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Ca chép (Cyprinus carpio) 1a loai ca nuéi nudc ngot truyén thong quan trong trong nudi trong
thdy san & nhiéu quéc gia. Chon giong truyén thong két hop di truyén phan tir d6ng vai tro quan
trong trong cai thién toc do sinh truéng, nang cao ning suat va hiéu qua kinh té. Cong nghe
RNA-sequencing duoc 4p dung trong nghién cttu nay dé xac dinh cac SNP khong dong nghia
(nsSNP) tiém ning ctia 2 nhém cé chép lai (sinh truéng nhanh va sinh truéng cham) giira ca
chép thuan Hungary va ca chép thuan Viét Nam. Sau khi gidi trinh tu, tdng s6 reads sau sang loc
dat ~24,6 triéu &@ nhom sinh truong nhanh (FG) va ~24,8 triéu & nhom sinh truéng cham (SG), voi
ty 1é mapping tuong tng la 87,64% va 84,79%. Phan tich xac dinh 333.328 SNP & FG, 453.729 SNP
& SG, trong d6 c6 138.837 SNP chung. Két qua kiém dinh SNP cho thdy, 1.984 SNP c6 y nghia
thong ké lien quan dén khac biét tang trudng, phan bo trén 47 nhiém sic thé. Phan tich chic
nang cho thdy, cac nsSNP chii yéu ndm & cac gen lién quan dén chuyén hoéa cac - bon va nang
luong. Pic biet, 37 nsSNP tiém nang duoc phat hién trong cac gen nhu: Myogenic Factor 6,
Myozenin, Myosin, c6 vai trd quan trong trong phat trién co va ting truéng. Két qua nghién ctu
1a co s& khoa hoc giup cho cac chuong trinh chon giong cé4 chép sinh truéng nhanh & Viét Nam
dat hiéu cao hon.

Tt khoa: RNA-Sequencing, SNP khong dong nghia (nsSNP), c4 chép lai, tinh trang sinh trudng.

1. DAT VAN BE

Ca chép (Cyprinus carpio) la mot trong
nhimng loai ca nudc ngot quan trong nhat trong
nuoi trong thity san ctia thé gioi, dac biét tai khu
vuc chau A. Theo FAO (2022), tdng san luong ca
chép nam 2022 dat 4,7 trieu tan, voi gia tri woc
tinh trén 8 ty USD [1]. Viéc céi thién toc do ting
truéng ctia ca chép thong qua chon giong co y
nghia quan trong trong nang cao niang suat va
hiéu qua kinh té. Phuong phap chon giong két
hop gitta phuong phap truyén théng (dua trén
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thong tin vé kiéu hinh va pha hé) va phuong
phap di truyén phan tir (thong tin vé su sai khac
trong trinh tw ADN - chi thi phén t@) da va dang
duoc tmg dung cho két qua chinh xac va rat
ngan qué trinh chon loc. Gan day, véi su phat
trién ctia cong nghé giai trinh tu thé hé moi bao
gom RNA-sequening, viéc nghién ctu cac da
hinh don nucleotide (SNP) don c6 lién quan dén
gen/protein quy dinh cac tinh trang kinh té
quan trong trong chon giong duoc thuc hién mot
cach hiéu qua va nhanh chong hon, gitp t6i uu
héa qua trinh chon loc/lai tao nham cai thién
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nang suat tmg dung trong linh vuc di truyén
chon giong [2]. Trong do, cac SNP khong dong
nghia (nsSNP - Non synonymous SNP) la nhimg
dot bién don nucleotide xay ra trong viing ma
hoéa ctia gen, dan dén su thay déi axit amin trong
chudi protein, c6 kha nang anh hudng cau truc
protein, tuong tac protein va tac dong dén chic
nang sinh hoc cta gen. Bang cach phan tich
nsSNPs, cac nha nghién ctru c6 thé danh gia moi
lien hé gitta bién déi di truyén va biéu hién kiéu
hinh, tir @6 du doan chinh xac gia tri di truyén
clia cac ca thé trong quan thé. Ngoai ra, nsSNPs
cung cap thong tin quan trong trong nghién cttu
chttc nang gen va co ché diéu hoa sinh hoc, voi
khoang 20 - 30% nsSNPs duoc uwoc tinh cé anh
huéng dén chic ning protein, viéc tap trung
nghién ctu vao cac SNP nay mang lai tiém nang
16n trong viéc cai thién cac giong ca c6 nang
sudt cao va kha nang chong chiu tot [3].

Cong nghé RNA-sequencing da duoc ap
dung trong nhiéu nghién cttu, tao ra duoc bo dir
lieu 16n, nang cao su hiéu biét vé dinh duong,
ting truéng, sinh san, chttc nang mién dich va
kha nang thich tmg voi moi truong cta mot so
loai nuoéi thay san [4 - 6]. Trén ca chép, cong
nghé RNA-sequencing RNA-seq da duwoc ap
dung vao nghién cttu hé gen biéu hién
(transcriptome) cho cac tinh trang vé sinh san va
mién dich [7]; cong b6 co st dit lieu (tong so6
712.042 SNPs) cho cac loai ca chép & Trung
Quoéc [8]. Tuy nhién, cac cd so dir lieu SNP tur
transcriptome nay déu chua chi ra moi lién quan
voi cac tinh trang quan trong (nhu tinh trang
sinh trudng) trong chon giéng ciing nhu nuoi
trong thiy san ctia loai ca chép Cyprinus carpio.

Nghién cttu nay ung dung cong nghé giai
trinh tu toan bo hé gen RNA (RNA-sequencing)
két hop véi phuong phap tin sinh hoc nham xac
dinh cac nsSNP tiém ning, 1a cac da hinh don
nucleotide xay ra trong viing ma héa ctia gen va
dan dén thay déi axit amin trong protein, tir anh
hudéng truc tiép dén tinh trang sinh truong cta
ca chép lai. Két qua nghién ctru sé cung cap co
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s0 khoa hoc cho viéc tng dung cac chi thi phan
t trong chon giong ca chép co toc do ting
tredong cao, gép phan nang cao hiéu qua san xuat
trong nganh nudi trong thity san.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat liéu nghién ctru

Ca chép lai (Cyprinus carpio) (dong ca chép
thuan Hungary x dong ca chép thuan Viét Nam)
duoc san xuat (6 gia dinh full-sib/phép lai) va
nudéi danh gia sinh truong tai Vién Nghién ctu
Nuéi trong Thuy san 1. Cu thé, 40 c4 thé ca chép
lai duoc lua chon cin ¢ vao cac chi tieu danh
gi4 toc do sinh truéng va can nang cta ca chép
lai, s6 mau thu trong méi nhom déu co dai dién
cia moi gia dinh trong phép lai xudi va lai
nguoc. Téng cong 40 mau mo co thit tir hai
nhom ca chép lai da duoc kiém dinh co6 su sai
khéc sinh truong (P value < 0,05) bao gém 20
mau tir nhitng c4 thé thuoc nhom ca chép lai
sinh truong nhanh (FG) (608,5 + 45,44 g) va 20
mau tir nhitng ca thé thuéc nhom ca chép lai
sinh trudng cham (SG) (424,6 + 33,45 g), duoc
thu thap dé giai trinh tv hé gen RNA va phan
tich tin sinh hoc xac dinh cac bién thé. Cat it
nhiat 50 mg mau moé co, bdo quan trong
RNAlater ¢ 4°C cho dén khi tach chiét.

2.2. Phuong phéap nghién cttu

RNA tong s6 duoc tach chiét theo huong
dan ctia TRIsure Plus RNA Purification Kit, duwoc
ap dung dé tach chiét RNA téng so tit cac mau
mo céa chép da thu. D€ giam thiéu cac bién thé
trong qua trinh chuén bi va giai trinh tu thu vién,
dam bao su khac biét mirc do biéu hién gen gitra
cac nhom ca déu 1a do yéu t6 sinh hoc chir
khong phéi do yéu to ky thuat. Cac mau RNA
(cung néng do) sé duoc gop mau (3 - 4 mau cho
1 nhém thu vién), trong nghién cttu nay 3 mau
gop sé duoc xay dung cho 2 nhom kiéu hinh
nhom tang truong nhanh va nhém ting truong
cham, tong so 1a 6 thu vien ¢cDNA. Thu vién
cDNA duoc thiét 1ap bang cach st dung Illumina
Truseq Stranded mRNA Sample Preparation Kit.
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Cac buoc tién hanh duoc thuc hién theo huéng
dan ctia nha san xuat. Kiém tra chat luong thu
vien bang Bioanalyzer (Using DNA High
Sensitive Kit) va qPCR (Using KAPA Library
Qualification Kit). Mau cDNA dugc dua lén hé
thong giai trinh te gen thé hé méi Illumina
MiSeq va thyc hién theo huong dan ctia nha san
xuat. Qua trinh gidi trinh tw Novaseq 100PE
duoc thuc hién boi NOVOGENE
(https://www.novogene.com/amea-en/), mau
duoc gidi trinh tu theo hai chiéu (paired-end) voi
do pha 20 trieu reads. Chat luong cta dir lieu
giai trinh tu duoc danh gia bang cong cu FastQC
v.0.11.2 [9]. Qua trinh loc chat luong va loai bo
cac doan Adapter du thira duoc thuc hién trén
cac cap reads bang cong cu Trimmomatic v.0.32
[10] v6i cac tham s6 co ban nhu sau: Diém chat
luong toi thiéu 1a 30; chiéu dai t6i thiéu 50 bp. Dix
liéu giai trinh tw hé gen RNA sau khi sang loc sé
duoc xuit ra & dinh dang FASTQ, duoc st dung
lam tép tin dau vao dé phat hién cac SNP. Dt liéu
sau khi duoc déng hang bang cong cu can chinh
HISAT?2 [11] véi hé gen tham chi€u ca chép
GCF_018340385.1 (NCBI), sé duogc xac dinh cac
bién thé bang cong cu freebayes [12]. Két qua la
cac da hinh c6 thé c6 trong mau duoc leu triv duoi
dang variant call file (VCF). Sau d6, cac SNP nay
duoc cha giai va du doan anh huong lén gen va
protein bang cong cu snpEff [13].

2.3. Phuong phap xac dinh va sang loc SNP

Sau khi thu duoc cac bién thé tir dir lieu
RNA-sequencing dud6i dinh dang VCF, qua trinh
xac dinh va sang loc SNP duoc thuc hién theo
hinh 1 dé chon cac SNP ¢ do tin cay cao va co
tiém nang sinh hoc. Tat ca cac bién thé 1a dot
bién chén/xo6a (InDels) va bién thé cau trac 16n
(CNVs, inversion, translocation) sé duoc loai bé,
chi gitr lai cac dot bién diém (SNP). Cac SNP
duoc sang loc chat luong dua trén chi s6 QUAL,
dai dién cho xac suat Phred-scaled vé su ton tai
ctia bién thé tai mot vi tri cu thé. Chi cac bién
thé c6 QUAL > 30 duoc gitr lai, twong tng véi do
chinh xac > 99,9% [14]. Do sau doc (DP) thé
hién téng s6 luot doc bao phu vi tri bién thé. Dé

dam bao do phu day dua, cac SNP c6 DP < 30 bi
loai b6 khoi phan tich tiép theo [14]. Dé xac dinh
SNP lién quan dén su khac biét sinh truéng gitra
hai nhom ca chép, kiém dinh Fisher’s exact test
(2 chiéu) duoc thuc hién, két hop tinh toan Odds
Ratio (OR) va hiéu chinh p-value bing phuong
phap Bonferroni. Chi cac SNP c6 p-value < 0,05,
p_adjust < 0,00001 va OR > 2 hoac < 0,5 duoc
xem 1a c6 y nghia thong ké cao. Pdng thoi, tan
so alen toi thiéu (MAF) ciing duoc tinh dé loai
bo cac bién thé hiém.
e — ‘
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Hinh 1. So d6 phurong phap xac dinh va sang loc
SNP khéng dong nghia tiém nang

Tat ca phan tich thong ké duoc thuc hién
bang phan mém SNP tiép tuc duoc phan loai dua
trén tac dong lén chiic nang protein, cac SNP co
tac dong MODERATE duwoc gitr lai, day 1a chinh
la cac SNP khong dong nghia. Danh sach cac
SNP tiém ning sé duoc dua vao nghién ctru cha
gidi chitc nang bing cong cu UniProt
Retrieve/ID mapping va nén tang DAVID
(Database for Annotation, Visualization, and
Integrated Discovery) [15]. Cac thuat ngtt Gene
Ontology (GO) lién quan dén qua trinh sinh hoc,
chttc nang phan tr va thanh phan té€ bao duoc
xac dinh cho cac gen chita nsSNP tiém nang.

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Két qua giai trinh te hé gen RNA va
déng hang hé gen tham chiéu

Két qua giai trinh tu va dong hang voi hé
gen tham chiéu ctia ca chép duoc trinh bay trong
bang 1. Hé gen RNA ctia hai nhom ca chép lai da
duoc giai trinh tw thanh cong tr mau mo co thit.
FG c6 trung binh 52,76 triéu reads va 7,9 Gb dur

NONG NGHIEP VA MOI TRUSNG - KY 1 - THANG 5/2025 71



KHOA HOC CONG NGHE

liéu, cao hon so voi SG (48,15 triéu reads; 7,23
Gb). Hiéu qua giai trinh ty cao & ca hai nhém
(98,5%), chi s6 Q30 > 93%, ty le GC tuong duong
(~48,8%). So reads duoc déong hang dat khoang
24,6 trieu reads moi nhom, voi ty 1é mapping cao
hon & nhom sinh truéng nhanh (87,64% so véi
84,79%). Két qua trong nghién ctru nay twong
dong véi cac nghién ctu gan day trén ca chép.
Nghién cttu trén ba dong ca chép, giai trinh tu tr
mo co va gan nham xac dinh cac gen va con
duong sinh hoa lién quan dén dinh duong da thu

duoc tir 38 - 51 triéu reads voi diém chat luong
Q30 dat trén 95% [16]. Tuong tu, nghién ctu
trén ca chép (Cyprinus carpio rubrofiiscus) & hai
nhom ca 16n nhanh va 1én cham ciing thu duoc
20 - 23 triéu reads, voi ty 1&¢ GC dao dong tir 46,83
- 50,07% va Q30 trén 95,2% [17]. Nhin chung, di
lieu trinh tw RNA-seq c6 chat luong cao, ty lé
mapping hiéu qua, dat yéu cau cho cac phan tich
tiép theo dé xac dinh cac bién thé & hai nhom
sinh trudng trudéng cta ca chép lai.

Bang 1. Thong ke két qua giai trinh tir va dong hang véi hé gen tham chiéu ciia ca chép

Nhom cé chép Nhom sinh treéng nhanh Nhom sinh treong cham
S6 luong Reads* 52.761.616 48.152.444
; + 3.864.102 +4.633.784
Dung luong trinh tir tho (Gb) 7,9+0,6 7,233 £0,74
Hiéu qua (%) 98,54 + 0,68 98,48 + 0,23
Do tin cay Q30 (%) 93,6 £0,69 93,73 £0,95
Ty le GC (%) 48,91 £0,85 48,78 £0,39
Téng so reads dua vao dong 24.598.256 24.861.129
hang (reads) + 849.080 +1.082.078
Ti1¢ mapping v6i hé gen tham 87,64 = 4,7 84,79 + 4,42
chiéu (%)

Nhém c4 sinh trudng chim

333.328 SNP 453.729 SNP

Nhém ¢4 sinh truéng nhanh

138.837 SNP

Hinh 2. S6 luong SNP phat hién trén hai nhom
ca chép

* Ghi chu: S6 lrong reads = tong so trinh trr
cua 2 Ian doc; dung lrong trinh trr tho (Gigabite
-Gb ) = (50 lwong doan trinh tw) x (do dai
chudi), tinh bang Gigabite. Poi voi gidi trinh tu 2
chiéu, do dai chudi bang 150. Hiéu qud = (S6
Irong doan trinh tw sach/So" liwong doan trinh
tw) *100%; Q30: (S6 Iwong base cua gid tri Phred
> 30)/(Tong s6 base). Ty I¢ GC: (56 Irong base
G & C)/(Tong so Iong base).

3.2. Két qua xac dinh SNP

Dua trén hé gen tham chiéu ctia ca chép
GCF 018340385.1 v6i  tong  chiéu  dai
1.680.118.328 bp va 50 nhiém sac thé. Két qua
sau khi goi bién thé da phat phat hién duoc
333.328 SNP cho nhém ca sinh truong nhanh va
453.729 SNP cho nhoém c4 sinh trudng cham. Ca
hai nhém chia sé 138. 837 SNP (Hinh 2) cho
thdy, su tuong déng di truyén nhung ciing phan
anh su khac biét vé so luong bién di riéng biét
cta tirng nhom. Két qua sau khi kiém dinh cac
SNP c6 lien quan dén su khac biét trong sinh
truong gitta hai nhém cd chép sinh trudong
nhanh va sinh truéng chiam s dung Fisher’s
exact test (2-tail test), két hop voi p-adjust bang
phuong phap Bonferroni, da xac dinh duoc 1984
SNP c6 y nghia thong ké (pvalue <0,05 va
(p_adjust) < 0,00001; OR > 2 hoidc < 0,5), trén 47
nhiém sac thé ctia ca chép. Két qua xac dinh
bién thé SNP dua trén RNA-sequencing trong
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nghién ctru nay cho tong s6 SNP goi ra thap hon
so vGi phuwong phap giai trinh te hé gen ADN
trén ca bon (Cynoglossus semilaevis), da goi ra
6.545.735 SNP. Tuy nhién, sau khi kiém sai khac
tan sO alen giita 2 nhom cac bon 16n nhanh va
16n cham bang Fisher exact test lai cho két qua
it hon nghién cttu nay véi 1.206 SNP c6 y nghia
thong ke [18].

PHAN BO CUA 1984 SNP TREN NHIEM SAC THE

012345678 91011121314151617181920212223242526272829303132333435363738304041424344454647

Hinh 3. Biéu @6 phan b6 ctia 1.984 SNP trén cac
nhiém sic thé

Két qua ¢ hinh 3 cho thdy, SNP phan bo

trén cac nhiém sic thé voi mat do va mac do y

nghia thong ké cé su khac biét ro rét. Dac biét,

cac nhiém sic thé s6 6, 10, 14, 17 va 25 c6 nhiéu

SNP véi gia tri —logl0(P—value) cao, goi y cac

Biosynthesis of cofactors
Alanine, aspartate and
glutamate metabolism

Avginine biosynthesisProtein processing in
endoplasmic reticulum

2-Oxocarboxylic acid
Citrate cycle (TCAejabefism

8iGsynthesis of amino acids Uticuitin Meciated
Carbon metabolism proteolysis

Metabolic pathways
ErbB signaling pathway Adrenergic signaling in
cardiomyocyles

Oocyte meiosis

GnRH signaling pathway
Autophagy

Apelin signaling pathway
Insulin signaling pathway

ving nay c6 thé chita nhimg gen hodc yéu t6 di
truyén quan trong lién quan dén dic diém sinh
truong hodc thich nghi cta ca chép. Nguoc lai,
mot s6 nhiém sac thé khac cé cac SNP voi mic
do y nghia thong ké thap, cho thdy moi lién he
yéu hon hoidc khong dang ké (nhiém sic thé so
19, 21 va 42). Cac SNP c6 gia tri P - value cao
nén duoc vu tién trong cac nghién cttu tiép theo
dé xac dinh cac gen tiém nang lién quan dén
tinh trang mong muén, déng thoi lam co sé cho
cac tmg dung trong chon giéng va cai thién
giong ca chép.

3.3. Két qua thong tin gen va cha thich chic
nang cac gen c6 SNP

Tong s6 1984 SNP c6 y nghia thong ke
trong nghién ctu sai khac gitta nhom ca sinh
truong nhanh va nhém ca sinh truéng cham
duwoc phat hién trén 881 gen. Két qua phan tich
chtic nang gen st dung co s¢ dit liéu UniProt va
DAVID [15] 1am r6 hon vai tro ciia cac gen mang
nhitng SNP tiém nang nay, 1a co s dé xuat
nhittng SNP duoc vu tién trong nghién cttu tinh
trang sinh trueong trén ca chép duoc thé hién
trong hinh 4.

Carbon i 9
Cellular ®
Calcium signaling pathway ®
C-type lectin receptor signaling pathway ®
Insulin signaling pathway 2] N. of Genes
utophagy ] o
Adrenergic signaling in cardiomyocytes
Oocyte meiosis | =——————t QL
Apelin signaling pathway { =m0 3
Citrate cycle (TCA cycle){ =0 @ 10
Mitophagy{ — ==———————e
Ribosome|  =———————e -log10(FDR)
Alanine, aspartate and glutamate w2
Fatty acid degradation{ — ==————— .3
Lysine degradation{ —=———
Biosynthesis of amino acids{ — ==————t LK}
2-0 acid
Propanoate metabolism
Aminoacyl-tRNA biosynthesis
P ion
0.0 25 5.0 75 10.0
N. of Genes

@)

Hinh 4. Biéu dé chu giai chttc ning sinh hoc cac gen chira SNP. (a) Biéu d6 mang lién két gitra cac
gen chira SNP. Hai con duong dugc két néi v6i nhau néu ching chia sé 20% s6 gen tré1én. (b) Biéu
d6 so luong gen tham gia trong méi con duong KEGG

Két qua & hinh 4 cho thay, cac SNP chi yéu
nam trong nhom gen lién quan dén con duong
chuyén hoa cac - bon (10 gen), c6 chitc ning
chuyén ho4, téng hop va san xuit nang luong,
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duy tri can bang néi moi [19]. Diéu nay cho thiy,
vai tro trung tAm ctia qua trinh chuyén hoa nang
luong trong diéu hoa sinh truong. Pang chu y,
con duong Insulin signaling pathway (7 gen) cé

- THANG 5/2025 73



KHOA HOC CONG NGHE

vai tro trung tam duoc lién két véi nhiéu con
duong tin hiéu khac nhu: Apelin signaling
pathway, GnRH signaling pathway va ErbB
signaling pathway. Insulin signaling pathway,
duoc xac dinh la mot hé théng tin hiéu quan
trong, linh hoat va c6 nhiéu chitc nang da dang.
Ngoai vai tro chinh trong duy tri can bang duong
huyét, insulin con diéu hoa cac qua trinh quan
trong nhu: Tang trudng, tudi tho, trao d6i chat
trung gian va sinh san [20]. Nghién ctu tac dong
ctia insulin da duwoc thuc hién cho mot s6 loai ca,
da chi ra c6 sy khac biét tuy theo loai va mo, mot
s6 gen liéen quan dén con duong nay nhu:
MAPK/ERK, Akt/PKB va TOR [21]. Ngoai ra,
cac con duong lién quan dén chuyén héa nhu
Citrate cycle (TCA cycle), C-type lectin receptor
signaling va 2-Oxocarboxylic axit metabolism
cling thay xuat hién tir 6 -7 gen, phan anh su
diéu chinh manh meé ctia cac qua trinh chuyén
héa nang luwong. Viéc lam giau cac con duong
Alanine, aspartate and glutamate metabolism va
Arginine biosynthesis cho thdy, su tham gia tich
cuc clia cic axit amin trong can bang néi moéi va
san xuat ning leong. Nghién cttu trén ca chinh
chau Au ciing cho thdy, cac SNP chit yéu nim
trén cac gen lién quan dén cac con duong tin
hieu bao gom: Cic con dudng tin hiéu
MAPK/ERK, tin hiéu canxi va tin hiéu GnRH, co
lien quan dén ting truong va phan anh su thich
nghi voi cac diéu kién song khac nhau ctia ca
chinh [22]. Nghién cttu trén 107 SNP bang cong
nghé GWAS ciing chi ra cac con duong lién
quan dén sinh truéng trén ca chim vay vang cé
lien quan dén t6 chirc bo khung té bao va qua
trinh trao d6i chat [23]. Két qua cho thdy, cac
gen chira SNP khong chi phan b6 ngau nhién
ma con tap trung trong mot sé6 con duong sinh
hoc cu thé, dac biét 1a cac con duong lién quan
dén chuyén hoéa va tin hiéu sinh truéng. Dua
trén tai lieu tham khéo va két qua phan tich
Gene Ontology [24]; cac gen lién quan dén sinh
truéng, trao ddi chat va phat trién co bap duoc
uu tién cho phan tich SNP tiém nang. Dac biét
chu y dén cac gen tham gia vao con duong phat
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trién cau truc co va téng hop protein lién quan
dén diéu hoa trao déi chat trén ca chép.

Tang truong la mot tinh trang da gen, chiu
anh huong bdi cac gen nam trong nhiéu con
duong sinh ly khac nhau, chang han nhu cac con
duong diéu hoa trao d6i chat, phat trién co, hinh
thanh xuwong va kiém soat su thém an, viéc chon
giong MAS dua trén mot vai chi thi phan tt don
1é sé khong hiéu qua trong viéc cai thién cac da
gen nay [25]. Phuong phéap chon giong MAS dua
tréen nhiéu gen lién quan hoac chon giong heé
gen (Genome selection), cho phép danh gia toan
dién tiém nang di truyén bang cach tinh dén tac
dong két hop ctia nhiéu locus trén toan hé gen,
tir d6 giup cai thién do chinh xac trong du doan
va nang cao hiéu qua chon giong doi véi cac tinh
trang lién quan dén ting trudng trong thiy san
[26].

3.4. Cac nsSNP tiém niing lién quan dén tinh
trang sinh truéng

Két qua phan tich SNP can ct vao két qua
Gene Ontology, lua chon trén cac gen va nhém
gen quan trong co lién quan dén tinh trang sinh
treong, nghién ctu dé xuat téng s6 37 nsSNP
twong tmg voi 14 gen c6 tiém nang cho nghién
ctru di truyén lién quan dén su khac biét vé toc
do tang trudng gitta hai nhém ca. Thong tin chi
tiét ctia cac nsSNP duwoc mo ta & bang 2.

Cac nsSNP dang chua y trong nghién ctu
nay bao gom bién thé nsSNP- c.465T>G (lam
thay d6i axit amin p.His155Gln) trong gen
Mpyogenic Factor 6 (MYF6), c6 vai tro quan
trong lién quan dén tinh trang ting trudng &
nhiéu loai dong vat, nhu nghién cttu trén c4 hilsa
(ZTenualosa ilisha) bang phuong phap gidi ma
transcriptome mo co da chi ra Myf6 c6 cé lién
két chirc nang voi cac gen quan trong khac trong
con duong phat trién co, qua do xac dinh duoc 3
SNP lam thay déi axit amin (p.Glu32Gly;
p.Glu48Gly va p.Val67Ala) gitta cac nhom ca
tang truong cham va ting truong nhanh cé tiém
nang st dung lam chi thi phan tir dé phan biét
gitta cac loai ca tang truéng cham va nhanh [27].
Cac SNP nam trong viing ma hoéa ctia gen Myf6
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clia ca ro phi van duoc bao cdo cé lién quan dén
cac dac diém vé chiéu dai va can ning ca, la
nhitng chi thi quan trong trong chon giéng ca ro
phi sing truéng nhanh [28]. Myf6: nsSNP-
¢.465T>G c6 tan so alen thiéu s6 khac biét gitra
hai nhém ca (MAF = 0,45 trén nhom ca sinh
truong cham va MAF = 0,19 trén nhém ca sinh
truong nhanh); cho thay dot bién nay mac du
duoc quan sat thdy trén ca hai nhom ca, tuy
nhién xuat hién phé bién hon & nhom ca sinh
truong cham.

Cac SNP ciing dugc bao cao cho MEF'trong
nghién ctu chon loc nhan tao ca ngua van dua
trén kich thuoc ca thé [29]. Bién thé nay lai duoc
quan sat xuat hién phé bién hon & nhém ca sinh
treong nhanh véi MAF = 0,39 so voi tan so alen
toi thiéu rat thap MAF = 0,02 & nhom ca sinh
treong cham. Hai gen MYF6va MEF2 déu c6 vai
tro quan trong trong qua trinh sinh hoc phat
trién va biét hoa co xuong (Myogenesis), anh
hudng truc tiép lén sinh truong va phat trién ctia
ca.

Bang 2. Thong tin cac nsSNP tiém ning cho nghién citu sinh trudng trén ca chép lai

Nhém ca Nhém ca
Kiéu thay " . | sinhtruong | sinh truong
STT | Vitri SNP trén NST Teén gen thé Klzzitlgzi;he nhanh cham
nucleotide Kiéu MAF Kieu MAF
gen gen
1 NC_056579.1-10532428 GLS2A c.76A>G p.Ile26Val T/C | 0,39 | C/C | 0,11
2 NC_056581.1-16456014 | MEF2CA c.1340C>A p. Thrd47Asn G/T | 039 | T/T | 0,02
3 NC_056575.1-14637504 MYF6 c.465T>G p.His155GIn G/G| 019 | T/G | 045
4 NC_056608.1-14758333 | MYOZIB c.433A>G p.Asnl45Asp | T/C | 043 | C/C | 0,11
5 NC_056619.1-7112923 MYBPHA c.95T>C p.Val32Ala Cc/C 0 T/C | 0,37
6 NC_056602.1-21802374 MYH c.3457T>G p.Ser1153Ala | A/C | 049 | C/C 0
7 NC_056581.1-16741859 MYOISB ¢.5386A>G p.Argl796Gly | G/G 0 A/G | 0,46
8 NC_056581.1-16710640 c.454T>A p.Ser152Thr A/A 0 T/A | 042
9 NC_056602.1-21738773 c.2274G>C p.Leu758Phe | C/G | 0,31 | G/G 0
10 NC_056602.1-21738904 c.2143A>G p. Thr715Ala T/C 0,5 Cc/C 0
11 NC_056602.1-21740534 ¢.513G>T p.Trp171Cys C/A| 032 | A/A 0
12 NC_056602.1-21740292 PERMI c.755C>A p.Ser252Tyr G/T | 036 | T/T | 0,02
13 NC_056602.1-21740713 c.334G>T p.Gly112Trp C/A | 032 | A/A 0
14 NC_056602.1-21740322 c.725C>T p. Thr242Met G/A | 038 | A/A | 0,02
15 NC_056602.1-21739572 c.1475A>T p.Glu492Val T/A | 0,45 | A/A 0
16 NC_056602.1-21739146 c.1901C>A p. Thr634Asn G/T | 045 | T/T 0
17 NC_056602.1-21739263 c.1784A>T p.Lysb95lle T/A | 0,49 | A/A 0
18 NC_056588.1-933928 ADSS1 ¢.1110A>T p.Glu370Asp A/T | 031 | A/T | 043
19 NC_056588.1-933971 c.1153A>G p.Jle385Val A/G| 031 | A/G | 043
20 NC_056578.1-39568680 ¢.3437G>C p.Glyl146Ala | C/G | 0,39 | G/G 0
21 NC_056578.1-39570023 ¢.2094C>G p.Asp698Glu G/C 0,5 C/C 0
22 NC_056578.1-39570446 | SYNPOZA c.1671T>A p.His557GIn A/T | 029 | A/T 0,3
23 NC_056578.1-39569215 ¢.2902G>C p.Glu968GIn C/G| 034 | C/G 0,3
24 NC_056578.1-39569161 ¢.2956G>A p.Glu986Lys Cc/T | 038 | C/T 0,3
25 NC_056578.1-39569152 ¢.2965T>G p.Ser989Ala A/C | 038 | A/C | 0,32
26 NC_056603.1-41164083 c.2422G>A p.Ala808Thr C/T | 046 | C/T | 0,17
27 NC_056603.1-41162964 | SYNPOZL | c¢.3541G>A p.Vall181lle C/T | 042 | C/T | 0,22
28 NC_056603.1-41161880 ¢.4625C>G p.Alal542Gly | G/C | 0,45 | G/C | 0,25
29 NC_056603.1-41163621 ¢.2884C>A p.His962Asn G/T | 045 | G/T | 0,25
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30 | NC_056620.1-20326784 c.20111A>G | p.His6704Arg | A/G | 048 | G/G 0
31 | NC_056620.1-20313832 OBSLI c.15564A>T | p.Glub188Asp | A/T | 046 | T/T 0
32 | NC_056620.1-20313909 c.15641T>A | p.Phe5214Tyr | T/A | 0,38 | A/A 0
33 | NC_056620.1-20312997 c.14729A>T | p.Glu4910Val | A/T | 043 | T/T 0
34 | NC_056598.1/2173700 MYLK3L c.861C>G p.Asp287Glu | C/C | 0,07 | G/C | 0,35
35 | NC_056598.1/2173536 c.1025C>A p-Thr342Lys | T/T | 0,09 | G/T | 0,39
36 | NC_056598.1/2173516 c.1045C>A p.His349Asn | T/T | 0,09 | G/T | 0,37
37 | NC_056578.1-6639735 ACTN3 ¢.285A>G p.Phe876Leu | A/G | 026 | A/G | 03

Ghi chii: GLS2A (Glutaminase 2, mitochondrial-like A), MEF2CA (Myocyte Enhancer Factor 2C
A-dike), MYF6 (Myogenic Factor 6), MYOZIB (Myozenin 1b), MYBPHA (Myovsin Binding Protein
H A-like), MYH (Myosin Heavy Chain), MYOI18B (Myosin XVIIIB), PERM1 (PPARGCI va ESRR-
induced Regulator, Muscle 1), ADSSI (Adenylosuccinate Synthase 1), SYNPOZA (Synaptopodin
2A), SYNPOZL (Synaptopodin 2-like), OBSLI (Obscurin-like 1), MYLK3L (Myosin Light Chain

Kinase 3-like), ACTN3 (Alpha-actinin-3).

S6 luong nhiéu cac nsSNP c6 y nghia thong
ké phat hién duoc trén gen PERMI1 (9 nsSNP)
va SYMPO?2 (10 nsSNP) véi tan so6 alen thiéu s
l6n hon & nhém ca sinh truéng truéng nhanh
(MAF cua céa sinh truong nhanh = 0,29 - 0,5 va
MAF cua ca sinh truéng cham = 0 - 0,32), cho
thay cac chi thi SNP nay c6 thé duoc st dung dé
dai dién cho nhém ca chép sinh truéng nhanh.
Vé chttc nang sinh hoc, hai gen PERMI va
SYNPO2 @éu tham gia vao qua trinh
myogenesis; PERM11a mot protein dac hiéu cta
co, duoc kich hoat boi PGC-1a va ERRs, co vai
tro quan trong trong diéu hoa gen lién quan dén
chuyén hoa nang luong, sinh téng hop ty thé va
chitc nang co co. Su suy giam PERM I lam giam
kha nang ho hap cta té bao co va anh huong dén
qua trinh sinh tong hop ty thé [30]. SYNPO21a
mot protein tham gia vao viéc duy tri ciu trac té
bao va ho tro phat trién co bap ciia Myogenesis,
dac biét trong cac té bao co. N6 diéu chinh sy
phan chia t€ bao va phat trién mo, anh huong
dén toc do tang trudng cua ca. SYNPOZ ciing c6
vai tro trong viéc tng pho voi stress sinh 1y, duy
tri su 6n dinh cta té bao trong moi truong khac
nghiét [31, 2].

Téong s6 08 nsSNP ciing duwoc dé xuat cho
nhom gen (MYOZIB. Myozenin 1B; MYBPH:
Myosin Binding Protein H; M YH: Myosin Heavy
Chain va MYOI8B: Myosin XVIII B) lién quan
dén chtc nang phat trién mo co, ndm trong con
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duong sinh hoc t€ bao muscle cytoskeleton, bao
gdém cac bhién thé: MYOZIB: c.433A>G
(p.Asn145Asp); MYBPH: c.95T>C (p.Val32Ala);
MYH: ¢.3457T>G (p.Ser1153Ala); hai SNP trén
MYOIS8B: ¢.5386A>G  (p.Argl796Gly) va
c.454T>A (p.Serl52Thr); ba SNP trén gen
MYLK3L: ¢.861C>G (p.Asp287Glu), ¢.1025C>A
(p.Thr342Lys), c.1045C>A (p.His349Asn). Tan
so alen thiéu so ciing cho thay c6 su khac biét
dang ké gitta nhom ca chép sinh truéng nhanh
va nhom ca chép sinh truéng cham cho cac
nsSNP nay, cac bién thé tren MYBPH, MYO1SB,
MYLK3L (MAF = 0,35 - 0,46) c6 phé bién hon
cho nhom ca sinh truéng cham, trong khi cac
bién thé tren gen MYOZIB (MAF = 0,43) va
MYH (MAF = 0,49) 1a phé bién hon trén nhom
ca sinh truéng nhanh. Ho gen Myosin da duogc
nghién cttu chiic nang trong qua trinh phat trién
va moi lién két voi cac tinh trang nhu: Sinh
treong nhanh, chat luong mo co, thich nghi véi
nhiét do trén nhiéu loai ca bao gom ca chép [32];
ca héi [33]; ca qué (Siniperca chuats) [34]...
Cac nghién cttu vé SNP trén cac gen ho Myosin
ciing duoc bao cao lién quan dén tinh trang sinh
truéng trén cac loai ca, nhu chi thi SNP gay thay
d6i cau trac protein (Tr40Ser) trén gen myosin
heavy fast skeletal nam trén LG6 cia cac bon
(Scophthalmus maximus) duoc bao cao co sai
khac tan s6 alen giita nhom ca sinh trudng
nhanh va cham [35].
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Mot so6 gen c6 xac dinh duoc cac nsSNP co
y nghia trong nghién ctu nay la ADSS
(Adenylosuccinate ~ Synthase), GLS2A
(Glutaminase 2A) va OBSL (Obscurin-like) cing
c6 vai tro quan trong lién quan dén sinh truong
clia c4; tuy nhién chua c6 nhiéu nghién cttu bao
cao cho cac chi thi phan t cho cac gen nay. Gen
Obscurin-like dic trung & nhom c4 sinh truéng
nhanh b4o cdo trén c4 ngua van cling mo ta day
la cac gen co kich thudc 16m, cé lien quan dén
ciu trac va cac yéu t6 phat trién mo co. Gen
ADSS1 c6 chiic nang lién quan dén dieu hoa
phat trién co da duoc bao cdo & dong vat co vu
va ca ngua van (Park va cs (2016); Li va cs
(2007); trén ca chép, gen ADSSI nam trén QTL
cho khoi lwong co thé tai linked- group 41 da
phat hién duoc mot SNP tiém nang, tuy nhién
van can xac nhan thém vé quan hé ctia gen nay
vOi cac tinh trang tang truong [36]. GLSZala mot
gen ma héa enzyme glutaminase 2 trong ci va
nhiéu loai dong vat khac, déng vai tro quan
trong trong viéc van chuyén nito, cac - bon va
chuyén hoa. Chirc nang va biéu hién ctia gen nay
da duoc bao cao trén ca chép [37]; nghién ctu
tréen ca diéc tam boi (Carassius auratus) cho
thdy dinh duong c6 anh hudng lén hoat dong
cua gen GLS [38]; trong khi nghién ctu trén ca
qué (Siniperca chuatsi) chi ra chicc nang phan tix
ctia GLS trong mién dich [39]; cho thdy vai tro
ctia GLS trong céac con duong chuyén hoa nang
luong tir d6 lien quan dén chic nang phan tit ctia
cac con duong sinh hoc khac, cac SNP trong gen
nay GLS chua duoc bao cdo cho phan tich tinh
trang sinh truong cho cac loai ca.

Phan tich chic ning gen cho thdy, tiém
nang ctia cac nsSNP nay trong viéc nghién ctru
co ché di truyén cua tinh trang sinh truong trén
ca chép lai & Viet Nam, qua d6 co thé xay dung
duoc cac chi thi hodc bo chi thi cho tinh trang
sinh trudéng, tng dung quan trong trong chon
giong, cho phép chon loc cac ca thé co toc do
ting trudong cao hon va cai thién nang suat nuoi
trong thay san.
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4. KET LUAN VA BE NGHI

Dt liéu toan bo hé gen RNA tir hai nhém ca
chép lai sinh truong nhanh va cham da duwoc giai
trinh ty va dong hang thanh cong véi hé gen
tham chiéu, ty 1é mapping dat mitc cao, ddm bao
chat luong co so dir lieu phuc vu cho cac phan
tich cac SNP. Két qua da xac dinh duoc téng so6
333.328 SNP cho FG va 453.729 SNP cho SG va
chia sé 138.837 SNP chung cho ca hai nhém
mau. Qua trinh sang loc va kiém dinh SNP da
xac dinh duoc téng s6 1.984 SNP c6 y nghia
thong ke va lien quan dén su khac biét trong
sinh trudéng gitra hai nhém ca chép sinh truéng
nhanh va cham, phan b6 trén 47 nhiém sic thé.
Phan tich chic ning gen ontology cho thay,
nsSNP duoc phat hién trén nhém cac gen lién
quan dén con duong chuyén hoa cac - bon, co
chtc nang chuyén hod, téng hop va san xuat
nang luong, duy tri can bang noi moi. Tong s6 37
nsSNP tiém nidng quan trong duoc xac dinh trén
14 gen c6 vai tro trong qua trinh phat trién co
bap va chtic nang chuyén hoéa niang luong, tac
dong lén qua trinh sinh truong, phat trién ctia ca
chép. Day 1a nhimng bién di di truyén quan trong
c6 tiém ning dé nghién ctu tng dung trong
chon giong.

Nghién ctru trong twong lai can tiép tuc
kiém dinh cac nsSNP trén cac nhom mau l6n
hon, nghién cttu anh huéng dén biéu hién kiéu
hinh sinh truéong, qua d6 xay dung chi thi/bo chi
thi phan tit hitu ich cho chuong trinh chon giong
c4 chép lai sinh truwong nhanh trong tuong lai.
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IDENTIFICATION OF POTENTIAL NON-SYNONYMOUS SNPS ASSOCIATED WITH GROWTH
TRAITS IN HYBRID COMMON CARP USING RNA-SEQ
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1 Research Institute for Aquaculture No. 1
2 Vietnam Japan University, Vietnam National University, Hanoi
3 Vietnam Academy of Science and Technology
Abstract

Common carp (Cyprinus carpio) is a traditionally important freshwater aquaculture species in
many countries. Conventional selective breeding, when combined with molecular genetics, plays
a crucial role in improving growth rate, productivity, and economic efficiency. This study applied
RNA-sequencing technology to identify potential non-synonymous single-nucleotide
polymorphisms (nsSNPs) in two hybrid carp groups (fast-growing and slow-growing), derived
from crosses between pure Hungarian and Vietnamese carp lines. After sequencing, the total
number of filtered reads was approximately 24.6 million in the fast-growing group (FG) and 24.8
million in the slow-growing group (SG), with mapping rates of 87.64% and 84.79%, respectively. A
total of 333,328 SNPs were identified in FG and 453,729 in SG, with 138,837 SNPs shared
between the two groups. Statistical analysis revealed 1,984 SNPs significantly associated with
growth differences, distributed across 47 chromosomes. Functional annotation indicated that
most nsSNPs were located in genes related to carbon and energy metabolism. Notably, 37
potential nsSNPs were detected in genes such as Myogenic Factor 6, Myozenin, and Myosin,
which are known to be involved in muscle development and growth regulation. These findings
provide valuable insights and a scientific foundation for improving the efficiency of fast-growing
common carp breeding programs in Vietnam.

Keywords: Hybrid common carp, growth traits, nonsynonymous SNP (n1sSNP), RNA-Seq.
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