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Genetic Diversity Analysis of 80 Cigar Tobacco Germplasm Resources
Based on SNP Markers

DU Shuaibin"?, LT Yuan®*, XIANG Xiaohua',JIAO Fangchan’, XIA Changjian',
CHEN Dexin',GUO Dong', YAN Tongjing', LIANG Yingyue', LU Hongkun'
(1.Haikou Cigar Research Institute , Hainan Provincial Branch of China National Tobacco Corporation, Haikou 571100,
Chinaj; 2.Institute of Tobacco Research, Chinese Academy of Agricultural Sciences, Qingdao 266101, China;
3.Yunnan Academy of Tobacco Agricultural Sciences, Kunming 650021, China)

Abstract: In order to meet the demand of cigar tobacco production in China, Hainan, Yunnan, Sichuan, and other cigar
tobacco producing areas actively introduce foreign cigar tobacco varieties for trial planting. The analysis of genetic diversity of
imported varieties is of great significance for the removal of repeated imported germplasm and the efficient utilization of fine
cigar tobacco germplasm resources. In this study, a total of 1 212 high quality SNP loci were obtained from 80 cigar tobacco
germplasm resources by using 1.5K mGPS liquid chip to conduct whole genome genotype testing. By calculation of
polymorphism indexes, it was found that the minimum allele frequency(MAF) ranged from 0.05 to 0.50, and the mean value was
0.19. The polymorphism information content(PIC) ranged from 0.090 5 to 0.375 0, and the mean value was 0.23. There were
18 samples with HET greater than 2% and 3 samples with HET greater than 5%. The genetic diversity of loci among 80 cigar

tobacco germplasm resources was low. Admixture software was used to analyze the genetic components and population
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structure of 80 cigar germplasm resources. The results showed that it was most appropriate to divide the tested materials into

7 subgroups. The gene exchange among the 7 groups was not frequent, the genetic background within the 7 groups was single,

and a few materials had mixed genetic background. Additionally, plink software was used to calculate IBS genetic distance, and

3 repeated germplasm were removed by precise identification and the other similar germplasm were accurately distinguished.

Keywords: SNP molecular marker; cigar tobacco; germplasm resources; NJ; Admixture plink software; genetic diversity
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Tab.1 80 cigar tobacco germplasm resources

it 1D B Name 7=H Origin i 1D £ F5 Name 7=H Origin
10-3-1 Bolivian criollo black tobacco =t 2022C46-2 Dominicadhao ZKJemm
2022C33-1 Brazil3hao () 11-13-1 Dominican republic olor e
17-2-2 Connecticut 49 tobacco % [ 4-2-2 Florida sumatra B[ Je 1 3
2022C39-4 Connecticut broadleaf A %[ 2022C24-1 GBX1 sk
C105-18-2 Connecticut broadleal B-1 % [ 2022C01-2 Guyin3hao i
C105-5-2 Connecticut broadleaf B-2 | 2022C03-1 Guyindhao sl
2-4-2 Connecticut broadleaf C eS| 2022C04-5 Guyin5hao Rt
2022C40-3 Connecticut Shade A ESE| 2022C27-2 Habana2012 =)
2022C43-1 Connecticut Shade B XH 9-2-2 Habano 2000 )
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Tab.1(Continued) 80 cigar tobacco germplasm resources
‘5 1D # . Name 4 Origin 45 1D #F Name 7 Origin
2022C32-2 ConnecticutZhao xH 2022C103-11 Habano 92-1 e
T2-5-2 Corojo st 2022C103-2 Habano 92-2 )
2022C102-10 Corojo99 B-1 e 2022C103-6 Habano 92-3 e
2022C102-14 Corojo99 B-2 e 2022C101-2 Havana 2000-1 i
2022C102-2 Corojo99 B-3 iy B 2022C101-4 Havana 2000-2 i
2022C98-13 Corojo99 A-1 gl 2022C41-1 Havana Connecticut 3|
2022C98-4 Corojo99 A-2 e 2022C20-4 HN-B1 sl
2022C98-7 Corojo99 A-3 e 2022C21-4 HN-B2 sl
13-1-1 Corojo99 C e 2022C19-2 HN-C sk
T3-4-2 Criollo B e 2022C18-1 HN-G e
2022C25-2 Criollo A e 2022C16-4 HN-W sl
C106-13-2 Criollo2016-1 e 2022C36-1 Indonesia bosuji L JE V4 .
C106-2-2 Criollo2016-2 =) 2022C35-3 Indonesialhao EVEE JE 74 I
C104-1-2 Criollo98 B-1 e 27-2-1 Lancaster leaf B [H
C104-15-2 Criollo98 B-2 = 22-12-2 Negro black tobacco e
C104-4-1 Criollo98 B-3 e 2022C13-1 Nicaragua short leaf~1 =8 I ETA)N
3-11-1 Criollo98 C-1 e 2022C14-2 Nicaragua short leaf~2 Je i
3-13-1 Criollo98 C-2 e 23-12-1 Paris wrapper I
3-14-2 Criollo98 C-3 gl 2022C99-3 Pelo de oro e
3-3-2 Criollo98 C-4 e 16-3-2 Pergeu brazil tobacco ()
2022C97-13 Criollo98 A-1 e 12-4-1 Piloto cubano L=
2022C97-6 Criollo98 A-2 e 2022C100-4 San vicente—1 (BN
2022C34-1 Cubazhao sl 2022C100-5 San vicente—2 PO B
2022C06-2 Cubadhao e 2022C29-2 SD-2-S e
2022C07-1 Cubabhao e 2022C28-1 SD-2-W i
2022C09-1 Cuba7hao i 2022C30-2 SD-6 sk
2022C10-1 Cuba8hao-1 gl 2022C26-2 SD-7 e
2022C10-2 Cuba8hao-2 s 2022C38-3 Sumatra deli-1 1 EE JE Va0
2022C11-1 Cuba9hao-1 e 2022C38-5 Sumatra deli-2 I Je v 0
2022C11-3 Cuba9hao-2 i 28-11-2 Tobacco madole ZKJem
2022C12-1 Dominica long leaf ZKJem 15-2-1 Tobacco vuelta abajo e
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Tab.2 Number and distribution of SNP markers on

each chromosome

PAGRIN BT IR 2 B bRl SRS /bp
CHR SNPs Average distance
Chrl 66 3737371
Chr2 66 3451 369
Chr3 72 3129793
Chrd 52 4159 797
Chrb 75 2859 893
Chr6 49 3871 328
Chr7 61 3051 859
Chr8 57 3210673
Chr9 52 3409 151
Chr10 51 3367 000
Chrll 43 3932632
Chrl2 47 3537 646
Chrl3 49 3391757
Chrl4 32 5052476
Chrl5 56 2783532
Chrl6 63 2459 579
Chrl7 37 3911638
Chrl18 47 3005 388
Chrl9 50 2691 138
Chr20 35 3839 882
Chr21 41 3076773
Chr22 36 3 246 007
Chr23 39 2900 959
Chr24 36 3066 844

22 SOMEMEAMMBRERMEESHENY
2.2.1 SIF4SNPHSZAM dEditEet
Z AR AR AT 1 2124 /5 i SNP 07 211 2 84
I HEAT 43 BT, & B d5e /0N A5 A0 B DR AR AR Ak [l
#& 0.05~0.50, F ¥ {5 & 0.19, H 4 % 880 4~
(72.6 %0 ) f5e /N 55 6 B& PRI 32 KT 0.10 79 SNP A7 £
(B 1) s % 5 AR 24 £ e R Z 8 TR B & /oy
R BT R I, 28 M5 B3 b i A8 Ak 2
0.090 5~0.375 0, *F- ¥ i 5% 0.23, H rp 42 & 568 4>
(46.9%) ZBMEE ST E>0.250 P E 2 S
SUCIE 2) o 38 3 %25 m KR i T B R Al R R AT
ST (B 3) R A G s , e G R KR T 2% A
1813 (1.4%) , 2+ AR KT 5% A 3143 (0.2%) o
R 25 B, 80 10 25 A AR I el B 9 A1 ) 457 4
WL ZREME AR

200}

150}
<z
w 2
#~ 100f

s0f

o

0 0.1 02 03 0.4 05
B/ NE R R
MAF

E1 SFRCENMNEMEERHE (MAF)
Fig.1 Molecular marker minimum allele
frequency (MAF)

Vg

Chromosome

B2 sxMEEE= (PIC) #7%

Fig.2 Polymorphism information content (PIC)

PIC

(=]

distribution



P A B 22 2025 4E45 53 345 5 )

1000+

800 -

BEA
Count
=N
=
S

400 -
200
oL
0 0.1 02 03 04 05 06 07
wEE
Het

B3 S0MEMBEMHMERENREENS
Fig.3 Heterozygous rate distribution of 80 cigar

tobacco germplasm resources

2.2.2 FpETREIR AR R MRS 1 2124 SNP
D7 ST B RE A ] () 1B a8t 75 B B, H AR 4k v 1] 2
0~0.708 6, F- ¥ & 0.285 7., #MIEHEE /N T 0.2
AN 11584, i SR A% 36.62050.2~0.6
I E0A 19664, 5 B AR 62.22650.6 DL 1
PIASECA 364, AR B 1.1 % (| 4) . Horpr,
& Bl 9-2-2 (Habano 2000) 5 9% [ & A 23-
12-1(Paris wrapper) Z [A] B 15t 1% BE 2§ 2 0.708 6,
1t 1% PR S 7E 80 17 5 it N o Jot 9% 5L o g iz, U W
i [ A Habano 2000 5 32 [ 5 # Paris wrapper
J& T A6 B B 35 A . 2022C10-2(Cuba8hao—2)
1 2022C11-1(Cubahao-1) . 2022C16-4 (HN-W )
1 2022C26-2(SD-7) . 2009-2-2(Habano 2000) Fl
15-2-1(Tobacco vuelta abajo) A i £ HE B ¥4 0,
Wi WA R R] Y 22 5 00 BOR 0,8 L3R bR F
S BE MR LR g R R 80 0y 5 Sifi M i il
JoT G UR L, R A3 bR I 3 A% I B AR L L 25
IHAREE .

801
701
60
501
40+
301

D

0 0.2 0.4
IBS;i f& HEES
IBS genetic distance

4 S0OMEFMMFEE RN IBSEEEE A
Fig.4 IBS genetic distance distribution of 80 cigar

A
Count

tobacco germplasm resources

+80-

2.3 S0OMEMBHFHREREMNBEHELEN

2.3.1 FEARGE K it Admixture E4ERT 8045 A
R - ol ST 5 905 P B S 85 ) R 8 A 2 A3 R AT 40 BT, R
P KAE =70, 58 HG UE 45 R R (CV ) fe /.
JIE LA, 80 43 25 i M i o 5 5% 95 40] 43S 7S R 0K
G 5) o M B A 45 44 11T Jn (I 6) , i i
O3 WA FE AR (14 358 12 A BB — | ANCA 230 20 4R dt
G5y BAT ZA VR X Uh B T JRE 2 18] 1 S R 52
T T AL 22 (B AEAE — g B B 1) 2k PR 28 9 o

0.9

> 0.8F

2 ISR 22
Gross—vaiidation error

0.6r

1 1 1 1 1 1
1 2 3 4 5 6 7 8 9
AR R

Number of ancestral groups

BEl5 804 S i it Fh T 3 IR 35 XU IE $E IR AR &

Fig.5 Cross verification error rate line chart of

80 cigar tobacco germplasm resources

TAS R — S 46 4y B BT BE IR AL S Al S
FE B, b 5 LR (R ) 34> (HN-B2,
SD-2-W . .GBX1) ; 5% 2 W #f (3% % 5) 8 1~ (Corojo99
C.HN-W HN-B1 . Criollo A ,SD-7 ,Habana2012
SD-2-S.SD-6) ; % 3 W (£I {4,) 4 4~ (Connecticut
broadleaf A . Negro black tobacco. Paris wrapper.
Tobacco madole) ; 2 4 W B (£§ ) 4 4> (Corojo99
B-3. Habano 92-2. Habano 92-3. Connecticut
broadleaf B-2) ; %% 5 W #f ( # {4) 154~ (Guyin3hao
Guyindhao, Guyindhao, Cuba4hao, CubaShao,
Cuba7hao, Cuba8hao-1, Cuba8hao-2.
2000-2 . CubaShao—-1. Cuba%hao-2. Dominica long
leaf, Criollo98 A-2. Corojo99 A-1. Corojo99 A-
2) ;%5 6 W #f (1 5 ) 6 4~ (San vicente—1, Sumatra
deli-1, Sumatra deli-2, Connecticut Shade B, San
vicente—2, Lancaster leaf) ; 55 7 0 B ( 48 ) 6 4~
(Havana 2000-1,HN-G . Corojo99 A-3. Criollo98
C-2.,Corojo99 B-2.Criollo98 A-1) , 7 &b 34 {3 Ff
JBT IR 35 A% 20 Ay B S R

Havana



ek i S - B T SNP BRI Y 80 173 T i J0 -l 5 B U5t gk A% 22 R 40 #

A
Q

K=4a

£-D-8601101D
£-z6-ouegen

a-o11o1D
Zz-o10ZOolIoND
T-9T0ZOCIIoND

T-g-4eaIpeoig-IN>REoauueD

€-9-86011011D

T-v-8601I0LD

jes|-Buol-esiuiwog
Zz-oeyseqnd
T-oeuseand
z-z6-ouegeH
T-z6-oueqgeH
£-g-660foi0D
z-a-660foioD
1-9-660f0i0D
z-o00z-euEAEH
T-000zZ-eueseH
Zz-oeygeqnd
T-oeygeqnd
oeyseans

oeygeqnd

oceupeand

oceyguIAnS
oceypuIAnS
oceysulAne
Zzes|quoys-enbelesin
9-as

s-z-as

m-z-as

ZToZeuegeH

L-As

w-ol1014D

xXao

z9-NH

Ta-NH

A-NH

5-660foi0D
Sesipeoig-anoRssULeD
sjopew-osseqol
Lusddeam-siieq
osseqoi->oe|q-odbaN
V-ie3|Peciq-in31I3d>auuocd)
T4ealuioys-enbeledIN
oic-ap-oiod

ofloioD

D -860110MD
oooeqoi-nzeig-nabisd
InoRsauueH-eUBARH
v-Speys-INoRSBuULeD
oeyenzen
oceyressuopul
eJjjewns-epuold
IInsoqg-eisaucpul
oueqgn>-olo0iid
oeyzeqnd
olege-eiana-osseqarl
ooo0zZ-oueqeH

oeyvesunuca
Lojo-oigndaa-uesiunuoa
oceyzinonosULLD
esiimsesue
a-speus-InonssuueD
z-1op-enewns
T-19p-enewns
z-2aussin-ues
TI-23uadIn-Uues
os5eqoi-6p-anonRsaUULD

Z-gJes|peoIq-INonSaULeD

ooseqoi-yne|q-ojous-uRIAllog

+-D-8601101D

os5eqoI->DeRIg-0||ouD-UBIAlIOg

a-speys-aInonRsuLoD
ocueqno-clond
aInonosuuoD-eueAeH
w-apeys-InonsauUeD
z-op-enewns
T-uop-enewns
oooeqoi-lizesd-nabiad
ceugnze.g
Des|peEcIq-INcNSaULoD
VES|peOIG-INDIDaLLeD
slopew-ossegorl
1adde.im-sued
ooneqoi-soeg-ciban
xao

za-NH

m-z-as

s-z-as

Ta-NH

M-NH

¢z-as

o-as

v-olnoenD

zrozeueqen
D-660fcion

a-onoud

z-910Zo|
T-9TO0Z !l
€-D-860I
z-D-g6olloL
T-D-86°1
€-v-660(010>
Zz-v-660fo10D
T-v-660fouocD
Z-v-860l1101.D
T-v-86011014D

DNH

O-NH
Jes|-Buci-esiunuca
z-oeyseans
T-oeyseand
z-g-660fcioD
Zz-000z-eueneH
T-000Z-eueaeH
z-oeygeans
T-ceygeans
oceyzeqnd

oceygeans

ceyreans

ceyguIAns
ceypuIAns
ceygulAns
enewns-epliold
T-seal-1oys-enbelediN
Zz-1eal-uoys-enbelesiN
ofoio>
insoq-eiIsauopul

ceyteissucpul
cio-ap-old

oceyzeans
ceyzinonRsuLD
oceypesiuwoa
©55eqoi-6-3N>1359UuoD
Jojo-siGndas-uesiuiwoeda
oooz-oueageH
Jesusasesue
z-23ussIA-ues
T-23usdIA-ueS
ofeqe-el@na-osseqor
T-ses|pEcIgansBsuLoD
z-a-geonous
€-g-86001D
T-g-660fcion
1-z6-oueqen
Z-gesIpeoigana13aauueD
T-g-8601I10LD
€-z6-oueqeH
z-ze-oueqen
€-9-660lcioD

T“m
ol

ceygnzeig
SyesipeoigansnssULLD
-1es|PRoIq-INDIDBULOD
ssddeam-sued
osoeqoa-seig-oi6aN
Slopew-osoegol
eijewns-epuold
ofoios
1-esl3ious-enbeiesiN
Zz-jeal-ious-enbelediN
oceyreissuopul
| k"
m oeupesuea
oceyzeans
f soje-snandsi-uesiunuca
Jlooseqca-st-anonsouucs
oooz-ouedeH
jesiumasesuen
z-2aussiA-ues
1-23usdIA-ueS
ofeqe-ea@na-odoeqol
1-8JesIpeOIGANDEDSUUGD
£-g-8601101D
z-a-g6ollonD
1-8-660fouod
1-z6-oueqen
1-a-g60l1I01D
Z-g-Je3Ipeoig-IN>RSoULeD
£-ze-oueqeH
z-z6-oueqeH
€-g9-660fcu0D>
oao-2p-olad
m-z-as
xan
za-NH
+-D-8601101D

a-speys-anonssuLoD
ouegns-o10id
anonp>auucO-eueAeH
w-speyUs-INoRIsuueD
z-op-enewns
T-op-enewns
oooeqoa-lzeaq-na6iod
s-z-as

Ta-NH

z-as

A-NH

eo-as

v-ole1D
ztozeuegen
D-660f010D
£-D>-860l0LD
T-D>-86010LD
Z-D-8601o1D
S-NH

D-NH

a-oleun
z-9t0ZOIOLD
1-910ZOIOLD
£-v-660flcion
z-v-660loi0D
1-v-660(0i0D
Z-v-860l1o01D
T-v-86010LD
1esi-Buoi-esiuiwoa
z-oeuseand
1-oeuseans
z-a-660fouod
z-on0z-eueAEH
1-000z-eueneH
z-oeygeqnd
1-oeuygeqnd
oeyseans
oceuseans
oceupreand
oceusulino
ceupulAno
oeusuiAns

esoeqoIpelg-olous-usiAeg |

lo

7.
K

Z2-D-8601lo1D
£-v-660(ci0D

S-NH

1-00OZ-eueAeH
1-eslaious-enbelesiN
Zz-4esiaious-enbelesiN
-D-8601101D
InonoauueH-eUBARH
oooeqel-zelg-nabiad
v-speysanonssuucD
ofoion

oeyenzess
esjewns-epuold
oceyteisauopul
iinsoq-eisauocpul
oueans-ocioid
oeuzeans
oosegoa-seig-olous-ueiAliog
ofeqe-el=na-osoeqol
000z cueqeH
ceypesiuwoa
oceyzinoneaULLCD
so10-Dnandsi-uesiuuea
oooeqoI-6P-ANDEDSLUGD
jes-isasesuen
z-2ausdIn-ues
g-speus-InoRsaUUCeD
z-op-enewns
1-nsp-enewns
1-23usdiA-ues
1-910ZONOLD
z-9t0ZOIOLD
a-oleun

o-NH

z-v-660loioD
1-v-660fcion
Z-v-g860l101D
sesl-buol-esjuiwea
z-oeuseand
1-oeuseand
z-oo0zZ-eueneH
z-oeugeand
1-oeygeqnd
oceyzeans

oceygeans

oceyveans

oceysuAng
ceypuAns
oceysuiAns
€-a-g601I014D
1-g-660f010>
1-g-8601101D
T-8-eaIpeoig-InoRdauUeD
z-a-8601101uD
1-ze-oueqeH
z-gJes|peoIgaANDRDaULeD

£-z6-ouegen
z-z6-oueqen
£-a-660fcu0D
e e =
sjopew-osseqar
Lsddeam-siied
oooeqoa-sioelq-ou6oN
v-1esipeoig-anssoUUeD
o-as

s-z-as

zrozeusgeH

z-as

v-ole1D

Ta-NH

A-NH

D-660f010D

oic-2p-ciod

=80

mMm-z-as

zg-NH

6 ETAEIEFHLE M EAMEMMRFRBEELTN

Fig.6 Population structure analysis of 80 cigar tobacco leaf germplasm resources

based on different subgroup numbers
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