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Abstract

Soybean [Glycine max (L.) Merrill] is an important annual legume crop grown
and consumed all over the world. Soybean seeds contain high oil and protein contents
which are important nutritional sources for human consumption and animal feed.
However, soybean production is threatened by many diseases, one of which is powdery
mildew caused by fungus Erysiphe diffusa (Cooke & Peck). This disease has been found
in most of soybean producing countries including Vietnam. Soybean powdery mildew
inhibits plant growth and development, reduces yield, quality and seed germination.
Under the optimal conditions for fungal growth, powdery mildew can cause the crop

yield loss up to 60%.

Using disease-resistant varieties has been considered as the most effective
method to prevent crops from powdery mildew. In order to generate these varieties,
besides identifying and utilizing the resistance genes, another potential way is to reduce
the impact of susceptibility genes. The Mildew Locus O (MLO) genes are well-known
susceptibility genes for powdery mildew in plants. They encode seven-transmembrane
domain proteins located in the plasma membrane and required for susceptibility to
powdery mildew infection. Recently, the targeted induced ML O mutations generated by
different mutagenic approaches, such as RNAi, TALLEN and CRISPR showed
complete or enhanced resistance to powdery mildew in different important crops such
as wheat, Arabidopsis, and tomato. In soybean, 39 GmMLO genes were previously
predicted but their respective functions have not been defined. Six out of 39 GmMLO
genes, including GmMLO02, GmMLO10, GmMLO18, GmMLO19, GmMLO20, and
GmMLOZ23, were identified to be orthologs of three AtMLO genes (AtMLO2, AtMLO6,
AtMLO12), which play a crucial role in conferring resistance against powdery mildew

in Arabidopsis.

In this study, we aimed to develop and apply CRISPR/Cas9 systems to induce
mutations of these GmMLO genes for improving powdery mildew resistance in a
Vietnamese elite soybean cultivar PT26. A dual-sgRNA CRISPR/Cas9 construct was
designed and successfully transferred into soybean cultivar DT26 through

Agrobacterium tumefaciens-mediated transformation. Various mutant forms of the
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GmMLO genes, including biallelic, chimeric and homozygous, were found at the TO
generation. The inheritance and segregation of induced mutations were confirmed and
validated at T1 and T2 generations. Out of six GmMLO genes in the soybean genome,
we obtained the Gmmlo02/Gmmlo19/Gmmlo23 triple and
Gmmlo02/Gmmlol19/Gmmlo20/Gmmlo23 quadruple knockout mutants at the T2
generation. When challenged with Erysiphe diffusa, a fungus that causes soybean
powdery mildew, all mutant plants showed enhanced resistance to the pathogen,
especially the quadruple mutant lines, which were 3.1-3-41 and 3.1-5-44. The reduction
in disease severity of mutant soybeans could reach up to 36.4% as compared to wild-
type plants. The density of conidia per leaf area of the mutant lines decreased by 1.5-4
times compared with the control. In addition, fungal hyphae grew more slowly on the
leaf surface of mutant lines. The lower production and late germination of fungal conidia
were also observed on mutant soybean leaves. This improved resistance was confirmed
to be stably maintained across generations. Moreover, the Gmmlo mutant plants
exhibited no pleiotropic effects on soybean growth and development as well as
nutritional composition of the seeds under net-house conditions compared to wild-type
plants. In particular, we obtained potential homozygous mutant lines that showed

enhanced resistance to powdery mildew and were transgene-free at the T2 generation.

This is the first report on generating simultaneous mutations of multiple MLO
genes in soybean using the CRISPR/Cas9 system. Our results indicate the involvement
of GmMLO02, GmMLO19, GmMLO20 and GmMLOZ23 genes in powdery mildew
susceptibility in soybean. The various targeted mutations of MLO genes created through
the CRISPR/Cas9 system (deletion, insertion) are important materials for soybean
breeding as well as for research on GmMLO gene function and interaction related to
powdery mildew resistance in soybean. In addition, these GmMLO mutations can be
used in further studies to evaluate the resistance to other fungal diseases in soybean.
Further research should also be conducted to investigate the roles of individual tested
genes and the involvement of other GmMLO genes in this disease infection mechanism.
Importantly, utilizing the CRISPR/Cas9 system successfully created the Gmmlo

transgene-free homozygous mutant lines (3.1-3-41 and 3.1-5-44) with enhanced
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resistance to powdery mildew, which could be potential materials for soybean breeding

programs.
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Tém tit

Dau twong [Glycine max (L.) Merrill] 13 ciy ho dau quan trong, dugc trong va
tiéu thu rong rii trén toan thé gidi. Hat dau twong chira ham luong dau va protein cao,
1a nguén dinh dudng quan trong cho con ngudi va thirc an chan nudi. Tuy nhién, san
xuét dau tuong dang bi de doa boi nhiéu loai bénh, trong d6 c6 bénh phén tra"lng do ndm
Erysiphe diffusa (Cooke & Peck) gy ra. Bénh nay di dugc ghi nhan tai hau hét cac
qudc gia trong dau turong, bao gdm ca Viét Nam. Bénh phén tring trén dau tuong giy
can tré sy sinh trudng va phat trién cta cay, lam giam ning suit, chat luong va ty 1é nay
mam cua hat giéng. Trong diéu kién thuan lgi cho su phat trién ctia ndm, bénh phén

trang c6 thé gay ton that ning suit 1én dén 60%.

Viéc str dung cac gidng ciy khang bénh dugc xem 1a phuong phap hiéu qua nhat
dé phong ngira bénh phan trang trén ciy trong. Dé tao ra cac gidng khang bénh nay, bén
canh viéc xac dinh va khai thac cac gen khang, mdt hudng tiép can tiém nang khac 1a
lam giam tac dong ciia cac gen nhidm. Cac gen Mildew Locus O (MLO) dugc biét dén
1a nhirg gen nhiém ndi bat nhat d6i voi bénh phén tring & thyc vat. Chung ma hoa céac
protein c6 bay ving xuyén mang ndm trong mang sinh chat va can thiét cho su xam
nhiém cta ndm phan tring vao cdy trong. Gan day, cac dot bién dinh hudng trén nhom
gen MLO duogc tao ra biang nhiéu phuong phap giy d6t bién khic nhau nhu RNAI,
TALEN va CRISPR di cho thiy kha ning khdng hoan toan hoic ting cuong tinh khang
d6i v6i bénh phan tring & nhiéu loai cdy trong quan trong nhu laa mi, Arabidopsis va
ca chua. O cay dau tuong, 39 gen GmMLO da duogc tim ra, tuy nhién chlrc nang cu thé
clia cac gen ndy van chua duoc xac dinh. Sau trong sb 39 gen GmMLO, bao gdm
GmMLO02, GmMLO10, GmMLO18, GmMLO19, GmMLO20 va GmMLO23, da dugc
chi ra 1a cac gen twong ddng véi ba gen AIMLO (AtMLO2, AIMLOG, AIMLO12), vén
dong vai trd quan trong trong viée tao kha ning khang bénh phan tring & Arabidopsis.

Nghién ctru ndy cua chung t6i dugc thuc hién nham phat trién va ung dung hé
thdng CRISPR/Cas9 dé gy dot bién cac gen GmMLO nham cai thién kha ning khang
bénh phan trang ¢ giong dau tuong wu ti cua Viét Nam - DT26. Mot cau tric
CRISPR/Cas9 mang hai doan sgRNA (dual-sgRNA) di duogc thiét ké va chuyén thanh

cong vao gidng dau twong DT26 thong qua phuong phap bién nap st dung vi khuan
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Agrobacterium tumefaciens. Nhiéu dang dot bién khac nhau cta cac gen GmMLO, bao
gdm dot bién nhi thé (biallelic), thé kham (chimeric) va ddng hop (homozygous) di
duoc phat hién ¢ thé hé TO. Viéc di truyén va phan ly cua cac dot bién dugc xac nhan
va danh gia ¢ thé hé T1 va T2. Trong s6 sau gen dich GmMLO, ching t6i d4 thu nhan
duoc cac dong dot bién mat chirc ning ddng thoi ba gen Gmmlo02/Gmmlo19/Gmmlo23
hodc bén gen Gmmlo02/Gmmlol9/Gmmlo20/Gmmlo23 & thé hé T2. Khi lay nhidm véi
nam Erysiphe diffusa — tac nhan gdy bénh phan tring trén ddu twong — tit ca cic dong
dot bién déu c6 kha ning khang phén tring cao hon giéng ddi ching, dic biét 1a hai
dong mang dot bién dong thoi bén gen 3.1-3-41 va 3.1-5-44. Mitc d6 nhiém bénh cia
cac dong dot bién nay thip hon so voi ddi ching v6i mirc triéu ching bénh cé thé giam
dén 36,4%. Mat d6 bao tir trén dién tich 1a & cac dong dot bién giam tir 1,5 - 4 1an so véi
d6i ching. Ngoai ra, soi nAm phat trién cham, bao tir ndy nam mudn va it hon trén mat
14 cac dong dot bién. Viée ting cuong tinh khang bénh nay duoc duy tri 6n dinh qua céac
thé hé. Hon nita, cac dong dot bién Gmmlo khong biéu hién tac dong ti€u cuc nao vé
mit sinh trudng, phat trién ciing nhu thanh phan dinh dudng cta hat khi trong trong diéu
ki€n nha ludi, so voi dong doi chirng. Pac biét, chung t6i da thu duoc cac dong dot bién
dong hop tir tiém niang c6 kha niang khang bénh phan tring cao va khong mang gen

chuyén (transgene-free) ¢ thé hé T2.

Pay 14 cong bod dau tién vé viéc tao dot bién dong thoi nhidu gen MLO trén cay
dau twong bang hé théng CRISPR/Cas9. Két qua ctia chiing toi cho thiy sy tham gia cua
cac gen GmMLO02, GmMLO19, GmMLO20 va GmMLO23 trong co ché man cam véi
bénh phén tréng ¢ dau tuong. Su da dang cua cac dot bién tao duoc thong qua hé théng
CRISPR/Cas9 (mét doan gen, thém doan gen) 1a ngudn nguyén liéu quan trong cho chon
tao giébng dau twong cling nhu 14 co s khoa hoc cho cac nghién ciru vé chirc nang gen
va sy twong tac clia cac gen GmMLO trén cdy dau twong lién quan dén tinh khang bénh
nam phan trang. Ngoai ra, cac dot bién gen GmMLO nay c6 thé dugc sir dung trong
nghién ctru tinh khang véi cac bénh khac do nim gy ra trén dau tuong. Cac nghién ctru
sau hon ciing can tiép tuc thyc hién dé 1am 6 vai tro ciia timg gen duoc khao sat, cling
nhu sy tham gia cta cac gen GmMLO khac trong co ché gy bénh nay. Dic biét, viéc
mg dung hé thong CRISPR/Cas9 di cho phép tao ra cac dong dot bién dong hop tir
khong mang gen chuyén c6 kha ning khang t6t voi bénh phan tring (dong 3.1-3-41 va
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3.1-5-44) — day 12 ngudn vt liéu tiém ning cho cic chuong trinh chon tao giéng dau

tuong.
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