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5 (Mangifera indica L.) Fy 77 F[1 & SR LEEAH &) 58 SRV BV SRS ENFERRESA 4,000 %
FZ 0 RAENTERRER/NERRAD » wRFANCERE S A EREERILE 2 E S
B£E ( Andaman Islands » {7 AEIERIEE o 2 IVEEE )™ - A BRIEE R BN ERE
BRSPS 2 R AE > IR ETEE SIS Z R E AR/ NSRRI % T » RIEERE S0 A
FHA N RS B TERZ S A (R ILHE @) o [#4E EARIERR ME R - Al & 55 Ry EFE A (Indian
type) S HEg 54 (Indo-Chinese type) Fifi » E[IERIC= SR p A si BV iiIE - SRIPalE - £
ZBAEAL ~ ST AH o il T R B (monoembryonic seed) > s {E fE T {E A EC T4 G E
EEMERE » PR ROMNAEHE - RIPE REFERY  REBEHET BikeisE
8 FEF B2 RFTE: (polyembryonic seed)"” o BEZAVHENFE T FE A 50/ DB RR GL A > (HER
FHOMEBEEER - SRRIEIEE R 2 SRR IRAEIR IR - e R A aa A Y -

FEZEON 15 ~ 16 a3 K3 » CRZMERHARE » HE T N CRHEE
HEIEN > FHIENEZES - EUAEERAIEMN TR T FE/E 5 » &9 10 tE4CRFE]
R ST RIBET L RR AR A @) o BEE AP PEMIARIVEE R - TEIE R SRR E NS IR SR A
HEPHEIE EEME @ JHE R IERER ‘Carabao’ FIEPY EHMHELFESSLFE ‘Manila” % =
— R AR @ - EE 1861 4 > RS MEE A EEEN > HPEAaZIRLE No. 1l K&
‘Peach’"™'? » FLAEG | A b2 HEE N 2t LA S R B e (EiE - (EHEE S| A Bk SE
‘Mulgoba’ fufd A /N LR RS < 1910 4F - [ ‘Mulgoba’ ZE &} GTH’ (‘Haden”) »
FHBEA R BERE 2 “Mulgoba’ 15 A B2 HR 2 “Turpentine’ % B £ 188 B i ok > ELELAEAHEIFE
By A E 2 ThEEE R - JBI RN RENLLRIVRE  SHAMAEEES
PESERFIE - BERIRG o fhdl B2 INEE 22 2 S A » Lippens’ ~ ‘“Tommy Atkins’ ~ ‘Osteen’ ~ ‘&5
e MR B 2 1% EEE RIS SLAE B30 B Lippens’ x EE BAEBEEmAK Y -
EEhgE BN E 20 tRACW HIEEE - RIHEE - HIE - B - 225 - DEyIEs | A%t
TEIFHERS - S {Ih 2R B MRy O R R S S P B8 [ rppy )

SRS RIS [ RSN ET AR TG Y B A E SR
B BN dE s TR s A 2 B TAF o 55 [HERV TR R far il AT 2 B R e e B 3
WlES [ R B BT ~ GERR  CARR PRk fEERR -~ CRISRAR Sl 0 4
TR L Eo A~ AR AR - KB FERIEEIMEE > T ELL SR iE R - SEEH AT
2SR - BENE B R ar g [ 33 (i T - B AER B (B wmEMR B R
ke ) ~ BE - HE FAEE A /D EEE o 1954 1R RS H EEEE] 5 #E4Y 40 {E i
o mE B0 B R B SR EY KB RASEHEERTE 0 K
REEIS TR T - RIS [EAEE RS TIEEMHEREERE - 8 1980 4
RN ETESERET » NamREERAZREA - G LE > g8 S8 X
X CRRESE - eED e PHiE - BRI BRI SH=S-EHE
EEUGE — R B iR % S EER R (LR R

EEC RS SR RHEEAESEAENENFEESFR Y EE
FrEEARE A AN B TR ETT - 280 A WA BT R R R FOR&G R AT K
2 FFH random amplified polymorphic DNA (RAPD) £ /5 2 AR #1743 B 9 « HTF A
KIAER (next-generation sequencing, NGS) 5 fz » 77 B£ 1 =) 1 5 B A E K il (high-
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throughput genotyping) HYZ$fE » 15 LA 1AL R AERASHY R & B — 2 H 2 B 14 (single-
nucleotide polymorphism, SNP) - i F2 (i 5 S ff EHVAS R - 2= R EA F st B A R ) H
R 476 [HES TR (%) 4B genotyping-by sequencing (GBS) T34 198,602
{18 B — A% ik 2 AU (single nucleotide polymorphism, SNP) » &8 H7E 765 ~ BEZR G N E
A FLRAE (minor allele frequency, MAF) 7 fifide » Ei#gH 7 (linkage disequilibrium) {i7 5>
fiHIER - FTOREE 2,356 {[E SNPs » &8I EE £ > fEIHY identity-by-descent (IBD) F] ¥ 14 (5]
Y5444 (synonym) kz 10 {lE 52)[E] %4 (homonym) &H & » N T AF IR F4E 8 7oA 1 o0 oy WA 18 2K 1R
B TERERNELER SEEE L - S EHEFE AR AT 0 DR nE I
fERE @ - AWFest EIASIREE > 100 (Hes R afE & BREAE - B #EIT SNP HRE KOs 4%
I TAE » AT A SEM Rt 2 RG R % » AN AR K S TAE#ET -

MR TR

DA £ RS R TR PR (BT 1R ) 25 93 B R AR5 TS} ( SH4T 120.340177 -
1548 23.061306 ) > + T8 7 (5 Bt BRATEL  ABEER AR ALUERIE 23 - B
i B 2 TSR 5 B S AR ~ (B R e 2 P 4 LA B 5 A B B 4R 3B
BIEEMSEE | - Y CE R RESE P B B R R 80 » FIQYEER B R e
R (S10,) — LM AT B AR gAS T 52 85 R ©) 5 SEBRAT TS EEF LA DNeasy Plant Mini Kit
(QIAGEN > {8 ) SH4H AU #S DNA (genomic DNA) -

T 1. AW ZCERE (%) RHARERR M

Table 1. The name, origin and embryo type of mango cultivars (or line) used in this study

No. Cultivar or line Origin and embryo type No. Cultivar or line Origin and embryo type

1 &3 FEE — e 12 &3¢ =8 ZF
Irwin Lippens x J&H - EER
2 EEEE S UL 13 B =8 S
R
3 9IFF FEE — e 14 B ENfEs [#E » Ak
Keitt ERR Aroemanis;
Harum manis
4 &8 2 3 15 Ehk =8 S
[SZVETRS IR
5 4LSFF 2% > HiR 16 fZhk =8 > HiR
6 EQ) EE— F R - HAR 17 Z& 198 =% HR
Sensation
7 4LFE 2% > HiR 18 ke 1 =28
8 R =% Bt 19 H4E (1) =% HR
9 EFF ENFE > SR 20 JEflH Haden 5B —fhig B2 - BEE
10 £ 25 Hif 21 8L =% HR
11 30 =& Bt 22 Tommy Atkins [ » BERE
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1. AWFRHEAZ CRGE (R ) KEAFERME (4)
Table 1. The name, origin and embryo type of mango cultivars (or line) used in this study
(continued)
No. Cultivar or line  Origin and embryo type No. Cultivar or line Origin and embryo type
23 Kent B R - 52 % T
Brooks x Haden » EEJR
24 ZFEEE 1 2B - B 53 Ahping FEE—EEK 0 BT
Ah ping
26 ZfE 257 =% Bt 54 BAEETE (17EE) R - SR
27 Edward WS B S BEE — FIORIE 55 TS = R
i
28 HE JEERE - BR 56 Hig(AN) =8 Hif
29 ZEEHYHE 2 B - EAR 57 Pl =% HiE
30 ZEEHHE 3 ZREY - EfR 58 RE =
31 B FI4RYE 80 A A 59 & = S
EZIN
32 Bonsui 60 kR ctE HREe - 2R
33 BERL 28 > HiE 61 JENHFNE JEAHIK » 20
34 AR =8 Bt 62 FEHEH ELS
35 Uk 2 =5 Bt 63 UiH 6 =5 Hif
36 AJKT: 64 Ui 7 =
37 Bk =5 65 UfE 8 =& B
38 HA JREBEAMEE - ZEHE 66 ENNIMYE ZENIIM - Sk
Kensington Pride Y& @555 [#
39 REUES  RE - S 67 EH =8 SIE
40 W 3 8 HE 68 WcfdE 9 e
41 Alphonso N 69 EVHEFIE  ETHE - 2R
42 ZEEYHE 5 2= 70 IR Ik > R
43 &LL<l 28 Dt 71 YfE 10 25 ZE
44 Ras#l] TREHIE - ZEHERE 72 KE =% Bk
Dasheri; RS 4 - BRR
Aman Dusehri
45 HRIF HETRENE LR 73 TN94012
46 O.K.ronh ZRE > ZHE 74 TN94005 E20
Okrong;Okrung
47 ke 4 =% Bt 75 EARTEHRE AT
48 FifisL 22 2t 76 =15k =% HR
49 4T =% HiE 77 E31E =& HIR
50 4IFF =5 St 78 ElIE U ENRE > BEHE
51 RERHE 15 28 B x 8 79 ZFEEAEG6  ZEE - AR
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1. AWFRHEAZ CRME (R ) LEAFEEME (%)
Table 1. The name, origin and embryo type of mango cultivars (or line) used in this study
(continued)

No. Cultivar or line  Origin and embryo type ~ No. Cultivar or line  Origin and embryo type

80 = =28 > Hif 92 Julie Saint Julian
81 ZREHHE 7- Z=E - ZRE 93 fili+ =
S
Nam Dok Mai
82 ZR[EHirfE 8 ZRE] - AR 94 1x79 & B x FREE 6 12X
83 FELVETE =28 95 1x30 7&K B x REUE 3 121X
84 Mtk 28 Sk 96 troF 1 E4
85 FRAELIAI 28 Sk 97 £re&2 iR
(fRET=H)
86 Lippens EE — e HEE 98 fTo&3 (BEHHEIELTR)
BIA Ry ETH - BEAR
87 Osteen FEE — e B EE 99 =R 5 SRR
BEA BylglE - BRR
89 UifE 11 28 Bt 100 +- -5 6 E4 0
90 7KZERK =28 Hif 101 =5 7 ZHE
91 #==H =% B 102 £=5# 8 %R

={ B 2 [F I two-enzyme genotyping by sequencing 75347 17 s LKL PR 4% & 5 S i
32 B AR HIES B Pstl K2 Mspl ( New England Biolabs » 5[] ) » B4 > BRI #E DNA 45
IR EPRRIEEHIEG D)% - A T B R A S B S B8 S B (polymerase chain reaction, PCR)
HETT IR FORUK S S - WS /NS 300 bp K2 A 1 kb 2 | B BR » 52 Ak E S B 8
o WHAE P ot AR R AT SR e oo AR RR E P O BB =
LA Tllumina HiSeq 2500 - & 27 (R #HiE = (rapid-run mode) %€ [ ( Illumina » ZEE] ) » EF XL [E
AT 1.5 (BIRRTE F 200 bp 2 3B 7% 41T SNP ERA 3T - RIS E A ZE Genome
Assembly CATAS Mindica 2.1 (https://www.ncbi.nlm.nih.gov/assembly/GCA_011075055.1/) -
{8 ipyrad v0.9.50 J 338 7 il 5% 71 SNP (SNP calling)™ 5 { F veflib #1 TASSEL v5.2.67 %
SNP 7 FEFFRE ~ RENFERER D R E R TEREE ' ¢ [ PLINK v1.90 fHE7H# %
fi72 SNP? ; f 4 (i Fi TASSEL fifk AN B ER B E > (H58 ©  sFl I A K
SNP PE#h2: RAMIEHTE R @ - A R sB= 0 LEA BB TRy NE A M R AR
BRIEEER » RIS FEERE (K) #1722 7 208 > BIK =2~ 7 251 s3hlfkEtE
(el (R Y78 (R Jebhs -

Ry 48 > (5 H MEGA v10.0.5 j&f SNP iz Bh#E #a Bl SNP 5= $2 [7 1] (concatenated
SNP sequence)"” » 3 {# A IQ-TREE v2.0.3 DL A 2 19 ModelFinder T E 7% *# H % [ 31 &
#EHI] (Bayesian information criteria, BIC) 7 5% H £7{& BIC ¥ B &% 3 /Y DNA Z (L A (DNA
substitution model)™* » 3 DL AR £ (maximum likelihood method) 153 & 45 (& i i (L i
RURIFAEE (topology) T » BEIEIGE i KB B (EAVER4ZHE @0 > B45HHE A iTOL v4 485 T E
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e
FEREETEE

sERESE AR R H 142,882 I SNP %2 Bl Bh - & HHEREERIMIET &2 IREE 6,375
{iEl SNP » 14814 A7 B FH I 6,375 {lE SNP ERMEIT T - K BRI GRS H
KH 2% 7 Z0hEERaE 1 GHRor it (@fEnaEEs 2ok QUMEEER: - SE—BERR
HiBEHERREE G > BE—(REAZ R EpREaNEES R > (K =2FH
FREB LR A B EERNNGE (&) BEHTRERAMZL > K=28 46 5hKs
HIGLAE (%) K2 R iRt » [ERFIMERGRE 2 o FE AT (B 2) » mEd St m
T (&) ERMEAT » SANEGE 2 G1E - 8 K=3§ > &EhtbEsinE (&)
2 FoPr o OR P B R ANENFS ~ 2B ~ ik ~ EEETHS [ 2 fnfd - BEZ 0y RF a8 > &
KH2ZE750F > S DIBRES LR EEE—E (B 1 —2EO0HHE)  EABERNEH
R HBEEAMSE (&) &> MEBEETE 6 2 7 Bl - G2 BEREE -« &
th s CEHZET - CRE A (ESE (B 1 — AR ) N A — (R E R R 0 B
R HE L -

2R AR B A TR A R 2 IR I SR RO G R T  ORRGA AT D3
BRI LA R 2 ARG RNG LA E - B2 REES L R EIR 5 T2 anfER] %
SHIEA AL E > 2 s [ > RECTEEL 3% AENFERY (Indian type) 1& 1K
M8 2 Fy P E - & (Indo-Chinese type) Wi K& 57 o FL&E5FEL LEA S3Afi » K = 2 #9597
BT > WFE B EEE BB T EHGMRRA - BARE R - B R ERE
L > #EE RS KAl —infE ( %) ZalBeiil - BER&M b irEAEE - AlAE TR R

"EYERY , ZEE o AR 3 T () KILBIE L B4 EE Bt T Uk
11, ZAREEESZ o WE 11 BASRE 90 ERUE BRI Bl Mk - Bk
R 55 BUFRITEBETILL B8 B2 RE REk - B LR R TR
BB Z RN —8 o SFRHSFEYITE > BIEETHEZ EE A T A& F
K2 Bl o B4Ry 4L B 4R > KAEE R SR 4UFE R Ry B35 5%
NERERRERMES 4R BREAEZERSE  8OCH NEESERCAUT (R B4
BTN ) - NI RERE R EREA R > T s R 4LEH) - =41k FEHRE
B cER e s CEHAE  CRE 4B B = EHEEMER - REERE - BMEEREE RN
Ko B HEEEARN S S4F 2 EEEK B BE ZRERMEHEARE > &L
Bzt > K52 BE BEEL H2 RiGRZEE L > HRBERRFREL > L3
F BRI EATRAE AR - B RE R RaR Bk (EZE 2R o SRR AE R -

B P B EARE B AERNA  [EHGH LB - (C9F AUiE 2 SuficfE 11
REEEBA (AFE) ~ BIOGRTE 30 (FEE 3 ) HAARZ N TR - &
SR w79 (ZREIUNAE 6 ) B SCARZ N THAFEACIRA » Bl 4 {2L B0 BAZ H4A%
I B0 T Z &, - B 2 H A% Lippens’ » gl Z %A 2 —5% IME
HEARIBEZIE o [ERESCEL » B0 B ‘Lippens’ x YEIE 2 HLBM 0 SIE B 5
X ‘G 2R EILRERE A G 2 R R ARG ATEANE 2 &I > TIRe R
REBFEL IR E A 7 BREK > AR R BfiE -
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Fig. 2. The phylogenetic tree of mango cultivars (or line) used in this study
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Fig. 3. The fruit appearance of mango cultivars (or line) used in this study
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FHSOREE R R 7 0 SR AT BBV B SRR TR L R SR
SSHSEARE Y - 4888 LRI R (R EE R AR ERRS BT RERPRZ 5
RGIRFLZ R HRFEREMAK > B Ry )5 [ 2 R E R T AR ARG A -
B SRR EA RFAAERE 2 8 R - fER G B BB AT 2 HAM A ) 0 AR FE AR AT 2 &
i

R P U 8 SR RRIP E R E SR AT - ERSSR BN R EURAL
o BEOSEEOUIRREFE TIEMRAL ) Bl TERA S ERREEERAHTE » 4L
EHVFEE RAERA el LRI G R AHEE - BEHELES - 5 AL =0IGRAIRL > 3
SranfEyl A (FH) ke B50 REECEAMEEIZRM: - E30 miER SRR
EFHREMA - EVESCRRE | ~ 1958%F 19 ERET » H Dl E306 5% SERE
BEITHER - SN EBED E3C M o &MERp O R cE52 10 58 R T1gE
3 B R RO 6 5 AHAT - (HERIRNR - ARG REZ T (') BE K B0 5
A% HHMEERGE LI BT - 20~ |/ (A) ~ ‘B0 ~ ‘Alphonso’ »
‘Ahping’ ~ ‘Osteen’ ~ ‘B JEULHE’ ~ “Tommy Atkins’ ~ FERC L& RIP A S RE - HR
MAELEEFRELE » 30~ FH30 ~ 4Ll ~ 4R ~ RS0 > SO0~ “BESC - 4L
B~ IOtkRE” ~ ALER IR IEEE RE RS R il o RE E AR S EE
XZt& -

MAARSGEA 2 2 RATEBTERIASER T > FERERGR L > A5 6 {6 o F
Bk BTSRRI AR &y - AR B - BRI 8K [ L
F 3, AEMEIRA - GRS < E 50 BHT 2 B - SHREHE - IEREE IR
TR HER R EAREABAE - CRAR - RSN R LA BRI
R AT AR ([ 4) o b7 A vl ARG A B B SRR K
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Fig. 4. The fruit appearance of mango No. 97 and No. 98
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Studies on the genetic relationships of mango

germplasms'

Shih, P. Y., C. H. Lin’, Y. R. Lin’ and C. H. Chang’

Abstract

In order to understand the genetic relationships among the mango breeding materials collected
of Tainan District Agricultural Research and Extension Station, this study utilized the two-enzyme
genotyping by sequencing method to explore single-nucleotide polymorphisms (SNPs) across the
entire genome of mango. A total number of 142,882 SNP sites were identified, and the identified
SNPs were filtered with analysis pipeline, 6,375 SNP sites were then retained and used for the
population clustering and the phylogenetic tree construction. When the population is divided into
two groups (k = 2), American varieties and their descendants, as well as domestically bred varieties
in Taiwan, tend to lie in the same cluster, while Southeast Asian varieties and those collected from
the other countries in another distinct cluster. The relative positions on the phylogenetic tree provide
insights into the genetic diversity among varieties. In the past, materials suspected of being the
same variety due to similarities in plant and fruit characteristics can also be clarified regarding the
possibility of being "synonyms" by examining their relative positions on the phylogenetic tree. The
analysis of germplasm phylogenetic relationships is beneficial for mango breeding work.

What is already known on this subject?
In the past, we differentiated varieties of mango depending on their phenotype, and didn't
know the relationships between many new varieties.

What are the new findings?
This study utilized the two-enzyme genotyping by sequencing molecular marker method to
explore SNPs in the mango genome and constructed a phylogenetic tree.

What is the expected impact on this field?

Clarifying mango varieties with synonyms and understanding their genetic relationships is
beneficial for future breeding work.

Key words: Mango (Mangifera indica L.), SNP (single-nucleotide polymorphism), Phylogenetic
tree
Accepted for publication: March 22, 2024

1. Contribution No. 574 from Tainan District Agricultural Research and Extension Station.

2. Assistant Researcher, Researcher and Chief of crop improvement division, respectively, Tainan
District Agricultural Research and Extension Station. 70 Muchang, Hsinhua, Tainan 712009,
Taiwan, R.O.C.

3. Master and Professor, respectively, Department of Agronomy, National Taiwan University, Taipei,
Taiwan, R.O.C.

" Corresponding author, Email: pyshih@mail.tndais.gov.tw.

36



	00-84號-封面-二校-轉外框
	01-84號書名頁-初排-轉外框
	02-農改場用空白頁
	03-84號版權頁-一校-轉外框
	04-農改場用空白頁
	05-572-二校
	05-573-二校-1219再修改
	05-574-二校-1219再修改
	05-575-二校-1219修改頁碼
	05-576-二校-1219修改頁碼
	05-577-二校-1219再修改
	06-84號稿約-初排

