKNATI, AcKNAT2,
AcKNAT4, AcKNATS va AcKNAT®6, cic protein nay
nam cung nhanh vdi AtSTM, AtKNATI, AtKNAT?2 va
AtKNAT6 cua ciy A. thaliana. Phan nhém 2 gdm nim
protein con lai, ching nim cing nhanh véi AtKNATS3,
AtKNAT4, AtKNATS va AtKNAT?7.
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Hinh 1. Cay phd hé duoc thiét lgp tir cdc KNOX ¢ ba loai A.
thaliana (A1), liia (Os) va dita (Ac) nho: phin mém MEGA7 [8].
Gid tri boottraps dwoc thé hién & go”'c ctia nhdnh. Ti 1¢ xich thé

hién xdc sudat amino acid bi bién déi tai tung vi tri
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Quan sét cdy pha hé ciing cho thay c¢6 thé c6 hai sy kién
nhan gene trén quy mo hé gene xay ra v4i phan nhém 2 cua
ho KNOX ¢ cay dura. Sy kién nhin gene thu nhat hinh
thanh nén hai cip gene paralog AcCKNAT3 (nim trén nhiém
sdc thé s6 2) va AcKNAT9 (nam trén nhidm sic thé sb 19).
Trong khi d6, hai gene AcKNATS (nam trén nhiém sac thé
s6 14) va gene AcKNATI0 (nam trén scaffold_2079) c6 thé
1a két qua cua sy kién nhan gene thir hai. Tuy nhién, trudng
hop cip gene AcKNATS va AcKNATI0 con can dugc kiém
tra d6i v6i cdc phién ban hé gene cdy dira sau, khic phuc
duoc nhiing 16i ghép nbi hé gene hién nay vi scaffold_2079

Gene p-value

AcKNAT3 7.16e-165

-

chi c6 kich thude 16.983 nucleotide va chua dugc ghép vao
nhiém sic thé nao cua cdy dua.

Céc viing bao ton ciia protein suy dién ho KNOX ciia
ciy dira dugc phan tich bang chwong trinh MEME, két qua
cho thiy tit ca cic KNOX cua ciy dira déu mang 4 ving
bao ton: KNOX1, KNOX2, HOMEODOMAIN va ELK
(Hinh 2). Cac motif bao tdn cua cdc ving KNOX1,
KNOX2, HOMEODOMAIN va ELK cua céic protein
KNOX ciing da duogc chi ra trong Hinh 2.
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Hinh 2. Cdc ving bdo tén trong phdn tr protein KNOX cua cdy dita, (A) vi tri twong déi cdc ving bdo ton, (B) motif viing bao ton
KNOX1, (C) motif viing bao ton KNOX2, (D) motif vung bao ton Homeodomain va (E) motif viing bao ton ELK

3.3. Vi tri khu trit dwéi té bao va phén tich chikc ndng ciia
cdc gene
Str dung cong cu ProtComp 9.0 dé dy doan vi trf khu trd
1y thuyét cua céc protein KNOX cuia cdy dira, két qua phan
tich cho thdy tit ca cac protein nay déu c6 vi tri khu trii trong
nhén té bao. Két qua nay ciing phit hop véi két qua phén tich
Mure d6 y nghia va kiéu mi tén so dé

Cpdi 7
Chpdss

cdc KNOX cuia cdy lta va cay duong [15], ddng thoi ciing phi
hop voi cac nghién ciru trude day chirng minh vai tro tidc nhan
diéu hoa phién ma cta cac KNOX [6].

Chtic nang cac KNOX cua cay dira dugc dy doan nho
phan tich ¥ nghia cua gene (Gene Ontology) véi cong cu
agriGO v2.0 [13] (Hinh 3).
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Hinh 3. Phdn tich chirc nang (GO) cua cdc gene KNOX cua cdy dira

Két qua phan tich cho thiy ca 10 gene KNOX cua cdy dira
déu c6 chirc ning trong cac qua trinh sinh hoc khac nhau nhu
céc qua trinh trao ddi chit, cdc qud trinh té bao, diéu hoa sinh
hoc va diéu hoa cdc qud trinh sinh hoc. Cu thé, ca 10 KNOX
ctia ciy dira tham gia vao cdc qud trinh trao ddi cdc hop chat
hitu co, cac chat so cdp, cdc qud trinh sinh téng hop, cac hop
chét chira nito va cic qua trinh trao ddi chit t& bao (cap do 4).
Pic biét, cdc KNOX cua ciy dira thé hién chirc ning diéu hoa
sinh hoc thong qua diéu hoa cac qué trinh trao doi chét va cac
qué trinh té bao ¢ cp do tin cdy cao (cip d69). Két qua nghién
ctru nay khang dinh két qua nghién ctru vé chitc ning cta cic

KNOX ¢ thuc vat [15].
3.4. Phén tich sw biéu hi¢n gene

Su biéu hién gene KNOX cua ciy dira dwoc phan tich
thong qua dir liéu RNA-seq da duoc dat trén hé dir li¢u
SRA cua ciy dua voi cdc md ré, 14, hoa va qua & cac giai
doan phit trién khac nhau (Hinh 4). T4t ca cic gene KNOX
clia ciy dira du biéu hién & tit ca cdc md phén tich trong
ngan hang dir liéu SRA duoc xdy dung bdi Ming va cong
su [10]. Pang chii ¥, khi so sdnh sy biéu hién ciia cling gene
trong cdc loai mo khac nhau, ¢6 t6i 6/10 gene biéu hién
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thdp nhit ¢ hoa, hai gene biéu hién thip nhit & ré
(AcKNAT2 va AcKNAT3), hai gene biéu hién thap nhat &
qué giai doan S1 (AcKNATS va AcKNATI0). Chi duy nhét
gene AcKNAT3 biéu hién manh nhat & hoa trong s cic md
duogc phan tich, cac gene con lai biéu hién manh nhat & qua
(mot trong cac giai doan phat trién). Lan déu tién su biéu
hién cta cac gene KNOX & qué dugc bdo cdo khi phan tich
dir liéu RNA-seq. Trong nhitng nghién ctru trude day, su
biéu hién cua cdc gene KNOX dugc phén tich cha yéu ¢
dinh sinh truédng nhu oA thaliana [5] ¢ cay dau cove [1],

cdy quyt duong [2]. Gan day, su biéu hién ciia cic gene
KNOX & cac md sinh san nhu hoa ciing da dugc xac dinh
nhu & cay dau cove [1], ciy lua [15]. Sy biéu hién cta céc
gene KNOX & tit ca cic md nghién ciru cia cdy dira goi ¥ ring
céc gene nay cd vai trd trong sy phat trién cua cdy dira & céc
giai doan phat trién khac nhau.

R L F 51 $2 S3 54 S5 S7
] -
I B -2

- E——

Hinh 4. Sy biéu hién ciia cdc gene KNOX trong cdc co quan
cua cdy dia (don vi tinh log10 (RPKM), S6 ban ma phién
(ARN)/ chleu dai doan md héa/1.000 nucleotide *
t6ng s6 ma phién/1.000.000)

Chii thich: R = Ré: L = Ld; F = Hoa; SI, S2, S3, $4, S5 va
S7 = Qua o cdc giai doan 1, 2, 3,4, Sva 7.
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4. Két luan

Ho gene KNOX ¢ cay dira da dugc xac dinh va phan
tich bang phuong phap rin sinh hoc. Trong bo gene cua cay
dira ¢6 tong s6 10 gene md héa KNOX duoc xac dinh. Cau
tric gene va cac dic diém cua cdc protein KNOX ciing
dugc phan tich. Dua trén cdy pha hé, c¢6 thé phan loai cdc
gene KNOX cua cdy dira thanh hai phan nhém I va II. Phan
tich Gene Ontology cho thiy cic KNOX cua cdy dira c6
vai tro da dang, nhét 13 chirc nang diéu hoa sinh hoc. Su
biéu hién gene cua cic gene KNOX & ré, 14, hoa va qua dua
& cac giai doan khac nhau da dugc phén tich nho hé dir liéu
RNA-seq dat trén hé¢ dit liéu SRA vén duogc xay dyng béi
Ming va cdng su. (2015). Tét ca céc gene KNOX cua cay
dira déu biéu hién & trong cdc md nghién ciru, tuy nhién véi
mirc d6 khéc nhau tiiy gene va tily mo. Két qua nay c6 ¥
nghia 16n, mé dudng cho viéc tich dong gene va phan tich
chtic nang cua cdc gene trong ho KNOX ¢ cic cdy mong
nuée mot 14 mam khdc.

Lo1 cam on: Cong trinh nay dugc hoan thanh véi sy hd trg
kinh phi tir chuong trinh nghién ctru khoa hoc co ban cua
Truong Dai hoc Hung Vuong.
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